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Abstract  Microfluidic paper-based chip analysis is a burgeoning microfluidic technique. It possesses great
potentials for application in clinical diagnosis, food quality control as well as environmental monitoring due to its
attractive features such as low-cost, easy-to-fabricate, easy-to-use and portable. Its importance and utility are
widely acknowledged and extensive research has been conducted in the past several years. This paper mainly
aims to review the developed techniques for fabrication of microfluidic paper-based chips, including UV
photolithography, wax printing, plasma treatment, ink printing, ink jet etching, plotting, screen printing,
flexography printing and laser treatment, and so on. The detection methods for the microfluidic paper-based chip
analysis and applications of microfluidic paper-based chips are also reviewed.
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Fig.1 Procedure for UV photolithography fabrication of

microfluidic paper-based chip with SU-8'"!
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Fig.2 Schematic diagram for the fabrication of microfluidic
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Table 1 Summary and comparison of techniques for fabricating 2D microfluidic paper-based chips

fabrication tech- patterning . L patterning .
. patterning principles advantages disadvantages ref
niques agents approaches
photolithography SU-8 physical blocking of two-step high resolution of hydro- requires expensive equip- 1,10,11,19
pores in paper fabrication philic-hydrophobic pattern ~ ment; fabrication process is ~30
tedious ; devices are vulner-
able to bending
PoNBMA physical deposition of two-step high resolution of hydro- requires expensive equip- 2
reagent on fiber sur- fabrication philic-hydrophobic pattern ~ ment; devices are vulnera-
face ble to bending
OTS chemical modification two-step high resolution of hydro- requires expensive equip- 3
of fiber surface fabrication philic-hydrophobic pattern;  ment
patterning reagent with low
cost; devices are flexible
wax printing wax physical deposition of one-step produces massive devices requires expensive wax 4 ~6,17,31
reagent on fiber sur- fabrication with simple and fast fabri- printers; low resolution of — ~48
face cation process; low-cost hydrophilic-hydrophobic
pattern
plasma treat- AKD chemical modification two-step patterning agent with low requires different masks for 49,50
ment of fiber surface fabrication cost; fabrication process is creating different microflu-
simple idic patterns; substrate is
easily to be overetched
ink jet printing AKD chemical modification one-step mass production with simple requires expensive wax 7,51
of fiber surface fabrication and fast fabrication process  printers
ink jet etching  polystyrene physical deposition of two-step printing bio/chemical sens- creation of microfluidic 52,53
reagent on fiber sur- fabrication ing reagents directly channels requires 10 ~ 20
face times of printing
plotting PDMS physical blocking of one-step patterning agent with low deteriorated barrier defini- 8
pores in paper fabrication cost; devices are flexible tion
ink marks physical deposition of one-step fabrication process is rather difficult to fabricate com- 9
reagent on fiber sur- fabrication simple plex patterns
face
screen printing  wax physical deposition of one-step produces massive devices low resolution of hydrophil- 39,54
reagent on fiber sur- fabrication with simple process ic-hydrophobic pattern; re-
face quires  different  printing
screens for creating different
patterns
flexography polystyrene physical deposition of one-step produces massive devices low resolution of hydrophil- 55,56
printing reagent on fiber sur- fabrication with simple process ic-hydrophobic pattern ;
face print quality depends on the
smoothness of paper surface
wax dipping wax physical deposition of one-step produces devices with sim- low resolution of hydrophil- 58,59
reagent on fiber sur- fabrication ple process ic-hydrophobic pattern; re-
face quires  different  mental
masks for creating different
patterns
pattern transfer- wax physical deposition of one-step requires no wax printer low resolution of hydrophil- 62
ence reagent on fiber sur- fabrication ic-hydrophobic pattern
face
laser treatment  hydrophobic ~ — one-step high resolution of hydro- lateral flow of fluids is diffi- 57
paper fabrication philic-hydrophobic pattern  cult; requires extra coating

for liquid flow
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Wit R Bt T — A G B H AT Lk 408
FrE & T PRI R LA B i g v 22 a3 A ) B

ol , il ,—%%*ﬁ[s,s,s,m,n ,17,19,20,22,53,55,56,58,62,70,71] .

5 El }:ﬁ[s, 6,10, 11, 17, 20, 22,27, 34,35, 53, 55, 58,59, 62, 72]
Y
)]T(@ﬁ[zs,n,zg,@,es,m] . 2. @fi[zs,zts] i i B 1;&[7,19,20,49] . T

000 R ST DNAMT A 1 4 BT R I, Ge
SNV L T L AT AR T 3D 4R R, Rk
R TT R T 4 i 4 B iEdric ) G &
F1 (AFP) , J8E BT 153 (CA153) , J& 5E Pt J& 199
(CA199) LA B Ji IR B L (CEA) . Whitesides 251
WE T —Ff H A2 2 IR 40N A, £ A8 A i it 45
RS, SEBLT A Il rh A BRI i ( ALP) TR 4
RIR TR Wl ( AST) PP D) BB LA K 42 1l %5 2R
P A PREAG I

I 78S AR R 22—, I 78 43 B e 3k B
= 8T T AT RN 2 S8 5 Wt A i
RBEBEBAUELLEAE O EEMNE XL, Al
Tamimi %5 B 1% R T — Bl B 400 A, T
Tk EmE A, 1 min AT DL I % 2
100 AL i, B145 8 A5 AB ZIL AT RhD %Y ifiL,

DR R X Bl RN IS A R i o T AR K
Jolp , 30 AT A A BR R I L 28 5 | A T ROk R £ 1 SR
Li 25 VR 7 — Al ] s 3000 S ] A1 B A 4
R A BR TR ) g E AT AU AR B . 22T
YRS A5 B A 1R 21 4 25 JE Ol JRE IS, 7 4 IX B
[E] 2E A AN [RVRE S PEBUAR 0 [ 91 B — 4 50 rh AL 45 A
i A IR R L 6 RE LR R 5 A
DX o TR P R0 2o Al B A BT R 0 2 €5, 3 A K T
MIFEFE A 500 ~5000 CFU-mL ™",

A A SCHERIRTE T 96, 384 48T LA
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PEATREIE 28 43 BT ( ELISA ) . Whitesides /N2 H]
FH SU-8 JEIOSEZIA 5 i RV EFLAR B AREs A, W H T
B ST S T AE AR L . IS /NG e 2 ik
TVEIR AR LR, I 7R b S 8B i 5 1Y Sio, ik
DA v LR B 2R 1 B A R ), T e Ny T )
HEK B 5 W BRI I 2 “E T AR S B BR AR A Tk
5.2 BTl

AR, B A O At OGRS
NATTRE B 2 A B AR T B R R, R
e R R ER H R BN RN vk, UG R iR
Y e ol ST o o R K W e C e e i O (2
}:H[3,33,43,48,64,74] .

Hossain 257 AF 1 7 — P 3L F %5 2 Bk IH 6af fig
il A= 40 0 A A0 ) D 2 ) ) J2E T AR AR R,
TAOBHRTE S b A 25 55 B i bR A I AT
O R TE S min N SR T 0% HUR e F 28 %
SR DL S SR 4 Ao 25 R BR 43 R 1,10,
1 F110 nM, Nie %" 558 33 1% B8 FT ED L K 22 0 Bl
ERR T = R R BG40 R, IF DL Y
AR ASCVE Sy Al 2 bR S8t G 0 7K g &0 e, G
LPERIMTE R N 0.1 ~3 mM, He 28005 0F i 4
4E0 A T e NO, ~ A HR R ) G 2% SR
Bk
5.3 PRGN

g ) 2 4 [ Bt oe i) ol ) fE, 4

R2AUS BRI T % K

BTG X A B K SR ) () R AE AR A AR
KAE ., Apilux %2 BFH T — Rl 5 4 )8 5 T
(T AR, R FH R A 27 R b € 6 I 92 A 45
() TR I A | [R] B A DU Tl B K v 4 8
Mk E &, R =R R I AR 20k
FE KGN 4 5 R HE GRS I O vk a2 I SE Fe
(1) AYHRJEE . Hossain 555 {1 —Fi [l i
SR K ) Z R 4 8 B (Hg (1) | Ag
(I).Cu(l).CACIT) Ph(IT) Cr( VD) Ni(Il))
MEATA Fr o SRR 548 | 23 54 B e B |
T AT ARE AT B ORI T —ER
SE[E 2 T AR BB T o 09 46 DU XN, BT 43 51 5 Hg
() Cu( 1), Cr( VI) Ni( I1) B 7= A A [ i
o, TR AN [F] B 2 4 35 67 7 M RN s kil
10 min P 588 7 B ES 0y Rl B A, o He (1) |
Ag( 1) Cu(Il) CA(IT) Pb(IT) . Cr(VI) Ni( II')
ARG ) B 43 51 >4 0.001, 0.002, 0.020. 0.020.
0.140. 0. 150 0.230 ppm, IAb, Fifi K45 YL Al
WS FERREERIN R IR A WA K A K AR R SR RN
UL H 45 ™ 5, (8 8 R (MCs) J2 [F N AP Fil
IR A e i R B S e K — K AR
W Wang SELTIRIE T — bR T3R5 S s A il 4%
WA IZAOWN B A B AR A, R A2 E O vE A
7K A e e T 2 R BR 2 0. 6 ng-mL~",

F22 FIH T LRI 7 ARSI vk S HNE

Table 2 Summary of detection methods and applications of microfluidic paper-based chips

detection methods example analytes

applications ref

colorimetric glucose health diagnostics 5,6,8,10, 11,17, 19, 20, 22, 53,
detection 55, 56, 58, 62, 70, 71

protein 5,6,10,11,17, 20, 22,27, 34, 35,

53,55,58,59, 62,72

nitrite 7,19,20,49

uric acid 27, 49

ketones 19,20

cholesterol 6

PSA 9

AST, ALP, ALT 35,36

nerve and vesicant agents 28

blood typing 18

rabbit IgG, human anti-HIV-1, goat anti-rabbit IgG 12,63

nitrite food quality testing 3

foodborne pathogens ( E. coli 0157 H7, Salmonella 33

Typhimurium, L monocytogenes)

pesticides ( bendiocarb, carbaryl, paraoxon, malathion) 74

heavy metals: Hg( 1 ), Ag( I ), Cd( ), Pb(Il'), environmental 25,34,40,54

Cr(VI),Ni(Il), Fe(Il), Cu( 1) monitoring
<174- Progress in Chemistry, 2014, 26(1): 167 ~ 177



S ORISR BN T BRI H]

Fik 5T

gR2

detection methods example analytes

applications ref

electrochemical detection glucose health diagnostics 26,48,54,65

uric acid 26,29

lactate 26,48

cholesterol 48

ascorbic acid 29

tumor marker( CEA, CA125, CA199, CA153, AFP) 37,39,41

DNA 45

ethanol food quality testing 48,64

paracetamol , 4-aminophenol 43

Au(Il),Ph( IT) environmental monitoring 25,65

pH 66

microcystin-LR 67
chemiluminescence detection glucose , uric acid health diagnostics 68,70

Fe (I) in blood 57

tumor markers( CA153, AFP, CEA, CA125, CA199) 47,69
electrochemiluminescence tumor markers( AFP, CEA, CA125, CA199) health diagnostics 32, 36, 44, 47
detection DBAE/NADH 51

Ph(1Il), Hg( ) environmental monitoring 31

6 BHESRZE

L LR M9 — Rl i o Bl il i 1F ,
WAEAOS e % 6 AR AR 3] 1 GE p Ok R e 4R
A5 1 DSl W €7 1R N DE S S SIS UK 7/ 2R
T, R T — At SR A R, T AR A AR 12
Wi R ARSI | BRGS0 28 TSGR, B
ZI N S B R A R

SR, (R A2 48 i AT K TR 030, B Y
AUH N T A A BAE R A A BT A
RETH 12 SR FH B 28, VR 2 I SUse A 1T %
R PEAGE A B R I A AR KA 25 8], A, FeAi]
AU R O 4RO A ) e R R S R S8 T, 2 41
AT L MR 2

(1) o 48 R By TAME i AR . H Y,
SCHRR 22k B L AKD [ OTS  SU-8 15 45 5 K A4 4
FELR R I st K B 17 o i = bRk AT AT 8%
FHES /KI5 B0t A /K DI, (86 1k B 4 3¢ T
THRBTA LA B 28 CNE55F, P AE B
23— AR s SU-8 SLIRRETE—E T2 1 BERH
PIAHLIAE RN E e A K X (R A i, BT
L, I 2t A & A A1 AL 0 o A — % BRI
MIBKBRL, 25 R BIBFFE 7 10 22—, el 2245
f 2 , B (SU-8 Dl i 4438 i 8 5 i Uk B (WY BEAS )
TR AER R, A —EREE HREA R, SR/ A
HATE ., JPREES R4t G I Hagmid—
FE T B At F R K R AR R AR K
T, R EB RO , P — P S 408 b
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DX (3l T AN X)) B PERE , 4 v e RS
T1 FEARAR Ry S P W B 25t 2 (AR F S A — A ER
B, SR B HTE SR E 4GS I THEAR R AR
D B A —FRERAT A AL FRI BR Y, ATy 125 B ] 2
P EEE ETFIENUE Rl SRR R W
A AKD BT (F195) BRI HUBA Aiy S5t A 9 7of
N5 . dnfar i sk A B AR 1 B S AR RS E, LA
TEAR Ll #AS A0  S2 2R HOE B M 2% 25 i A A D iF
ERCIE O I ER VY S S ) [ SN SN
Jo7 A I 4 22 B D) RE LG, (il 4008 ) HL - 42 a3 A
TRE , SRR o O TAEE XSS 1 )5 18]

(2) WORAEAE i BRI HOR . RS
(5 2 — et o B A AR S A, TR I JE 5 4T
P HE KSR, (E 2 i Pl 3K 8 5 3O A TE 12 5 B
WA FriRds . AR 2R 1A 2 1 2220 Tk B85 0
2220 73 [RS8 ZOR XHBOR A T#R A . HRTIX TS
T A BIF ST AR /D, 4 e e ok e 1 L]+ 28 ( 5 K i
AN RS ) it Sl B s R SR
K AR R A5 T R S A B B A
RSN, SR A IR 2T TARR 2T,

) WO 4GE A LI AR, BAA A
RS e OGS RN s E T T AUR A Bk
JEAS (/0 ) I BC 2 B o B A 5 A R 4 ) S 4K
SRSCHE, X — b, I OIETE R Bl 5 4K
SR B o BT AR P AN A — Rl I T 3k
R, 2 4l A AR e 0 . 0 BN, A T 48
(4 FE AT BOR 48 R SRR A0 A I
ARBFFEEI—AT7 10, LA~ I SR AEORE o B
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4 AR A By PR R O P AR A A D0 7
WEZ— (HR TRg0E B R 51 IR 5
3, HATR AL 22 A0 B 40088 7 o AR b oA
BEUL, PRFZEA0E A A AL A R 2 A
ATAERE, S350, BEFR R RET-HLAE B, A FHL
JAB, 5 v T I A i, AT SRS B B8 A Ao
RS W, 153X —J7 A V2 A A ]
(4) o 4 408 7 BN . 55 il AR A9 4R A5 AT
Lo, SRR AR 7 AN AS AT DAX B — 2 43 AT R A
B, i vl DLSE B2 20 23[R i 3 B, DR AE 4 I 9 1
WFE R, L A ST 22 2 70 () I AGL I A 4068 B e B
Jiko RIRE, N FEm KAEAGE R 5 T8 KB Z A
PG P A4S R, DI B X AR 25 5% B B A BT B
UK RGN A5 R AR A 5 A 1 B0 55 FH B 4R B8 e, b
SAHESARE A 1 RN

FURIT, 4RO 58 i Ak TS50 2 iR ST B
o A UL A A7 o (FAR{RBERE I T H AR A 74
AR BT SE 3 FIBCE , 408 R 8 R (point-
on-care, POC ) HIELZ PREAGI A H 2 AR F-Be
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