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Bile acid detection by biosensors—a review
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Abstract: Bile acids facilitate the absorption of lipids, and affect the development of various diseases by regulating
intestinal flora structure and modulating immunity and metabolism. It is therefore important to quantitatively detect bile acids.
Current analytical methods are still immature due to constituent complexity, structural heterogeneity and bioactive variability
of bile acids. Detection of individual bile acids is of significance for pharmacological research, clinical diagnosis and disease
prevention. Advances have been made in bile acid analysis from multiple sources including serum, bile, urine and feces,
although several limitations still exist for bile acid quantification. Here we review research progress in conventional bile acid
assays, including spectrophotometry, thin-layer chromatography, liquid/gas chromatography and liquid/gas chromatography-mass
spectrometry. Moreover, we emphasize the development of bile acid biosensors that may have promising prospects.
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I e MR A gy, SRR Y T
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ZRIW, R BRI S EL T 5k 2 T
HEL VR 18 T HE = 38 o s (EL R R A2 2, T 6 LV
A R AR AR AR fL 2
ZERIAIML . R4 SRR . HARIR BRI R LR B
Pl S, Rk, XA R E T R AT R
LRI DN Oy N ERUER (=K AN = 11 (S M o gt
Ok R ARG L | W2 G . SO
Fv: . AMEIEY: . G RGEBOHSE. By
IR AR A AR AT A . B BB AR
BT A 35 2 S LA SR H R ARG . R
fE IS AT G5 R TR B | R R L A 5 A v
I BRAR . o TR A S O 0, R S T TR
B BTSRRI E AR RS, R
L 7 B S RS I AR T

1 BHBRMEEEHA

1.1 FEHERMIE RS IR

HITEZ (Bile acid, BA) LA, fi%
fEFnge, e Ent LERENG , 123k
BRI R T VEAELE R W . BT RRA S SR, )
MR TR IR LA K 25 G R RR R . TEN
b, JEYTER EEAUFEIEAR (Cholic acid, CA).
¥ J= 4 lHfE (Chenodeoxycholic acid, CDCA). Jiit
A JIHR (Deoxycholic acid, DCA). f&2 % HR
(Ursodeoxycholic acid , UDCA) #1 f1 fH &
(Lithocholic acid, LCA) 4%, EA1FEES5H
BRI AR A5 A (T XA TE o TR P %) I8 [ A
ZREEVERS , b )i Bk MIEEE A
InAmgE A SR RIRBITRR, Bl CA A
CDCA. TENFHIMIAN, 4RI RNIT R 5 H
AR TER A SIS G BB R, WA T
NRE 5000 S 25 A TR T IR A6 I 18 & AR i
BN, BRAES GBI R, fElpiE
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WA YR R R S AL S IR BT IR, 40 DCA F
LCA 2090 3k A il i IR R, B oM AR iR
T 8 iz o o DA 3 sh i i 1) s i, bR 4y
JET 1 0 A 3 B A T TR KR 45 7 1
W, AUA 5% AT MEHEE (L LCA B E). &
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BB BG5S 2 RS AR WG Py AR R
FLITE o RS A AR T EL A 003 A RS AR
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Fig. 1 In vivo metabolism of bile acids!™!.
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RI, 8 N IR AR 4 R A% Ak AT S 350 1 A TR R
75, CDCA 5 ¥ # Fl Enterobacteriaceae & 1E A
>, 1 DCA 9% H ##} Ruminococcaceae & 1F
FEM IHH R TR GO IR IR 2 Ak
(Takeda G protein receptor 5, TGR5) Fl1i: B Mg X
ZAK (Farnesoid X receptor, FXR) il [#% 5 i 4 i
AR, B TR] JB T 58 X 32 4K 1 45 5 B T3 AR S
A, H#E TGRS ML e iF J& LCA>DCA>
CDCA>CA, i FXR fiE Ji#% CDCA>DCA>
CA>LCA Ry, Wang 25161% B4 A
AR (Tauroursodeoxycholic acid, TUDCA) i
il & B AR /N Bl 18 4 E R i % iz, R ek
A AR TR T T IR o 5 R S JRE AR DR
TR T I 17 IS 2 i X 25 L A T R
MR R ALIE 5 R o i g
AR PR A G . RIS R,
TR A 2R L 2 2 BT PR Wk B D (R 5 i
B S AT 5 J62 22 Bl g o T A [m] B 3 2 ) 2
Vs AN A R, RO X A o A R 0 AT R
PERIN , AT Sy i R L ELAAR AR TR 48 2 R 47 A
it o

2 BABRIARAEA

AR 2 il i B LA R 455 RUIB T IR AL 27 45
FIRERL, R SR 2 | REAHZEA R (18] 2),

RAEBS AR IGALTE A I R ERAR A, I3 K
S PR THAR & B b, DRI Xk L A I
TR A A R I AT o PR X B R A I
AR OEEREEE | RO L S RORAH L
(L TR AR 2 2
2.1 SHREEZE

AR T SRR &Y, eI iy
R AATEAT, AL e 55 n] DL 236 X B i ik
W, ANREEAEHEAT /LRGN, 7 45 B
QLA T 3T o R T A B R EAR A4 % B E
R Tl o 32 2R PRI HU G A, e b 2
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R,=OH
R,=OH (Unconjugate)
R.=NHCH,COOH (Glycine-)

By H R ? R=NH(CH,),SO;H (Taurine-)

Abbreviation Compound R, R, R,
CA Cholic acid H o-OH OH
CDCA  Chenodeoxycholicacid H o-OH H
DCA Deoxycholic acid H H OH
LCA Lithocholic acid H H H
UDCA  Ursodeoxycholic acid H PpB-OH H
HDCA  Hyodeoxycholic acid  «-OH H H
a-MCA  a-muricholic acid B-OH o-OH H
p-MCA  B-muricholic acid B-OH B-OH H

2 PBitER S T+
Fig. 2 Molecular structure of bile acids®®!.
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H, L] 600k BRI By, SRJFTE 70 C
BRERIA W FP i 20 min, 7E 385 nm % K40 i 45 4
W, &% T & MEE R 20-160 pg/mL
(R?=0.999 9), “F-#4[Eliir=K N 98.97%, HRifEF-1
7= (Relative standard deviation, RSD) & 0.24%,
Yan 2P0 AR R A AE 25 IR AR X R, A
49%RT IR M B, 7E 75 CKEE M 18 min S
B, F 388 nm EKAMERE . . 4. NES
YIREAS Hh AR R ) 5, 7E 5.7-34.3 pg/mL YL N
A RIFHLIEXRR .
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SR LB AR T R 1 e B A, LU B R T R A
T LRI TR AN & AL B R N . B BR-B FRMIRG £
WA A WEEA LRI, {1 DCA Al UDCA 5%
FEss G p-FIING e, BT T R, B
pH X1 B, i X%} DCA Fll UDCA #1758 J 4T
B RR 45 155 pg/mL #1 16.0 pg/mLPe,
Kafrawy 25 7V I 2-filf S8 b A3 28 1 7] SEBR 25 4
HilR A UDCA A sl , il — 7 e FT e g
Z5MFN UDCA 5 2-fiFf % iR IR 6 s vy A6 it 1t
WA, TR IR R R Y A, AT
553 nm KA fRc RS0, A H FRAR 2 3.37 pg/mL.
) T G 2 AR K S € S O % AT 1 , Rani 25 B¢
W Tk e 6 A0 W A 3o ¥5 Ak 2 W B A
(30-hydroxysteroid dehydrogenase , 3a-HSD) J%
I, FIFH NAD Ry 732 04, R AR i i
() HL P8 28 NAD™, P RS JE 0 DU s xof 340 it 1
NADH 1 5 8 [ b e 2w IR IR & &, 107
Ak #] 19.63 pg/mL LU AR HBR, K vEm R
90%LA I o B AN U N, (AR ICE A R T
i 12 SR -] DL I B R IR i, LA AT
AT AR AR X AT B 6 R R 28 P M AR B /)N
H3Z 7 L REAS I SR R sl A — 2R R, HLAS
PR PRSI, AR S ISR IR A M 5240 AT
IS FH T 28 2 Tl 87 B Tt 4T o
22 HE®IZZX

HE ik (Thin-layer chromatography, TLC)
MR R A BIEERR AT R
i 757 . Kindel 2EP9T % 7 3 T3 2 (08 - 1 1%
FAHEDE G R VL BT X A A e g IH T IR 1) 2 &7
Mrorik, &oreg. difh. ZEHCEE D BRAR At B 4

SR YA AT IOIE E o, E TR
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43 AR B 2 SR AR 1) i, 1% 1 ARR -
CBE-VKEERR (2 011 1) SHEIFHL, LA 10%Ms 5H R
CEEEWON WA, SFIECR S5 101.3%
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FLARHERS . B R £ ok 8 Rk A S A A RE, e
AR E A IE . be - £ R TR - L BRIR A TR A M T
TER, o et 44, 528 5 FPIRTHER (CA.DCA.
CDCA. LCA. UDCA) 45 &mhT, Hk:HBRnr
KBNS B BE A 0.119-2.085 pg /K- )2 (01
ARG AR BT 4 B 2 AR ST AL 3, %k
Xof 2 R S I AR EOR B, R R JETT
FLOJRIFIEE . WESFER MR, HE S
JEERE AT R EOR R R 1 43 B AR AR 25
23 SMKEEILE

B SR {8, 3% 75 (High-performance  liquid
chromatography, HPLC) HA& RMEE & . /it ]
Jil L SIS AR TR AR AN, Gl T AT A
AGHER . Sr K AFRIENAEILEY . %
7 8 PR R R 4 MR 5L 2, Deng 257
AN [ R VRORE 45 A2 B A3 BT s REZEA T T 3B 43 4
Sardella 2P0 0+ FRUEAT AL AL B0, SR J5 1A
HPLC Z3#r 1 12 FIHIF R &, B & 2R 5
A, 2RI PR HBR A 1-27 ng/mL, Zé44:E
il 10-320 pg/mL =[], Kakiyama 5B437 % T
— RIS D S R R 1 e SO €
T, DLWEE (82%) 1R MUishAf, 7E 254 nm 4k
lBE# (CA. CDCA. DCA. LCA. UDCA)
LPEXR B (R>0.999 6), HATFH T AL &
H AT IR 19 7 . Zhao 228Vt P e OB 5,
TEER, A EAHZE B AR SfERE S, B2 T A
Wi AR gErh 8 FhALEEIRTT R, LM ol
3.91-500 pg/mL (R*>0.995). & AH (4 i+ A & T As:
AR 1R R B b v i B i B A . ARG 451
GO, —MBAEHLT, Ay R B
EO AL HRERAE, [FIE AR R A L Y
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arEn Bt ST A
2.4 RHEEBIE-FOLEKA

VA 0,35 R R FH - (High-performance liquid
chromatography with mass spectrometry, HPLC-MS)
R TRAH €515 1) o 0 B ARCRE 5 B ) 5 R 4
Red G, SCI T R TR G W o e Y
HAE T, AL T AR R AL B R . Qu
i OV R R Ak W MR o Mk P OBE R B
(High-performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS) 75 A {4 A iy
15 FhAHITER, F Symmetry C18 (ot res, R
P55 8 TR B R AG I, #ERF 50 min,
12 Rl BRZEMETE I 0.001-3 pg/mL, ¥ JE
e TR S AT IR ME R (RP>0.985), Liu %507
FH HPLC-MS/MS 45 K B4 Py 26 BB TR
K H Xterra RP18 (4.6 mmx150 mm, 5 pm) {4
K, LAZNE-10 mmol/L M R B v W Ui s AH kA 7
PO RE VR, R T 55 8 - - — B DUARAT B4
T AT AT 2 RO I, S5 2R R 26 A
JEHRR A A G R BT H A B A T, E i TR
A 4-80 ng/mL, RSD & 2.0%-13.3%, i /& 1F % 4=
PR R FE SR (7.8-1 156.6 ng/mL) . Ulaszewska
25 8] F HPLC-MS/MS 8 37 1 3 5 A 1A i v
8 MRHER SRR Jrids s O R L KRR
47 0.081-12.26 ng/mL, x5 R4 0.286-44.95ng/mL,
LRPERELT (R%0.99), RSD<16%. Fu 2%y T
e M 21 BB AR MR BR 4 IR B2 53
Mok, Halid LC-MS/IMS #8947 T K. 25 %
TIETE—ETCE N, XA S Yy 2 R B R AF
LR M AN S 10 2 8k (R®>0.99) , ASBIFSE 141 A i 3
HPLC-MS/MS 73 #r /) UM & i g I & J5 IH v A
FEAF RV RR S Ak, S2PE 10 bR VEER RIS I , 46
HBRZ 0.5 ng/mL (Bdli R & 3%) . WOAH @3 5 51
TR RO MR B s . A BRI, (A
ERETAL IR RTINS 2% . HRAEMERE AR | AU
L0 | 1= s N o V9, N
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25 SHiEGIE-RIEKA
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mass spectrometry, GC-MS) A LA X} RH 1 B2 R4 7 1
B 2 it DA SR RBR B L PR A 20 4> T4 . Keller
SlOLp 7 FAIF GC-MS J5 i iE FhIE A3
fE TR, SARRRF R 150 ‘CLR¥F 5 min, LU
40 “C/min J+& 240 C, UL 1 C/min i ZE
280 C, fHE 10 min, KA F UM, 52
BT X AR S PR BRI L KRR L R A Y
JEHER I . Tadano Z:11ff F GC-MS [N 40 Hr
LY AR AR, FH 43 Hr fat Bl N S 485 1 9 A
F IR BRI 3h S 2 M. Bhowmik 2512F)
AR JT R P AR T T R 2 PR AR £ R AR R
GC-MS T Z AT E B A IR BR A i AT A= AL A
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Fig. 3 Structure of biosensor fabrication!*?.

3.2 MEEREMERBEA RN

A S A JIE Y R ARG DU 0 Sl B TR, A I R
i PR AT R R A 3 A 0 A AR K 1 A i
5. Koide 21OV FH I —REF IR TR BRI 19 (Bile
acid sulfate sulfatase, BSS). -3 5L [ i it &
(B-hydroxysteroid dehydrogenase, B-HSD), NADH
A AL 3 Tl [ 5 T4 Nafion W BGCT Al Ha A
e, ATAS N PR PR AL AR T R 1 i AR AR
R REE S . RUE . EIEL B A
Pk, iR Ak BH R vk BE 5 R I e N B 7R
0.82-40.86 pg/mL i Fl N 2L AEA G, XML
A BRI T Nafion HERE, [RIL 32 SR Fh HoAl
FHMRm /N Li 25 IRl F 3R T
T A ¢ ' 6 A 78 A= ) 1% et DN At 1R A1 BT
2 (Sulfated bile acids, SBAs). 1%/ W& a5 &
45 Koide my3EAAE, 7E BSS. B-HSD fEHIT,
SBAs Wiffi/E g 3-FESEHER, 3-FAEHTR S
NADJZ i, AR 3-Fl 4. SotlEles, NAD™#
%4k NADH, NADH 5 1-H143%-5-H B E 5 hi
fig F B & (1-methoxy-5-methylphenazinium methyl
sulfate, 1-MPMS) Sz hii 544k NAD 1 1-MPMSH,.
5 1-MPMSH, #4 1 K i J5 il R, Firfes
K 2R B S B ER AL IR R B IE L, A AR
HEMR 22 /N T 3.4%, K 1Bl 64 ng/mL, [EIJSCRTE
95.5%-106% 2 1] . % 715 S5 8L T A (AR R il 7
SEROHT, BRI TIGKZW . Zhang 18
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3a-HSD fE N BUEITH: , %5 Al A W AR R LG
1) a-FE LA IR IL , RO A FEHS NAD A
NADH, NADH 7EHitk £ ot NAD",
R T15 5, A 2= BB v T
N N1 R[5 28 U D 1 W £ A 2 S |
T PETE Rl 2-163 pg/mL (R?=0.997 2). Zhang
SO I R T T MR S DL R SUE AL O ER
P 1 R AR ORI ST R ) . T
W il LA A 244, R 30-HSD Xif AH AR i &
JZ R A B NAD' if )5 i NADH, NADH 5
Ru(bpy)s®* % 4= H T A B S 2E A Ru(bpy)s™, it
JGTE—E BB R N ¥ Ru(bpy)s™ vE— 4 1k
Ru(bpy)s™", IRIH A T — 458 4% B WAL KR
o IR . RS . K, W
FEAb 45, KIIFR >4 0.16 pg/mL, 7E 2-16 pg/mL
BAMCZR (R*=0.998), =TS FHF IR 34
JLEEREA B /D (R IR TR AG I

Hyeong 25O 13 52 B0 T — AN I VR &
DAY BR i) E AL B & o A B4 i
VL it VBTG % TR I M R L A Y R R K I |
T B EHES o SROAT,  RET R Y S 4 B P A
Wz A bR mE ORI AR T AR
TR CE ST b T By [ e AR B A T T A
I A 41 ' 8 1 T R 80 0T g o 2 R R AR
fbo B R G RIAI H CA. DCA. CDCA
SR ESESRAN TR, Hih DCA | CDCA K
HBR A 0.39 pg/mL, CA #:H R4 2.04 ug/mL, H.
HA —@HuTHae )y, MR B A OB i
B WU ) SR BT, AN T A 2 I ok R R S S Y
W

Wiel 25 B3R 1 — 7l K X 4t A R 91 8 1% Jek
i, HlH A SEOGE R B IR X 2 IR LRSS
A XA, I RRZS A 5 230 FXR S
BICRE IR, A IS 0T LA A I =3 1)
NRERR MR B, WP T SO0 A WA AR 1 7E 2 S U
W, AT EZ S IMRIC oS R
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33 MEitMEMERFALRRE

e 1 s, @ BRI R AR
T vk i R AR L AT R AN 2 AR R R, (R
FEGLHTAL BREERT, HARMIRC AL B et , A6 U AE I AH
XPELK o B A W A% R 8 g T R L G N 3k 32
Py RS FER D BRI AR T AL
BE/b o AR H RS R VIR 1 A= 15 12 e 22
), ABACRER IR A B SRR, HR 24K
BT A e T i 4 A T A U A 7 A T A
i AN REAG DU A 2 I VIR K Y- o MY R R T 1S A2k
e aYr, HARMR, COFBUNEEAE . B H B
BRI BB, MR S A R R A T
A=y 1% AR B R XE . TC7E S B DCA, CDCA.,
LCA S555 & M RR A A , 1 HL iR 51 TT 1 1 2 3
W5 Ty BEARAE AL TG PR, Ay v DL SEBR I o
P, &546 K|S IHRROTSE, EH5 8T
PR A% J%e s 0 T W] N LATR O T AT HR )

(1) JFARF S G IR BRI o

O FIFHEHE LGRS (Systematic
evolution of ligands by exponential enrichment,
SELEX) HARG VAT RRFR A% RS R . LA
[l BT B b it VR R LA, T SELEX $ A AT i 18 i
KR S vE T RR A A3 Ak . TR HTZGd 1A 5
THRRES- BTG A AR, 7E3E AR e i s Ak 2
BUEoTF I sk . W BREESE, AT SE SRR T
PRI SR o JRECE FIHIAZ IR BT Y] . AR HoAb
Fext 55 A BOHE S HORTe M, Rk S TR
5GP — Ok, e e R U . AL
BN AN TRINE L o N ok S T
Wnl GG RGPS, AR I R AL s 1 R A
JEE R PR X R MR A =

@ i 3 20 B ke PRV R AR5 T o MY IR A A
NG BARRIMERCR , (B R (2
10°-10" A se (X BE) 17AE, ULHI4NEE o] A7 e
IR R A IS . R, A AAS [F] IR TR
BB IRAR SN SR A, E— ISR
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A i e A5 B AN (R AR T R A A S M A T 2K
HEITAE AL (5 B) NADH 8¢ FAD 51/ i, #
FAAE S ORI s AR Al AR A AL o v A vl A% 8
AIAS B R AL 2 E A WAL RS, SR BB 28
JER, AR SO YL R

@ Ko T ENIE B AR N FH B AE YGRS L T
B AR AL R R 5 AR L IR ST B R, SR
JE R YT B R BREE G IR, B RRE ST
0P R IR R R S U A o T A A R T
e FELBREY, AN EREEMSS, FIA
WA R AR IR R AR S PR e — B 25
PR = IR R A W A5 S, P SE B[R] T iR
{14 4 S A

(2) $2m MRy PR AL s i M fg

© A BUETT ARSI RR &1, A S
AR . pH. BT E | MEESE, MEAR
R, NEGUERUE T A R, R
BTG 35 PR R AR B 2R T

@ 2R AR BRI R A
) 1% St ARG 53 SR 39 A s 1 o S Oe
PSR e LW A I ey il [ R A A L
SR RAS . Ak AR AR uSoo e, )
W PE PR A B SC RN SR A5, DA = UG AR 1E
A LR 2 THT 174 T e

@ MBI BB, ORI S . A
AR R T S SRR IUR S o i T
K B S ER T, WA R R R
AR RO . TR B IR RS 6 T RE s AL
TREMI AR AL, M B4 ),

(3) MRt mRAL 25 1 1o

© Zha P bR ab Py 3k , s A R Py 4
FERD BT IR o QA B-ERMTRG S5 RE VR A4 7
W A A IR RRE S T 4% . A TR R
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Table 1 Performance comparison of different bile acid analytical methods

Method  Reference Source Pretreatment LOD Linearity Specificity Time Advantages/disadvantages
range spent (h)
UV-Vis [23] Calculus Extraction with - 20-160 Low 0.6-1.0 Advantages:
bovis acetic acid pg/mL 1. Less equipment dependence
tablets 2. Simple operation procedure
3. Short testing time
Disadvantages:
1. Large sample volume
2. High LOD
3. Low specificity
UV-Vis [25] Liver 1. Acidification 14 pg/mL  14.0-2335 Medium 2-3 Advantages:
homogenate, with HCI pg/mL 1. Simple operation procedure
bile, 2. Extraction with 2. Less equipment dependence
duodenal ethyl acetate Disadvantages:
aspirate 1. Long testing time
2.Need pretreatment steps
3. Low sensitivity
UV-Vis [26] Standards  Diluted in acid 155 24-1252.0 Medium 0.3-0.5 Advantages
pg/mL pg/mL 1. Obvious color reaction
2. Simple operation procedure
3. Short testing time
Disadvantages:
1. No validated specificity
2. Need pretreatment steps
UV-Vis [27] Medical Extraction with 3.37 32-192  Medium 1  Advantages:
reagents methanol pg/mL pg/mL 1. Good sensitivity
2. Discriminative color
Disadvantages:
1. Long pretreatment time
2. Large sample volume
Enzyme-  [28] Serum, No 19.6 2.5-60.0 High 0.3-0.5 Advantages:
aided bile pg/mL pg/mL 1. Good specificity
UV-Vis 2. High repeatability
3. No pretreatment
Disadvantages:
1. Cannot identify specific BA
2. Relative low sensitivity
TLC [29] Feces 1. Fecal homogenate - 2-20 Medium 4-5 Advantages:
2. Centrifugal pg/mg 1. Available to multiple BAs
separation 2. High sensitivity
3. Organic Disadvantages:
extraction 1. Complex sampling procedure
4. SPE Column 2. Long testing time
purification 3. Limited kinds of BAs
HPLC [34] Feces 1. Freeze and crush 0.49 - High 17-18 Advantages:
2. Ultrasonic pg/mL 1. Ultra-high sensitivity
dissolving 2. Available to multiple BAs
3. Organic 3. High repeatability
extraction Disadvantages:
4. Enzymatic 1. Tedious operation procedure
hydrolysis 2. Very long testing time
5. SPE Column 3. Need standards
purification

http://journals.im.ac.cn/cjbcn
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HPLC  [35]
HPLC-  [37]
MS/MS

HPLC-  [38]
MS/MS

GC-MS  [40]
GC-MS  [42]

Fluorescent [47]
biosensor

SPCE [49]
biosensor

Serum,

bile

Bile

Biological

fluids

Feces

Urine

Urine

Serum

1. Dilution

2. SPE extraction

1. Protein
deposition

2. Concentration
and dry

1. SPE Extraction

2. Nitrogen blow
dry

1. Dilution

2. Extraction and
Wash

3. Nitrogen blow
dry

4. Silylation
derivatization

1. Enzymatic
hydrolysis

2. Liquid-liquid
extraction

3. Nitrogen
blow dry

4. Derivations
No

Dilution

391  3.91-500.0
pg/mL 0 pg/mL

4-80 4-4800
ng/mL ng/mL

0.08-12.00 7.2-900.0
ng/mL ng/mL

0.16 pg/mL  5-500
ug/mL

2.0 ng/mL 0.2-1 000.0
ng/mL

64 ng/mL  20-2 000
ng/mL

2-60
pg/mL

0.16 pg/mL

High

High

High

High

High

High

High

1-2

1-2

6-8

6-8

0.1-03

0.1-0.3

(#5R1)
Advantages:
1. Available to multiple BAs
2. Good sensitivity
3. High repeatability
Disadvantages:
1. Need standards
2. Long pretreatment time
Advantages:
1. High sensitivity
2. High repeatability
3. Available to multiple BAs
Disadvantages:
1. Long pretreatment time
2. Rely on massive equipment
Advantages:
1. Available to multiple BAs
2. Ultra-high sensitivity
3. High repeatability
Disadvantages:
1. Long pretreatment time
2. Rely on massive equipment
Advantages:
1. High sensitivity
2. High repeatability
Disadvantages:
1. Tedious operation procedure
2. Rely on massive equipment
3. Very long testing time
Advantages:
1. High repeatability
2. High sensitivity
Disadvantages:
1. Tedious operation procedure
2. Rely on massive equipment
3. Very long testing time
Advantages:
1. Simple operations
2. High sensitivity
3. Low-cost
4. No pretreatment
5. Short testing time
Disadvantages:
1. Cannot identify specific BA
Advantages:
1. Simple operations
2. High sensitivity
3. Low-cost
4. No pretreatment
5. Short testing time
Disadvantages:
1. Cannot identify specific BA
2. Narrow linearity range
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