£ ¢@é1}%3%[ﬁ

Bulletin of Chinese Academy of S Sciences Tl

Volume 32 | Issue 12 Article 7

December 2017

Biosensors for Water Pollution Monitoring

Xia Shanhong
State Key Laboratory of Transducer Technology, Institute of Electronics, Chinese Academy of Sciences,
Beijing 100190, China

See next page for additional authors

Recommended Citation

Shanhong, Xia; Chao, Bian; Jizhou, Sun; Yong, Xie; Mingjie, Han; and Chenyu, Xiong (2017) "Biosensors for Water Pollution Monitoring," Bulletin of
Chinese Academy of Sciences (Chinese Version): Vol. 32 : Iss. 12, Article 7.

DOI: https://doi.org/10.16418/j.issn.1000-3045.2017.12.007

Available at: https://bulletinofcas.researchcommons.org/journal/vol32/iss12/7

This Article is brought to you for free and open access by Bulletin of Chinese Academy of Sciences (Chinese
Version). It has been accepted for inclusion in Bulletin of Chinese Academy of Sciences (Chinese Version) by an
authorized editor of Bulletin of Chinese Academy of Sciences (Chinese Version). For more information, please

contact Icyang@cashg.ac.cn, yjwen@cashg.ac.cn.


https://bulletinofcas.researchcommons.org/journal/
https://bulletinofcas.researchcommons.org/journal/
https://bulletinofcas.researchcommons.org/journal/vol32
https://bulletinofcas.researchcommons.org/journal/vol32/iss12
https://bulletinofcas.researchcommons.org/journal/vol32/iss12/7
https://doi.org/10.16418/j.issn.1000-3045.2017.12.007
https://bulletinofcas.researchcommons.org/journal/vol32/iss12/7?utm_source=bulletinofcas.researchcommons.org%2Fjournal%2Fvol32%2Fiss12%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:lcyang@cashq.ac.cn,%20yjwen@cashq.ac.cn

Biosensors for Water Pollution Monitoring

Authors
Xia Shanhong, Bian Chao, Sun Jizhou, Xie Yong, Han Mingjie, and Xiong Chenyu

This article is available in Bulletin of Chinese Academy of Sciences (Chinese Version):
https://bulletinofcas.researchcommons.org/journal/vol32/iss12/7


https://bulletinofcas.researchcommons.org/journal/vol32/iss12/7

THl EYRRESHEECH

Biosensors & Organs-on-Chips

EFZKIFIR S WA E YT RS R

BEL @ MER i B EHBEA” BREE

1 FERFERBFERRT EREABRSERELLNE L= 100190
2 ERFREAE LR 100049

BE ADERBZHRNAEY S TR FERFANER, SR A, LFRIFGER, £
HFEMBEA EEY L RN, XF@REKARERMNE R, AAEETEDEREZNHR
5%k, TEWATH. & DNA. AR, AW F AW R E R I KRB 1 0 AR 3K
a9 5 A A 50 o

KpEE AMERE, KF RN, &, Rk, MAERER, AR, #iH

DOI 10.16418/j.issn.1000-3045.2017.12.007

B T A RIS R T, TAOI K B 5k K bR, KIS e E %,
TR T KL AP KRR B . K5I TR E I IE . TR TS Sl | e
RO K S e B TR BT K T3 4B TSR . (00 K5 e e 4B 2 4
(R MR . ST OLB R . HRS . AL )k R BB S A
LA A A W TR L TR FETF SR . AAS . SRR o A
AT 0 N, SRRl FREE . RN, MR TR
DHATHLT RIS | Ry o R B A AT A8 0 R
W R L 0 52 RSP 5 S0 S5 5 AR T 2
PR BT, SEBURE R R S PE IR A5 TR TE P 3 R A
B, BUR. Bolk. DNA%) SUEMIRAS (HIAINE. H15VE) o EM GRS B i —
S P I SR TT I R M55 SR R ORI e 2T
DU ML . OB . R | TR ARG, A RIS LA PR | 7
M. S . TR AT BRI . G AT BV . R4
RS 973 alm M. BRI WORME SREAT. MACITA(ES . AR T . AL R R
i 2013CB3S2I00) SR, FEBEITAETE . e . IREEUEI R AR A T R I B

BB ICE B 2017412
A2E MBI 2E, AW IRAS nT LI RIS | S it . DNAMLIERAR . 44

1330‘2017&-%32%-%12,5}1



E KIS T £ Y RS T 5T _

FRRRER . AR IR AR AT o AR SCIRT 1) K PR I 755K
X AN (RIS 2 ) A ) A TR A 7K PRIt 300 50 14 157 1]

W TERA

1 YL RS R ELK IR 85 M AR

R RS 2R Z2AEN L AR 1) /K FRE M R FH R
K, FEERGFIAY TR, . DNA. 441, MAEYSE
L AT S K
1.1 EEERRESTE KRR MR B9 Rz A

W2 BAT AR s v FLRE R R S M AR P — 28R
PR, BoA RNGEEE MEARCR R . RN R A LA
PR A A SRR AL, BT I T A A R
o MAZIERARREXT ALY B BT . W . R A, Pk
AR o AEKPREE S Qe W5k, A% et i T A L
W2y YT, AR AN 4 B T A AR

BEXS A WL A 25 R0 (0 B AL RS, R R A AL
AN LT FE R it 136 P 8 0 A A e e G N i 3 552
P A LA 25 RO . AR B TP 2 T S
UL 6 [0 2 BT AL, AN A KAL) AR GR LD
SEQORBIRE, AR SR G YA R RIS B
TVFZHI TR, W THIE CLF RS R A DB
ML Wei F Feng “"fF 78 17— 3 = 2, 0k AH sl g i/
RAB A A LB/ B 2% 4 WA B AR % H Al 2 A 1L TRl
RAB 2 Z AL B FLAR S5 A8 R A 1 A= A 2P S R TR
BT T 114 [ 4L 1 R W S B i, AR T
JIELHCTR e P95 1 5 [ I A 5 DA v 1 P AR SR T 11
NP TR MR AE R R, AR AR
UL (ARG R 25 54 0.1—10 000 ng/L, 6101 PR 43 141G
% 1.50 pg/L M1 4.40 pg/L. N 1 FEARREIE € ML ROMERE, 58
SyFI PSR SR T, Caballero-Diaz 67 FH &35 2%
A S U SR BRR G AR iR oTfE, PR T
PR ER . FITRK AR dORR U I E o 121%
SRS R =% BB 2 A BRI B T RO KR
ST, AR AR TO T e A . MRS R, B

PRI X A AR ARSI ZE M Ll 6—70 pmol/L, A6 BR
93.15 umol/L, JFEAGRAFHEINE,

My 248 9y 0 K R oh i UL i s e, X K
Yy AT AN LA E 7 L, Sethuraman 55T
(3,4-205 AWy ) S0 A B =S8 %2
AfLHF ( PEDOT-rGO-Fe,0,-PPO ) 4 & Bt E B Ak Ha 4
XPARA AT T R A I o BT R 0 5 AR
TORRRE T BTSRRI, 0 AR T A AR I 2
LN 4x107°—6.20%10" mol/L, &l FBRA 710~ mol/L.
MAEAAAEL) 4°C IR P, 2 E G SR R E T K
KT5K,

K R R ER 2o N ARG, SRR ER A
I AE A 5T e v, o5 A EE A LA™ Minami ZE1TE IR
HIE T R T AR EL A HLIARON RS (OFET )
fgH s (1), XPRSRRERASIN Y T FRAK 2 45 pg/
L, R AT DAY — 2 £ G5 i R I 7 I A IR 56 .
T OFET HA W] BRI . HUB R TG . i PE A e] 4l 5%
SERR AL, IRDETERK T RS | B A DN ) PR A 2
OO RIERE T — 20k . AL U TR A 205
(GO) 44K H F PEDOT 4 K414 ( PEDOT-NF ) #it
TP A B BT AR R A2 %S . Fih PEDOT-NFs-
GO Z &Y T & fisRRid i, WF5E £ W] GO F PEDOT-
NF Z AR R o 12 AL IR AR 1E 0.44—442 mg/L f41iH
FRER B FUREEVE N, A% N 61.15Q L-mg ™ em™,
MR 0.135 mg/L, IF-HA REFMRME . AR E
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PEREE TR, SHESBET (Cu®| Zn™,
Pb*. Cd*. Cr''. Hg %) fis KRk, M E
K IR LK A A o M) P <G X TR ) 40 ] AR
HE, SRR i AR FLIR B R R
0 SR A T A T LA P T 4 A DU ) £ SR
o KRBT IR E R E TR BAL . AR DREUR R UG
W2 AATTIE A SETE R IR, Elsebai 5513 A4
ML AR R SIS S o 7 BBk i A R
T, TR B AR (B 2) , Sesl X
IR B T A, AGIIER A 1.8%107" mol/L, Akt

JE R 5%107"'—5x10""mol/L., FfiZ A% e i F T AR 257

IKREHORE T RIME , S5 RBINZAL AR X R B T AR
LAE Bz e
2H,0, 2H,0+0,

B2 ATFRE TN EHAE &R

1.2 RSB EKIRE NP A

G 1 SRR e PO TR 22 18] 14 e S 53 A S
7S BUAG I 1) — S AR A5 e o BT HUIR I S 43 B b
A, BEABAERME ., #5706 AR . Sk
SRR I TR R M AL AR RO B, AT 2 TR
BN & iyt A AT L/ 5] ivall e

Guo 5L T4 = WA AT RE LA BT T SPR A
WG IR , AR IR X T 2% BN = kBl B B 1 R S
PERIBAR AR I T FR (0.096 ng/mL ) , £ MEAG I FEl
0.98—8.29 ng/mL, ZAfGIELF S A EE A H 160 K.,
Belkhamssa %506 35 JS LR B 1 76 22 BE R A0 K B 530
WA 1, F T Hge SO S A HILAR 2535 25 e A
HAHI TR H 0.001 ng/mL, ZEAEH L FE % 0.001—10
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ng/mL. Monerris 55 3 12 75 3 itk Fb 5 34 T 11 7 oM %
TR 14 BA s RAETAA, T o v AL 2 S e A% T T T KA
o R e MR TR

TETE 4w B TR, HUMAGE R 5 EDTA #5104
JB B T2 AR SR SRR Shu S5 PR /N BT
Cu”-EDTA HiSg e hiiA ki ik Cu”-EDTA &), K5
A FH 28 N R S A S e S 5 W AR B 14 Cu™, B
T Cu® X} CdSe/ZnS it F SO I, FiBxT T
Cu®" 1) 5 o S PR R 8 BB ARG o 12 2 A2 e A AT
TR 0.33ng/mL. TR HIBUASE Cu™, G T HAD
4 R B T R O IOV T, B TR
EERENE . Lopez S AL T4T Cd*'-EDTA 5 BEHTIA X
Cd™ Je IR AR HEAT T8, AR IR AT B 5 iy R
JEFE 0.4—2000 ug/L, M FFRA 0.1 pg/Ls

Xing 55T G JEHTH AR T Rets Sk b &
GlE . BEHR. DUER . BERRRAGE 5 Fhis Qe lE
AP (AR G e (R IR . LAY (T1) | R R
HR-FEHEMR (MC-LR) . &R (CAP) . =0 (T)
FIABN (CTN) AERAERY, 5 TR R 4050 4351
[ AE RS AL 2T A R 1, REAS o i R T 400 R 7 4
JE e A A A PR AR PTR L S R AR T R 435
A 4ng/mL. 1ng/mL. 0.1ng/mL, 5ng/mLAl5ngmL,
TS E] 20 43480, IZAEAL R K Th s e i 335
RS T — R R T
1.3 DNAfEREERTEKIF IR 15N R Y Rz FA

DNA HA SHURPUALS &M &R Ty, JFRA
R AR ERUEME . RN, RS TA
JRCHMB i A5 5, A A R 2 JSTARG I T ) PR
BICHE. HET, DNAHBHIRATIN K i) 42 ) 25 L)
LAy BUEREAPG R
R Heg® 51w & Mg iE (T) i DNA Hgkdr
JE A T-Hg™'-T 5 5 PEZ5 1, i) DNA 258 [ o
, RESSHFH T Hg™ Kl ) DNA £ . Jia 5520
H T R AR TR IR (LSPR) JE4T DNA &8 T
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K Hg® R A% B L) DNA 2% 58 SUE Ry B4
ALK 4 UKL Core-satellites 2514 3 3 & 25 85 T AR &
BESRAL 5 AT IN He® Ml DNA 2258 )i il 2 v
it 45 B TR A 5 5 LA B LSPR IR I 1S i, St
Xt Hg™ BRI, ATt 5—150 nmol/L, A7 T KR
4 3.4nmol/L,

Zuo ZFPHE — R T WS, 49K F IR
ke, AT He™ M Ag . ZALRA A WS, 45K
F BT K RETI M WS, 94K F 5 DNA 43 2 [ (1 4]
AR SEHUAG I o 38 3k W 525 nm 1 583 nm 4b Y ZE
SRR AL, AT RLSCEN He ™ A Ag” (RIS R . Hg™
M Ag " ARSI G 7353 24 6.0—650.0 nmol/L 1 5.0—
1000.0 nmol/L, A& FBR73531>4 3.3 nmol/L #1 1.2 nmol/L.

R PR D) 351 1R A DNA BSURE I D) 1 B 5%
PABEAIERT, LUK E 4 REAS HOE RR K i A DRI
B i B Y BARE SCRENS 5 LA I S T bR R 4
38, f Rk F RIS RG-S RS ORI, A%
SEPAS T 4 JR E T ARI , EXAE SEP IR T AR D)
B[S A DS BN O ) o Sl S ol
Rl R B 0.1 nmol/L, Jf A UM . Hong 5515
FiX— S ERA T AL AR MR RS . X He M
Fil 10—50 000 pmol/L, A5l FBRAIL A 1.6 pmol/L.

Arvand il Mirroshandel 45 °"'3 T 7 B4 /35 Pic (A - i
F i (GO/aptamer-QDs ) &AW it T —FhEEHE KN 58
SRR R (EDL) BYZGH SRR E B ML S . %1%
SRR Tt T i B B0 R 2O SR Rl = B K00
B i VORIV R B ME, A2 EDI X GO Y HUARAE
FH, SEBLXT EDI Y ZECHE IR ARTIN 205 s i e A
MFEFE K 5% 10 —6x10" " mg/L, HHiFRM 1.3x10* mg/L,
I (RSD=3.9%, n=10) RAf, *IHALL2EL5HAH L
flA 24 BT RS AOE R . Zourob 450 ik i i B AT
RS PESR Y 218 2 DNAGERCIR, JFRHH A 2418 0 2 ik
1 DNATE BRI e 4 AR T, SO 22 T R 45
PERGIN, K IFE FEl 10—10000ng/L, #MIFR 8.2ng/L, i H:

b AR ISR . BPASho . FIARE ., BURR . PUZ
PRI X AR A 5 N S0 2 T AR 38 T4
1.4 ALUERRERTEKINE SN AR AY R A

UTLEAESR , ZAE A S A g A A R A 1 TR
TEAF A TAR R ARSI, R K A E 2
PR B E BT TR BFE N SURT DL 42 1 A
PREREE S5 F (Bt . FASCE BRE) . HEJm AL
YeWpaE ), XAEM A A SRR T AN, DTN R 4
P TIEAREY,

LIS R, Tsopela &AL T8 2851 T —Fh ik
HL A 27 = B 45 T 5 2R 6 485 5 e 5] 337 6 )
PR R T RCRE B B B A A 2 R O SR
ARG B A A= 2L, DT B8R 7 4 3 3 52 3] 52 0 1)
Fy SEBURTBR B ARSI o

Harguinteguy 551 IR ST i o i) 8 43 s 151
WRREATIESE 4 D H IR, UK R S Ae A mT L) 52
PR 4 Jm B AR R L NN R R AR K A A e
I A SR KA G g LB I ) T 58 5 TR R 2
KB INIR ST LU 5 4 SR B i

Védrine % H HI/NBR BRI T — R0 TR s
P (4 v LR AR I o AT DRE /N BB R TR A1
Y LT AL DR AR R, 3E A B ST BR R X T R e
JCHIRZ I, AT KR T B BRI P R
N BEFNT R RESE 5 R 25 O E . 45 RRIIZTT L B
I >1 pg/mL WREE T AR, 5 e 245 A A T B 4331
A 5ug/L, 0255ug/L. 0.5ug/L. 0.025ug/L F10.025 pg/L,

Merkogi 55 ABRE N RTORAR, FI AL S B &
YRR, A AR A TR B A e A oy ol 2 2 T BB A
A ZBERR AR 1Y 22 W EDRR AR SR T, 93] —Fh R L
SR o AR B LM B FE R 2—200 pumol/L, A6zl
B4 1.17 pmol/L
1.5 AL REBRIEKIFR N A AR

A WA s LA W RO e, R A A
P A AR S BT DU ARSI o 2B AT L B
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JE o IZHAIBA 1987 £ HOE BE L BOD {44+, WI1EA L
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PEAA =4 N BOD filE W (& I OB 75 JF &
BT EEMHESER
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Biosensors for Water Pollution Monitoring

Xia Shanhong' Bian Chao' Sun Jizhou' Xie Yongl'2 Han Mingjiel'2 Xiong Chenyul'2
(1 State Key Laboratory of Transducer Technology, Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China )
Abstract Biosensors have many applications. Biological and chemical samples can be detected by utilizing the specific recognition between
biomolecules. This paper investigates and reviews the research and development of biosensors for water environment monitoring. Biosensors
with different sensing mechanisms and materials, such as enzyme, immune, DNA, tissue, microorganism biosensors, as well as their
applications for detecting various water pollution parameters are described.

Keywords biosensor, water pollution monitoring, enzyme, immuno, DNA, tissue, microorganism
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