Journal of Electrochemistry

Volume 25
Issue 3 Special Issue: Electrochemical Analysis
and Sensing (ll)

2019-06-25

Electrochemical Biosensors for Wastewater-Based Epidemiology

Yu-wei PAN
Kang MAO
Franziska TUERK

Zhu-gen YANG
School of Engineering, University of Glasgow, Glasgow G12 8LT, United Kingdom;,Cranfield Water Science
Institute, Cranfield University, Bedfords, MK 43 OAL, UK.;, zhugen.yang@cranfield.ac.uk

Recommended Citation

Yu-wei PAN, Kang MAO, Franziska TUERK, Zhu-gen YANG. Electrochemical Biosensors for Wastewater-
Based Epidemiology[J]. Journal of Electrochemistry, 2019 , 25(3): 363-373.

DOI: 10.13208/j.electrochem.181050

Available at: https://jelectrochem.xmu.edu.cn/journal/vol25/iss3/8

This Review is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol25
https://jelectrochem.xmu.edu.cn/journal/vol25/iss3
https://jelectrochem.xmu.edu.cn/journal/vol25/iss3
https://jelectrochem.xmu.edu.cn/journal/vol25/iss3/8

$254% A3
2019 4 6 H

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol. 25 No.3
Jun. 2019

DOI: 10.13208/j.electrochem.181050
Cite this: J. Electrochem. 2019, 25(3): 363-373

Artical ID:1006-3471(2019)03-0363-11

Http://electrochem.xmu.edu.cn

R FEYE RS T KA
iIKRATIR = PRI M F 2 R

&2 # 2, &' Tuerk Franziska', # 44 48

(1. School of Engineering, University of Glasgow, Glasgow G12 8LT, United Kingdom;
2. Cranfield Water Science Institute, Cranfield University, Bedfords, MK 43 OAL, UK)

HEE U 4E 0k |, 15 K AT 2 (wastewater-based epidemiology, WBE ) £ % iF B 2 FH of: W ek X 25 i 5 P 0 2 e e
SR — R A SO, 73k, 1% 3 T R A AR RE A IX 5 K L TS K G 2 W 5k B ol A I I A IX e
AT 85 it B4 T RE T 45 B 1 Ak XA 0 B30 et LA T I — A AL 3 i Ak A ) 12 g LA i B ] R AR
IG5 BT R T R /N B 3 39 256 e LA R RE % B8 B RN 3 A AR A T I R T BRI W PR S e
W B 22 A DA R RS D A5 503 R €8 3% T IR P 2 43 A 3 K R i A 1 2 T i R BE A R
FEAR IR b2 A% SRR AR ST R 1 BT e R b I B g 0 5 ¥ K A% e 2 O AT S8 B 3 DR . R S0 T
H Ak A A IR AR V5 K TP JEHLTS e (AR 48 ) A LTS B (e 25 B ) AR F (A1 DNA) R A B 4
TR W o B TP R SR R, TR IR TR 3R T H R A A A% R B R A TS K AT 9 2 I A4 I A R e T TEI I 1

P

KGR TS TATII S AL AP0 3 A W A TR 7 0 M 5 2 A e

FEDES: 0646

Phi5 7K Sk B A5 19 53 B A Ah B DL K A A1) 2
I3 Ak 2 AU S5 B 2 Bl e S A PR, i K
R B AR 0 S PEPEAL U L R AR,
35 K AT 9 2% (wastewater-based epidemiology ,
WBE ) >k 1Al 15 7K b i 4, BV 43 Bt 4 o 3k i HE 7K
14975 7K Hh 28 1 1 ARG 40 R IR A2 3 T e AR X
FhEE S THAETE 0L, IR IR — R T X RE
H ¥ 9 (Can 5 i ) 8 &R 17 & 00 A BOTAG 0 7
B, HAZ 8 7RI H 45 CTE. 141,2018 4F(Nature)
RART —RA Ry (b EY KI5 K DL A
B Y SCEN SCE A A K S H IR
A5 E AL ERITEAME, A 5 K AT
e R VPAR TS K A R A, DT PP AG BT AE X )
B i U B ALt AT B ) R S K
Uvsis NI | (7N &3 & NI i E S de R E RN
1R 2 [ o8 28 V5 7K 43 A 45 SR T i A7 s 22 ot
%, FEH AR 5RO %R R SR = 5
N

SCERFRIRAS: A

15 K PRA T A MR A 1 S KR 5 BB -
k& B 25 W BIF 98 Fr 18 Zuccato 26 A\ 42 I 1% 5 Bh
1o o BT e — 4 s X R AT K R A DR TR
FFE AT B 259 5% B8 W AN/ sl AR R DA 2 4 X
NATTXF 254 (G a] = ) B 31 #E. Zuccato %5 NPT
2004 41 YR FH TR B R R 4 S5 KT i el
REACE AT T RSN, R T EAEEK
T BRI R A AT B 0 R B 34 I, Zuccato 45
NBSUSEE BERC 2E 5 6 P Bl e ™ o R (Cn 7R
F A AR ) SR AT IRVRE 9 2 BT, R Z O i
S T IURE Ry 8 DU EE i (VK EE L AR A 2E AT
R RURIRR ) 1 T FE R TR A B 1 S5 SRR A
B an 50 R F R A6 5 E 5 i 25 (UNODC,
2006) HA ek 3 A G B I L E 4
FE B VEAT T R S5 R R B, TS KA T
ARSI R, 5% S A
(5 I N E I o A i S S AR W) &) 7E R R
K2 i PO RN A 06X 3 AN kT BT R

Wk H 191 .2018-12-15,#817 H191:2019-03-14 * 5@ il /E %, Tel:(44-141)3305200, E-mail: zhugen.yang@cranfield.ac.uk

e[ [ AR F 4 T0 H (NERC, NE/R013349/1) % 11



-364- W,

b 2019 4

PRI A5 BE il A9 FH B R 3 2 [ R A5 R EE A I AN
1776 B Sk B4 %o 7 6 2R

teid 2 LR HISERF IR A B4 AT T 5 K
b BTSSR I 5 K T R A Bl A2 2, nEE R 2
Wy Ah Ty 25 RUHT ) 25 BTG M 5, B AR AR an dE VR
25 R R NEORS A5 Ak A 24 e A DN 0 R
PR F ORG24 R B o B T R L
F IS AR WA (35 T B, X R
TR AR HLA R R Rk B B, o T
T HTAEAE TG 7K 19 45 28 LA 2 9 ot sl L AR
W, B e T K REAS HEA T 50 Tk 46 A 2l Ak (an
KA BEAZER ), HE5G HARY R bR s#
C14 NFRIEAT 0T 1 1 22 5t 73 .

m bRk, BRI LG R By —
g A0 B ATHRE R FLARME T 5 5% (A28 | 38 77
BENGA E BN BT 5 R AR, 2
REUA R PR T a2 a2, HL3E T il & 4% i B 5 33
A BN BE G AR X T AR B BT R AR 1 S B G T 7 K
A8 N D3 (P TR I 5 E B 5 33 %o ¥ K A AL
H AR IEAT 001, 5 2% AR i Ak AR B Bt 4
A B MO 2 28 N 01 1 55 U208 25 14 i 43
Mrad B2 e 0 A . LAk, R s B B, AT
e B T T i 5 K BT 2 B i R 1] T M 05 G B
BARL, AL Ge i 52560 % 00 B 7 R R W R TS
K SIS I ) T B AN I T BB AR K AT R
ST R A NE E T, 0, B2 H AR 1k
R PEAR, FEFEASIZ B 72 v v] 58 25 B i DA T 5
EQA TS S N1 - B A 0 R S el = R 7
Py ) PR T T L AT LA KRR R ik /D 43 A
SER A E . 25 BT 8 T I P S M s
IK AT TG AR FATIR 2B 5T, FF Kk f 20 5 FH 9 T 52
P A REAS HE AT 4% 75 e ) 10 T % B0 g B
P 110 B0 A 1 3 A T L 8 A o R R

WAk, AR AR AE S — R A T oy
TR, ELEBMEE YA BT R Em
TR W 451 35 2 T R OR R R AR L AR L
AR — AR Ay B R R G A8 A
Jif 2 T 4 20 A T 0 R A A RN Y e L E B
WYIAAERE LR, B ARY R A2 ) 32 A B
ERT, oo A oA 55 (Lt 500 | 3 1h 4 0
P& ) B BUR(E S AL S S R
155 10N, X e YA IR b LA Rk 24 A 5 A
Shy i SO A 5 B4 A ) A R I LA e g R | B AR

AN GE 5 HAD i #5 35 &5 — /N AUV R L, Wik
Ak H AR N G A R o B A 4 AT B4 T
i RS2 B8 72 WO H:. AF9E R B o 1 1P Al
FE DX 24 it {3 R A S fg B IE 00 , xAE Ak
AR TE VT K A7 245 00 AR W b 7R A A Y
J AL E 43 B POl 2 R OC HE g A L AN A 4n
I, X G K AR IR AR I W] S BUR HLAS B A T
245 Yy 8 P s A v S I 5B, O A S A R R
T 22 498 1 LA 0T 97 4 DX A% 5 5 s 1 . o, 2
07 S N AT — F G0 A I T 7K AR B P Y H
b2 e AR B AR 9 A0 45 31 42 Ja B3 1 R I F1
A% HURTE P B 5 G 40 1 B i T A R K A
RO R R A% B 2R A5 B 45 2R BRI S
T, Sz W S PRy K TR AR AE Y 2 RS Qe W) R G B
PERLI . W Ah 2% A A% B A AN A R B A T
T, iy R AR S PR AR TR X R
15 7K B M R 7E LA I A N7 R0 X T R e 4R
HET SR KA AR .

ARSI T BT 5 4k R T HL AL 27 A= ) 15 TR
FAR M5k & RS e pE s i e, LAT5 K
o4 2 W) (N ER 1 R ) i, B EE TE AL
BT AW B LR SRR IR
Tof A T 00 A DX R i P R A R Y i L H
O HLE T X &R T AAE S R B T, AL
OF FRLAEAREY BRI 2GR LA SCH: A B
NG T
1| ATFRIE KR L
1.1 THEF

DEERE T

1K T 4 e s gl S AR IR e | fhee
il R Ak A% ORE | A e T R R
i Tl 35 KA 56 Ho 4 (Pb) Lok (Hg) (B (As)
FIR (Ag) MY iX SL 8 & 8 R AE A PO ol B i, HL
B feff 7 9 = K CF i B A R B . A2
A AL AR R B REUE Ik #ebE, &4
JA A ¥ Gl AR R v 4 T B R — A T
TH. HER R e T W 4
b 22 A Y15 1R A%

i T [F] % B 46 R S 1 RE A5 B DNA Hh X )i
(B BE B e — BOP O R AR R E A G, B
R e WSk, iy J 185 1 - — Afy oK B 1M Ji s e
(thymine-Hg*'-thymine, T-Hg*'-T) Fl }g W% Wg -4 =5
-l ¥ E (cytosine-Ag'-cytosine, C-Ag-C) 45 ¥4 |



553 1 s 5L . R Al A A SR TE T3 7R T B TS 2K LA T 2 IR N 5 R 365
F 1 AR A AR IR AR TR X5 K i E AR A
Tab. 1 Target analysis based on electrochemical biosensors
Target Electrsoi;;cn};elmical Biometric element Detection range Detection limit Ref.
Heavy metal CA Microorganisms - - [8]
Hg* SWV/DPV DNA 10 ~ 160 pmol - L 6 pmol- L [10-11]
50~1 pmol-L" 50 pmol-L"!
Sulfide DPV E. coli BL21/SQR 50~5000 pwmol-L"  2.55 wmol-L" [12]
Cyanide Potential Cyanide dihydrate - 1 nmol-L" [13]
Ametry/Acephate CA/Ampere E. coli/B. subtilis/ - - [8, 14]
S. cerevisiae
Carbofuran SWv E. shearii FREI-39 5.0~100.0 pg-L! 1.69 pg-L! [15]
Carbamate Ampere AChE - - [16]
Thiram Ampere Biofilm - - [14]
Methyl parathion Ampere Organophosphorus 0.1~200 pmol-L" 0.1 pmol-L" [17-18]
hydrolase 5.4~116.4 wmol-L" 29 nmol-L"
Malathion SWvV AChE 0.1~600 pg-L" 0.01 pg-L"! [19]
Cocaine EIS DNA 10~5000 nmol - L™ 10 n mol-L" [20]
Topotecan DPV DNA - 0.37 pg-L! [21]
Paracetamol Ampere B. subtilis 5~630 pmol-L"! 2.9 mol-L"! [22]
3,5-dichloro- CA/Ampere E. coli/B. subtilis/ - - [8-9, 14, 23]
phenol S. cerevisiae/Biofilm
4-chlorophenol CA/DPV S. cerevisiae/Laccase 1.0~50 pmol-L" 0.7 pmol- L' [9, 24]
Catechol CA/Ampere Laccase/Tyrosinase 2.5~50 pmol-L* 0.01 pmol - L™ [25-27]
0.2~10 pmol-L*
39~250 pwmol- L
Phenol CA/SWV S. cerevisiae/Tyrosinase 4.97~61 pmol-L"! 4.81 pmol-L* [9, 28]
Phenolics Ccv Laccase 5.0~500.0 wmol-L!" 1.0 pmol-L" [29]
Estradiol SWv DNA 1.0~230.0 pmol-L" 0.5 fimol-L"! [30]
mtDNA DPV DNA 10~100 nmol-L"! 10 pmol-L" [20]
Antigen DPV DNA - - [20]
Glucose glutamic Ampere Activated sludge 1.0~100 mg-L"! 0.10 mg-L" [32]
acid
Acetate CvV Geobacter sulfurreducens 1.0~20 mmol-L"! 1.0 mmol - L [33]
Bacteriophage MS, DPV Antibody - 6 pfu-L"! [34-35]
H,0, Ampere Peroxidase 0.5~1.5 mmol-L"! 0.09 pmol-L" [36]

* CA (chronoamperometry, i i Hi 3 % ) ; SWV (square wave voltammetry, J5 3% {k % 3% ) ; DPV (differential pulse voltammetry,
o3 Dk wh 4K %2 122 ) ; EIS (electrochemical impedance spectroscopy, HLAL“#BLHTIE ) ; CV (cyclic voltammetry, 1 PR AR %2 122 ) ; AChE
(acetylcholinesterase , Z, Bt I il 5 Bt )

Pe e i T % DL DNA BP0 sz R E G m e 1 SR AR TR T T-H T 5 MR R0 7R o AL

W 0 B 02 M9, 940 Ferdaous

PHA HL AL~ DNA AEW) A IR GS . 1% AR W A% I AL
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Fig. 1 Schematic illustration of the Hg*" detection using the electrochemical biosensor based on oligomer-Ag@Au core-shell NPs!"”
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Fig. 2 Scheme for the fabrication of AChE/Nano-TS-1-Pr-NH,/GCE biosensor'"!
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Electrochemical Biosensors for Wastewater-Based Epidemiology

PAN Yu-wei', MAO Kang', TUERK Franziska', YANG Zhu-gen"*
(1. School of Engineering, University of Glasgow, Glasgow G12 8LT, United Kingdom;
2. Cranfield Water Science Institute, Cranfield University, Bedfords, MK 43 OAL, UK)

Abstract: Wastewater-based epidemiology (WBE) has been shown to be an innovative approach for evaluation of drug use
trends and public health assessment by quantifying drug residues and/or metabolites (so-called biomarkers) in wastewater collected
in a local treatment plant. Community sewage sensors have been proposed and demonstrated to be powerful tools for the anal-
ysis of sewage biomarkers. In particular, electrochemical biosensors have emerged as a rapid method for the analysis of
biomarkers and pathogens in wastewater due to low cost, minimal sample processing and the ability to test in the field. It has
been widely used for biomedical diagnosis, environmental monitoring and food safety, but still at early stage for wastewater
analysis. Compared to traditional analytical methods such as liquid chromatography - mass spectrometry (LC-MS), biosensors have
advantages of fast responding time and enable analysis at the point-of-need for wastewater. This paper reviews the most recent
progress on the analysis of biomarkers in wastewater using electrochemical biosensors. The electrochemical biosensors for the
detection of important inorganic chemicals (heavy metals), organic chemicals such as illicit drug and pesticides, biomolecules and
microorganisms in wastewater are discussed. This will give an insight to the wastewater-based epidemiology and its application

for community-wide drug abuse and public health assessment.

Key words: wastewater-based epidemiology; electrochemical analysis; biosensor; illicit drug of abuse; public health
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