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Abstract

The purpose is to develop a rapid, accurate, disposable sensing device applied to organophosphrus
pesticides (OPs). Using carbon glue/indium tin oxide glass (ITO) as working electrode, carbon glue
and silver glue as counter and reference electrode, a three-electrode system was formed. Gold/
platinum-graphene nanocomposites were modified to immobilize acetylcholinesterase (AChE) and
enhance electron transfer rate. Acetylcholine chloride was used as substrate to detect fenitrothion
by AChE enzyme catalyzed reaction. The results showed that the reduction of oxidation peak cur-
rent was directly proportional to the logarithm of the concentration of fenitrothion in the range of
1.0 x 10-7 to 1.5 x 10-> mol/L by differential pulse voltammetry (DPV). The detection limit was as
low as 5.4 x 10-8 mol/L. The enzyme sensor is expected to be a new method for rapid and econom-
ical detection of OPs.
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1. 5|8

AL AN — PR EE AT AR RS, T LRI e A e e s B 5 5 1] [2]. 7EE)L
SERIREFCH, B LARIEA . BT AR AR R I AT AR AR (3], BT IR SR B TR AR (4] RO
T AChE (A WIBER 2L RAR[5] [6] [7]o (AALGEA K R AIRGAL B A W N oAl 1) AT AR, sk
RIB GG BRAEFNE, AR ERETTEMER; 2) AR b TARE S = A, A
AR T E AR, PR ALRES IR o DRI, BFFE— R 275 AT B AL BT TR 1 2 (8]

BT 22 W ENRIBAR (A B B T AR BE . A Tk, ERE R #9] (107 I RA MM 1] [12].
24 X B[l F B IR B B AE [A)— 2R AR AT ED SR I = AR R (AR AR XTHIAR. ZECHk), T LA kil
WA HAFRMEHTE, ol fr. 4. R[13]. HR T 22 EpRI AGEAAER — 5Bt 1) AREXS T
VERGHATIEME, ANk AR K[ 14] [15][16]: 2) REBUZ. k00, EIVE 5L A B
ZEARR[17] [18]:3) Xof FARANZ: L Al 5 AR HARZE AR e — AP 1 b, ZE AW S BRI AR 25 By 5 44191

AHFTECRHIGUKMEME AR 1) A 86 EA RIFIBETRE, FEMA%RE, SR IEER R
(AR BRI LS AT UL B 2630 m*g ') AR AR SR R LI BE[20] [21] [22] [23]. 2) HARIHMEALEE AR
RBUE ] LUEE 59Kk T 45 S NgR[24] [25] [26]. 3) EEAT LLET Au-N A1 Pe-N o448 5 stk i
g A127] [28][29]-

N T SENR 22 R FEAR PR R R AR, ASHE FEIRAT AT A% T BT ITO AT B AR ) AR H 43 B % J%
5o TAEHAZNE ITO HIMRAEEIR, 22 0 BRI A I R il VR 2 Ll H BRI FUA, FH SRS R BB B (F T)
AR 2T LORGE R K, AR, TEERSE KRR ARV R i R o 2 R )V — ok HL
[30] [31]. {HA AR 24 A7 LA 0] AChE F3E 14[32] [33 AT S 8U™ 5 1 e Ra & [34] [35] [36],
H H 2180 e AU (371 Aﬁﬁ%@mogwﬂoﬁﬁ%&%,%%ﬁﬁcm@m3$mamﬁm
R 2 —F, B B a5 [38] [39]. A R SEAR B (1) 77 VA A& L i) SME i v R (i
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PE[40] [41], EfET R BUAI AL ACKE AR IR RN FLRRAY . S04 9 HLRe PRd ks U e 5] 1 bk kel
L I IIE[42] [43] [44]. HRTERIRATHTAN, T 483 sl — M AT AChE 4218658 Fh 4R /0 10
[45] [46]. DAk, FRATHFFL T 5T AChE/GR-Au-Pt [ARHE AR, FHSRXS SEBRFE MEATA M, I H A HIR
R A, AR TE A IS B RVR G B P . X R 2 E R E R BRI KA
ORI RETUE . R o MRS A HLBE AR 25 1 1R I H5[47] [48].

2. KW5{E
2.1. PARIALER

ITO BEH(FLBLN 10 Q/em®, fEE 180 nm) A E RN I GNHITAE PR A TG SE; THAMR . HL A USB #
1357 M HR VA 38 A P804S T S5 LRI AR (12 mm  FE) A SPI A A] 3K (West Chester, PA,
USA); JE4%(Whatman No. 1)7] )\ Whatman International Co. Ltd. (Maidstone, United Kingdom)Ji4 35343 ;
WEESY 0.1 mol/L R 5 2% /i (PBS) 2 1 0.1mol/L Na,HPO, A1 0.1 mol/L NaH,PO, IR & ##3. AChE. &
1 R ARRHBR(ATCL B S bE KBRS HEE . WERFALE . B s M Sigma (St. Louis,
MO, USA)EK. Frf1b2: il i al, Fra g K S & . iR (C10903D) & M Gwent
Electronic Materials (Gwent, United Kingdom)FF 3K, HL2 H E FilgEuEA R A =K, B ARl
F CHI1242B 1b2% TAEuh (g R 43T FH B85 (SEM)H Quanta 250FEG-Field ¥ k& S 83 T4, N H
TR PG, T AE LA 20 ke V, O GBEELAE 3 mm; EDS {# Apollo-40EDS (Edax, Ltd., USA)
T R P RS, BOK 1250 f5%k: EIS 76 Autolab-302N Hi4k 2% T.4F 45 (Metrohm China Co. Ltd.,
Switzerland) JT B FEL A7 R #EATIE, AL 1.0 mmol/L [Fe(CN)s]* /45 0.10mol/LKCI 1:1 & & . <M
R S AR WU A T DU B SR A st o R Tl PR BE A I S b, 23 CP3800 (Varian Associates INC.,
USAIIA 1.44 x 107° mol/L R MERT R HEAT IR L8 . T SEIGIIAE SR 23°C £2°C M kAT,

2.2. AChE/GR-Au-Pt &R 40 B AR Al ZiT 72

55T AChE/GR-Au-Pt FI4CHE R R 6 & Wi 1 s

@® 1TO T HLIEF(20 mm x 12 mm)F3 73 FH DA RS RO ZE /K HE 7R 5 6 5 min, AUATARAZ (12 mm x 12
mm) B TE 15 1) 1TO BBS F IR B R-1TO. TEMRME A 4T E—A 5 mm BEARMEFL, AR
MG TRRIE-ITO IR 5 45— FERI X 4R(5 mm BLAR M B TAEIX ), VE N TAE k().

@ 5.0 uL 11 0.5 mg/mLGR &I TAERMKAL, 7R T FEERET GO TIERRD).

@ 20.0 pL1.0 mmol/L &4 HN 1.0 mmol/L S FE ) HL AR I I I B 40 S8 0 1 TAE i), rafk
DUAR Au-Pt YRR, HiESH T CHk[45]: CV BIHALX A 9-0.1 #-0.9V, 4 20 &, 3 50 mV/s,
JEHL GR-Au-Pt 99K E &%)(c).

@ VLG EOE$T ENHL(Hewlett-Packard, Model HP 1010 LaserJet) S i 1 El1, 43 ##% N 600 dpi,
[X 5k /& il Adobe illustrator CS4 BEiHARJE N 150°CHEAE Ik 5 AN, fEMT 25, BEAR A
K XK 1.1 om %8 0.74 e)E N AL 6 BT BRI o 22 9 R4 R FH -1 R 2 Ll F BRI G) F
WMo SR THES BN, BR AT K.

® 5 uL 1920 U/mL AChE i IN7E GR-Au-Pt 21 1) TAE AR, SR/E7E 4C TS 8 /M. 7EH
pH 7.2 ] PBS V& £ B 25 1 AChE 2 )5, T AChE/GR-Au-Pt () TAF B ANFTENAR, 4RSIt
PR X R FH X fie 45 6 72— i

® 20 uL 1 mmol/LATCI i IN{E483E 24 Lt DPV SR3RAG AL R, DPV B HLAT X 8] /& 0.1
FI40.7 V (e)~(f)o AdFHHIR g, FETF AChE/GR-Au-Pt f) TAE BLARAELEAE 4 CUKAH .
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Figure 1. Schematic diagram of fenitrothion sensor based on AChE/GR-Au-Pt nanocomposite modified PADs
1. ZF AChE/GR-Au-Pt #1KE &SRR ARG RIEMB MBS RF[OEREE

3. GGRFVIL
3.1. BT ABE/S AP TH TIERRARAE

SEM A1 EDS )& fE%: T AChE/GR-Au-Pt 21 TAE AR SEM |4 2 From. 14 2A IR 1 E T T
VEHR R M A S0 1) 2 4E2hH, v DUE oA 300 I8 iR SRR A 2 3. 14 2B SRk T
AChE/GR-Au-Pt TAEHI R FIFEBCK 10,000 £5 2 51 SEM BUE, UEW] T 94 KHKE 1 3 HUE 3 T A7 S 4 1)
TAEHRMRER . SH9KK T BB C g3, KATE 150~400 nm Z 7], 8] 2D 2 i € 7E B i
AChE/GR-Au-Pt T{EHIM R AChE ¥ SEM K. 5 2B #iLk, nf LA RHE#EN— 28 5. A
J7i Al GR-Au-Pt ZK 5G4 HAH L REE 70 A (an ] 3 Pos) AIEsE 1 CAE R 4 81, o RINAFEE
3A, B, O).

3.2. EHEIRIREHRAE

Wi 4 o, AFRLREEE B — A2 [FD0 SRR 1) TAE AR (Ret = 750 Q,  Hl14k a), GRBMGTE TAE Ak
25, MM FFE®Ret = 500 Q, BZEb), B T GR A RS HEMERE. 24 Pt 9Kk 73 Au
YRR BRI T GR 4UE R G BE, P E A R, R T A R E A BEPT(Ret = 270 Q,
M2k c; Ret=250Q, HIZk d)i/. SAT, Au-Pt IEYTIE XA 151 B i B 23— 984> (Ret = 50
Q, 1%k e), KIZ W& R R G2 A B 4P 2L T 5 4R T8 7 H . 76 AChE [l 2 7E GR-Au-Pt
BHiRIE RG22 5, TLLE S| Ret TEBIN(Ret = 1500 Q, #hZk ), XZE N AChE X i 7 ## (1) FH
EH
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K 5 FoRm TAFFE T, GR-Au-Pt fE1H4REE ARAE 0.1 mmol/L FAHE AN K CV K. 78 TIR 4
PEYBUA AN A ¥ 5N R, Randles-Seveik 25 3Rl ##iA [49]:
ip — kAn}/ZADl/ZCOVl/Z
(D, i [RGB, RO, A RHERRER, 47 om’, n REBETIH, DG
PR RO BUR S, C, 2 BT MR RIS, BT em®™s™, v 2 FHE, 6 Vs o SRR AR,
nfE 1, D2 7.6x10 cm>s™, Co AW, i, Xt T v BRI 4.0 x 107 (R* = 0.9997), WI[E 5B Fizs,
FIRAH A 3 TAERERIK /N . AChE/GR-Au-Pt 1] A 543 H K/NA 0.53 em®. #f 7813 Hi3E T GR-Au-Pt
IBARACHEE RS0 F MR AR =A% K T HA B I FL(0.13 em).
AR LT B R S R MK B — B B () T LA I DA R 7 S A R 7 1 1) O SR PR AG Ha
W N5 7124 FE 1540 . 1E Nicholson FEi[49]:
_ (Dg/D)" K
[Doﬂv(nF/RT)]

s

12

107 1. 4nm

1.00um

Figure 2. SEM images (A) GR-modified working electrode and (B) Gr-Au-Pt modified working electrode at a magnification
of 10,000 times (C) Gr-Au-Pt modified working electrode at a magnification of 5000 times (D) AChE/Gr-Au-Pt modified
working electrode at A magnification of 5000 times

[ 2. SEM & (A) GR 2180 T{EFEARFN(B) GR-Au-Pt 1&1HE) TAEERARFERK 10,000 f5HI[E(C) GR-Au-Pt {E1HEIT1E
EARFERIA 5000 fZHIE (D) AchE/GR-Au-Pt 1819 TAEERARFERIA 5000 fZAIE
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Figure 3. Energy spectrum analysis of naked working electrode (A), graphene-modified working electrode (B), and Gr-
Au-Pt nanocomposite modified working electrode (C)
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Figur 4. EIS diagram of PADs modified with different materials (a) bare, (b) graphene, (c) graphene/Au nanocomposite, (d) gra-
phene/Pt nanocomposite, (€) graphene/Au-Ptnanocomposite, (f) AChE/Au-Pt nanocomposite contains 10 mmo/L
[Fe(CN)6]> ™ (1:1) in 0.1moL /L KCI
& 4. REFARMEN PADs 7£0.1 mo/L KC12 7% 10 mmo/L [Fe(CN)e] 7+ (1: )& RHPHIZSHRIEINE (2) HRHAR, (b) AR, (0
BEEHE MREEY, (1) ARHE REEMY, (o) AERE/E-APKREEY, () ZEEHAES -SHNKEEY
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ST [Fe(CN) /XA R, n RHETHHE, o REBRE, D ARIGEHEMENT 8RR, v 2A0
HIE (AL V/s)e HAEp=67mV, ¥=4, kFIEEN 0.039 cm/s, 1ZHF 7 E B GR-Au-Pt 49KARLA1 TAE
HA 2 (B R AR s A2, 1Zad R v,

o 20
1 A
] g 15
10_- 101
4 sl < sl
Dot — o
e 0 : E 07
-3} 1 g ]
5 -5 = -5
= 1 = ]
O 104 &
15 el -
-20_ ] T T T T T T T T :
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Figure 5. CV of AChE/ GR-Au-Pt modified PADS in 0.1mmol /L KCI/1 mmol/L [Fe(CN)¢]*™* solution (A). The scanning
velocity from A to G is: 50, 80, 100, 150, 180, 200 and 250 mV-S™ (B)

& 5. A B2 AChE/GR-Au-Pt f&ifi PADs £ 0.1 mmol/L KCI/1 mmol/L [Fe(CN)]** 8K A9 CV B IHIEEM a & ¢
SRIZ: 50, 80, 100, 150, 180, 200 F1 250 mV-s ' (B)

3.3. fi5RET AChE/GR-Au-Pt R E RS N T RIER R

ANFEMEHMEIF) 3T AChE FIAEEEE EXF T ATCL R H AL 220 87, il it DPV #EATHF 72 a0 1 6 BT,
HAEETE-0.2 V 2] 0.7 V 28], ZI7E+0.26 V 4] DLW EZ )AL AL, Wil 6A. TEIE 6B AR, 1§
(B LI ) SR TE BT AN A A RHME I ACKE ff& a8 EXT L. fREAR, BT GR MAE RGHIEE B
WE T AEARE R85 L1181 AChE (8] 6B(a)~(b)), XK AN GR EA WA S EMERE, AT LUk
T HA223] [24]. 1E Au-Pt K0T YU BIAE RS b2 Ja, R — 03K 6B(c)~(d)).

100 100
A g 290{ B
80+ 80
4 70 4
< I
\:_ 60 - a g 601
- g ~
= - 50
) 4 =
E 40 é 40
1 = 30
B 20+ <) 55]
0- 10-
T T T T T T T T 1 0 -
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Figure 6. (A) DPV of 1 mmol/L ATCI on the electrodes of different modified materials (a) Pad modified AChE, (b) Pad
modified AChE/ Graphene, (c) Pad modified AChE/Au-graphene (d) Pad modified AChE/Au-Pt-graphene (B) Peak current
comparison histogram of Pads modified by different materials

& 6. (A) 1 mmol/L ATCI ZEFEE IR % £ DPV [El(a) PAD &1 AChE, (b) PAD f&1f AChE/graphene, (c) PAD
&1 AChE/Au-graphene (d) PAD {&1fi AChE/Pt-graphene, (¢) PAD {£fi AChE/Au-Pt-graphene(B)A~[E##HE1F PADs
B R AR EL AR E
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FATR LhidEss DPV 4 5T pH A[E & AChE &% T IEAE R I sEmT . AL I ke pH 1)
B hniaE ot BAE pH 7.2 IARNERK, BEJE pH #E— D38 hney, WEdmFRg R 7A), pHEN 7.2.
7B o 1 R A YR IS B ACKE Wi BRI S2 e o AR B UG FL R AChE $i fr 38 in i 184 n 5
HAE 20 U/mL & 35K, 24 AChE [k KT 20 U/mL I RS . 3% 2 R it & ¥ AChE 7] GEPHAS
VIR RN [ T #578 . DRE, 7ESX IR A0 20 U/mL #0E$E1E v AChE BRI E .
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Figure 7. Effect of pH (A) and immobilized enzyme (B) content on peak current values of AChE/GR-Au-Pt-modified PADS
[E 7. pH {&(A)F1 AChE [EE & (B)AY & X} AChE/GR-Au-Pt-{£4f PADs Y& R {E RIS

pH of the buffer solution

s 8 fion, 16 FRIRAGZAE T, BFRIZ RGO REHBE RN . A 7E+0.26 V AW S B 2 1) AL
W, HRIE T ARBR A (TCh) o FERIN AR MR B VA S (B 30s), 4RI HEUAR b B 1) 5028 5 R MR 1
W (% B (log prry) R (] 8)o ARUERRRE AU M 1.0 x 107 %] 2.3 x 10~ mol/L [ I, FALIE(AL)
1k D 5 9 B R0 B (logery ) LR o R TTRERIE N “Ady(nA) = 35.99 + 12.671gCrr (R = 0.9809)” , &

T 3 FEMR LT AR R AR BB R 5.4 % 107 mol/L.

100{ A 51 B 4
401
i e P
. 80 2 el g
a ~ .
2 60 & 304 A4
[+
= = 25 i
g 40 g s
5 g = 204 4
& =
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Figure 8. (A) DPV of 20 pL 1 mmol/L ATCL and different concentrations of fenitrothion on PADS modified by
AChE/Au-Pt-GR. From a to g: 0, 0.353, 0.706, 1.42, 1.71, 2.06 and 2.59 x 107° mol/L; (B) the linear relation diagram of fe-
nitrothion

[& 8. (A) DPV EIRET 20 pL of | mmmol/L ATCI FAFR[E)RE M FRIEFBEAE AChE/Au-Pt-GR &1 PADs; M a Zl g:
0, 0.353, 0.706, 1.42, 1.71, 2.06 F12.59 x 1075 mol/L (B)RIEFIEAILZ 4 X R E

FEAH A B R AR EREAT 6 RO SE 22 5 DN B SR T AL WAL IR BB A2, 45 B b 1 A 22 (RSD) A
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4.07%, ZUEH VARMFMIATER M. ST R TAR AR A G Y, BT 4CUKAE . 28
R Je, AR AR ma B A EEATTAG Wi Bk 1 8%, R BIRLF AR E 1k

3.4. HRSREF SRS HTEI SRR A

N T B TR AL AR AR SEBRRE 0 M P RS T 2 TR A TR 00 A 224 e i Dy K 4 D
LS A HUBEAR 2 R R R (R 1) B PR ERSERE S NN 1.44 x 107 mol/L AR BRBEREAT [l 5k
B, REZAR AR K AR S SO R I SR BEAT HURL, 1207 ISR M 89.3%F1 103.8%, £ R WL
BBt i rh A 2T R AE R, A SE PR BT AR TR RE

Table 1. Recovery of bothophos measured by this sensor in vegetable samples and compared with gas chromatography

F 1. AMERBERIAE RPN E W ESLE, FEMSERIEHAEL.

. J£F AChE/GR-Au-Pt (114138 Y REN RPN

i %) WfE@EmolVL)  FIE(%)  AHXFIImZE (%) (n=23) Y41 (umol/L)

= 2.8 0.31+0.04 none 7.8 none
IN=E2 5.6 0.82 +0.06 none 49 none
iR 94 1.73+£0.14 none 23 none
B 16.6 9.85+0.29 none 3 8.76 £0.13

AN E(1.44 X 107

mol/L)

= 51.3 129+74 89.3 6.4 144+24
KHAE 59.9 14.7+3.1 103.8 54 14.6+3.4
MRS 62.1 223+52 100.1 32 22.34+52
B 69.6 243+39 103.2 24 23.0+3.7

4. &g

AT FCRIN ) % — A R BRI — ORI TP A R AR, e v 5] R P T s g A= A%
I o I 22 BRI T B AR b o0t AR AN Z L R AN A RS A /E . BT GR-Au-Pt 40K
FL5~ F B AR B, T LUODRAEE - B 1[5 52 Wl  ARHE HIE B AT DL i 2 4h & 82 B/, 32 T-7E AChE
(AL PRI AR ISR . ML) AChE-R /A RAT AL, R, SERVERIEVEE, S ARasE PR
PRSI . BTFCUER, RoR 7% R ARHE Rl AT AROA £ it b DROd R A LA 24 8 770

E&WE

A7 F [ 5K B AR £:(81202249) VT HR44 /S KA B I6 T H (2015-Y'Y-008) 5 38 17 Al 4351 H
(MS12019062 Fl MS12017018-2)f % ¥
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