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# % 3 & (Abstract)

The goal of this proposal is to develop various schemes for pesticides determination
based on biosensor, electrochemical, and electrogenerated chemiluminescent (ECL) system.
The schemes offer solutions to measure non-electroactive species and to minimize electrode
fouling.

We propose an enzyme based biosensor for propanil determination. The aryl
acylamidase (EC 3.5.1.13) was modified onto disposable strip for biosensor development.
The enzymatic reaction for propanil can produce 3,4-dichloroaniline which is detectable at
oxidative potential. The results show both higher selectivity and longer linearity than
inhibition based pesticide biosensors.

A preoxidation treatment was used for 2,4,6-trichlorophenol detection. In this study,
ammonium cerium (I'V) nitrate was used as an oxidant to convert 2,4,6-trichlorophenol to
2,6-dichloro-1,4-benzoquinone. This product is easily reducted at -50 mV (vs. Ag/AgCl). The
scheme shows high sensitivity and limited interferences for 2,4,6-trichlorophenol
determination.

A continuously automatic pulse scheme is used to clean the electrode fouling in
oxidative detection scheme. This system is integrated with continuous pulse cleaning
program, computerized potentiostat, and automatic flow injection analysis (AFIA). It was
used to avoid the electrode surface poison from ethylene thiourea oxidation. The result shows
good reproducibility for ethylene thiourea determination.

At the last, the ECL scheme is based on the reaction of Ru(bpy)s*™ and its related
coreactant to detect nonelectroactive aliphatic amines. The Ru(bpy)s®" is a good
luminescence that has both high qutumatic efficiency and stability. The rapid, stable and
highly sensitive system was established to Nicotine detection.

On the basis of above results, this proposal has demonstrated several methods to solve
the disadvantages of previous detection by using enzyme, chemical pretreatment, automatic
pulse cleaning, and ECL system. Their merits include easy operation, prompt response, high
selectivity, high sensitivity, and good reproducibility for pesticides determination. In the
future, the schemes can be applied to clinical, pharmaceutic, and environmental analysis.
Otherwise, they will be developed to portable device for local and home-care applications.

Keywords: Pesticide, Biosensor, Electrochemical, Electrogenerated chemiluminescent, Aryl
acylamidase, Ammonium cerium(IV) nitrate, Pulse cleaning, Automatic flow
injection analysis.
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P 53t A=430nm feF EES TR gd L 2 2TSTH %’g}ifﬁﬁi% Bl 14~
150 pg/ml 4p % % = AR A=A 9 BBk A 59 ~ 630 uM o Gupta ) 4% 91 A 45
& 7 jF (zinc ethylene bisdithiocarbamate, Zineb) 1= ;2 > -4k 2 J 11 L 3@ & 3
dtengn it @ (hydrogen sulfide) £ 7 = ¢ fg "= (triethanolamine, TEA) ~ & ¥ i* 4p
(sodium hydroxide) ~ ¢ = *%w ¢ & (ethylenediaminetetraacetic acid, EDTAZ &
& % ®* > % 4o N-N-dimethyl-p-phenylene diamine sulphonate % # i 4
(ferrlc chloride) »* &3 = & ke o g ey A & (methylene blue) > 4oyt B &
TEH2F 4 /\%‘rﬁ:"‘ R R B S 3 ~ 32 ppm e A 4 > Gupta CY <
1998 & #-- g s il 9 AL B U AL R TR A B ah o ER it R AT A ﬂ;ﬁﬂ N S
A=595nm £ = fc 4F 4 chCrystal violetdye» = 7 B T & = Fe % 7 B @ > L2
iR ¥ 2 (thiram) ~ Ziram ek 72 § 2 Stk F A B 4 0.02~0.20 - 0.02
~0.24 % 0.04~0.32ppm A A KT GRS RHE T o Rao(35> RS
sk 44502 0 B AR Ziram ¥ A i fs @ (thiocyanate) v 2-Fr- a Fr 6G
(rhodamine 6G) # = % ¢ & frd > 7 i £ 33 5 570 nm A (¥ /PJ /En n* e 4
Wk B > A 17 Ziram b n;i BT E L 131 pM o @ Rao'®) ¢
tetraphenylborate ¢ 3 & T o # F f 2% (ferbam) = % A Bk ) B f 2 F
(naphthalene) F » #; = B Sk jz{& F 2 8- 3wk (iron-phenanthroline) & {4~ -
FI o gboex Sk g B A «ﬁ»w 3*5 515nm je™ 4T &% F =0 8 BRIk R 2 R
Bl5 22~373pg > #83 F it 2 L3 _¥ Ziram & NEFFL A
OB o BT A "ﬁ LBy, e R j * 4 Ziram 2 F f SRR R A 47 o

Gustafsson®” % Bz b HE - mARATERBAN L2 EDTAfrE § i 4
BB h 7 £ BB B 5P A1 i 423, & N,N-dimethyldithiocarbamate 2. #
B0 TR B IR f1* HPLC 2 7 A @3 HAfr i g s UV
FLMRE S AdE S 272mm ¥ *H# PR - AR ATRBL LS b
&2~ ziram fofF o BROERETL S L 0.05 ~ 0.01 f- 0.0l ppm -
Sedlak®® p| § #- miA T B AKE S L pH 4 2 fir a4 (sodium acetate)
ﬂfr'ﬁ it 4% (copper sulfate) & Ji2; & #£ . eh Cu(dtc) (6 » & 3L » 3 & 25 fhéh

@ (1-Hexanesulfonic acid sodium salt) #+ ¥ & 2 & 18 Hw & ;;}ﬁf,g PG
;/\ BL M- FRARAT MBS o Big UV k@2 k£ 70 260 ~ 287 nm
Feo B Bl = WA gER 2 T B gl o gt 2 | PRI A 45 Ziram -~ 472 F
(Maneb)fre A & R L @ (ethylxanthogenate) » %W # i 20 ~ 33 4= 23 nM >
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2 Gustafsson 40§ % § A 45 % BB { foi § R AR BB 0 A5 R F
BT E 0 g g s o o

Lo™ 5 i it sz A 557 K42 f (Propineb) ~ &7 if ~ &7 if v dd
Z j# (Mancozeb) > iz# 7 £/ =AY @ foy > &+ HPLC 3 4
ok kLo TR S oz k¥ (atomic absorption, AA) T B E o d 2 AA E 3
HEBRF BRDE FAE RENSBLFohAFEN AP L LB
ponf e Al 0 LHERFRG L @ 2 EE P

Pomerantz % 4] * GC-ECD Z_ & » #7 = % + (Captafol) > % § =
(Captan) - 48 i 32 (Folpet) = faak a1 > p = A Falenis 24 dp v 0 &
#7723 H LDso ~* 5g/kg &8 7 FRMHE (carcinogenicity) % Iwa A %5
(teratogenicity) % *& > Jh >tk fie I ¥ (Phthalimide) #fc# E FA & - # Baker
feFlaherty) 4= § & 24 * GC-ECD = 2 » kit (7 fik fip 7 v o8 B 3 1
R e

Schwack*™) #-- g1 v it % fome 9=l ? B2 @ (thiocarbamate) 14 #t &
feit 74 f32 > A BEHE G 2 CS; 2 COS » £ &% > & F g (methanolic
piperidine) & & {7 X i 0 B A % ek 2 (diffetential pulse polarograph)
Ff Rl B 3 E=-0.57 4 E=-0.36 V (vs. Ag/AgCl/(0.1M LiCl)) %% CS,
2 COS e gl o gt 3 2% 247 CS, 2 COS ﬁvfé%‘@]tt%[%]/} Hoi 1.5~9.2
fr 2.1 ~ 12.6 uM = Chan'® 2 E @& * jic £ #% fbeim 2 2 cip] i 2 FR
e T BB A fR A RGE o I TR

= H

N I =
CS, + RRNH —> RRN—C—S + |[_

N

Polarographically inactive Polarographically active
ERoRigis S EEHET RO T LU R RR TR - A RAT @
Bk PR SR ER L 5~25uM o

Q) BHBR &

S ok o F] LG
FIEAH DAL T RAR AT LS FREFFPEH G A BL B R
mERY &A= 5 B4 ¥ £ (parathion) ~ + @ ¥ (dimethoate) % ; ¥ — #f
B RIS BBE BB SR ga P F = s bl % & 3 (chrysamthemum
cinerariacfolium) fr#f ;@ 4~ (fenitrothion) %% & = A ¥ & 2 E R H A frF 4
AR BPRAB S F 73R AR B L F 0 FRERARDIL G BE
(organochlorine) -~ F #$#% (organophosphorusosphorus) -~ 7 #4¥ (organotin) -~

HAMLR Y B FARE HAFERE PP
b



el ? B2 @ (carbamate) ® o B G AT 2 5\ mﬁé&‘pﬁif?@: ’ .,’El PodoF Roeniv
q_P &L fEt g g fF (acetylcholinesterase) % & B g R E
E”’“’ fib e dk g o F IR (A §ouk S = o t“if%%%c 7z 7 ﬁﬁ&ﬁs" % A7 &
CRESERLHE Y - AT i”"FH mie N § MR il AR 0 LR *"’”jl’ff
1_1._@&:& (adenosine trlphosphate ATP) Z i £ &5 4 F 7 252 (95 e & ’}}ﬁ
Bt ded SARE I EWL LR EE s
@mﬁﬁﬁﬁ%#ﬁ%ﬁ4%%ré Bofs- BAS SHE
R R I O LI C I M S L B - ‘
o gER AL R > B BBy R A IFFR B#i%ﬂ&#ﬁ
JRRI PR ERA A AL A XS S8R - FE G R ERAR V- AT BEEK
A YR EFkER "F"ﬂi’%“&uk H s m#ﬁ@ s AT B 5’?‘]#’%
MRS SR AT A FERAMNEET CERRELT YR e
PR T TS &‘P@iu.’?‘?'lm#‘fr*i AT E R - m’ 5o
FWERELR A LS ?#*ﬁ?ilﬁ?ﬁﬂgl}ﬁ*’%ﬁﬁﬁ%%%
PR E) N fﬁuav@%ﬂ’*%mﬁéﬁia#@ﬂ4%%%
s AREE > F AT TRRN LS ARG P E AL ENSS &
T EER R A ’&.a#éﬁ,$~} {ﬂ%mf"#*fﬁl’\ C oW i
#ﬂé;écl h'Lr;},\ i ¢ £ #:,x’\g ff’%mﬁq*ﬂ “:FT
- RE ‘R'é‘f‘i‘ﬁ’mgélﬁ* o
iﬂL «Jf"m* E S A s H - K ﬁ“i
;s}a ERPE BT UEF > A E? 3 i—fg
F MR REZEL APLREFS e £
2001 4*5& i?‘rﬁ»*ﬁ’i%éﬁﬁﬁ S s E ok - ??—Z—QFJE
R EAFERR UREHFALTPESAFTH AR
P & BT E s (persistence) (IR # o L g3 M (lipophilic) @ £
RS 7f t£ (bioaccumulation) - * F& B #gjgr%  (environmental estrogens) T %
i’ﬁ‘,/{pﬁ,?m—ﬁﬁOii‘?L_ikﬁﬂE’?”!E?F'E&#B”gfrl’1%1:/’7\)'@‘1*’&1‘ aP -~
kiRE A KERGE & 2 WA AR BT ’wﬁﬂ%%‘v?“/%}i
G WA CESE o EH AW b 3R S FFERFE RS
Bedbm 2 2T VES S 2o P E R FEHIEERNRAL L T
#d g ‘$(49)m_L.‘#3V’FLE‘:~'\'d'§'°m,J\f;J ARBEBPN G B o T T I d F
%7lﬁﬁ£”"bﬁ’*ﬂ4"@$4“ %4~4ﬂ%***ﬁu/ﬁ%m%§
g }i WE QNPT L AR
FWE R FE 4l FFF P& (aldrin) 'fr\l % 2 ¥ % (chlorothalonil) > ¥
o LK ok R R o AR A B RAAN S L RS B
MR G R B A A RS % T L R
. ﬂﬁrsfw FEGRFWRPFEPFTT L ERTFEERE L7 ERBRDT
ﬂ #r P o FiF#{o~ #F F (benzenehexachloride) = & B

|
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LAS P ~HpAXT L ES LD
ﬁa%i%ﬁmwﬁ#%m

BEATREILYRAMEOFE ¥R LR
SRR R T AR ESET S

ﬁg

%%ﬁbkwﬂfaﬂx%ﬁéﬁ EEW#@%%H’ﬁ%ﬁ”’iﬂﬁéi
r}ﬁi"“lf’* ¥ oG ﬁﬁﬁ;ﬁt? PFEREF REZELEHFGED < F
@;}‘ém;@f#ﬁ'ﬂﬁfﬂ;im’ F e afiar ,v'ﬁﬂp,ﬁ,g’%«g»;%iﬂd v 3 2 A
Ppe TR ETFTTIFL v’#p“" R ERYEG WA RFEDE R AR A
mﬁ$ %iﬂi{xwmbbﬁ%ﬂiﬁiﬁﬁm L:&&ﬁﬁﬁi%ﬂﬁ

COR A SEOF O g A
o 043 mg/kg® > & 4 ¥ m"a i #Fl :
&¢%¢p%aﬁ%m@?’ﬁﬂ§§ 2i
ol o B 12 BRIBEERH T BEREFFFIORRYFR LETEE
3 F RIET g i 7 B4 U 337 nglg 2 340 nglg ) o ¥ b gt &
R A TEE AL BRI ARG W LEATEC A D A
@*ﬁéﬁigg?“ﬂﬁ#%%%#gmﬁmﬂﬁéﬂﬁi (3R SR

ﬁ%% TELFEARE ST F RS AR RO

Flh e 2000 F 12 F 10 P B ERBEEIN A ANBRAATEFL F 23R
122 B doE S g 2001 Edx2o B0 &P o A B A
HP o JiF ‘}ﬁ FoS PR F S B F (dieldrin) ~ % #F & (endrin) -~ # F &
(heptachlor) ~ & & 7~ (hexachlorobenzene) ~ ¥ % % (chlordance) Ar = % #
(mirex) ¥4 &7 & B & b > BHEREZERE LT (UNEP) -5 #-¢ F14
’ﬁﬂ%ﬁ%#mﬁ%\ﬂﬁ*’*2%1ﬁ5 RGN I R 2L
ERBES Pl Ak 510 &p o § 8 RFL FHBL 2B LR kG
RALZ - o

Bt e SHFART BFAFRE 25 B 801955 % B 42000 & 11
E*ﬁﬁﬂ%ﬂiiQU”"TFmﬁ%%w R EfFRSERE PRI A
BAdrasd LERIEY AT 3~ T REFALFBEAL oD

000 & &3 2 ehFm FR A0 e FAOANADAR B R RS 7 E A
His b1 E2 Fdofbffofrflen 8 & > I g p fffoddga 10 & > H
r%w%ﬁéimﬁi*Aﬂxﬂiaﬁﬁﬁ$ﬁio

lm_,?*\@;]jqu:r % %}ga BRIy Hh 4z 20 £ 0 e H 4 fga

wmﬁw»@ﬁwﬁﬁﬁﬂ*zﬂ?¢“%ﬁﬂ’pZWOﬁ@f A
ﬁ%%ﬁﬁm%%ﬁ?% ﬁﬂﬁﬁ‘ﬁﬂ§ﬁy$§¢4°p$4%%ﬁ’*
4 B &SP FR I3 ERATTIBEILE ATERIE 6~2270ppb - 7 10
BHRSHIATACTERLE 01 ~06ppm ~ 7 BHEEATT EGEERY
0.03ppm ~ 7 BH 57 A F % % (endosulfan) )k A ¥ 0.06 ppm - 394 &
B2 ¥V 4 BREATFFFDERGS 3~4ppbe

£ % 0.159 mg/kg %
%ﬁﬂ%ﬂl ARG F R
g Fld 0.33ug/L | 278ug/LCY
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U BB R RALEDH 2000 F 9 7 A RTAE R AN SRRT
HET > HFHRD 30 A7 L AEHP, RO FBFREERT WL 47T% o
Hd 13% g ERNEER - eAFATRANZ B RFDRERT 14
BERBBE 172 ppm - REFBEEZEARLINERES T > H P Lr g
%Aﬂ’%*ﬁﬂm&w&m&%ﬁ:@ﬁﬁm%@@wa% F o B % R
LREAEE P AR AA IR DR FFUERE ALY AR RN DR B F R
L R 4ﬁﬁh*mﬂﬁ$’kﬁ@ﬂﬁﬁ%%iﬁ$%ﬁ4#mw%?
HLivgp g eng o Fob o X pEE FR W AR T MG WL HAR Y T



FEFFACEL LR EFF P EE VL2 EHEZE FHEE (toxaphene)
AT S A BRRT R R E LR BT EGD 2 A
WP FRIREEAT O GRET A2 4T% > 2 8 F 13% kg WP G
REHBE SRR E /E’?’jfﬁiﬁ'l”{—,ﬁ{ii“ﬁiﬂ MY B4 R A
A 4

Bv a4 MEEFRA %’**_P'rﬁ:@a% °
AP FREFRLEEFRPT LIV FEOLIF LRHER
B ;%"%é%""ﬂ%\ii\‘a‘%ﬁa’ﬂl«s«‘rm@?%iﬁﬁ”%ﬁiﬁ'ﬁ”j‘; T :
T 2P 5% SEHRG DPBEFF PBF REDLSRP URITE X
BEhs 71 itded (5 % ﬁﬁw BB AP s A

Llng i Huang fI* § #p k4782 T + 4 #10
R RIHRA R FOL M ERL R FETL
BoSETE A 7 ME ‘@a« CEERCE S RIS
o

Schechter® % 1 & 45 ki3 % ¢ F i # A D ¥
2R FRBES T F kW R 2 2%.' ° ¥
(methoxychlor) B # % & 47 # > &K ¥
(9 diethylamino SH-benzo[a]phenoxazine-5-one) & &

Bk ﬂ(dé Wk £ & 663 nm e (Nilered) » 3 %3
605 nm Jz » T G RRMER R M  0 PATAE & W kT
RFFFOTRE T ARTFAFFAIREFRER E 1 ~Tpg/ml - = F 2
B¢ L B o gt R 2 T X O3 0% W B OB L (X ) moE
(6-chloro-N-ethyl-N-isopropyl-1,3,5-triazine-3,4-amine, atrazine) . 2,4-D
(2,4-dichlorophen oxyacetic acid) % I # # 78 ¥ (pentachloronitrobenzene, PCNB)
F AR IRARE M o

HW AN AR HT PAGEETE BB R S AN R ¥
g * h 2 fﬁ*“?inﬂfﬁi PR feB raa RApA T E L PPN FE T il
Bl AR RS R FETHE TR TRE 0 bl ke Bk kR
(UV-Vis spectrometer)(m) ~ B3 & (mass spectrometer)® + 7 3 #ﬁ“#&\ff‘, BIE -~ R
F 2% b k 3 % (atomic emission spectrometer) ©®) o F i {120
(electrochemical detector)(64) Fovapwnai BEFLEELSI Y ,T;T i R
HERFOERE AP TF RO CEFEREY G LA EIEIERELL
ik BE o A1 uF & P% ETCEGRBARFF "+ - P &L iro

#F 157 38 L £ (organophosphorusosphate pesticides, OPPs) > v &_P
AR AR R &S L 5;;‘5'1?{];‘)'%%?*%?5’-% EAEd B e 2 LR
SR L R R S ﬁwfwm ke ﬂmﬂb m»_ & g fin i e (e (09 g
4 8P he fE'de  (acetylcholine) # 72 4 j# = ¢ fe#f f& (acetyl-Co-A) % "%
i (choline) > ¢ fiE*eds = A WP A LB ENE L HF > ¢ % %ﬁqﬁﬂ*)}* A fo e
e Ede &~ 22 2 BB Mahit E o UL FErEie R E A SR S ER TR
S S f PR SRR ERT ST RO LI 0 AL () &
BA . () HAEEI R (3) RiEA - St e
(1) &BFE: EEFHHBERE? 12 [ Fp - ,g_i hiE® & 3§ A (E
(muscarinic effect) I T FEM s ML B F R K e T ’Jrll
;;51};;}1\ N i a;jl/,,\ R A 4 o BRIV EE 2 bk T BERKOED) o R 25

T
H o

fvﬂ ~=h

(( <y
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(nicotinic effect) : "“p 5 7| fe i ~ w FiFd ~ 5 B A B Do d R

g iv* (CNSeffect) @ F@? % ~ Fikdp ﬁﬁﬂ%p’%‘-”fi;%

() BAPAE A 14 THED LR ERG G A g

HEFTaLIG T e
(3) Mt F i (BFEHERHRE) ARG BIBRRY 8~14 T ARE

R TR BRI 2P g .

d G B IR aAW@n% FRAMALDOGF o RARR L2
dig * ’xﬂpﬁﬁ@&%é&"%“’ﬁ FEFFA 2 F LR R 5%—#3”:%%'
ek BRERSEFE- BH S "ﬁﬁmk\*‘r"#j\*ﬁ% rERTREFL
#’1Hbiﬁaﬁ°m'k)%#uﬁ*;‘g°

Hamers'®) % 4 % i 8 4 L0 Goa 0 PlBfE T WA AL E2 5 AT R
R ®o 3 LR IL A F T Vibrio Fischeri 5% FiF 5 4 £k T 8 4 454 %
{6252 4 $ 3 & (bioluminescence) & v > I M-yt HAFR* A k2 EFH
£ 18 /Eli & A T g HPLC K 45 B R L35 s 18 Tg.”]‘ij\

f‘SJ-
Ny % e

¥
3

3 ™ %ﬂ
\rmL
o g‘/ :i"l i

Ao A ,ﬁgﬁ A2 ¢ & W i¢ * 7 ik (acetone) ~ - F T = (dlchloromethane) 3
Iz (hexane) = ﬁé ’}}‘g‘/p R w H oI ET i@ﬁ I ‘ﬁ' s & T :,"z% r§ f‘?“;—ﬁj s —

SR T HH 5 AT ﬁﬁ«‘?iﬁ% FEHEZALE AR R

Terreni % A A | * FApF B fog APk 472 2 B iR & $ () 1 | *
o+ kFRILY o B0 Hk E (nitrogen-phosphorus detector) 4 5 # &+ i &
% (thermionic detector) &k 4~ 477 WEIE & » A 17 3 287 § S B G B8
GIIREREF Y RN RBOFAR A REFH BSEEORER T
F e L RRY AP e

Teresa % + 4| * HPLC-ECD = ;% i |44 L i (4-nitrophenol) ~ 4,6-=
kA e A A5 (4,6-dinitro-o-cresol, DNOC) ~ 7 A = $ 4> (parathion-methyl) -
¢ #& ¢ F (parathion- ethyl) ~ # = # o 3- 7 A % # A ps
(3-methyl-4-nitrophenol)= #& it £ 470 » # ¢ 3.0 Aol Apfosbal A A o L
R e g e L e L LU L s
EEF RGBS FIPTLERRTCFSNEFGRR TR SR
% - AR Y E K (coulometry) A1 iFF & b % 4\1 T i +1.3 V (vs.
Ag/AgCl) = wf— AR T g “fﬁ 1A 45 g iR R fe R i‘ﬁ: P B
AR FIIERTRZIITME AT R I AT T i L TR
PR R PRAET FTERS S 13V AR ENGFREF TR THLE
Pl o 5 407V kTR RFFAATH > BT F AT E L SR SRR
Soti bRt R R LT EF P Ea 4 2 BREE > 3% Martinez
4RI AR R G R R - T AT s 2 LT F g Paraoxon (T f ez
FAP) fopE b (guthion) ¥1 487 pREsa R £

doR AT B M RAT iR }i By oA g LB T g
g Gk e Rtk F S s TR LI FE R DEAR

O o)
| . | )
AChE-OH + BCNMe AChhE-OH ----BCNMe , —2 » AChE-OCNMe
HB
acetylcholinesterase carbanmate AChE-carbamate complex carbamylated AChE
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0 0
= o
AChE-OH + BP AChhE-OH ----- BP — AChE- OP
R2 k-1 R2

acetylcholinesterase ~ organophosphate AChE-organophosphate phosphorylated AChE

BB iy ¢ 0 ¥ 2 @ % 2-pyrimidine aldoxime methiodide (2-PAM)
Rt SRR LA R AP - AT AR o T ] Fe ]
(inhibition) B] T_B {2 > 11 pt E A

BiEi R AR EE o F e
X 0) X 0
L el L L e

o

3%
gl

RO\ +
N CH=NOH + POAChHE N CH —NO\ Tt / POACHE
| RO 1 | \ RO
CH 3 CH 3
2-PAM phosphorylated
actylcholinsterase 2-PAM-phosphorylated
acetylcholinesterase complex
k, | : CH) _OR
N CH=N-O-P + HO-AChE
SOR
CH;
phosphorylaated 2-PAM free acetylcholinesterase

Ry R® s 5 A4 1984 & Durand 2 Thomas'’® { %o fig"% 44 fip fv
AR A 6 117 PSR R T R AR Y o R B A i £
J& 5l A= endrd] 1T % *Jﬁ’ BRla B R b a v R B N B EZE I 2
Feedk fo v % Rl B T 7 2 %4 B > 1997 # Mascini & 4 #-F a4 )
* B ] 7 & (screen-printed electrode)(m Bk z X dpap ns & +700 mV
b T R 1% P pHO M@ (borate) # #eiR ik Y o Rl F’éc 2
# (carbofuran) e P4&'TE 2pug/l " FFF P - FEFRIFERSOE R
TACR P TE O RS 2R E Kk E o

1998 # Lorenzo ¥ * f #-titist B 3BT AT fEJ o) * Az b7
& 88 e % T (quartz crystal microbalance) oo b oo FEPEgE An fiE o WA T R
TR FATRBERESLIFRERE - AR ;—m' * % e el (3-indolyl
acetate) € Ak fip” ?iﬁﬁqﬁﬁfﬁ_lb cm R EG AN R m,ﬂ, J\,A ERE: A SR
PSR ERGHE AR S E e SR RFR G AL F o
FLEER S AP AT L SRR SR ¥ if k¥ (preconcentration)
I a4t dEd i 2 T LRI paroxon £ 4 (k] (carbaryl) B hap g

.
W

=

=

~~ <y

Xl
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Bz i 5. 0><10'8~ 1.0x10°M 2 1.0x107 ~5.0x10° M > @ = %2 @ & A 4
£ 5.0x10°M % 1.0x10"M -

L%mm)EA&P*{%bmW%mﬁﬂiM—ﬂ L prkochy TR §
(sraphite-cpoxy) #73  f¢ + * R B sk 2§ paiT wAT RBMRF
it & Bl ® (biosensor) > %z 0.1 M pH 7 2_ Bk 4 (phosphate) 2 0.1 M # it 49
(potassium chloride) =% /3 % ™ » %1 it 7 IR F B B A T R 340
+700 mV (vs Ag/AgCl) » ¥ {## 3| Thiocholine 2 % * W EL o e 4c » 5 52 %
L Rk SRR L LA L RS R
BIFE R A Ry Mirde » 3 BAZORA"HRBAGFLEE -

Andres and Narayanaswamy”“ A EEPR T L R Edkfnfr Bt s KD
MR R RATRBFREDD o I HRHIL 4T !

CH;COOCH,CH,N*(CH;3);CI" + AChE == [CH3COOCH,CH,N"(CH;);CI-AChE]
acetylcholine chloride acetylcholinesterase acetylcholine-acetylcholinesterase complex

— AChE-OOCHCH, + HOCH,CH,N*(CH5);CI

acetylated acetylcholinesterase choline chloride

H,0
AChE-OOCHCH; — CH;COOH + AChE

acetylated acetylcholinesterase acetic acid free acetylcholinesterase

%A ¥ (thymol blue) el £ ¢ S{p R L fadk Em 2% > 5 - AEF
Frde B3 I @ e e cnp M F AT ERK B BABESY FH HR
SE o Fr R EL AL LA 600nm o T RPITMEE LA o TS
Wak s 0 B R ;ﬂ«fa&#&rs Eéf » RIS A R A S T g
PloF w2 g Al gl gl 2 g RIFESG - & ki B R LRI

FUER X IIIA] o BEE IR ZREFER -

Barcelo!”” % « | * p¥ % ¢ fprEdk i pF T & HPLC % 8 ol B2 gt
WAL EF Ry > F %4 +410 mV hg =T ’wﬂﬁﬁﬁ@%iﬁié%%
&*F‘Tﬁ%%—»/r’]ﬁ" , %ﬁ I SIPASE ; #&E}A_—F}?}Jké ﬁ’iﬁ"b‘?‘%‘#‘ o H 1 (T R I2 e i A
Fog 7R iR T RBGERELS T 44T AP ﬁﬁﬁﬁ%pp;@
MR A E X 2 A 5 % 7 Thiocholine 4 2 kB " K » &t 4
+410 mV T o P E AT IREE R AT e g @ SRR 0 F]pt T oY Hilliéli*ﬁa.m
FIE b R o

Miquel £ @ * & f| B4 T fapie £ 2 C 8 xR 2 5 B IR ES L gp g™,
TR B REEY Y DR S AR F RIS G BEERE Il Rt
% fig f¥ cni® * > ¥ #- Acetylthiocholine -k f# = Thiocholine > 2 F 8 440

AChE : .
Acetylthiocholine+H 20 ————>Thiocholine+CH3COOH
EC3.1.1.7
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L fiEteakiapr 2 £ 5 R € LR BPEF B2 S F 0 Thiocholine kA& » #r i d
Thiocholine eh)k AV N AR T &5 L £z & 1 & ‘F!TLF?W”E‘&? % B
ot Srdldane g W RlE o

d T E AN T o ek I T E R A LT kR e F LR
= » %% @ 7| Thiocholine =% i* T iR E » A EL et | ¢ F 205 SE L #Fen
%&’H&%é#ﬂwi€ﬁﬂ** BEAE R Bk R

Miquel £ A2 7 ® £ 1% P REEFF WHMGRLEAYR > A B P

Oxidation

2Thiocholine(Red) 2Thiocholine(0xi)—i-2H+ +2e

- gt = T4k T B (thick-film) B R F 4% 0 128 7 o] -
rpeiE R N o T A RORE R PR RS o
Pt PR PIEF R YA il Rk pE T KT BEEE#F
447 0 @ Rekha %4 1% § B R Edrglfrdh 2 F B N2 PR BT B
P itk A ik e i B F It 5 (ascorbate oxidase, EC 1.10.3.3) > 3 %
W ¥ Lehe FRER A EY 0 B OF B A4eT

Ascorbate Oxidase
2-Ascorbate+0O2 > 2 Dehydroascorbate+2 H20
EC 1.10.33

TR B R MR M E Y R R
(ascorbate) #& 3 = 3 & #mf&ﬂ. f& # (dehydroascorbate) et &> 12 3 7 Fidk w ik
BERENFCFREIELEDER 3 22 PURY Ao Ao Pl #EFBomi
Bloow SRR 120 4 o

Labbe % 4 p| . 4]* ¢ % & (electropolymerization) e ;0 ugpe sieps 2
% (tyrosinase) ¥ pyrrole amiphiphilic monomer ™ % * B > 3% > & 0.1
M i % f&42 (lithium perchlorate) -k:%3 /% ¢ 2 40.75 V (vs. SCE) 13 B > #-f% %
AfpeitmEA G P o T REY R RORATERBELRE LER 2 RER

~

¥ i 2mMZ% 4 mM - Everett v Rechnitz®" F % Lot g W and iR Op
X«P'Jﬂ’ﬁ W LE W E LT LA IOM &5 47 >0 +1.5V

TRILts o FREEE R (amide) X H P P HTATHREAG o
mg: &2 1,2-% pR-4-% f& B (1,2-naphthoquinone-4-sulfonate) ¢ Ffi% % & § & &
T+ @A F (mediator) o M PEE A G BB LEE S ¢TI EELE O R
iﬁ%ﬁﬁ@%ﬁ’%@12%%4E&§$“§méﬁﬁ/’** =R
Beng iR o M pES (chronoamperometry) i -150 mV T A 47 < g
(diazinon) £ = % #» (dichlorvos) #k R » 7 & & {F 3 SuM £ 75naM i B

(\x,

PRREFDLLEREASS ALY G PO L AT KPR F G I

2 :ﬂkﬁuﬁﬁﬁiﬂﬁﬁﬁh”W%ﬁm%*@%ﬁwhﬁéﬁ
ﬁﬁﬂﬁlim)’%W*M?ﬁﬂﬁﬁﬁ‘@?“@%%i%ﬁ’?%m'
SSEL it S B S AR F A ME S LR E R
’ CFEAPOES g EF2FERoRAFFITF DEF PRI
;ﬁﬁ=é$4%%ﬁ&§ﬁgﬁﬁ%éi%ﬂwﬁw’%ﬁﬁm



gk 2 EERFF ORIk & 4ot L A7 en B - 4 (specificity) R #F 4 it g
RIE TR TR < B4R o

B RE2 SUEERIRRFLFAY

CE AR B AR 2 A T (microelectromechanical system, MEMS) 3 jiFend 2
b R REFFRE DR AR AE E RN ‘*5?{1 +AEF R 2L HFERHKE
Mo T e R @ L BRI PAFRHYE oA R TP WA AF
Bl pgg R B R BE L ER P & FIM AN - G g B R
BZRPBRBBEFS RGP FEMYALDREERLPE > R EHEE
R e »};,}Egﬁfﬁmﬂl’\f‘ WoORNREEFRE M BRIEN { FREE2- 2
RETMERPIFTREE AN LN EERSEFTE -

ﬁﬁ?ﬁﬁ&;?»ﬁgmb&ﬂﬁﬁ‘alg#§ B ER TR
Rl B PR AN RERRELAM G LD B EEL > TR T ES S
2%&/]' Ry BARR 2 5352 1}%’%%*?;‘“2&‘&*]‘ (R i v IR A -
W AR IR > RS - HdH e
e d A I"‘géy\‘f‘?;}ijh‘ﬂ”ﬁ BETFEE R B L o FRKREE L Ko

'%“Fﬁwfé‘ﬁﬁiwém:’1ﬂ Rz o A e nd e B N E M RE 2R
Pgack t dendd B @ B3 FIE R =R A2 P22 s R g eralde
AP TE 2 AP RGBT RS G OTEF IR
BRI ooopteh o d ot Ika;‘,é:fﬂ*f.ﬁ FUFRREASATTRESENFSE LS
Wikl FI REBEFFRDER R FREEFR DM UFEREL DE
BlE R om FAPT L ESIHMLTEE S FRE S LR ET AN RT
T A NGB FRFRRIA D AR A RARETRE G R T Y
%éﬁ&?@ﬁﬁwﬁﬂgﬁﬁ’ﬁi—%a’ﬁﬁﬁﬁﬁ*ﬂﬁ%m$ﬁ§ﬁ
BRI * PR agde » ¥ E R FE DA T 0 TE AR T R
FrEstrriFra - FRIFDEE  ITRETEFHIBRALEEST L DR
ME SR ARk Bl - QI E R SR EFELRAREEOLTRBIL
(£ MIIE R D A Rh A oo

B2 AR TR E KA AR 1990 £ 0 At zow o H

R h R e (22 *“)’%'* EFER LS
PogEFEREERESFE IR AR R A PGEAF 2 A
ButigdE KXFEMR a EFF BT gk,ﬁ | Bt 42+ oo

AERMNTCERPIBOFE 240 A Qﬂa—ﬁ"}ﬁqj,éyq_bk’;iﬁﬁlgilhﬁfl E P\?v,w*fr'
BT E - TR R 1 iF s oWring®™) & 4 s £ ehiy
4&fX 7 % (cobalt phthalocyanice, CoPC) i 4 Er j| & & i& {7 i3k & & (ascorbic
acid) % # " 4 *x (glutathione) & 7B =L » 3 F = 0.3 V(vs. SCE) - &}
g TeE R A pEsuTE 5108 M 2 1x107 M
(S/N=3) > @@ 2mM > 5§ |3 6.9% h% P Gk k> Hart®™
FA I GppcF R R B ASERMTHR HA S RFE R R
FE U B2 VR Thiocholine e ZR BIE » 30 F =% 4 & 1.0 V (vs.
SCE) 2 pH 8 z Bifik s fbeip i @ & 17 (i8] - H & 47 cha £ 7 j&_ 5.0x107 M 3]
4.8x10° M o

b X
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Wang'®) & 4w £ 1 - AR IANER TR LR E A u
Ru-CN-Ru R i i+ & 4% 2 defis § & 17 5 L& ﬁA%M(MMmm)ﬁﬁd
N - RN R = imwﬁw’W&*%*@ﬁ |

oo 1 IFF maiE 20 PS80 & i RL B (hydrodynamic Voltammogram) N
AT RsEHE Y IOV 2 0.1V (vs. Ag/AgCl) PR N LI BT L | A
= Ru-CN-Ru % &epxy % > @3 #i=iv g 247> 0 g it ?—& B MR kT
R BaEd v R 0.15mM o BREIRIHE SuM o ki RE AR
WRT T E R EHERERL T 5% T B 24D %E .

wﬁ_&yiﬂimﬁwwaWm&“@A@F*uﬁ(mmmmm-kﬁ
(ruthenium, Ru) % & & Bk R (Fii- &> W@ e i 48 o p % 3o
R Wp 2,4,6-= AT F (2,4,6-trinitrotoluene, TNT) - 3F # 7 fp-g ~ >
o REE N E o EREY AR R i -450 mV (vs.
Ag/AgCl) » Ak i B pH 6.5 stz T2 FH R > TEERZ MM
#FE7E 10 ppm - FRHET L 200 ppb > E£AF E R ATEF 2 AR HIEE R L G
0.6% > F* 3 F EHESOKRRBIF > 2RI - KRBEFRFOPE DR
FEE R e

BF Wang® E A {psrr 3 TReRAGY £T & KT e E R
iz (formaldehyde) - 1 jp] % 3Lkt -0.5V (vs. Ag/AgCl) cha § i 403 7%® £
e BEFEM 00 Vihr (FF =T FHR > FTRRABREZIRE R
300 rpm HE T wR (R AP iE'J%LﬁF‘é 10 mM (R=0.9990) - it § | 20
T B BEL L 5% o F WX ST B S Fioe @ (acetaldehyde) £ s ih
B

@ Park™ % « SOF R ERIR AR SORH R %%4EW?ﬁ’ﬂ”
5 % (HgO) 5 i & » &= ﬁﬂ;ﬁ—”q B TR ‘frlfﬁ a1 iEd v]ﬁ_xim R R
S FRE G H A4 (copper) -~ 4 (lead) frdk (cadmium) % & & a5 &
TEE MR A 1.2V FEB T 2T oF b3 “,% il ‘"La']‘,“ -100 ~ -550
2 700 mV (vs. Ag/AgCl)> ¥ % B ¢ hE & B+ 27 A REFFT E 30
ppb > EAF4E TT 2 R Fim L & 4.5% 1T o

&ﬁ%ﬁwﬂ%F’ZmW)iAsﬁ TR E S AEE Rk AR 2 R
kBT ,b'fr" T4 1 T4t enigis & > @ % %%W}ﬁajﬁ,’{ﬁﬁﬁ—?’]ﬁj‘%/] LT
MR A H % 5 8% % (arbutin) 0 AAIF PR RT ZFR T 0 HI L E
BEF MR o AT T 4 2.0 VT > 2B e R T = EH L 4035V (vs.
Ag/AgCl) » * pH 10 chg iz i e ER 52 AirE7E 90
uM > R 018 uM > AR T A EAEFRE S LR ¥R GiE)
A 2.08% 0 A A4 A Tk Lo

REFLAPRAR » R R D DPPFE DSR2 R B e YR
ﬂ%me%&¢$ﬁ»m%‘ﬂ%*éﬂ wﬁ’%ﬁﬁﬁﬁ*%w%&@w
wRE I ;'“&/?Egm}@ ke o LHR ﬁ'f‘*i**ﬁ”f%”ﬁ;??*‘li’i"i@—
R o AR AT R IR SN %5};%%@,? AR B 0 R 49 87— L ﬂl]ﬁj%g;)%fﬁjﬁl | * 5
L3RG AP Xd R Rt L E R AR KR B
Lﬁéﬁm’éﬁﬂm$W%Jw'ﬁﬁéﬁﬁf“@**ﬁ*ﬁﬁ%ﬁﬂ :
4r 1995 # Nagata™ & 4 1% 7 @k X - 48 (ferrocene) @ & hy § 4% 4
CTRRPBRE RN DETERY > XU F A F RS R Gtk (polyvinyl
pyrrolidone) % ¥ ¢ % fi} 47 g (polyvinyl butyral) Rt 2 AN ETBe b

5

Y
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% I fie’% (polyimide) - % 33 +0.7 V (vs. Ag/AgCl) eh @ =T {7 B » B
= pH 6 SEif S #iz ik » T FHORAEIRFHERTE 20 mM > 2 5%
U L GO

¥ ¢ > Madaras”®) A @ - R TR EPFAFEFELAUZ AT NP
FRERFERY AR BIE S LR L Jf{ ¢ e e (creatinine) 0 H @A g A
ERL et A - kY S F ATRAE CRCRE-AVHER TR DR 13-
=z =3 F (poly(1,3- diaminobenzene)) B B4l A - pE (glutaraldhyde)
bk’ﬁ"% R A NFE S FER TR P BT WALEZYREAE- A2 L F

- kR 4c5 poly(2-HEMA) % Nafion® hiFw» = £ B Fwehl i o @
RN R BEB AT = +0.6V (vs. Ag/AgCl) » pH 7.4 AL B T iE
FERREFRL 09 ~12mM - FRHERAFTE 10 pM > @ FHEFT 2§
PRETE 16% B - P ERTEREOREE GHEINL 10~20% > & BT 25
FHFDAEL > 4 EH B 30 0t oo

A Zhang®? % 44 F A U AT EAE 2 PR B BaE T > K § R
FEaBE YR HEAGE A Eﬂ”@uf ﬁ%‘rm%ﬁ*w*?ﬂu ¢ % (polyvinyl
chloride, PVC) &+t *} 11 B %% 2R 1 TR ARINA o Bofe BRI R B AR
ERRETFNNTHRG P FUERBERE S A2 F (hydroxyethyl
celloulose) » = = % i ?fﬁﬁ?”@l% com BB RSN AERT CEERZDERT NN
de1 (5% 0.3V (vs. Ag/AgCl) &7 Bl » T E % pHA.8 ALY rid ik o 5118
Iy 5 g REE éf‘ﬂﬁ%@ﬂé 40 mM - @RI RF 30 ) @ FT o
B aBc: 35% @ T ES CRMEFEFRTE ISmM c BRIEFR 60 f o
BFFEETORE GBS 5.3% ’—FKE F A A A

A BEvtugyn™ % 4 0 % 3 gm G g E A - kw4 LR RD
S H#‘"#‘Jﬁ%‘-% VX e 7\ TEAS  EBRTFRBBMEELREE TR
Rl ET O E L AR NERBEAENTHAZ TR A P RFRCR
%%mmﬁﬁA'g#&@ﬁ%?ﬁa’éﬁﬁiﬂ@M$ﬁﬂ%’ﬁiﬁﬂ
o FF AR EFER 0 AN 7 F 88 R o acetylthiocholine iodide
BEFEP DR KFEFE K F 0 4400 mV T £ B| thiocholine 1§ it
B M ARG A ALE AT RE LT RS 0 F ORI A & FIUE
» R R RRIL T A A SRR AP FEF A 555100~ 2.0x107 M
R s 1.5x107 M ,gk L ] A
s mﬂaiﬁ‘%h °

Nerg RIFE LD > S kst g?

BAET 3 5 RAMCREAMZ G ME LR EE S A AR R
PR B GRS s U TSR LTS ]
jA SRR SR G B ER G G R B R

Bend BBy Eﬁ,L%%%,L§I§/P<ﬁ B4 R R R R A A
WEEZ BB AP DGR N TRETEFCEF REE AR R E 8
R I i v S - o L S B SR NI E AP RN - T

3P eh
W2 1 EFE IR IAEPPREEIFTAREFFE R T A E L0 g
A AR EEAFSEOFR S B AR A 51 k] P TR ERK
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B2 BP AR EF ABEIRHEFIE (I EBLERBLBET S
%ﬁ%ﬁ%‘ﬁ%%ﬁ%éiﬂié%wﬁ¥m7é%%l?é%ﬁoﬁﬁﬁf
FHRener LAAEFL Y B ) L ERREE AL R T g E gk
SR EA G B RES A F 2 R ks B A PN R T
FFFE T FH AN CFRPIBUEREL A pR 0 R K
AR 2 PEER Y RIS F LR EAA NP BT EEF AN
ﬁi?%ﬁﬁwipﬁﬂwm‘%ﬁ%iﬂ’ﬂﬁﬂﬁﬂ%%ﬁz?w~mmw
IR L ER A e b B BRI F TR Y BRI kR g T
FHR_EFONE R EAFT I FHLNLEEFDL P {ABEHLE = L o
"ﬁ'iﬁﬂz" USRS AR B R E R T RBFE - AR EL R
Aot PR oo Ty MFRRA E - A fEAE 2 (Aryl acylamidase, EC
351.13 ) » EH M5 55""\“/-]?%.%*% v oA fRIER (S A 4 :’v’v‘{m;‘:ﬁ%%‘r fie & 1

eI I R A A
Fodl A R F i RIS T F ok B Bk TR R PSR 2
E"ﬁFFB%E °

Pﬁpm;\:mq‘xtgﬁﬁ“ R =S

B w2
&%%%bﬁmﬁﬁ

%:ﬁﬁpmxﬂﬁﬁﬁ (- O R LA éﬁﬂﬁi?%ﬁégi“%
b iR g 0 IR CE P EMSG p Rt ] o AT Y R Y A AR F IR
BALE 246-Z FfF 0 A AT EOFMFESFL 0 QT LR OT R T
2A&3§$ﬁ%m$@’ﬁ %?ﬁi@ifwﬁiﬂéﬁﬁw%’*ﬁﬁﬁ
TRFRER PSR BT B PR B AT A e B B A 4T
o o5 - BT R 5hua&’ ﬁ_ztﬁﬁ%@4>ﬁﬁfilbﬁrvé£d FREAF S RE

A HF et a8 ekt AT o

A A A i

1= Z

53

H
p

fRAT it ErE ¥ gL T RIS CRE PR
PR R ERAA %‘r S g T V
AT BB AL R A R R o AR
N R NI A B = p) LT Y R A

B fo BB R B F 2 = A eag e if R
%% 3 Ru(bpy)s>
EMD “a SRR SR AR & A
S R ?«r MR BRI EEL ¥ T g F
it fI@E’H s | #
éé%*if'?,aﬁ@’f‘ri%%’iﬁif’
X s A gL g h oA B ) ¥
AF VR n e BRI E ATk

L

=z
e;
fFEE'»ﬁ &m?

A
e

@
3
[

FI* &R k%R
G RRBEAEY LAL LJRARAL P R L T
I QA T
%%%%ﬁﬁﬂmm&
ARBFRETCEURFESF T RDEELA TS O FTESR
FEF G AT RS
mﬁﬁwg%%%%ﬁﬁﬂmXﬁ@
R % AR B

THRL 2k s
F3 TR GREA 2 A2
5 T T e LR 4

KitiEd T F W
PR
B R AF A

2%
wu Z_

S

FEYHE o AP g RipBESL I ﬁﬂﬁﬁﬁﬁgiﬁﬁﬁﬁﬁﬁ’€ﬂ
e I L AEfRA S R o d WRIBETER AP D R e I A
e I pE pREI Nk F o RN IR A HEIEELS AT L
%o i ~} FFEREN B ERAEEIFEIREDIEE R A L ETEA
BBV E- BB NEE B ZACERFL LT AR T RAFE S
i?%?%?7¢ﬁ@$’uéﬂﬁhi T iRl i B P AR
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Fode Y RRFLCRERE

g A
40 BRE a£:4ﬁk&%W&ﬁﬁ%w1£{ﬂ;vg¢? RN SR §
AR - FEERRMAECEWREZ NI H R T HE -
}5Mﬁ§ﬂ§ﬁ%%%ﬁﬁh~mw%»%”pﬁ¥ﬂ>ﬁ%ﬂ%*%ﬁiﬁi*ﬁ7
RALoE2 ¢ 3 A E2P2 PRPERBF IR L AfRh2ZR%RS -5 4p
%

g%ﬁhmq\%’m]vﬁrigjﬁﬁi q\f&\mf&ﬁL\gpﬁg‘ga_@@%#g;@gzg
i:i‘meIL&,Fjsg,%b?,ix,Jzéhmam}f&wpm o A TR B R ﬁﬂ%ﬁﬁﬁ’f&%ﬂ
?v<m%ﬁ’#H*&%%9¢&e¢"W%' vﬁ%‘”%m% A ERE
B oo s e R A A e lmm%)’f}.@ﬁﬁ% | » T‘w\@ PAcd B fore i
TRk Fi“mﬁf’%*#%bm %ﬁ«ﬂcm%%ﬁ@ﬁﬁ%,uym@
KOOI A AT R Rt ﬁkﬁ* B g A Ay ez
RF I RS EE EIEN TR EEEE SRR SRR E P
BRI AL B PR R UL OB R e R RE UL R Tl
R FDRE g R D7 Bmit o

=

ke 3 “K/\ﬁ A4 VRGP BB I DT e B R 11&*,?] MR E
E | 3 ﬁ&%& KfEpE > BFR O WL FELF RG> FIAL LT REMEGR
ﬁ’iﬁ ool E4ehE }{_,& BIHF LT oA '”iil_&‘/v\%‘r%%%" f&t“ % e B

CRAFERE AT PEFFS ABRF N E e 3T L E A R R
ggo
FERRESATOEL L

P YR 5E ]f BB LA R ITF ¢ AR S BEE ] S
T FEEA "f.ﬂ,.# (3,2-dichloropropioanilide, propanil) { 2_fig =g 4| “,%Kklﬂj\i‘
oA k4R EE .V,‘Té;-’ie‘_\?,_(%) (broadleaf weed) 2 & e * B % > 3
70~100% chf T4 & & & 20 3 o iF 34@]67\~<W kil ey s £ o

[E30) R5. 40 SN SR 8 s

UL TR RREEE R R
W EfeEEEE €3 vVERY 0 Ft G - 7‘5 £

u%,vr' BPHEGZBFPIHRE T EFHELT R E 23 LDs = 2500
mgkg  EEFREREFREFOLEL S 53 PP T a NOEL®® (no observed
effect level) % 5 mg/kg/day > &5 F % FRAZE L T € F ”Ev—}?%’?ﬁ< i) o
&?’*?ﬁﬂ?“'i‘ﬁu“ FRARNEFLL A %o xR 0] RANHEL ORIA
> 4 = & F %= (3,2-dichloroaniline, 3,2-DCA) %2 p & (proplonic acid) & % >
RN AL EE EE ’ij‘e (thymus) % 57 2§ i & a8 skopog O
(methemoglobinemia) » ¥ v H & [ 75 2 F & %}i Flpt gl de A FT A 0 K,f i
LEg REE L FLFERE M?%Lﬁ PREL CRPEVHRER Y
Brpenf Rl ¢ BB A AT B AT AT REF LR @Y HIRR
AR T
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%K@%%ﬁﬂé;w pES

AR AR S e g FA At R R LR
Bi1 AT MRS A AP zmg,u/fbfrmng'_ﬁ‘n $£§1L: fﬁ#ﬁfﬁg')"')rﬁ/’,"’
f%}ﬁ"%*fﬁifisi"x@* g Hvhd T VLI RE D 6 B T HFY
CHBYRLEL CRMEARE T 2 VUL BEYSLE RS A
i I e L S M L

FERF LN IFRRRL S FEC J FIFRRNTPRG AR D

& 47 > % # 3% HPLC-Fluorometry ~ LC-DAD -~ GC-MS -~ GC-MS-MS -
GC-ECD 2 § * 8 A f7i2 % %

Moye™ 4 Miles 1 * e da K 475 % & kg ¥ keh i jp > X A 451 4
7 F RREE P REERA S S L RPRET T
o-phthalaldehyde-2-mercaptoethanol (OPA-MERC) ¥ J& k % 4~ » K fZ{s 7 & 4
mued A4 0 7% OPA-MERC 2 # wlek#f(indole) 2 472 4 » 3 {12
R0 § - BRI LR AR R ST R Y R E )
FRQBe RS d HPLC A4 fafr ki F LB HE T R n
o T E AL M RERTHPHRT 07ng o LA A H A TR E o

Barcelo!' e Ferrer J|* & 4p & 472 5% & "L 7| ;% = 1& 48 (diode-array) * 7}

?ﬁ%%é‘%4# aﬁﬁﬁw@ﬁz%&mh&%%kﬁﬁn&ﬁ’“%
¥ p B i AR FH4p 3 P~j2  (automated on-line solid-phase extractlon) = 5 -
MRS BF CI8 FhHZpMEITRRAREESY DL E - hiid L
PN A 215 nm A ERdcim o NEEREEGZE M FET LT
1.2~20.5pg/L 2. # -k B o

Natangelo''"" % « 1% F 49 k& 52 % & e BERSSE 3 “fi‘fl?i ¥R Ean
W m AR S eh I E_ 0 B 4p e F P~%  (solid-phase microextration, SPME) i
TR IE 0 BN R & gk ¢ B _Carbowax-divinylbenzene s fif {8 ek & A W]
Mo ekt R B & w4 F ¥ R (quadrupole) & A L@ B F ¥ &k (ion trap
MS-MS) it {7 ] A Bt R EER 0.1~10 pg/l % |A7R » &% B on B 5
P ol = JE S Ifuf"ﬁh' @A R R EOEIURR 2 fodk A 47w T
Foomv R EELF RSN

Begerow“02 % 4 7 | % #E%] ’}‘r/z' B E T P WA ECD X flRI% %

TG |k

!

=
&
¥
=

SN

BERLE S pLE R TR 7}@ B kA3 ;“ 2. = % ¥ "=(dichloroaniline) - 1 #%_
LN PM EE o REMREKRE S EAL EH S P2 (steam distillation
extraction) % %% & B"/Z‘ B FiRahkpFE B S KT W F
HP B EFH e ECD BRIFXRER - d P HEZFBAER S FTr 7 A4

itk kBT M3 0.03~0.05 pg/L v E T F A4 T iE 93~103% o B
E AA s TR T RO ARAPR 2 2 % o

Priyantha!'® 4r Weerabahu # B 7 - £ i * % 32 ;% 23 % & i % -
p;‘géaﬁﬁrﬁﬁéﬁiﬁﬁ%%ﬁﬁ“@%
(5,10,15,20- Tetraphenylp0rphyr1nat01ron(IH) Fe(II)TPPCl) ** B\ 7 &+ - iF
%“,%l,‘-%‘/?’f‘r#x?)ﬁ'mle’_l"iﬂ’l a4 7 = 2300 mVT O R ,fi%’*m;f}% )
&gﬁ%%mdﬂﬁm;80M46M3)’ﬁ“%i$“§ﬁﬂwﬁ%*4é
v BEH o OliveiraBrett!""™% A p| £ 2 B At Bma T4+ 7 f—"r
P gy R ROTE S aRRRE ) GiE RS0 £ pH 1.5 2 B3 it
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ks 127 Ven§ LR E kKRR T @
(r=0.998) -

Pt eAs 4T3 0 A ’F’;ﬁ& HkiE S oo
&’m@é rﬂﬂdiLﬁ/’a\’}‘%E 1%’3‘»3;]“:‘7»1}._{\:'%

i E: 0.028~2.9 uM

'H;mig ,5;‘3?;'7‘%-‘4 E
’*?%Hmﬂﬂ’ﬂwi
2 ?j’%]"}7“$_§_%4[L;§iL
?@&w°mKﬁ#%m¢"*ﬁié BE G peiedh ~ ¥9%2 AR R AR > 1
REEFERLDTE AT AfEER RS OER BT
VOERE A RS hA Y o d gk §Av L B - g enfpiegt ok iz

—+

po

_A

f%% > T aryl acylamidase!'%'"" (E.C. 3. 5 1.13) > e 5”"‘??@“ KfE A F e
AR pR o Bl AL ?W§$Wﬁ R RS RIS 2 F R FFH T R FE
Kf%‘#ﬁ?&‘}'bfﬁ,’? }%ﬂ}«/P I%\ﬁ‘}\’l‘iéi“,/\i@% ),, J 1l
T 5=k Lbﬁ;ﬂmliq* ﬂ‘ﬁi EAFg R

L AL
%E

AFHEY 2 RBAAE LR TRETIREY (Strip) =2 R T
4T Lehg i B & 47k (CH Instruments Model 750A, Texas, USA) » #% &9
%R ¢ AT Y D E M Tk R % 2 (differential pulse voltammetry, DPV) >
FELr REFF WA OE c RRITERE SR LB R R4
(SMTECH 100S/100MV, MPM, UK) ~ SMT ¥ k| 4% = (Faithful Printing
Equipment, Taiwan) & # ¢ -

T BT B RMHA A 10-100 ~ 20-200 ~ 100-1000 ~500-2500 -~
500 5000 pL (Eppendorf, Eppendorf varipette 4810, Hamburg, Germany) % 1-5 mL

¥ % (Jencons, Jencons Sealpette, PA, USA) &k & %] & p| o 73 Rk fldg & & 7 zrg}

# pH meter (Sun-tex, SP-701, Taiwan) & {7 £ B ; m & 5 & :‘é‘_ mg_ B T
% #= (Mettler, AE-200S, Greifensee, Switzerland) =B % & > ¥ #Hm =€ 1 1.0

mg

e REFFZFERIZEN (B402, Firstek, Taiwan) #2418 £ » 47 4 P &
BR 2R R *ff ek Jo ¥ sk sk % UV-VIS (UV1601, Shimadzu, Janpan) -~ 4c #t
W+ % (721P, Dataplat, USA) - 4 (RUO-602, Risen, Taiwan) ~ (%128 8 &
% (LT-159, Shinchan, Taiwan) ~ = * § % (75 series II multimeter , John Fluke
MFG., USA)% -

E

I
|

FY kAR p YR D3RI AWk F RS A
Easypure RO (Barnstead/Thermolyne, IW, USA) fo% & 3% % & 2 -k % L Easypure
UV/UF - £ & OZum H?“mﬁﬁj}%ﬂio Tk R T BRY L RELR 7
A7 2o R B Pk 37 % (Proppanil, 3,2-dichloropropioanilide) £ p Chem Service
(PA, USA) » “f ivf (0.2 mM/0.1% ethanol/water) BRPFT R RS FLET
FEXFERE oA B - MR “ﬁE i % P %2  Aryl acylamidase (AAA, EC
3.5.1.13) &_d pseudomonas fluorescens % i* @ % > & &7 ¥ Sigma Chem. Co.,

=
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USA (Missouri, USA) o %% ¥ E * ¢ ® 3 % 7 ® % (3-hydroxytricarballylic
acid, Citric acid) ~w®kre& (1,3-diazole, Imidazole) ~#ifk & 4 (di-sodium hydrogen
phosphate-2-hydrate, phosphate) v #& f& = & 4 (sodium dihydrogen
phosphate-2-hydrate) Pt p Riedel-deHaén (Seelze, Germany) » @ N-2-#F2z H ek
#5-N-2-¢ 'z & f& (N-2-hydroxyethyl-piperazine-N'-2-ethane sulfonic a01d Hepes)
2o fl vz = 9 A2 (tris(hydroxymethyl) aminomethane, Tris) FEp Mallinckrodt
(Kentucky, USA) -

R REATRE Y e A FRE ié’«?f)? B2 % B (cyclohexanone) B
B Nacalai Tesque = # (Kyoto, Japan) ~ @ 2 /| 7 &K 4 €_PP & = X (Nan
Ya Plastics, Taiwan) ~ 1 ¥ % ﬁzp“E" s 7 M % (Electrodag PF407C, Acheson,
MI, USA) ~ ¥ @ &R E 7 /5% * 2% (C71105R5, Gwent Electronic
Materials, UK) % #£#]/1 (T2 & o ff & VT &3 % F }%% Bl PU & Epoxy
G %% p Cytec (Conap, CE-1171, NY, USA) -

2 5%
AR ETERYZWUE L E B E R Sul 2 Aryl

acylamldase f¥% %% (0.6 units/mL in 0.1 M gifit pH7) » T #1237 F 2

o
%

e o 2 R 4°C ERAEIE Sk - T FRTTRY 4R
. b
g >—\
2

=

ﬁﬁ“%4** g1 TER Y 2 TR AR (1) Bl SRl R RO %
WA HESBR L IFFES '“L’ﬁgn_’-‘ée J\ﬁq:ﬁz}urﬁf s B or e £ R R R E 2
& *““f*um#?\g"’ﬁf'» TREA YN PR BT RLEE LR R

F RV RREDFE]ZEP > LEF N z = A SNTESNERE et -4
%ﬁ%ﬁ*ﬁ%y$%\m%@‘ﬁﬁﬁﬁﬁ%@mﬁﬁx%ﬁﬁcwﬁ
ook nFES SR RMEAEDES S EER R AN DEFE T
s R ER CFEF AT EFREETR -
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Sample

Counter
e Worki Hf
(with AAA)
ﬂ Reference

Insulator

() G5 RELCRRFLERTERS T LE -
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BEEw
3 e R engE
FE R R R B G R LA P e i R D Ayl

acylamidase fi % &% X % A 2 K fRiE % o TRIRGE K ROF 6 £ HG T R ke
FaAdLl® o a Bz b Ro @y $Ri gl HRAY It TV R TR

TERPEFIRSF D IFRIEFIREF A EBHTHE LT AR
(2) -
O Cl O
< ARYL ACYLAMIDASE
HN Cl >
(EC 3.5.1.13) OH
Propanil
Cl -
e m
7N | 8
o
+ H,N Cl  E=t0.77V S
(vs. Ag/AgC) | 8
@

B Q) sr®LtgRIES T ERZF BBTIE -
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PR s T AR E PR %Y BT 4B (3, (a) T Aryl
acylamidase B4 2 &R T EFF REA S 150uM BFRT 07 AT EHKITR
B 0~1.0V - BEBF APAESF C2EE > L 9h 077V (vs. Ag/AgCl) &
EfeFRAF LT (BEANM) 0 A AGRTROLHARALE O,
D) »RlartEFas T BP 2k F T ETHRET F L Aryl
acylamidase B 4Fz PR T A L hF BT in - B (3, (¢) R A A B4t 2 &
M?é*@%]ﬁOMd%ﬁ@iﬁgW@k&@, mrmﬁﬁ_iﬁﬁxﬁ
FEHERT Y RLFLF L H AT 10V T XA EERNTER
e % Arylacylamidase 4 f#{s > Bl 7 B F Faceng C 5> 3 & A 47 ’fﬁ
BLE PP HRLAE 01 MpHT7.0 Bifk s #3 % ~ H& i 5 5 50 mV/sec %
fe% F it PR G 60sec T R Ao

T/

1

d A A /2{34’, m"‘—'% k- PR LB R EERT S i‘g
AT REER S T T G &%ﬁ%*ﬂ&ﬂﬁkﬁ%mlﬁﬁ%’%?
R EE VS LA LA RE RO
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0 i1 ¢ 0 s s o K s ¢ 5 0 5 g o B 5 5 w0 g o 5 B & 8 « 0 _u 3 =
(b)
1.0 s
(a)
- [
v 20 (c) -
%
- 30 g
= 40 :
5.0
3 1 —

1.6 1.4 1.z 1.0 .7 A 0.4 N2 f

Potential / V

B (2) % ¥ % /aryl acylamidase 2 4 *% fBrik % §lo~ %P~ 1SpuL S5 %3 kA 5
(@) 150 4= (b) O uM - jF >+ Aryl acylamidase fi%% i 4% (3x107 units/strip) 2
R TRy o BRE F b X Rk B B (o) PIE A AR R 2 P
FIR ALY GR] 150 pM % 5 % chjic £ PR ek @) 0 v gk iEiE# 0 0.1 MpH
70 BifeE#AR R EERRF 0~10V » aFfHE F 5 50mVis o
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FrhadanigpeEd tRp Ry ¢ @ % Arylacylamidase i“,ﬁ%.\’f
BAOMBMBAFLARA ST ROERAF I F YR R HTELT S
ﬂ%ﬂi“ﬂ%’i*%i§ﬁ§ﬂ¢Wf$%%§ﬂ°F%%”$ﬁ
FAULRERE BREDRRETHEREOFITHEN BTV REIELFE 2 0
TR R Mﬂ%ﬂmﬂ%e“hmm%ﬁ@%@’ﬁﬁ%i§§ﬁ@ﬁﬁ%§
FEN SRR OEFN IR ERNFEITEE > AF
BT RERERROSIT R -

f¥% F RPFR adf 3

AFE YR FF sk Aryl acylamidase ffE £0F ¥ R hE LA
PoTFFPFAFAAAARTR TN ARNGRAEEEEASNDEF E G
ﬁﬁﬁ%ﬁ’ﬁ?%ﬂﬁéﬂiiﬂawwmﬁi’ﬁﬁﬁwﬁ%ﬁﬁgﬁﬁ&
BHRIFEA e, FIMF RS F R F EFER LB A o § 0 FhE s
ot oed pg %F%%Wfﬂ‘mﬁﬁﬁﬁ oo ol (4) 17 > P PfEEE B

10 ~ 30 ~60 ~ 90 ~ 120 % 180 f/)"p%&;":rﬁ"%,gf@;ﬁ%ﬁ“’% X_PE o 4o
B2 E }J@-B%F”"ﬂ"v-“ 30 #50 d %Mfﬁ@»"iéﬁ’iﬂ: ho 7 ¥4 R EMELAER
e PER S m Bl o m 4o Bl® B b 60 Fienft 2 F RS > F 43
%&,ﬁ%'&i\‘g%n’%\ﬁ-t“ E pERF e 3T LA DR A B Y E A O R
AAREEXBRIATZIERGE > EHE 60 F) 5 B MFITIER
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500 ~

o f

300 ~ E

200 -

Current (nA)

100 -

T ' T ' T T
0 30 60 90 120 150 180

Time (sec)

B () "5 % ®#4 Arylacylamidase f¥% 2 & ps 4554 F7 § AAA iz %~ &

/\-\—'——’e‘ 2

FE R

BT F RETERA 10~180 7 > A B TESEE (3) -
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/% s f&iﬁfim ’]l

2

d P2 1 FREECARHAGERIOF PRI Kp - F Freo v iR HF
it F - //‘/li"’lmirﬁ}ﬂi"‘/k}i}ifﬁg"ﬂp._;ﬁ$’-‘4err131 LK E T I 4 4T
foopr A E BT hdgd o R LY 'fffr/p REFF J R AL X ﬁ/’qf"ﬁ‘ti%’“
22 Aryl acylamidase %% & &> A fE 2 ¥ 2 FI A SRS SR R T %
o FRIEEAE Y Y B2 Bl R R :tzk@s%;f% TP E R T

I
’

i
-—

v

"Xh
i TE P

%‘?i\f’j@‘x?&ﬁﬁﬁﬁ)ﬁi%‘,%f B4 VR BE mﬁ»*éfi’d}j]c,_ Lprm T8 ﬁi% 4 pH
4 ~ 5 ~ 6 ~ 7 ~ 82 9 @D 0.1 M mBEEIR FLETRA RGP

Echf (TR IR AR (5) tro ARME BRI A T de pHA~6 B
2% TL?TL%#E“H*‘“%IEE‘J??] TG B RRERE REIERED > FIIIBRER
PR JIa a3 T 2 M 2AY - & FiRany VB F S F RARKEDE R
BTV F’ﬁ&ﬁﬁs{m% PRI H RFIQAF BB 2T IER pH M
em FFH|EF D KD F FIRDF LV ORI NRET o Ra BlY Gy L AR
e fidk BAZE pH7 & pH8~9 P> § M3Bix L B % | > kLD
s F g2 Aryl acylamidase fi% n"‘ MR R g T RS ER ML F T
BiEzv F*@H‘flé #5 % pH7.0 ; BB IR o Fou ﬁﬁﬁﬁfii& % iR Rt
R B GEE IR o
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400 ~

300 -

<

= -

c

G 200 -

=

O -
100 -

Bl 4) B3 2 fadk Eendrit - B® B fi’@
~9 mF %/p /I’giﬁlt—r ’ t"‘]’fﬁi"]r’i"’;f ﬁ_‘/n FIL
60 #) » HARIE 2 4@ (4) =7 o

SR A e R

T

EHGENEETARFEWKE pHT %é’iﬂ"“ ¥ pH7 7 ¥ ira iR
RFEFRNTRFRAENT B L3 EHBET LIRS PE FL A2 LREREDN
RISt TRRFE 0 WS R W “'ﬁ b ¥ § L BRRE S
Rov AV gEERERF B L IHEE AL A (1nh1b1t1on) T @
FHREP AR RAZ A F LR ER T KK EL pHT £ 7 25 ¥
e A BT ET WY % 7 Phosphate Imldazole ~ Citric acid ~
Hepes 4v Tris £ 7 A 3R R 7 G L gt > 20 B (6) » V%I & *

AR E O R THRTF R TEE PRI > PR ERY FRE &

BRETME AR RS TR S B ITIER o
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AP e i R AR 2 4

DR ALA R TR RR N R R R SRS f 4
AR HS R A R W S BRF P TS B AT B Rl e s
F AR BEERDEE AR HA N 001 ~ 0025 ~ 0.05 ~ 0.10 -~
0.15 2 02M %4 87 b ik & IBEFE S B3 % Gl et LB (7) 2 & % BB
FER M 00SMPF > A FREMER | > & x__/}%/i,? 0.05M f{& » 7 35
BT RFT A AR BTERRRE S B g BRI o E TS
’5“3:-‘3:33&’ FIM RS EHREEHS ¥ NEEFRAEED 005M B&fj&/pni’ ® 5
iS22 Bk ITRE -

Bs
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400 -
T

300 - 1
< -
E
= 200 -
.
5 -
O

100 +

0 I v I v I v I v I L]
Phosphate Imidazole Citric Hepes Tris

i
Phosphate - Imidazole ~ Citricacid - Hepes fr Tris & T f2F a3 >
Srp itk s pHT > HEE2 AR (5) #17 °

Bl (5) %03 TR RS AR -2 CRRBLTRTHES > A HER
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400 -

w
\l
a1
|
—a—]

< 350 -
=
S 3254
S i
O

300

O T  J I  J I  J I  J I | J
0.00 0.05 0.10 0.15 0.20

Phosphate (M)

Bl (6) Bhfis e it kB iR 33« R X 2 PR R BB R 0003 ROk R D
o EREEA R ER & 0.0l ~02M R FLRMAFEAHS
iR R o HARE 4o (6) P e
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& ¢ Aryl acylamidase
BEREF SHFIRrERAE - STFIRIBTAFE -SFEIRERAE S
REEEyL (1) M7 0 T A ARZ RBLERT AT AGRIEER
AT AT A PRI EERRDE Y M PRI ER e k2 kT
AR RBEE S BT E B RE- HenE T o

R R R N R L S S S
it % chE §
H

H g g i

R ONEE =80 EES SR A

Boif it %k Bt 2%

TR 00~1.0V

T 4u i 5 50 mV/sec
AAAP 2 F RFR 60 sec
%R Pk B pH 7.0
i3 R A ad s
B RER 0.05M

S |95
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A4 R

4

[
W m‘f’;ﬁ

AT EEHEHT RS _\’1.—%‘41}&,PJ@W’J#&'IFK&’IF&JFL_EQ’J* = B
BELFATAF LG ERET WL FERE E O PEFTERR 0.0 ~
1.0 V (vs. Ag/AgCl) ~ 0.05M mifk pH7 2 &E W3R~~~ R SHHF L 1S
L~ EEA R RPN G 60 5T Fi S B EL R R E SN §
R Z AT Y R FAFR GRS AT R R E R R
%

FERRELCLME M0 bhd R CF R DT ERE
b'“r'f«m‘f FRALTY M4 (8) > H M RNUERFFA 20~400 M - = B
kR A J'ET/?J' S "*%&E:ﬁiP‘Jﬁ‘fi@'i%Eﬁi 400 UM > HER ®F I T
A BLER A G APy PSR R AP B "‘@:m 0.9990 (n=8) > T ¥ REF 4 it g
PR ARG AR S 297 mA/Mem® 5 F - Heh Pk ad g 12
100 uM "2 5 % s > 7R WA S22 T R ApHETRL S 403% > A
SLendB M RER T E 252 uM (S/IN=3) > Pt R EFERE 4oL (2) o 0 T

-

%ip{éﬁﬂ%%%ﬂ—iﬁﬂi%%%%%4W@H Rk kL o

T%—m»
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1250 -
1000 -
2 -
£ 7504
c ]
o
S 500 -
O -
250 4
0 L ] L} T T T T T T T T
0 80 160 240 320 400
Propanil (uM)
() pEei kAt d Ry RELCREAER 0.05M,pH7 2 Bipk i #73
“"ZT PR FRRE L 60 4 HREFERIER & 20 ~ 400 pM 7 45
i TR ERE o EiE 2R (3) -
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Q) RERLEFLCERFLAPER

A 5
kR AR 20 ~ 400 uM
AR AR 297 mA/M-cm?
P IFL R 4.03% (N=12)

wopE R R

2.52uM (S/N=3)

R Ll

60 sec
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L *ﬁﬁ%i%i$%§iﬁﬂﬂ Cd R A R WA R
ﬁi??¢®wm'% VRt T R R EET Em%%~%%§$ﬁﬂk§7
MPEFEFE A 20~ 400 UM B ensddp B a BB 3 2 0.9990 (n=8) - = # 2

AR e Ol 1) “’Jfﬂ‘# CRB BRI AT HER AT T RS
SR RN 4 e R R RIS R TR RERT S
Fp%\\ E’ﬁ,ug%— CRPBBATHMZ BRPFETE (BEEEYERFL 60 £)
2 BB VRS R ELERPIEE AT A B o3k B R F A T ch ok
ﬁ’*%ﬁﬁ%%?%Tiﬁ”ﬁﬁ i“kﬂg’aﬁlﬁmﬁwﬁmﬁ
(4.03%, n=12) ~ M en il BB L B (2.52 uM, S/N=3) % 24 i 45 &40 B (297
nmm“n)’igfﬁmiﬁ@%’ RRAAFELRFL G &2 027
B RE* R E

B LR
AAA 22 3R

S,
I«LL r_JF?'] = EF
;

Rl -
F_\N

i T P
=5 4
1

o
S
a1+ f*ﬂ £ a
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FoWML 2462 FHLECE R LR

=5
>

BErRALREFLRREL - F L EFRFLF QR L RDOBEH
FEFLLES CRPIBHARE G A E - B RB R d L EEET
i’ﬂﬂ%ﬁm%m%”ﬁ%ﬁ%ﬁ%?w’éﬁﬁéﬁ%ﬁﬁﬁﬁﬁ‘M%#
2R LR A P heir B P EA LR PRI TL SY o BT o
@oﬂ&a%&%i$%%iﬂ@w$@’%ﬁﬁﬁﬁﬁﬁﬁz ZQLH Rk
Mo P A LET émxkﬂﬁﬁﬁ’ﬁﬁigﬁﬁﬁﬁﬂ’éﬁ§“$@
A E o AR BN RFRER T RAC R AT AL Ea T
F N A YELERE TRAET I AL ER Y FA0P o

BEGR AN EERPIRBEL e X ERF F I L EFG R BRI
FaS R AT Rt PSR BERSN T E R G SR F
Fz ke g  AAWTTAWROLERGERAEF EHP2 L EFFAF > L
W R ESI AT T ORE %%agéaﬂﬁmwwaﬁoﬁ?ﬂﬁéﬁW&j
T A HE 2 qgﬁqzr} FEORE T G orpy R TE MET S
SR REI T CFERFEGR A A 3 enF CARRT 0 kR
APk E .V #8I RS ¥§fﬁs@%?w&§4%’ Wh A ITERE
FOEORP AL o SFEATH > AL T RF RN TR T =T R E R
ﬁ\wﬁwktm*“éﬁﬁﬁﬁ+ﬁ’u%%?ﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ—ﬁ

R R

246-Z F L ELITOE R

FEPREAAMC GG A R A & 1975 R & EF
%ﬁw%ﬁ#mégeg:zﬁQfm”mﬁ’3o&wm»a,vm@¥ﬂ;
H4 TR B A KB R R Z'gﬁ%}’@éz}}t}ﬁyaﬁlsk R EHE R iR
B REUR DA AR FR AR R D ERCEE 7»}‘7?1&’5?4 & > d
ST e ;ﬁhﬁﬂm;ﬁ;ﬂaaﬁ z,}%'f‘ﬁ};—}f& y 4)3 2F ;’; Bfﬁgm%gg o ;ﬁ&tyf’}} alfv M det 1
ERMRFAMEZT DR FESFFHREY P > T RFEDOFE UL T DL
B o

,4,6-= % fi=  (2,4,6-trichlorophenol) 3%’3‘ RS2 P 3 %RBET T
5 LDso=820mg/kg > 22 RERFEF L LT = &3

MF e h s i REMET N 'ﬁmﬁv#?%v‘ v 2,4,6-= % T
#F{mﬁ?’“$W‘%&P*@$ ﬁﬁé&mmmm”,‘f

-h"\\

N

ek

E“&. \-t-n
ET

=

;ﬁa?,%;.(“o)c’ g %‘,;’(gﬁcﬂ'; N B;]lﬁﬁﬁv«frﬂq’—n*“nﬁ};n_‘f_ i 1—"1’15&@" M% r'——;‘i
PR F AR FlslAr ATy AT 246-Z A LB REAE LAY
FREINFH 2 246-Z i L FELRPEVREEFY Bmakip o ¢ KB
ERenTop > 3 %% 246-Z LB R 5 HEBE A MR

T R e

sl
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2,4,6-= F 5 L E il pl o gk

ﬂ*2A6-§%{¢ﬁ¢“&m% HAHZ Lo Er hp L g R g
™ 3

w,mwaﬁ& hfed 2 Bied 8 At YRR AT 2 R ET
&gk e ‘iﬁp‘iﬁpﬁ}%frg;wgﬁﬁ:)%g;f}%mv ,;b’;;lsﬁj'ﬁ, P AP p i
m;{J\-/E’rﬁflj’C’m;‘i’ ’

i%ﬁ“ﬂ?ﬁf<%’ﬂ%%5ﬁﬂi%%£

2A&3§%ﬁ¢*%%?&ﬁiﬂ’@ébpﬂ;ﬂﬁﬁ,Tﬁﬁ?’ﬁ
% k47> 2 ¢ 3% GC-ECD -~ GC-MS ~ GC-FID -~ LC-DAD %2 7 it § &~
P S

% W%k B %#&+> ¢ (Environmental protect agency, EPA) “iE3 = =4 7
5V ok kAR 246-Z 5 5 Reh3 2 ¢ 5 EPA 604D 40 8270
2 ¢ 0 EPA 604 #& 5 % AT 0 & *F a0 F AL F R4 AT i*{
(pentafluorobenzyl ether) #f 472 $= 1 » 12 5 4p K $7fc & ECD @ B % &
246-= % > H B RIETFT E 0.64 pg/L - @ EPA 8270 @& * 3 ;
GC-MS - e H dp&* kR L 5L 10ug/L -

Bartels!"'® % <« & JI* j2Ap k452 % & ECD k Rl & Bagi &4 A 474
kiR E 10~ 12 g eng Zﬁ_ff\ix’? A TR 339 A2 24 ] ERRERSES
At TR %% IR RFREARBRFIFHEEYF S AAMPART DR
B A TS A KR B A4 E I E AL > 1L GO-ECD ki &
B GC-MS = 2 iT it ¥ g 95% RS 7 2,4,6-2 & Bk R
5 1.74pg/L >/ 247 2,4,6-Z & i B RHERIF KT 15ng/L - F 40§ AF D FE AT
g,m@wwrWQWﬁﬁﬁmW%wﬁiﬂ%%°

Schneider"'® % 4 #41* GC-ECD ek ¥t § poag £ 4 Ttk ®l » P eh
BBV YERMRAFABCHBRF LI I 2 o Py AREHE LAY
E RS F TR E R A E’?%‘iuf ’ 71 I &g FRE A
6> GC-ECD WRl& feasfit EF R T » 2 27 BEFE A HEOREER - #
Bl 0.10~10mg/L 2.5 ¢4pl ¥ s 0.999 (n—12) » B A wiEE 0.10 3210
mg/L vz F 5 101 2 103% » 2 ¥ 5 2% p ¥ NG AL RE BRSSP
EAL 5 o

Pawllszyn( 15) 4 Buchholz # * ¢ &_TF 4p #c 5 P~ ;#  (solid-phase
microextraction, SPME) % & GC-FID &8 GC-MS &k ~» #7f5g i &4 - H ¥
SPME e st % 4441 R 7 A # § *=2 (poly(dimethylsiloxane), PDMS) 4 ‘& (fiber)
3 %% EPA 604 = 2 ¢ #7% R P Ry (polyacrylate) Bafgip o Fprr z
RAEDFWRBTTEERHECEFNZEBBIG T R FfEAT 542 %LE‘**FFB
g% #®m GC-FID 2 GC-MS # Rl 2,4,6-= &% fv ik & 08§ [ 4 %

0.05 ~ 50 %2 0.007 ~ 0.7 pg/mL & > @ i /El’fém Pl e w7 K1 0.8 % 008
pg/L > 2 o472 5 L4F ik (TR R > RSD /)% 5% o

Jen!'® fr Wei % & B o 8% 5 P~/ (microwave-assisted extraction, MAE)
o8 7 FAp #c X P~;2  (headspace SPME, HS-SPME) &k itz 1 3P ehg fpoag it &
4 o # MAE 2 HS-SPME = i % & » t ki3 nfedk & m&z NEREEPE A Y
PAIRK 2 MgpF R A@EEET - BHBRLT S HFEmrgd i

o3

B0

&

/F‘f'l

N+ \ﬁj.\-mﬂ -

o 2
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P 2 F A 4 & F Y GC-ECD % R 2,4,6-= & frin® M F 1.0 ~
25 pg/kg® ¥ EE G 90% hw e F 2 A s TR B

Namiesnik''”) % % vz HPLC-DAD 2 @ ip] i %o > 7 o P %37 5 ¥ 4 7k
iﬁﬁﬂﬁi&ﬁ“f#%“ioﬁiﬂ“%m;ﬁﬁﬁi”k?%ﬂﬁﬁﬁﬁ
FEBE ALY A 2,46-2 % mﬂf’ﬂﬁwlﬁﬁﬁéfﬁ’ﬁﬁ%kﬁ CE AR B

RHFE P AP F 4L (RP-18) 2 HPLC kstie 7tk &4 4> ¥ 2 DAD
IR K MR 2,4,6-2 F FAREER A 0.5~5.0 pg/L (R’=0.9937) > # pl{& "L
0.25 ug/L (S/N=3) » A hrjaF g5 94% -

Luong'''® v Zhao F1* T it > N F wEx R RPIEIFHECEP o LE
it ¥ i 2B ELpL4F (ceric sulfate) #¢ chloroperoxidase ¥ #-% ﬁ‘éﬁ &4z i
*FMRESF B A \—L’f?i FigAr g B 25 % (glucose oxidase) % F i
B e FE M S BETREC AR LR TR AR A )
Az g it AVRREFRR At T N PR RPITERHELS R
g o AR A 4T kA E +H430 mV (vs. Ag/AgCl) § 1C R AT oo 2R o 4e
246-2 F piE R M I GAAREYW > 7E 1.50M o

Yao''"” 4r Kotegawa & * #F 7 ¥ i cnF i 4] 0 1% Fipk4F L % 2,4,6-
S EF e %4 -150mV (vs. Ag/AgCl) 2 B R T Rl 0 £ RA A
ik B% (laccase) f¥ % v i e-iB R 15 F PR U5 TR 5 'fﬁi v B E BT & gk
B M3k ndF e B A H R T fifgliféﬁ;") P HRAat R E o 2,4,6-2 % fin D
WORHETIT MI 1.2nM > e Ha B BIFEEL SH AL 90 X T AR

%wﬂ°?’*?*§ﬁ4M§ﬂwwﬁﬂﬁﬁ1; R IR TR AR EURTE S
FaD NyOkong(lzo) f= Mafatle ﬂf j% [ |L A E P W R F ﬁ;,)pv I o
O R B A A e mz%o

Pk ens 73 0 A f?‘rpgzi R ERER<2) AR B %’E@@_ﬁ,ﬂ?‘}?f& % ®
PR ERE Y REFMELR B AT E AR ERE R
’f ?ﬁk% £ S é&h’;/@;i‘ﬂf‘fﬁiﬁﬂfmléz? i‘ﬂ4 i ﬁ%li_‘?fé&féjﬁﬂ
GAEITM G AR L AP AR F - EHLEERM  GNAEGD
Qﬂi2A@3§W%§?“§@ﬂ$°ﬁkJA&— Fpina d ik o 4
?W?ﬁ@if%“ﬁiﬂﬁﬁﬁi@%??ﬂ§}wé£ Fpd T i

ﬁf"ﬁffx’ig%ﬁ» fod FREAADF LI TS D R F ICR AR

@ R ] f{,wg?%ﬂ#iﬁ?ﬁ%ﬂomﬁﬁzﬁﬂwﬂgﬁﬁ
m**’¢#24&~ fo B F IR 1B R o RAEE TR 1
AP EF 2R gwwﬁﬁﬁ* ERLERUEP RBFRARATCHEE B
?LA\ﬁ_’rﬁi?LFF“%\"“ﬂ%“kﬁﬂzgﬁ#?mgﬁ}%’ﬂ,ﬁ AR g Mo - B d A
FERL AR gEXRE L F PPN

A

¥

= .

LT
®E
AR LRERA LR FREZ DR G AE D BRI LT

# & 47 %k (CH Instruments Model 750A, Texas, USA) > & &EF %Pl E 7 #1id * T
/ﬁ )y T J‘j‘-'é“,"%jz“%jgf‘?é\-,})ﬁ.% HIE R T LT ﬁif%{/ﬁiﬁlk-& e S 5‘3?,5& i
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PAA e » BT F BBAHFEALZY ca T F =3 &F B s kp
BAS (BAS Liquid Chromatography CC-5, Bioanalytical System Inc., West Lafayette,
IN, USA) » # Z#H &3 F a1 i3 4& (glassy carbon dual worklng electrode,
MF-1000) -~ %% &% #& (reference electrode, RE-6B, Ag/AgCl)& s 2> T & (T * ¥
WAL A BmH) PR FF Rl RSLHEE A RS RS
o7 HN TR AR SEFTAI A L F I (syringe pump, 74900-20,
Cole-Parmer, USA) f A& s ii? % AT REEFEHFIRINT CEF BiEFD
iR o

Ty FpMEAREARERELRZY 10 ~ 100 ~ 20 ~ 200 ~ 100 ~
1000 ~ 500 ~ 2500 ~ 500 ~ 5000 pL (Eppendorf, Eppendorf varipette 4810,
Hamburg, Germany) % 1 ~ 5 mL = & ¢ (Jencons, Jencons Sealpette, PA, USA)

KT E o B Rpidk R EP L F* pH meter (Sun-tex, SP-701, Taiwan) & {7 & B ;
mESEEDER LY E X = (Mettler, AE-2008, Greifensee, Switzerland) #=
PER VHMEAEL IOmg - He RBeFFHPRT AR EFHKR (UVI6O],
Shimadzu, Janpan) ~*4v# # 3+ % (721P, Dataplat, USA) -~ ‘%4 (RUO-602, Risen,
Taiwan) % = * 7 % (75 series Il multimeter , John Fluke MFG., USA) % -

E

[nd
e

rF R kR RORAERY - XL PRI RLB L TR R
Easypure RO (Barnstead/Thermolyne, IW, USA) et i&:# % % 2 -k % %L Easypure
UV/UF > 2% 02 um shim iR/ - § %7 @ % chorg B nw Lk ¥Fn o ¢
A2 R 246-= % f5 (2,4,6-trichlorophenol) P p  Chem Service (PA,
USA)» 2,4,6-= % o2 pr 3% » 10mM 3> 95% ¢ fig® & vz d 5y %% o
IR ERETE RSB A FE BT eng R A RS V)
(ammonium cerium(IV) nitrate) > # = & 7 4_ Riedel-deHaén (Seelze, Germany) °
Tk " E® WA kG By Bt (methanecarboxylic acid, acetic acid) ~ 1§ g ik
(2-hydroxytricarballylic acid, Citric acid) ~ # f& & 4 (di-sodium hydrogen
phosphate-2-hydrate, phosphate) 4o #% B = & 4 (sodium dihydrogen
phosphate-2-hydrate) P p  Riedel-deHaén (Seelze, Germany) - @ I 38 B
(1,2-ethanedicarboxylic acid, succinic acid) Pt p Fluka (Buchs, Switzerland ) - @
P RFEEREY P AR LS F SDS ~ Humic acid 2 Camphor B p 3
(Aldrich, Wisconsin, USA) > @ 2,4-- % B (2,4-dichlorophenol) ~ 2-% f~
(2-chlorophenol) -~ f=(phenol) ~ 2,4-= 7 A (2,4-dimethylphenol) % 4-
¥z fL Bs (4-aminophenol) ¥ B p Riedel-deHaén (Seelze, Germany)

rLr

& F o L

LG “MA’H\%‘rm%ﬂ-ﬁzp RITRB KR # 'Ei,&iﬁﬂ’ﬁ/ggﬁiﬂzﬁﬂg T
HAIEAFE R RS AT kR AR Ay S mM 2 AR R MR 0 Rl 2 EF R
I AEES e 02 M Bife- & 4z n “@ R EEAL A ESDZ R
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T%:@i PR IR N LR SN P R i xf,- s
Koo B E B LG o DA TR E T I T2
PEI%REE L EARERRTE P ATERY -

/‘:1/] ml?f%

F AR R

i
%
(w
ﬁ@

BB/ TRIEY 0.05 2 0.1pum kiShi C4EREFE G PRS0 ¥
FAKY URFARTFATELAG X FRARIEFHBT oL
?%ﬁﬁ?ﬁ%ﬁ{?qﬂ%ﬁ’if&ﬁiﬁﬁﬁﬁﬁﬁﬁ’i@ﬂijM
246-Z F R EDER T HARE 5% hFEAp > AR LEHZ %R R
Pﬂﬂ&mmﬁ$MMLHWW%ﬂ‘ii?iﬁﬁﬁmﬁo

FoRBeFEORRILDFEF]ZEP > 2T 0 BET %;ﬁq,ag *HE 3o

blde s B R BRI 84 R B BRI PR e R DR
WO EERARBK ENFENEEFERRAENFE B B AT

R s T H e g o

B33
iR E

AREARHIAr CE RIS A BT R L BRI ER T RPLEE
AT R R AR R B R e K YRR A T
A FLPRAVEL LT REREVTREFERSOE PEAF IR CE R EL
FARNBE c AT AT H R 246-Z2 F B RLEE S F AL UFERRET ZHF
HEREHRE . ARETEREL 04~1.0V > 00SMpH3.0 2 giphs
Wiz s 2,4,6-2 A EFEER 1.O0mM T 4B ER KL Blio B (9,a2) T o

FREIAY - BaF L2 e HHEEARY 0 & +0.65 V (vs. Ag/AgCl) At - B
B eng bt > p @ K 10 Bl (4oB (9,b) 0 B F L EhF s
CPEREFETRTFI R ARG 53% B (9,¢) Lo RROERARL R
TR AR X 2,4,6-= k]ﬁé?%”f;g? fL f;}g;i—;,%z\;;fu T @ A g F(21122)
NEAFF S A XK LEFAT AR TEE N PP R IR A

o

=

=X ﬂ_]
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0 - (C) A
— /f/
54 (b)
2 (@)
— -10 =
[
o .
S
O -15-
-20 -

1.0 0.9 0.8 0.7 0.6 0.5 0.4
Potential (V)

Bl (9)24,6-2 F 2 EHRKEE - B° AErkR G 1L.O0mM 2 2,46-Z & foens 1 B
(@) 2% 10 B (b) &S KZMM> A 00 mM (c) 7 7 24,6-= & pr2 ik
@i 0.05MpH3.0 2 Bk 55 % 2 4 i 5 100 mV/s T 4 i¥ o
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P JIH LT R RITIEE s A R E S R R IR R R
B (B (10,a)) 2 A5 (B (10,b)) 453 i @RI #7175l M2 4
Bood 246-Z L ESMNEE R CAF B ARBAL TTIE B
-50 mV (vs. Ag/AgCl) enT B> {7 Rl R R T AR L 0.05
M,pH3 B #73% > ini# 5 1.0mL/min > @ # S8AH 5 20ul =& - @ 5
£ 20 % 05 mM ¢ 246-ZF R ENR AT I NEREERME A p Y
TRHBLEF 1.56% - bt pRiEiE T R G RIZA12,4,6-2 § 5 L #30
WheF LT 4075V T oo i R 20 % 0.5 mM ¢ 2,46-Z F @R E
Wad bRkt BF 20 K F R R Y - K RIS
% %8> F (10,b) »d GLR T LARP » AFFFEFT L4 A
2,4,6-Z F 5 L FE2 TV F @Rk Rehe B o

246-Z F L EL A kB R EBIH Y > FARARR GRS T aE T
BHOLLFRBREZZ T AR/ AL R EY B (11) ¥ 2 FHRK
T RAE 246-Z F AR C S RTE T EHFBERFL 03 ~ 0.1
V B (11, a) 2§ (11, b) ¢ 9 246-Z 5 F BERAS L 05 % 0.0
mM @ B (o) At EHARC KT FRARIE T IR (11,2) ¢ BB
Pl 130 & 75 mV foj - PROTEF CRBRE 2 F A DT FEK
L3 FEECEF N CRREME T AL I TR Rk kG KRB 2
246-Z A L ESH B R C B AP R T o J B (12,a) ¢ FiEL F R 25
UM 2,4,6-= F R E5 1 mM A4 e oAy > £ 5 =273 nm
,}; — PR 1’1&& ., ¥ Yao (Anal. Sci. 19 (2003) 829—833.)3& X ;Z R Rt 4 i
TiEE2 kFF RO FHP
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loo--ll...l.....l..lll..
) (a)
so-4 °
o o
60 =
3 °
- i e
(@) ®
o °
D: [ )
“ a
20 — (b)
0 | ] l | ] l | ] l | ] l
0 5 10 15 20
Times

Bl (10) Wi 2,46-2 § P R B 5L L R - Bl Y xS EMN R I<T e
Z o (a) 2 A (b) ¢ 246-Z & f 0 @ 20 B TT R
£ 100uM2,4,6-= &% f> B pF o> srfE R g 5L TR H v 3 (FIE 2 doR)
9 -

46



(@)

(b)
(©)

— 7t
LV

100 mV

Bl (11) 2,4,6-= & fr SRV FR4FI=F M2 BATRRE B - B P A1 2,4,6-= & B SR 4
ey L ATEERRIBO L kR S 05mM(a) 2 0.0mM(b)
AR () Lz BHARY FITLIFHRARLTE o H AR TiEE4oR (9) 7

o

=
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1.2 4

0.9 -

p (@
‘2 0.6-
E

0.3 - ‘

00 T 1 ] I
210 240 270 300

A (nm)

B (12) 2,4,6-= & poiSpd fagiieg o2 Wb L LR - B B 24,6-2 & p A i
iRy S erE e kLB H A kRS 25uM (@) 2 OuM (b) o H 43k
EiE 2 hoBl (9) #rF o
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=

246-Z F R EFS My ORE LB DAY RE 26-- F FR
(2,6-dichloro-1,4-benzoquinone) » F]pt ¥ A @ W 1 (T &+ % 4 -50 mV 2 7
BRieimR R ER 26-2 F 5 A FRITE 246-Z i LEHF BBHTH
¥ 37 4oB (3-13) o

0
cl
cl cl
— et E=-50mV | [T
€

‘o \ / o - (vs. Ag/AgCl) a
" S
- 5)

cl o] C

2,6 - dichloro -
2,4,6 -Trichlorophenol 1,4 - benzoquinone

Bl (13)2,4,6-= F po o - 5 1Rk st B R W RIF RISFIE -
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B i i i et

XQ’»L

FRE R ks i A e T
IR ok FR Rk 0 BRSNS 4T R
?‘

-
-
=
-
N

g e rERRY Fo A 2,4,6-2 F LB E R ks Kt ehA
FRE FIHEF AR EO RS SEETEL S5 246-2 F B L
BrprEaR e T EFE S B3R FEH S BErRESEOEH 8
frs R phdk 2 FOF 3R AEDFE - B b BHAEY KR DEE AT
B R R o ¢ E B & A .

8RR e o

Fg A ik iFiE e T > 246-Z Fm L EAEdp s 0.05M pH
3.0 2 FafE®A R o L sz onad 52 1.0 mL/min ~ § &% 4 -50 mV (vs.
Ag/AgCl) B R T =2 H S LA 5 20 uL & > 29 %EH > -100 -
50 ~ 0 ~ 50 ~ 100 ~ 200 4r 300mV % B A fochdk (TR f4e 1 IE
g B 2 246;%?1»}1%%15‘/? Tl BEk4rE (14) 17 ¥ ERT =
kg oV AERTITERF -”J’rTwiEEOmV 2 BRT = BRTIR
LR EMH A & -100 mV 1%@5%155 PR ONERIRE S T o R
{i@$ﬁ%@?£%§pﬁ%”?%l%’ﬂwpmﬁwm_ﬁ?%%%%E
o2 A A ARBE TP 50mV S d2 246-Z AL EGRIT -
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8 -
z | \
=
+— 6 - L
c
8 o
S5 4
o 4 .

2 -

N ]

! ! !
-100 0 100 200 300

Potential (mV)

Bl (14)2,4,6-= & f= R % Seemns 4o T 4Rt o JI % T 18 B UL 445 5 B3 %4 T
=% -100~300mV TR T o R 20uL 2 500uM = F @@ iR R T
UL H ¢ R A 005 M, pH 3 BEREdRE R > AR 5 1.0
mlL/min -
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i\:ﬂ /lf-’?'g 3 :IF

P g AR ORBIEREF EFERELG R
F R RF R S Wbk M B A b A,
O RAB AT R TR EAREERNDRNE ERIRSEALAPFTETREEZ A
%iﬁ'}i%iﬁ”% 25 % om /T.Lsi“'}" 4'7 i® i\‘/n /1i’§g/f%’§€'ﬁfi‘§$4ﬂ ’Eizfy‘/li’ﬂ 2 x]
FRAFRPFHEES » §ondiE v 7 é tRteien g2z 3 P ERPHE TR
& %};*ﬁr}ﬁfﬁui&@%i% BAMWER ] T HFF 01 ~ 02 ~ 04 -
0.6 ~ 0.8 ~ 1.0 4r 1.2 mL/min % £ * faadinid » =5 m i iE ¥ 2,46
CEPRLRELSR FRDPEE TR A F (15) or o | BYF R A s
Fr o4 Sz i M 0.8 mL/min BF o TR R R FE € B 0T F > F o AT 5
o 1 “E[flls’%\'ﬁrr'u__?ﬁx v ?ﬁ»ifﬁr/p/&ff%m’b& WA TR RT AR 0 E
—E««Q’}‘?”T@mfﬁﬁ“%—s\’Tﬁé “éﬁ‘p%ﬁ‘mk’%;m/u’wﬁkﬁrﬁ’& 0.8
mL/min {$ > #78 en 246.1%?1»% .<?)%'?,‘/f;%?{ AT g o TR B (e E
#oME 1.0mL/min > 5 A & iF 2 e ivig it o
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Current (pA)

A\
\

o
o
o

0.2 0.4 0.6 0.8 1.0 1.2
Flow rate (ml/min)

Bl (15) 2,4,6-= & fs B 2247 % o2 LR A ot o dp i & 0.1 ~ 1.2
mL/min fF > TG B4R 24,6-=2 F R B2 RR 2T AP pLEFD
BT =3 -50mV > @ HvEIFEE4B (14) #77) -
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oL~ R iR

LT R H R FA
%__L’;:]L'glg/P

A PR AE S p SRR R ]
ERSERPAE - - 0 (R B - J-0PE AP * A LA A
o hAEEBRY FEER ﬁwu&figwﬁti‘ﬁ i A = 1R B en
FRCNRIC IREIPNERE - | F - BT R %Wgﬁ* & B L e AR A 3T
104 3R TR A R S T R S i WA AN 10 2 20 50
100 %2 500 Lfﬁi'Wﬁ’“THﬁw%ﬁﬁ#??@mnuﬂﬁﬂw%ﬁ%glﬂ6 @
Ar 0 RMEF LB e TREF R RTAMEL AL Y RESHEMA
100 L >332 3: 500 L -3 RBRTmmde S48 5% &7 ‘“F‘*ﬁ
I——F&Xﬂ AR RE S 2 3 o L b §E “g'.'—%x‘:-'l—%i TR R R B X
W e ERNOBESEITHAE LY TSP TRET 2R
g?%%ﬁﬂ%?@a%@(MJﬂﬁﬁ’&2O Lz 4 58 B > o @ e
BLfEiT R B 0 TIPS EHE 20 L iR S o~ M S B iR oo

¢

[
L

i

=

A ‘m&f’

=
*n‘%

el

x
SN
7]

“"\"\‘jf_‘t

A\
. @w

*.m}t

% T Pl B EDAR 3

i 246-2 4 REZWRF BBAIE T ARRATERDBRIIT R F
FREFE {8 A S T ARBHEDEFIR? RV EFRZ DB R T LA
B o m T ER @k E s pH3 ~ 5 ~ 7 % 9 h 0.05M BEfLE @ w0 (%
PO24.6-Z A R ES faE TR TEE SR (17) B oo FF A
wﬁ%%aw&@u~@mw@m e pH7.0 5 iF @R > £ kR
2.8 R R s W@ Bk IR o
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) v I v ) v T T T T 2.0
18 .
- = = —
16 o (a) %
| \° - 15 5
] ”,
< 14 - I <
= . H §
c 124 | L10 ®
s 3
= R o
O 104 =
. (b) —~
- 05 T
57 >
O ¢ \({J/
6 =
0 T T v T ' T T I v T . T 0.0
0 100 200 300 400 500

Loop volume (uL)

2 AR S £ MR 2462 § B RFLBR DI AL RHIRE A B 10
mL/min > H U $ (T 4B (15) #77 o
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14 -
'
12 4

10 4

Current (pA)

Bl (17) B3 p 2 i it S B3R Es % 5 pH3 ~ 5
7 4e 9 T o FEHHEEPR 2462 FFLEEZRRT AR OB %
REMAFEL 20 L oA HvkiTEEom (16)
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e iR R 2,4,6-2 & e B ECF R ki T BT Sl §
@%ﬁﬁ%mWﬁxﬁﬁﬁﬁﬁﬁ\&%iﬁ W%~fﬁm&m%&\‘
A E ’Fﬁ—fﬁi‘ﬁ‘ff ra kR EE > HEAGFMEEFRE 3) 77 0 &
ﬁi&%ﬂﬁﬁT’F*,@ﬂﬁgﬁ%ﬁ&ﬁ%%’%246' %g
ﬁ@mdaw\k&ﬁ& @mﬁﬁ%ikﬁﬁmii WiELPTERMLE

#edt T

o

(3)2,4,6-= % fm P = p| ko L2 v
Boif v i BiEiCE%
% e T -50 mV
EARIRRIc) RO 1.0 mL/min
A S 2t &8 AR 20 pL
%R fad B pH 3.0
B R fARg ok e
i /F. kR 0.05 M
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A4 L i 3

AT L PHTALEE 2462 F B L JL?,ﬁmﬁﬁ%&,@J&;
”F*’i%iﬁiﬁﬁﬁﬂ246;,%£ FRF 2 B TR ki it
iEE2 R R AT -50mV o~ 0.05 M ErfE pH 3 2 ¥R ~ i i 1.0
mL/min #2164k M A S 20Ul T o A f s R R G ok
FA LN M AR RAR AW ERE S BRI RS LD H
Rl ST

246-Z F L ETCHF R AN ARBRTEE -50mV ~ 0.05M mifk
pH 3 2 3% ~ i 1 mL/mm Bk S s 20 pL o shdosg R iT iR 2
ToTEE S 2,4,6-2 F R ERAEA T2 TY MR (18) 0 MRIE R B
¥ 04~750puM - = ﬁ&&*iwﬁﬂﬁa’A%%%246#%mﬁ%ﬁ&
ERE 750uM o ® ApBE BB i 0.9999 o F RKEF R kG ATAE L 304
mA/M-cm® u@—ﬁﬁ?%ﬁ%gﬁﬁ‘m:aﬂﬁlmpMZQ&_zm%
Ep o, VEFAFOEITLANE  BHEEBIL L 1.569% o @ k ik 4
BlERTE 40 nM (S/N = 3) > 5 (x&aceh 2,46-=2 4 o L B I 5 05 %
a‘w:fgwi A5 R B 4 (4) ¢ 0 T A 246-Z A R ET L E o
WE ARG ST .

=3
w
£3
w

T34 e chip]

WM RBY FF S TR 5 2,4,6-2 & B L FER LB Rk
RAEBRB LTV FRBAL TR FREE SDS ~ HEE FFRARTFIEAR D
Lo gl P RHhERT AN R AR ¥R Bh R ERA B A
FHEZREY D FLET PR P TR RET R LR ARBE A TREOER
Moo WRIEE AT ER L FHES F AT NHEIFT S -50mV (vs. Ag/AgCl) >
Mo 0.05M,pH3 Bifs¥ 3 % > i 5 1.0mL/min > f& S B8 A A 20 pL
g 4 EE T el 50 ppm Hfe >~ SDS 2 F R R 4TI % A w2 iR 20
ppm 2z 2,4.6-Z & 5 P EAUE RO R HE L bidp g b o A% 5 0.98%
2.99% fr -9.79% EEE AT 24.6-Z F e L E R M E R A RE G A4
BE G RERE R PR AR IR ORRS LS BEES TR
Wo ek 24 F > 2-FF P 242" AR ZE 4R B R T
ERIFL 20uM T oo Ap¥At 10 uM PF 246-= F iR RS B AR
BAW A 22 ~ 14 ~ 13 ~ 12 2 105% > H ¥ 24-- 7 Amen® B h
AT R BRALS IR o2 Ay P RARS LFEEES (B
EAN) A AL ARREEE] L P OE A FY AN KA g
BRI N £ 3P

¥ 4z & (Recovery) =453

ANEFBL R RER SR A ITT 5 =50 mV (vs. Ag/AgCl) >
0.05M,pH3 z gipkg w3 % > inid 5 1.0 mL/min > #& & B8/ 4 20 pL >
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BT o A fARAT R RkERSEY 2 B4 0 20 ppm 2,4,6-= F 5 B
B ¥ gbe » BE w g F oo R E SR A uE e ok 105.2% &Jf{z[ﬁ
# R E 107.5% o BT A ALV A NG oK A 4T o

Current (nA)
o
|

U

10pM 20yM  30uM  40pM 50 M

! ’ ! ’ ! ’ ! ’ ! ’ ! ’ ! ’ ! '
0 100 200 300 400 500 600 /00 800

Trichlorophenol (uM)

Bl (18) 2,4,6-= £y ﬁ;}% 20 /?J S v"ax/;}»%}i%&.l_ﬂi i 2.4,6-= % ﬁ»% 20 D I
Al EMIEITERZT > RFRE )Eﬁi 04 ~ 750 M e 246-= % - B
FoBRRT N ER B ERR R fhékE s pH3 > @ B U dig it
ik (TR 2 4o (17) -
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L(4)2,4,6-2 F [ BB R Bz A 45 B

i &5
e 0.4 ~ 750 uM
kR ST (R=O.999L9L)
Wil S 304 mA/M-cm?
TR RM 1.56% (N=20)
W opE Lk R 40 nM (S/N=3)
F () 0.98%
* 3§ 4~ (SDS) -2.99%
F R OF F R -9.79%
o (7 B oK) 105.2%
e F (4 5K 107.5%

60




kg ke X F RN 2,46 ﬁ;}aé’%é IR B U7 i S SR N
A B EIETERET s 246 ﬁ»;’-%/}#ﬂ%ﬁ 2 % iLff'JEdﬁ&i#-éﬁm
ER S S5mM -~ R TR G -SOmV(VS.Ag/AgCI) + 0.05M,pH 3 2 Fips % tbr
B it i 10mL/min Xk SHEAE 20 UL AR 246-2 K R 45
%%«ETF TSR BB 4 246-2 & B2 RIERSELFRL £ 10~750uM B

Baip b G 32 09999 (n=19) - B3 e ehdk v R4 ’#B*i"ﬂ“”'%@%
i: 4.03% (n=20) > @ @ REUER T K3 40nM (S/N=3) » £ L § B A if
AR (304 mA/Mcm) s WRT G 250 mV T oo R B J\ﬁv‘ ¥ e
WA H L LR (9.79%) ~ SDS(-2.99%) * Camphor (0.98%) -
—’rf};’a‘@m;‘%ﬂ@il * oot M%‘r““*"“}%n H*@f«i%uﬂ%’ BR 7 4w
fed o B L 1052% 2 107.5% o PET ek BT D4R Rk
A G ook d T B R @ r R 4 R %*;%A\ﬁ;;wﬁ%f% R E R
ERA S R EA T R AR 246-2 § R F AP T4 Bk 2
GARARDOPE VA T R F 2 24,6-2 F R EM R kG HiE-
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f“'fr'ﬁlﬁi‘é,é‘.iﬁ_ﬁ, e B j petad i SP% B E s X f m"”ﬁi ,
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AT AR EBEFEACEROI T F Lo REp RIS T nd - B
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AR g Al LabVIEW e * 423¢ 0 B g B - 2HE e a2 QIR % o
L A ATk L MR * 4258 LabVIEW (Laboratory Virtual Instrument Engineering
Workbench) #_d % 7 £ Ak B % > 2 7 (National Instruments) ** 1986 & #7% &
T W - 2B TR RERAVETREAA '&i&mﬁ X EN ) Eri
NED UK ET - BTN KRS ;'é 4 %—”Lrpﬁ i Bk & (Virtual
Instrument) 4 2 R R Bl 0 N4 iR E S u{ EAENEL O - = B S R A
AR HE T F KR RF %T L LabVIEW oA At B 0 &L
2T EF PN FE T (1) MEHEP (signal acquisition) @ LabVIEW +
MLREB- LR R MR ¢ 35 A R #%? MELe (2) KR ER FE4] (serial
instrument control) : F|* LabVIEW #72% T#;, B T KA HRE
PABRE AR AT RO IAKEPF AT H LB KT 3) F
# & 3 (data presentation) : LabVIEW s ¥+ & chffcdp o (S > M &5V H ¥ oo
B4 Fmd k> e H R LMY i a4t o (4) R A 47 (data
analysis) @ LabVIEW # & 7 2 S8 FF 5 & 3t frans i o 7 Bt an§
oL FrxEamgE TRk (5) F#EEF (datastorage) @ LabVIEW =»
W 5 K- i *ﬂti}fi FEROBMEIIANSRERS NG IRTERE- WD
fa 32 i A 'PE] T oo

LabVIEW ArA AR A R AN AR ERRE T RT
4 % B Lawrence Livermore {v Jet Propulsion § % ¥ > ™ % 3% % 1 i R&D
%o LEF T S %> LabVIEW g * g e SBART F% 3 > 4o TR
FRABBEGE DR oS hER R LR R ERE T LabVIEW AR 1 %
A% 5 PC-based FHIEZ2 R B A H B F 1L F 2 FE 42.9% " o

ALY P B p B AT kM T E g % LabVIEW § T £ & B
FILE AR 4 G > 1% LabVIEW i B ¥ E g T 4 8 A 47 9f
ZEDF CHERIFTTfoElREAS TR R EFIEE S R %ﬁ“*’ LabVIEW # rz#5
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L AT R M e AR B - F MR e f APk (ethylene thiourea, ETU) )3
I TRTIVAE C gpfﬁ’éw—ﬂMEAQF?*b LabVIEW ~jiii & 47 4k %1l &
TR BERL A GRS A R G RNP e mE R F
SR E AR FERPEATE L T HRA R R B d BT AR S 1 R
%ﬁ@ﬁﬁ%’T@iAJmﬁ%ﬁﬁ$¢ﬁﬁiﬁﬁﬁ#ﬂﬁ’%$*6%m
i R E I E I LG A

o BN 45 hE &

R gk o AR R AP Bt @ (ethylenebisdithiocarbamate, EBDC)
@gam. @ﬁﬁ%’%%(W)%%oEmmﬁ%ﬁ%“%ﬁﬁ (zineb) ~
z jf (maneb) fogp 7 i (nabam) FELREIATIHRAA AR R NE

%f_/\%m}r—: EERiITH > 24 LDsp & 300 = 5000 mg/kg - R A 47
» e & EBDC 7 24t m 2 B3 RFpfLhd 2 % a ko b B B E R R
TR Group 2BV m RS ¢ e AR AR enE E £ H L R
mobﬁ%% %L fd4 EBDC 3#fm 24 > Hpjev %48 (19) » 38T ¢
R REHK B fRR S 20,000 ppm 0 B pHS~9 BB T LT E AokiB R
90 x i pUB) e o g agd kAR B 2B (PO ik gt
A LR > BB AHA D F LR o GEAHY B2 v REF I LDy 3
1832mg/kg » 2 5d B FHRET F RBE - HREF I GI HGE LMD
e M ERURH R BB AL AZE 3.65 glkg -

d %@mgxﬁ%ﬁfg?g@ P AR REABAKRF L FRErRE DAY
EEE G A Fptde e L TR R Y Rl e AUARRE LA AP
L egRd

43 FIA i A A A AR F P PN EERRFERAITH %
B A ¥ i LabVIEW f #3054 % o & FIA i o soif pl B 2 5 4
mi(»f%#f'?ﬁ' > L \TFKE};K°

wm%m

e f*ﬂ
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o B R i

B Zoe 78 %5 ¥ *ﬁ ® K 47 & & # #F (Chromatographic
Separation) ’?'J’*é;#‘rb?lif!l RRENLoLEGERME B - o Gk
IS I gas-liquid chromatography (GLC) 2 high-pressure liquid
chromatography (HPLC) ¥ #-c fgniohos drdik » e & L7 b R 5 s iv i
Bl e 1977 & > King(m) i * GLC 4 #t~ ;% frflame-photometric method i /B 2
FAh o SErEfa A 1.8m o~ UL 35 mm o Pl L EZE GREFERKX T
= 195°C -~225C - 185C  F MEE S T F 4§ 60mL/min ~ 2 5§ 120mL

/min >~ F § 40 mL/min ~ ¥ § 20 mL/min o &t 5 &7 o R G AR AR 1L
#HEEF 025ppm o
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Bk Yo h B R R R OY AW kLN BB R
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“~

um o E < o] eng i 488 (aluminum oxide power) B p Baikalox 2 & o

L L
TARPE % g2
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B (20) © S FAkeniEE K% B ot (A)O £ (B) 20 mM 2 % Fi%kz 0.05 M, pH 7 B
fRg®maR? > MEZBERRLIE > A BY (C) 34 20 BFH 5250
Bl BEFREF S 0.1 Viseco
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E ceaaing
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Duration time
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RSD=1.19

0 f T T T T T T T T T T '

2 3
Pulse Amplitude (V)

Bl (23) "% frog B edE 3t o 2 +1.0 VT @8 1.0 mM ETU 1 » & 4% % & 5 (0) no
pulse ~ (D0~12 ~ (2)0~13 ~ (3)0~14 ~ @) OV~145 2 (5 0V~
L5V HF PR % a2 & 0P| ETU 6 =t 2 Ap & ip L o4 170k 2 5 0 0.05
M, pH 7 2 Bifik % 73 % ~ jnig 0.5mL/min ~ & » #0085 20 L - #%
% 10Hz % AJEPR 5 20 4 -
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RSD (%)

1 RSD=0.65% .

Pulse Frequency (Hz)

B (24) PR EHHE F engE it o KRR F AW 5 0 ~ 5 ~ 10 ~ 15 ~20 2 25Hz -
T4 Ad2p 1 mM ¢ %'ﬁm%%;: d LR YEBRHF LT B SR
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el ¥ 2 pH7 Sk 5 b it g imiz i o

n\ 1

¥

o3k

pos -}
2

il > W?F eN3E 3

A~ R EARR A S s §ERPPERNE L] AT BERTR
ﬂ&ﬂ{ﬁw@»Wﬁm ﬁ’é“ﬁ%lk@ﬁﬁﬁ&’agﬁﬁ&@%ii
CEGRE AFRYEEFCRSEREART T RMEFR  ArEFF bR

e SR PE AP - g |- %Eﬂ“%ﬂ4wm@45ﬁ#mw%;oﬂ
&ﬁ%ffﬁb%ﬁ%ﬁwm_»Wf’ﬁww»10~20\50£1% L

SR TERESMFEF TN RO Ao B (28) o o MEF L
’ﬁgﬁ 3 be o AT Pl enE PR EMELARL S R FINETREA G L T,;g‘ﬂ/s&& E=
o itidmad it R i s TFRAF R ETHRS R LH
FE R OE R A" X DR EMAL P IS kg B I A
B 20 L@t MR GEFEE PR PR GFARZEEREY
F AR o

3
s

.,

O
~=ie ﬁ;q

M-

i
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5.0 -

45 5
& \}

< 4.0- \
3 L)
A —
2 354
!
R
5 3.0 -
-
]
£ 25-

2.0-

Bl (27) %% pH E4F3H - ¢ GAAA st pH BAHE 5~ 55 6 ~ 65 -
782 92 005M gifgdmaie? > RTRL 1.0V T i@ ETU
SeiFehg (YR R BL AR o H AR (T 0E 2 4o (26) -
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55{ ;
5.0-
4.5 - .
4.0
35]
3.0-
25-
2.0-
154
1.0-
0.5

0.0 T T T T T T T T T T
0 20 40 60 80 100

Peak Current (nA)

Loop Volume (ul)

Bl (28) #hdmit » AR IR 3d o ¢ AR AT L SLAL 2 A A G 10 ~ 20 -
50 2 100l T~ o fhag R 5 pH7 2 mipi¥ e @ > 5ipl ETU #7iF eng 1
TONEBLE L > H gk (T 2 4R (27)
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?‘ pind /1’& /n 3 —' 7‘

AT 2T ‘lﬁfﬁﬁﬁ}?ﬁ&ﬁ;{ Blar o BLE 0 AR LAY TR i% PESRT: B A JT%
Fr Pt g0 F K .f‘fui‘é%’%i%ﬁﬂffi gLt apRYEEDER 2 IBRET
WESE e FR7OM G 5 R R RERF Bk R € L Al
TitgFE @fﬁ’é‘w‘ﬁtiﬁ@ﬁf% Py AEFR P E R R E P R
PRRUELE P A 4T fié}ﬁ"%‘”«i’ (mass transfer) FE 2 BT YRR R e AR
Beo BRe A3 VA k32 BRI T RRTAAGHEA A R AT

(thin layer) 7 3 2. il » 47 A SL B B R+ B ¥ -

EBIEA E Ut I AP miE S 1T AR T Y ;k,,, DA 1M E DINRY - BN - AR
b th A9 %43 03 ~ 05 ~ 07 ~ 1.0 ~ 1.5 4 2.0 mL/min % =
oo o PSSR (29) fror o ML EE A48 03 FHAPRF FlE ¥
B _?&* PABE R AL Ty PR 2 e
TR RE 0 T L5 % (half peak width) 7 % % a8 % 5 ot b Fond ® W o
A S T T’éﬁ«’r"’ ErEAeATRA O F I TIRDR GAR L 0 1R
ME DR IRMEEL oAk E AR F P 0.5mL/min {& > #7{F ane ’ﬁf”ﬁ&é? it ?,‘}fﬁ
MWEL L ABT % > 7 3 2.0mL/min 4B A FAFSF kA2 I T RAGF R
ELBIT R 0 L g onid 0.5mL/min e G A AU BLR AR 0 M2 WL R
LI SR C R - ot g PR "‘?Eﬁﬁx"‘féa‘&m i 0.5mL/min > 3 AT & iE
LRTERER o TG TR R R o X EFELI L (5) o

\-:nk
&
Fr
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0.54 -
0.52 4 ;
0_50_- E—E/E/ \
0.48 - .
0.46 -
0.44 1
0.42 4
0.40 4
0.38
0.36 4
0.34
0.32-
0.30

Peack Current (nA)

| ! | ! | ! | ! | ! | ! | ! | ! | ! | ! |
02 04 06 08 10 12 14 16 18 20 22
Flow Rate (ml/min)

Bl (4-29) Ui inE fE T o i~ ¢ GFARUEEOREAE B 20 WL T o HFIRAIRE A u G
03 ~ 05 ~ 07 ~ 1.0 ~ 1.5 2 2 mL/min #3g2¢ » & ETU § * §
B (> H AR (T 2 hof] (4-28) o
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F0(5) ¢ W oERERA T kM2 d i I R TR GE 2

B S

Bod i E

e R 0~14V
AR 15 Hz

J 2 % fepE 20 sec

F VEIET > 1.0 V (vs. Ag/AgCl)
AR R 0.5 mL/min
Bk Fadk B pH 7

¥R R AR Phosphate
BWrR kR 0.05M

B L~ AR A 20 uL
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4-3-3 A A5 agE T

€% p b it R A ATk L e B R ';\*féﬁ EAE - NP - SO R AL R
AR b i M R TR R R R R G 0~ 1.4V SR EE S 515
Hz o' s 4 BERY 5 20 #0172 2 & 0.0SMpH 7 chahfa s e i ~ % 4 1.0V
Z_ TR o~ i\ﬁzaﬁiaﬁi % 0.5 mL/min % ;+ » ¢ Jﬁﬁpﬁk—’»%{ A A 20
L pFoa@ iR ? k&2 e FaRRSZR  TERLEY R4cB (30) ¢
T oo ’Tfpﬁpﬁgmng ;‘Edfﬁpb{%lﬁé 300 M ( correlation coefficient,r=0.9992) )
BRHERTE 0.9 M(S/N=3) > Al dEETaEH 1.0mM ¢ 5 A AE A [
MZOﬁﬁﬁﬁ,ﬁiﬂgm£%p47 A o HipHiRE R LA 0.82%
B2 3 AT RPETE AR BRAY aﬁféﬂ 2 IR R R %o HoAp
HEERLFE 0.07% 2 AT HRBEFRF > L EREHET Y T E% e
AT R R R A AT (T SRS SE F T
I & (6) -

50k f e

Bois gt pde i R A A B ARB KOS FHATL T A ERE K
o AwBpou B (farm) 2 R FIP (campus) - MR FRB KR T MRl L G A
PRENT R R o A B4~ 1.0 mM 2 U EREAGT A R R Y 0 3 Rl e %
Rt g2 wole o EAFZ D RIEE A NG 96% 2 92% o BT A kAL
£ TR B KR A 4T o
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0.6

0.4

0.2

0.0 -

log(T) (kA)
g
:

-0.2

-0.4 S

-0.6 T e, s e s s e
12 14 16 18 20 22 24 26 28 30

log[C] (kM)

Bl (30) o fFaiihz HRHLE & S o itz @ REFR &k 0~ 14V HF ISHz ~
AR 20 45 ~ BRT = +1.0 V.~ 0.05M, pH 7 BEfLE #5307 - 20 uL
2SR R 0.5 mL/min T oo s R 2 FOER ETU #1iF ek R
el d &R o
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£ 0(6) ¢ YRR A 5 B

3% B 5%
B4 F 20 ~ 300 uM (r=0.9992)
iR B ' 0.9 uM (S/N=3)
SR S 0.82% (n=20)
FoOks pE R 1.2 sec
Farm : 96%
% Bk
Campus : 92%
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AFBRFE - F A B RN i JIr B A F %% - LabVIEW BlirAe

R p R AR P T KR R ﬁiéﬁﬁ%%*’ifﬁﬁi“

B 2 e N TR 2 RS M AR At f,:z;*)?)ig:"ﬁfé Bl AR FriEARY

RRR AN LT R BRI R i e RO

B S EBR T e Jf,;ﬁmmg tho $ 9 3cd 7 2 W kel 4 T ARG

BT RAT AT k% L_,};{fl A 2 % (function generator) &k f£ 2 T &' o i
53

PO R Rk SR R R AR IS 2 T 4R i ’]‘}?;z FRA T4
}:}(P ;bb 3 fé I "/E‘— f—?—f - :)7\. z J'T\,Fmpﬁk‘;’fjf /P'J ?J L B lg /J v‘u]‘ Ig_ E.T’ é Hé?:
AN - R U A %,a"@ﬁﬁ\% ﬁﬁ%%&%

Foo AR LT e s RRE AR S R A S R TR E s i o
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St REFCEFEIRA T REFGR L

TR Bk ,,<stﬂxﬁ;ﬁlﬁgq;i;gﬁy}mﬁy;,Ri e * A s
2 TR BLE A AT ] R %%ﬁwﬁ,Fi%%agA*¢ﬁ&ﬂ.nw¢L
HiEE T A AL R EEY AL GERETF RELAAY BT R
ﬁﬁ%’“%%*%%mmmﬂhgﬁmﬁléﬁ@ﬁ%’@W%%ilﬁ?ﬁ
M U1 ¢ARAHRDREF BT R T %&Eé_i%i“ (poison) I % - & (¥ & 47
*%m#ﬂwﬂ‘% Fofl* RpF L EFLINREFREL R FHREF FE
%%-U)mﬁ%“?%%mgﬁ#ﬁ”m,?%H#ﬁ hovE R OREE S (2)
W*{%%%’wmlﬁnuwmwﬁaja grerslde e e F 4R~ (3)
g %mﬁﬂ’%%EW§$“ioii%ﬂm%ﬁ’aﬁﬁﬁﬂmﬁ%“
Bk B OEF Rk ands 4 ot A

T CEFED 2 FRBE ’“?%i%'ﬁ"/Ru(bpyh% ESS
kf 2 F T A RS L ES T @ md F g kT Rubpy)s’
&*@ﬁﬂwé,an“F%ﬂE4%%mﬁ%x3’$¥¢%Fﬂ E B &R
RArd AL T CFF R R F AR E o {17 Rulbpy)s” 5 F R P
THEFCEFEREF VRSP EF BEMDT o w‘ﬁt&’cfrﬁﬂ*'ﬁf@ééf'ﬁl*’“‘—%
wﬁ%i&%%?,ﬁiﬁéﬁ?%ﬂﬂﬁs% VEREAR M R K R EA T L A 4T
He ACERDIRIFIAARTAIPIFTL T R E

A

\q—

wa

w7 BESTHE &

s T REGORY BRI L R AR LR H G AL RE
FoogF ok &2 A E > £ P9 B (aphid) o s (white fly) £ 2B T o
AT E kod e vkrw@%’#4 ¥ap g E oM ERL 6 A 19977 2
2002'"%) & ch3F ¥ (tobacco) B A E AW G 179 2 88 WA AT LR LY
ﬁjf_;‘gg\.{ﬁm[gg - |§§ﬂ4 erﬁ\. e B E‘ykfﬁg& T AT A PR ST o
By SR A jﬁ”*#“f»”" ke LR AT AN P FEFY T B
EREAMaEE PR P REER A TR 22T YR
Rp g4 » ¢ %}t@?]“ T AT B (International Agency for Research on
Cancer, IARC) §F#8 5 Group 1(130) » H Eﬁ‘? A j B A wE_ Group 1 -~

{gﬂ’kﬁﬁf%ﬁgﬁi—%ioﬁ;}"_\’iﬁ:},;_;sfl:;éé‘;gﬁ,; FF’FEQ ’é‘&ﬂgﬁ,u&hg
@’Wﬁf%3“”“%‘%%%‘"W%‘m%& P A,

HopVE R EFP T AL 250 fEo A AR ORBEFFTLLT R
HAop M w2 4 o
ﬁ?“%—ﬁﬁ@’%§B{ﬁfémﬁﬁﬁﬁ%’ﬁ?ﬁﬁﬁ?¥*@ # @A
AR g F e Al A fopER S R 0T @ 2 Y i gk (Y
ﬁﬁﬁéﬁ»ﬂéﬂ4{éﬁﬂfi*é%—’ﬁﬂ*$&mé%ﬁ’_amm&if’
w7 A A bR 4 E IV N E R B AR T+ F] (cocaine) O - I 3
ﬂ’ﬂ#ﬂﬁgwﬁﬁﬁﬁb@%£m&%’w%:m@iﬂ~wWﬁﬁ(iié@i
ok AR 15~20 T) CBP TLORAA KL C SBIRE F I LR A
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IS TSN AR § g%iu R AR LRI o SRR N
ol R T g AR SRR T b AR R
?’al%ﬁwswﬁ%:—;:—;omzr* FLREA L& BEH 10 % 48575 SHA R
SEEF A RS F FRAESR Ry T ARE LA R SRS o

R EAT R gg—?mi-%]v}ig?f‘_; LDsy =50 mg/kg > % Rk
LT e b B - mA BB e WA A AL S TAR AN
A A AN VRO Sy e PP
&ﬁ&?mm%ff’ﬁ4%”*ﬁﬁ% PR T RESE R AIED LR AR
RBIT O MFRER LT T P FHAGET Dk H g AL S
T o
¥

*:nk-

w7 R ES RS

ER SR R ,Fw%mwji%mm Lera ﬁvﬁ%ﬁf’%ﬁffﬁ #® %
)

¥ 483 ”Mnm»éx FARBANZF AP T LT T hd b B2 A
7 AT Ré‘?yigmufp’\rwgi’néi’b"“’ﬁfkﬁﬁa'i%%fr%iﬁﬁg
R e é’?"#ﬁfwﬁﬂ"“ﬂ'f’%;{iﬁnﬁt;% TN FEE - ERRRAS TG
BRBE AR A T R {’%'JW T E o

Leete'™) A icspf ¢ 3 IJ‘LF» T e m P E S SR R
12 4 (families) g1 24 K (genera) e Tt e s 7 p KA EY R
8 Mgk dic s FHE T E @ Osler!"® TP ERFRE R
ﬁ?‘i‘%’)i/’w""‘ml?’ér_’”#a’*ﬁ”ﬁfw?ﬂmﬁr?ﬁfﬁa‘i&?bﬁl’iﬁ%
Foo s g F e Fmh v 7 oo ARERESET o & 1991 £ Biochem
EARY FAARFAERTFRSNE N S LERFY LT FEA Y
273 + 15 # 100 ng/g @ 3 mEF ¢ 4 3 % i 285 nglg o
Siegmund ™Y 4 1999 =& w F #Mﬁ% BERTHFERY CRE o FE D
FRlgydP Ly T3 F o Rk EFY LT g R 2 -7

g

ngkg <5k 1996 & 13 B A REEAREFE B g R ARE

iR HBR AW 5 14 pgkg - 2.25 pglkg o
R ATE g'gz\xrﬂpgrfrlg’}t—"’—gﬁu%éﬁ CELE-F: ¥ AL I G

KA vadse REZFRREY TLBEBE DL T 7 L i
EHLAZPFLLE KR PRI AL T R ET L

EA2 2R REE -

(1) ¥z

A 1999 & Al-Tamrah ) #-2 ¢ 7 3 &5  BLEm § ez kinin
R U Jééjéfiéﬁ"l“"'i’; it ’ér_ 610 nm R fc & 0 ¥ TE S USRS A
(Beer's law) K41+ B Rz R ERFRLZ 01 ~75g/mL » X REL ST W
RHEL5E 0.08g/mL ~HEEHI L 22% (m=10) A 35327 F rechfp ¥
EAEY AT Rl R o 1998 & Oddoze"™ % 4 @ % Fgp F B Ain ¢
R T TR R BN RAAEATZSE SRR ITHR > & 20 mL AR R
P BRERE 5 ng/mL ~ MRS 50 to 5000 ng/mL MR R 5 7 H
S ETr L F 5 47 ~86% o
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Q) Fi¥i

T2 g & RARELEY > FlE v AL EF3F5 B &3 crgzal>
ﬁ%ﬁ‘%ﬁ%ﬁ%ﬁﬁﬁﬁﬁﬁf’ﬁ*?ﬁﬁimﬁﬁﬁﬁaﬁ%méé’

f%’»{%’fﬁﬁi’f‘r% RAPEAFTRE L LARERE > R U P g
,LLL-Q /T i;rx' " 5}4 #B%‘ ’H’/z‘ > /;Q #Eé‘] ’}‘r/z % L mjgf ?“/’\’%: I "—_'T - /P'J 7'1;51'1? I,}IJ o

# 10K 4772

James'"™ % A 1% An K AT E e R 0 4 W BRI B R R R P 4G
sk 5 7 few 7 R (cotinine) kR 0 AT P HRE S 4 B R R 50 N e
o gHe el AF AT RASE NTHREFER BEEARAT T 0
v O ORREILER TV 0.16 ng/ml v BB E NIEEEG AT B
T EE GARF

Siegmund "™ % 4 Pl R pELIF FoAp K 472 2 F ki A0 K AT R T R
x&m%ﬁ(mwmoaﬁﬂﬂka’%zqwﬁﬁﬁwuﬁﬁa%»ﬂ;ﬂﬁ
TORGME 22 AR - BROM G NI FERAS T AAMP P R 2 A H
AREA A o 3 E TR EeERY 7 RER 2 0.022 ng/mL c E_pt Y
VORI E AR MR G E o

Cognard"™ % « & 2003 & > fI* AAp ¥ B ¥ P 2 2 R ¥ R 3
C R H F AP AT A T R o pt MRS P D] 1000 pg/L - R R
10 pg/L o B4 E B 2 faid 7 jedp? MR R+ 7 il 28 3 Davoli (9
ARl AAAEEEEELRY O T T g AT S TR T
AR 3 S A Mngﬂ*ﬂilmLLﬁﬂ’ﬂ %r&g@
1.64% 3| 13.3% > 1 pl4&'E 4%%’&1ém§¢wpﬁmﬁﬂ

Bt irend P rE 2 MB B R 5 TP B2 e & 2002 & Shin''?)
A TR H AR B pE R ‘);’f\/x’?f}‘“i‘/l’&“ g 7o i H %#H%’,“?é%
WOOR o S ORI R4 R FER S 1~10000 ng/mL > & @“\Lﬁ~@§
WpErL e w5 0.2ng/mL ~ 1.0ng/mL% 1.0 ng/mL -

Wi F 4__\.; e
)

A

AR Ry ATz

Stolker (™) % 1 Fl#* dp k472 % & 8 B F 2  (tandem mass
spectromety) kip| T X B B9 AR 57 E2 57 RER I 2 F P REBX
hifffz“‘ﬂ?"’%é’ﬁ@-fi%f‘?iﬁ“%ﬁi%%’ﬁ’T“'\;@ﬂﬁﬁ*”:@f%/’u*"“ﬁ”ﬁ P
%ﬁﬁ%’%@@ﬁﬁ%ﬁ%ﬁﬁ’US%?&@MﬂﬂéﬂAﬂ CREN
I~60pg/L » fep kAR ®TFLAFHFe T2 HEERLE 5~12% F > 2 4
BRI T 1pg/L

P — P> Scherer » fI* 1 RAp kP25 &0 BEHRE? WL 7 Gk
5 ﬁ“%ﬁi"ﬁﬁ%%iéé*“ﬁu, CEFEWT AT A AR HES
N FEH SRR T RN B T T R A R S R T R i
AR T R F AR B (GC-NPD) e * & 47:% > F 4p§ e £
mEREOREN RESEFTERFALTE 3 AE FEAT S ENAME S
Rl e
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L mE T

Clench"™ % 4 » & & £ g ¢ % (capillary electrophores1s CE) v # h
S RHEY KA AT T ZE NFERHES > RRER +FHB+B"/Z
(solid-phase extraction, SPE) /& » %5 CI8-SPE ¥ P 2 F EAVH# 3 2
ks FR0F A4 ST IS b %%;aaﬁﬁﬁﬁiﬂﬁﬂ%%ﬁﬁ(m%
efficiency) * ' i 3L Bl 7 74 (capillary zone electrophoresis, CZE) % 7 132
Boo® PSR RY T 2 5T R B RHERT & BE 055 o
11.25 ng/mL -

|- >

(3) 2 RERE

& 2001 =# Campanella % ¢ ") 4] = = 7§ & %% g% fy fs
( butyrylcholinesterase ) £ 7 fig & "54% (butylcholine) % & 4 "24& (choline)
i > 1% choline oxidase ¥ i A 4 i#FF & L% T 2R E - a1 F B
MR Tt gdrdlEE VA nd o pEEF Y E 2 F BRI R At
Fip Pz ks 78

& 2001 & Tan'™" % > A9 4} coating & A F &3 & &  (molecularly
imprinted polymer) » &fl* L v 7 ER DA > ¢ R EBFRTEBAL 2 DR
s AR s Rt k0 G e faid 5.0x10" 5] 1.0x10™ ~
PRS2, 510 M -

FEIAE PRI ERT TR R ZLRBAASFFTEALAPFRNAET S0
RORE > Tt AR T I R o Y B ki (Electrogenerated Chemiluminescence,
3:;;%%@%’;\%) KFB R 7 Pl A& D {?,bé'f’s}*“‘g’sﬁ‘%iiﬁf?%
AT HRERFEF AENERME B EFAAE FABER IR I E B E S
BT Rl RV EFRERE LT R % o

THFCEFLLF BV UEE T AR B
A>A +e
A+te —>A
AT+A S A*+A
A* > A+ hv
@ [Ru(bpy)s’] B F#* kp* > B 5k (CL) 2 ¢ % L &5 &
(T e v 8g k) v &% >3 v upr kivi T4 (oxalate) ~ ¥
(amine) ~ "= pt v NADH feZHF Z Z g ipl > Hawkz2 3 P BRF B2 i
S %%y o 1996 # Preston fr Nieman#nal- Chem. 1996, 68, 966-970)  4¢ , _
?%%“5%%%f~3%”¢—¢ﬁﬁ@1¢ﬁﬁﬁ%%¢iwﬁ%w#wm
3mm o % Jo‘géqq\i-,—'f TRt A2 kD HE X PMT Fidip] > & Rtk
R E A FROER et TRF kT ATt o iR
| AR § X T a“i,%if%"ﬁ v & g% kax ks F (efficiency) B 50 5 7 i‘aé TR
LBk stk h B o A TN RIBRBE T ZEE M 4 ﬁvﬁp v BB ] Ak
k2 FRZGE - FM s FRUELTHEFCEFLTLPEFRFN R EREGE
NE R a2k iR R BE AL G AR - TR
# 1 5 L % Ru(bpy)s®” *% fo%: A %47 (aliphatic amine) & f jp)(Ane! Chem 1987
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9. BOSBO8) gk, ka0 Z mMRET R o - BRI L o H P Z ok
Ru(bpy)s™™ & o #14cT

H
| ' i +_| 0
R-1|\T-$-R —& > R-N-?-R' ——> R-N-C-R'
| a
R H R U R H
2H,0
Ru(bpy)33+

R,NH + R'CHO + Ru(bpy)s2+* + H3O+

MRE AP R R FCEFRELENE o RIREEG - BERF T T

m f oamine A+ 7 FITpd AP wFL R FEN é&r’ carbonyl -~ halogen
& hydroxyl & & B RS T R FCEF XL OBR o pF NFE LG KL
T 5 B % 4% fde alkyl chain #-9F ¥t 3 ﬁg’;;;;rff B g k% kg B oo
Aromatic amine * &% % radical intermediate & ¥ H F B KA F KR KB
B LFEMed Pt eiT g, FEN - 2 FACY Bppeang kg it B
LR AR A S e AR N A I R e O
BREREY RESE2ZALT T 2 ERPEEARTE  NEZRERY F)

P2
FORB A SNT 2 WA AMBEE LI BT 0 2§ il bR
R it A
"E

AR T FCEF R A RBXAAE Bl) frr 0 AR E Z R
Wehe T &RE2TEF &N~ *T 8¢ (photomultiplier tube, PMT) (ORIEL,
70680, USA) ~ kT B H# ¢ 2 T A& F (ORIEL, 70705, USA) ~ T ina ¥ 2=
® (preamplifier) (ORIEL, 70710, USA) -~ p & /n# ;1 5 % % (automated flow
injection analysis, AFTA) ~ 2 5.3 P~ 47 ;% (LabVIEW, National Instruments, USA)
e A ®» + (National Instruments, PCI-6014, USA) % - & 2 k7 % &1 * 27
iR EL f%?%@_;ﬁ fi’f :’v’ﬂ; Ba i@ gk ﬁﬁ’w% L F REEBMEFEEOT FE
AFE R F 22k F”E?’i‘éﬁ’gﬂz—%’?‘ﬁiﬂw-ﬂﬁﬁ;}ﬂ:’&fb#
2 R o ﬁﬂ‘zﬁ E?ﬁ%—qdﬁ;%%’iﬁﬁ#féﬁ TRME > B3 F MR (data
acquisition, DAQ) =+ i 14 Labview #%3;% #-z & e 30 5L G sx ey fdT o
mop Bk ke 7 d §F (MASTERFLEX, 7712062, Barnant company,
USA) ~p &L 5K (auto valve) (VICI, ETMACE, USA) ~# % g (sample loop)
(VICI, USA) ~ nftc &% i 8 5 &H# (flow cell, home made) - & it & & &~
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et eh= T4 4 Sdc® (32) #rom > 1 TR HRA_H* § i 4FBF (indium tin oxide,
ITO) T # 1 44 215 4/%F 8 (Ag/AgCL,3MKC]) »a HB T &I £ -

T O BT B RMAAE 10-100 ~ 20-200 ~ 100-1000 ~500-2500 -~
500-5000 puL (Eppendorf, Eppendorf varipette 4810, Hamburg, Germany) % 1-5 mL
£ # (Jencons, Jencons Sealpette, PA, USA) & & %] £ B - 73 ¢ fadk & & R 21
*  pH meter (Sun-tex, SP-701, Taiwan) & {7 &P 7 Bt £ PR+ > 2jikd
% #= (Mettler, AE-200, Greifensee, Switzerland) =2 % & > ¥ HFmf~€ 1 1.0
mg -

v
PR

N

i

rAF Y KBRS R Y - I 2425k MilliQ Reagent Water
System (Millipore, Milli-Q, Massachusette, USA) ; #7#& * i3 £ F 3 F
Ru(bpy)s*"Cl,:6H,0 (Tris(2,2’-bipyridyl) ruthenium (1) chloride, hexahydrate) B
A (Aldrich, Wisconsin, USA) > @ Ru(bpy)s*" 2 » 3 % WY SRE (33) A4
z. % ® F L + 7 ( (-)-Nicotine, B (34) M p Riedel-deHaén (Seelze,

Germany) ; § %% " ¥ * ¥ W3 Rk 3 P & 4 (di-sodium hydrogen
phosphate-2-hydrate, phosphate) 4o #% B = & # (sodium dihydrogen
phosphate-2-hydrate) 7= P g Riedel-deHaén - %% A # 'z = ¢ f

(tris(hydroxymethyl) aminomethane, Tris) P p (Mallinckrodt, Kentucky,
USA) » @ B pi & 4 (sodium hydrogen carbonate) % #2f& (boric acid) ¥ M p >t
Junsei chemical Co., Ltd. (Tokyo, Japan) : @ * RK3FG R E 7P F it & 5 7
SDS ~ Humic acid # Camphor ¥ ptp *> (Aldrich, Wisconsin, USA) - * % 3
PR ¥k SehZ % 7 %% (dichloromethane) 3 AP p  Junsei chemical Co., Ltd.
(Tokyo, Japan) -
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Potentiostat

o@ . 3
88400
ﬂ@nt

(9 & go

Counter

b, Reference
Pump

el

Teflon / TTO

"CJ80 am

i) PMT
PMT POWER SUPPLY

\-—I

=
I&Waste

® (31) ECL/AFIA 2. B4 % W -
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Reference Electrode
ﬁ/

Counter Electrode

Gap

ITO Electrode

Bl (32) T8 F R ? chz T AEE -

2C1 ~
- 6H,0

B (33) Ru(bpy)s®™ = % -
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2 % =

A % A" Ru(bpy)y” Z R E#FLP T E e pHS 2 Bif s
xR 0 B B REY 0 2 F K (coreagent) A v 7 T L R R A - T
BaipkR g EAR? BN HEERY KA FEEFF I ET R
Ru(bpy)s®” e i+ 7 # 3= 24 F B¢ > &% 4 @ = 1.4V (vs. AgCl/Ag)
T Ad kR o F etk d g B HE (PMT) ¥k s
AT A 2 R gd TN B B B Fg A hd REHE DTN
MEL B I+ Labview A% 3% #f B~ 5L T nfﬂc:}f;{ I o @ P % % i [TO
1T BAS W FEERFEE PR XA F R RT RN AR
Zas o R A s ke o

-

=

Py g

)

. *F‘J“ EE e e e L FE o DY FRREE A EP
Ru(bpy)s”” @4 chf M F = Hu Fohhbhid CFTERS 3 RMED
Fat s i B IR B3 R PR dk B IR B B R BN 0
o~ R R R R I~ Ru(bpy)y’ ER W - F RS EN A H

M e

2523tk
BN F.ET

ARG P A b cndf (T 0 P d vk Rulbpy)st o Al A
YR T FiE- HehrekE 0 F Ru(bpy)s® ok s 7ol it B R R
Rl T EFCFFERF BRADEFETE WD F BFET FRBEE > 5
B EE LT RECEF R AR AR RANT R ERRE LR RS
a1 L % ITO &R *“275 1.0 mM £ % 7 4o 0.1 mM Ru(bpy)s™
0.1M,pH8 Bifeaix? » EFHHRRZZHFTH  FHZ2ILERFLZ 0~16V
(vs. Ag/AgCl,3MKCl) »#H & @# R 5 100 mV/sec ° % % 4cB (35) #77 » s B
FoaAa A T RRREAREREREB TRATEFAEFRSEL T T F
BRI T ¥R Wt VR T TRER EF CEFRREFANNE ey T
A Ru(bpy)s+ AEF vT 2 (A) ¥ (B) 2f%ANLHFEZ

TF

F 1L0mM A5 7B ATREE R d PRl FERREZFRT T FF
TEFI L0V TP ERED Rubpy)s Bhd a2 v 50— #73

§ 0B RS (AoB 34 F,A) oA r Rg 7 (5 d 3t Rulbpy)yt 2§ it AF

Ru(bpy)s®™ #i* k. + 7 éh§ (v > @ @ R + 7 hF v T om aRu(bpy)s’” e it T =
FERBE A (B 34 2, B) s Ed L EHFAFRHEZT RS CEF DS
S0 FHEAFCTEED L0V S FRE T BBREL T RF CES KGR E
FEH A 4Bl 34 T,B) cF 2 AT T 23R EFEAZL ETRTF KD
B (de® 34 TLA) od P BB KRERE T Y ENE N EFLEET o FH2ZF
PHEET RS R D A ERubpy)s” F AT R T E E kTR
Pode i R-gR O LR O RIEEY 0 A B R REPR R T R RE T A

g iYL e gt o
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AP R P EE- T gt § 4 % (Electrogenerated Chemiluminescence,
THRFECEFR) A EY N BB T BB R T EE PRI
FEE > MER TR R QR R B ETIEF 2 E iy hR 23 ITO
TR > Mt s kP FRubpy)s” F M GBEEF bR e 3k g T
TEAT TP I LAEEER AR ERETRIT AL EFFEH T AR
W RlEER > & F 1 Ru(bpy)y’ F W Aeen® i~ R i S
B A R~ B R ‘Ja’i pH EddFi ~ S RAFOFED ~ B RER
EE 3t~ 2k F Ru(bpy)s” EAFE SR 0 TR BR AT TR AR
75 o

1o T e B3

THHECEFLNE R E > AREET L BRPEE R DG AT
E’ﬁi%&ﬂiﬁéﬁ%ﬂ%ﬁ%’ﬁr%ﬁwnfiiL?&%} Pl > § 1t
Ru(bpy)s®™ + MR g 7k Ky o @ @ B RS F R e
¥ & Ru(bpy)s’ 2§ x5 B F > P ET H 4 R RDFIE A
Jﬁﬁ&wiﬁiﬁﬁ¢%’$%%%%ﬁéln\11\12\13
1.4 4o 1.5V %2 B3 kb e § TL;f;ng%fﬁie»énuﬁi?‘—} Y R R T
WORl R oo P kAL HUBITER D PILE TR kAT ITO i

H a1
TRE4/F PRESTIE 9 ALSH TR A R P
L 0.1M,pHS B3z RM 3 0.1 mM Ru(bloy)s2+ R B S
20 uL > i 5 1 mL/min 0@ & 7 @R S50 uM R 5 7 F B A =gk
ino d B (36) A iR iE ié BE LOV oo A R
deo WA Ak R Mg A P s F R A E 1.2V (8 kB b b AR

h

LW

—n

¢

T g
S kAR AT

s
1~ °

3
[4

5 d
; fiE'J%é 1.4V (5> B I E i nf 2K B TR R R
BRiSEEF LT 1.4V (vs. Ag/AgCl) 5 M Rl ehd & 4% (7T

CZ

—_ =
b

{2

EANTNIC iR ERTE 3 g%—?‘@ﬁ#” rE R “'—’”JP% WHAARZ F RBP 2T &4
LB RE BT oW m%;gg Wﬁj&ﬁ,Aﬁ#g_@
=3 i 5 Lk F (Half peak width, Wl/z) B EF % B4

AESAVNERFSEZ AN GRHRES LD ﬁ’%;a:onam
PR AR e BB R DF R E
%ﬁmﬁ%aﬁ4f*%wa@%ﬁ’rww@$z%iw¢.

#MEF ] o d B (37) F doniE 5 1 mL/min BF o B

* 8

1”%‘\35;. L ey
Ry >
o Ao B bk R

bolE R _E e
> o 53
IRk G-

H
Y

-
:

W W &
il
:

T % JOROE PR 2 BEHE LR ] mL/mln 2 ¥ IEIE R M A
RS T
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(a) *
a
<
400 mV
(b) N
f 1.6V !
(b) A+
<
(a) 400 mV
T 1.6V (®)

Bl 35) Av ™ MRl A3z AIRRIBIZ g P EF LR WHBRREZ AT R
= 00~16 & > a‘ﬂ?j‘éﬁx? % 0.1V/s T EFEZ 50@) 2 OpM (b) 2+ 7
BiRLE(A) 2R ETIEL (B) A HITHEL LTI EZ TR

Bt A0 ITO 1 T2~ 4U% P85 54 Tefrd £ 592 T4 AL

Az fUine s 01 M, pH 8 mEpE R 7 25 uM Ru(bpy)s*"

mL/min -
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Current (pA)

3.0 -

2.5 -

2.0 -

1.5 -

1.0 -

0.5 -

0.0 -

1.0 1.1 1.2 1.3 1.4 15
Potential (V)

Bl (36) L5 7 MRl A2 IFFT=mifsd e AR =®wF L 1.0~15 F > @R 50 uM

Rw 7 F 2 Sk in o B e fpiviE e i LT F 2 T AL
ITO 51 FR 4 4UF 415 44 REfrd £ 50 THR > AL ks
e s 0.1 M, pH 8 Biphs B3 M 3 0.1 mM Ru(bpy)s”” » % &3t B4
% 20puL - i 5 1 mL/min o
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Current (pA)

0.6 0.7 0.8 0.9 1.0 1.1
Flow Rate (mL/min)

rﬁ;] (37) ?klﬁhlﬁ’gglﬁhﬁ Eﬁ*;gé\’:_} o g]fl ?‘?.Ffﬁ-\ i —‘:;— -3 l’é’ /E]J ,;lf l‘jl‘_,_L i\‘/;ﬁ/& %_g/ﬁ@%ﬂu 43.1:_1_/2\ ’l:%’é%
BB i B4l A 06~ 1.1 mL/min B> 4 T =5 14V o
M H s ek (T 2 R 4ol B (36) ToT e
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i P i 2 4F

B P B AR B TR F R LA H R g O e Y
59, 865-868) 4 % Ru(bpy)32+ BHPFAS Fior F BREHRZ BRGIFET a2
BoRgE b2 g RFOALF T IHHIHPF EPY DB T R
Mrm ke T 2R RFCEFRIP A AT T g 2 kb d o A
& eh kR z@#ﬁ#dif»*"‘ 2§~ P?,—"*—F— P AESER A BT I Rk
w Ru(bpy)s’” ¥ i {5 ¢h 4 4 Ru(bpy)s’” AL EFIEG A A A

%%ﬂm&ﬂ%é%ﬁ?m’1$+’Tﬁ#*£2m”m7% podozo
PR R ﬁﬁ-“ﬂﬁgﬁ;i Ru(bpy)s® > i&@ 4 & s & Ru(bpy)s” @ 3 ik £
2620 nm PF ko BB K R E AR 4,3 BRI E BB ER AN -

H

-

R W A}Q-ﬁﬁi.ﬁ'-);ﬁ/_} HIA X FHEHE B -PEF T RFR Y A2
ﬂ@é#’mﬁﬁv”* éi%ﬁwﬁaﬁ&ﬁurw%ﬁ@—ﬁzwﬂf%ﬁﬁ%m
Food FIWEF ARk SLen P;f BRASKMEAR & d *ﬁ%m’*% % @

(38) ﬁ@*blﬂi%ﬂ W%M»@ﬂﬁyﬂﬁﬁ%w%%ﬁﬁm%i

iR Tl g A R OlMpH Ersi 4~ 6 ~ 7 ~ 8 ~ 9 ~10
E}A’ﬁ’x fﬁ',w,,i’,“"%ﬁﬁ:r ’IDTL%{IE' Ii/;/féﬁmi’%g-; 5%2;)%‘""’31;’6?171 P:R‘%';u
By r2 1% 4 pHS fev‘s MELEAR T @ Ly T RS pKy & pKyy A

Bl i 6.16 4= 1096 >t pH 8 23R FHE » = Bt 2§ A F LG H S
EAE R FHEHDUNF A FAT L AFRZF B B R AR D
Ao B EHTE P FF RS B2 FRARL R DRF TR R
BSE MM GAR T R B2 BE R e pHS 5B R X P
%&Lﬁ"%‘/p\ fi’}k:}q—‘%—m'ﬁE@uq—P%ﬁ °
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3.0-

2.0 - . .

15+

1.0+

Current (uA)

0.5 -

0.0 - n

pH value

Bl (38) ¥ 3 k2 fadk B gzt o Bl 5 A 7 MR KILP B3 R 2 Badk B o ¥k
?,iﬁ%%%ﬁﬁ?%fg‘ » fadk B edE3t 2 pH 4 ~ 10 B ;‘ﬁdﬁ%ﬁ?ﬁiﬁ 1.0
mL/min > & H & gk (TiF 2 Pldok B (37) #77 o

102



“\
K
o5
¥
S
T
~a
(ﬂ
RSl
g

FWpRLIBHRARMIL FHRYBDLEEZRY ARTLRETT L F kb

g Fla R g B RF B iR TRETRIFSALE F N AREIB RN
pF AT I VR BB v BT AN D ARLF P F R R F o A
ks 4 & BB (quench) o FIM L AT BT NERG Y DEHLIRAE
LR e Bt FHRER T EREEE R pHS B VE WL 4 3 R BT
3 > @& * 7 Tris -~ phosphate - Boric acid - Carbonate ¥ v f& %
RREBEFERE N OEFE R (39) 7 VP EORERI R RS B R T

3*

TONELE X o P F A PR "]q\@rf& bt’ﬁ%ﬁ&frmif& (carbonate) 't # >
mb‘ﬁki WA EEF e B pd KiE*a o] R j%z’v’ﬂﬁ'ﬂl’nﬁ Tris
R B nk%iﬁ‘!—*lmii"*?i:*ﬁ’“’h"ﬁf% B’"‘;‘f“ TRET
dzgmé.;? ,rﬂafé: ¥k w*ﬁ?;ﬁ\m%%@, o8 F & e 9533&%,»
7f§ THE A )f}i‘:"f”@ﬂrﬁ’x‘.- bR R FY W NS fi °

?‘“’m‘ﬂ»ﬁ =

<
I 3

(R e = g R
Jm %gﬁ%‘- g;&ivmgﬁim*ﬂij b
A

ERNS

Fwrn R kR 2 FH

4

Boraraifst a7y Epkde B AR
TRFDER FlepdFitgged 20
732 %7 Li?i&“‘mmﬁ*?’-'lﬁﬁ”’/p& =
%ﬁ-""rmﬂ_,/nm@ ’l}L’]‘;ﬁﬁ*?‘ﬁ-j%)iﬁqgi%* gé W}Fmé’:ﬁ-jfﬁéﬁl‘mf}’ﬁ
PEERIPFORRR AT R FRR DY B3 R WIFH A 45 001 -
0.025 ~ 0.05 ~ 0.10 2 0.15 M 7 kA& > B (40) ;.355%34?%’%5&?%
B 01 M PFo LR AAEAPER] o RER G 005 M & T ¥ kE
BN TS RFVAALT BT EASME 3R @I EI LI G RT S @
Wrr kgL oA kT n F%’é‘{,\,/;'],)é som B RS ,.sm,};)i% R_pF s #id 2 ¥
fadk B Ira 4 PERF O AFEHRRERSFEEEIR ‘W&#%m:%ﬁ]% ]
ﬁ\/“éﬁ/p R E a4 0 %mﬁfuﬁ TR Ea 0.1 M E}kﬁ’x beiR R 5 B iF
ZFIFRE -

\a\
RS
< =g

s
o 3%
59
-l
i
a\
ﬁm
S
3
o
=¥

T
@

ol
‘?4«%%
Al

“*r@w

¥ &5 Rulbpy)s™ ik & 2 4 34

¢é%%ﬂ§%%ﬁ@ﬂ’%%#?mewﬁ*iémiﬁﬁ%€m$

Ru(bpy)s®" it i3 Tk B a £ 7§ 14 0 Bl BT fé_;{ % Ru(bpy)s’" >
edm R IEY > 24 Ru(bpy)s’ 2 # G Fa ol CFt R F kR
B 55 B 21 Ru(bpy)s® hiE B 2 8 M 2 3§ % FJ; IR R ih
Ru(bpy)s*™ k& » A8 E 0.1 ~ 02 ~ 03 ~ 04 2 0.5 mM E‘*ir”rfw'é‘_’ ]
o] BB o ‘ei—%%ir']"] (41) #17 > #AEP 2 54 & 0§ Rulbpy)s’ kB H
P R R LR RS R AR IR L ek R bR
WEE WP PER ) g K ),Ti;,—#w Ru(bpy)s”™ %2 a4 > a d B (41) »
Bk Rulbpy)y’ EAR 5 0.1 mM ik it i 50 pM ik
Bz kw7 » BF §Fkmsie £y 2800 nA - ¢ Ap g Feni BlRACR BB
BUER TS 1.25 nM Pt RS R AR ARRES L a0 7

""*‘ﬂ;
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PR ELE AR A ERGS L i G h AR E AR
2 0.1 mM 2 Ru(bpy)s®" & & &g o

P SR A 2 3

X AR S SR S RN R SIS S B R T L
fl R ORE A s RSO B R R ] RSB
(sample loop) kiA-Z > a kS r» M ERPETF L2Z FRAE > FiLr» k&
WHE PRk Ed fRd kﬁ%’ﬂﬁﬁm“**ﬁ%aﬁﬁﬂﬁﬁ%’%
@%N%m%%nﬂW§,mFﬂ»nwwp Foox g R AR EINLE o A
FEH-BRFORSHFRLST TR EH e AR SUFE R L S uE
10 ~ 20 ~ 50 4= 100 puL 2 2 & » @ A4 %% 4B (42) » HE &ML S0l
PF ok kB %Y RRE T REMAH D SOpLS £ A
%’a%%gﬁﬂﬁﬁﬂﬁw%@ﬂﬁﬁﬁwﬁw%@ﬁ%ﬁé’wﬁﬂﬁ**ﬁﬁﬁ
FHEP RN T R AEA A BABEEDORTF) T L P RESUHEE L > T
Red®ames F B P FRB2 s " Hae YRS ZT LSBT ko
mwwﬁ*?ﬁiﬁ%aa@%ﬁﬁ+ﬁﬁﬁﬂ§§%&4’ﬁ%@ﬁi@ﬁ&
R E T AR G R A e E R Y o Ru(bpy)tt F O k?éii&ﬁ?%%a

\

4

N =
£

=

%';u ’ l?F]LL'“I J’ iﬁgm?}i‘d& ’ ‘&f'g] (43) m 'é;*%r' ll{l}l\ 50 },[L Bf ’ 7'5’%1'(‘%}{‘
wrwr el o AR T 7 m)&ﬁi L? PO Fl A AR L e

oy

Fwo R0 LS R s $ﬁﬁ?§% EAF RS R FRESHEA S
mﬁaa%%%&’&ﬁgﬁﬁw&%@\ﬁﬂmLp&gW&Po
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3.0-

7

2.0+

1.5
1.0- /

0.5- .

0.0- / /

Current (pA)

Tris Phosphate Boric acid Carbonate

Bl (39) trp R T 2 AsEdFE - B Y - £+ 7 @Rk 3A Tris ~ Phosphate -
Boric acid - Carbonate % = 87 F¢ mﬁ”’%" EWEARE TR A4 BT R
BB AnpidkE i pH8 o @ His cndk FiE 2 R4ck B (38) 1o o
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NN

EAN (0]
] N []
|

N
o
-

ii 1.6 -
= 1
T 1.2-
5 4
O 0.38-

o
~
L

o
o

————---T7
0.000 0.025 0.050 0.075 0.100 0.125 0.150
Buffer conc. (M)

Bl (40) REpe S mp ik B PR 3t - B P BEom L ow 7 Rk M2 BERLS BRIk R T
FHET RN E BRI RERFLFRE 001 ~015M > & d
i endf (FE 2 Rlde ke B (39) 4T o
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Current (pA)
»
|

0 . l
0 100

| 1 T T
200 300 400 500

Conc. of Ru(bpy)32+ (uM)

rﬁ;] (41) )@’ ’IO*;’ ’FI‘& 1{1,1(bpy)32Jr /%)i Eﬁ&";’gf o g] = g&‘ﬁ_ﬁ: I —é - l’g‘ /Elj ,:lf %’AL—L]F—;E:]ﬁ';‘;“‘% ,@’r‘_/%\ ”7?? /&'
BRI ELOR N SIS R AF L R e 001~015M &
A OH W (T E 2 B 4c ke B (39) #Fn e
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d | |
| | | |
2.5+ .
2.0+
< 15-
= |
(O]
= 1.0+
>
o |
0.5+
OO T T T T T T v 1 v I v
0 20 40 60 80 100
Loop

B (42) # & B A 0dE 3t o BIP B L5 7 R R S B A oY
KT AL A S B 10 ~ 20 ~ 50 fo 100 uL - BEfL
ARk R S 01M > @ BB ol (FiE ok B (41) #oF o
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B

i

50 sec

__

10 uL

.

\_

20 uL

UL

50 uL

\

100 puL

B (43) ki B A 4R 5 cnB R VR B (5 G o] (42) Uit -
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L FEH R T T T RE CEE R s TR f 45 F T
AR AR T BB R E 05 RER ~ Ru(bpy)
kR E fir%ii?‘%gﬁi%ﬁ BB GRS ERNL () AT o i okl BRiF
B AR R A AR e f s A1 e s e
ﬁiﬁﬁ%%%ii’%ﬁTwﬂﬁgﬁg—ﬁ&io

L (7)) Row 7oA AT R B2 B iR Y R TE R

ﬁ@.; B LR
F VT > 1.4V (vs. Ag/lAgCl)
EARGRIR RO 1.0 mL/min
%R flde B pH 8
B R AR phosphate
Brr kR 0.1 M
Ru(bpy)s*" ik & 0.1 mM
L~ AR 20 uL
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A4 L i 3

AFEG S EHTABPL T T GR s Adk Rl B g iR Bk
LT AFAGRIR T T FL B R TRE R F O EFT e 14
V ~ 0.1M,pHS8 2 i tea i & 0.1 mM Ru(bpy)s®™ ~ 7% 1 mL/min £
HEAA S 20 uL T o HFEH S A RmA R R R F A vy
Ao AW PIRATR - AT E R S B RHET J-;}E)P»J/_ LR B - R kR T

R R gpE B F LR ks B CEE 14V ~ 0.1M, pHS =
Bipe % 3R M 2 0.1 mM Ru(bpy)s”™ -~ i | mL/min £ S84 5 20 ul
B EIEEET > MERSDL T T RERAITZ 10T RAcB (44) o Rk
afﬁmjomqsmuM,ﬁ%%ﬁaJ@ﬂ X o REHEARAT T MPER
FliE 100 pM PEoAp Bl %dc s 0.9976 » © 7 8 g R i senGack B 106,17
mA/M-cm® ;& - H g HFaoedF 20 PR S0 uM R ¥ 7P &
o iv g MK PR ERL L 1.439% > @ S mB Ml RERT
1.25n0M (S/N=3) » 22 F Gk v 7 253240k (8) » VP R 57 lé‘
Bl A E AR E 2 AT o

F WA iR T

dRERRY FFIFRENTLE R ITRAT T RERR AR T E LD
+ 3 AP %A B HE SDS - % (camphor) ® F{E f& (humic acid) # =+ 4 4
TE oo %] SDS F 4w E A ﬁ-wﬂ j\gym;&#_ 5420 ¢ % SDS % £ 7
SR s ;Jf;a;fr, il ¥ SDS ¥ OiF AR RB :;;;?d%g. o R T e
Feofiiad a3 R 23 g%%’féz\m F G E G A B R L T
E“”b#*”ﬁﬁﬂﬁiﬁﬁﬁmﬂﬁﬁ@m@$ AR LIRS F R

LT B

)=

4.¢

LI TRl By bR T g Rk ST
BEIT LAt BED DA ERM . HRIEE & l*z\liﬁﬁ’ﬁ
BT NHIFT 25 1.4V (vs. Ag/AgCl) » 2 0.1 M, pH 8 Fips s e ik » P
% 0.5 mM Ru(bpy)s*" kP TS M i 5 1.0 mL/min > R &
R R A A 20pL hE i ERT o AR E R 2ppm R 5 T ke H PR
z 3 2ppm SDS -~ camphor % humicacid - *7# % % & W& & 2ppm R &
T Bt e HE A B4R ) 0 5 0% ~ 0.72% v 5.8% ot *h > BT
AR T REST gk fﬁip*ﬁ Ltk & ORER P
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® 4z & (Recovery) ¥ 3¢

AR LT BT REESER > AERITT 25 1.4V (vs. Ag/AgCl) - %
4 kA& 0.lmM Ru(bpy);” v 0.1 M, pH 8 B ¥ iz » i 5 1.0
mL/min 5 BAEAE A 20l hE L EE T RIT S A RRG BB b
> 2ppm Rk 7w T ¥ (recovery)  BlEw T I o w A v FoRE 94%
PR S 1023% ottt N A RPN R T RS OER A A 2 R
F 5y ’Fﬁ‘ » AL gﬁ‘,f‘ e A F 3 Bde L Fev ’Fﬁ SR E > AT | # T I
R FEEN BB E AR A B Feag ok 25mL ho § 7 % F
Bofs o Bod A > E 4 r 4mL,0.1MHSOLE Bt Bk & » & 41 * Bk 2
NaOH # # 5| pH 8 (> T2 A H il H -2 gtk egmpids 5uM
R% 7 &g i 1.4V (vs. Ag/AgCl) >3t 3 3 0.1mM Ru(bpy);* 7 0.1M,
pH 8 s ¥ W3k > ¥ 5HWA 5 20 ul 2 ;R4 & 5 1 mL/min 2 & i
EiET s HwyrF i 103.6% o

’
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10 5

8-

~~ 6 -
<

3.
p
E -

2 4 i 100 sec

5 6uM
U ’ 4uM

IR

r + 1t 1t 1 v 1t v 1t 711
0O 5 100 150 200 250 300

Nicotine (uM)

Bl (44) A w7 2 R ped Bk kg RRT ¥ R o A ITO 1} %4 14
V » 333 0.1 mM, Rubbpy)s® 7 0.1 M, pH 8 Bific i g e » 5487 5
20 L % ji#gE A 5 1.0 mL/min 2 6 T HRIA T 7 HERFR L 2 ~
300 pM RF A1 {F ek B fe it o AL o
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400 -

350 - II.I-I..-I-.....-.-.

w
o
o
|

N
(1]

o
]

N

o

(@)
|

150 -

Current (nA)

100 -

50 +

Times

B (45) R %7 R) A ss B IR o bk iF (L 43) TR d 20 %
S5uM 2 ko5 7o R ETRUEUE R
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F (8) Ao 7 MRk B2 AT

A ¥ B

AR
& 5

SUIE

100 uM (r=0.9976)

wopl#& AT R

106.17 mA/M-cm?

LR

1.25 nM (S/N=3)

iR R L

1.439%

SDS : nd

TR Camphor : 0.76%
Humic acid : 5.8%
Farm : 94%

R L

Campus : 102.3%
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~7
AR A& FHFRE - FAT TR B AR 0 RFL MR
ﬁ’ijﬁgjuT%%,pﬁfw\gﬁﬁg\ﬁ;%%;
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Abstract

A new cathodic scheme for hydrogen peroxide (H,0,) measurement by Fe;O,-based chemical sensor was described.
The unique characteristic of electrocatalytic property was firstly investigated by voltammetry. And then the
amperometric response of H,O, was measured at —0.2 V (vs. Ag/AgCl) by Fe;0, modified glassy carbon rotating disk

electrode. The kinetic parameter was also calculated from Koutecky-Levich plot, and the value was 6.4 x 10~ cm s

in pH 3 citrate buffer. In order to benefit the possible biomedical applications, Fe;O,/chitosan modified electrode was
also investigated in this experiment. There were several characteristic enhancements by the coated chitosan thin film
for H,O, sensor. The calibration curves were found to be linear up to 4.0 and 5.0 mM (r=0.999) in pH 3 and 7 with the
detection limits of 7.6 and 7.4 uM L' (S/N = 3). The stability was evaluated by the results of half-life time (¢, ) for 9

months at room temperature and 24 months at 4°C.

Keywords: Fe;O,, Hydrogen peroxide, Amperometric, Sensor, Chitosan

1. Introduction

A sensitive and convenient detection scheme for H,O, is
important in both biomedical and environmental studies. In
industrial process, H,O, is widely used in semiconductor,
food and plastic applications, and it is also a by-product of
aerobic metabolism. Owing to the role of oxidizing agent
and the factor of aging process, the excess of H,O, may
potentially damage carbohydrates, lipids and proteins in our
body. Thus, it is critical to design a useful scheme for H,O,
detection. Based on the spectroscopy and electrochemistry,
numerous detection schemes have been developed for H,O,
measurement, such as fluorimetry [1-4], fiber-optic device
[5-6], chemiluminescence [7-11], and various electro-
chemical [12-18] methods.

H,0, is an interesting compound by its nature of electro-
chemical oxidation or reduction, but the anodic applied
potential for H,O, detection is unfeasible to design. A
catalyst modified electrode may provide an adequate
solution to reduce interference from easily oxidizable
compounds, and a series of metal electrodes, such as
platinum, ruthenium and rhodium, have been used to
demonstrate the detection scheme through the coupling of
flavin-containing oxidase [19-21]. Recently, peroxidase
modified electrode was further used in reductive mode as H,
O, biosensor, but the biological instability might be over-
come in this type of sensor [22-23].

The mixed-valence compound is defined a polynuclear
cluster with two or more metal centers linked by bridging
ligand [24], and the electrons are delocalized in the whole
cluster. From previous researches, this cluster was utilized as
an artificial peroxidase to catalyze the reduction of H,O,,
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such as metal hexacyanoferrates [25 —28]. And the reductive
mode of H,0, quantitative analysis probably is one of the
important advantages for these inorganic compounds to be
used in oxidase-based biomedical sensors [29 - 30].

Iron oxides possess distinct roles in chemical, medical and
industrial fields, and there are approximately six different
forms, such as a-Fe,O; (hematite), y-Fe,O; (maghemite), 3-
Fe,0;, &-Fe,0;, FeO, and Fe;0, (magnetite) [31]. Based on
the mixed-valence characteristic, Fe;O, is also named for
binary iron oxide. From previous reports, it has been found
in bees or magnetotactic bacteria [32-33] and used for
many applications [34]. In order to fabricate an ideally
electrochemical sensor, it is critically important to use the
applied potential around 0 V. This suitable potential win-
dow can be used to avoid the interferences from easily
oxidizable compounds and ambient oxygen. In this project,
we find Fe;O, as an ideal catalyst for us to design this H,O,
sensitive chemical sensor.

Chitosan is a naturally occurred biopolymer product
found in the exoskeleton of crustaceans. The features of low
cost, nontoxicity, high adhesion, biodegradability, biocom-
patibility, small membrane pore size, terminal amino group,
and high mechanical strength make it as a promising matrix
for the possible applications of permselectivity [35] and
enzyme immobilization [36]. Many papers have reported
the size exclusion effect of chitosan membrane for biosensor
applications [37 —39]. Besides, this membrane can provide a
biocompatible environment for enzyme immobilization,
and the common interferences can be eliminated in the
biological condition [40].

In current project, we have described a simple method to
develop the interference free electrochemical H,O, sensor.
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The Fe;O,/chitosan modified glassy carbon rotating disk
electrode has been used to reach the unique features of
electrocatalytic reduction and interference elimination.
Therefore, this new H,O, sensor has been demonstrated at
cathodic potential, and chitosan coated thin film provides
several characteristic enhancements in both biological and
environmental situations. In contrast to previous sensors,
this Fe;O4-based H,O, sensor has shown the advantages of
low applied potential, low background current, rapid
response, limited interference, and long-term stability.

2. Experimental

2.1. Materials

Iron(ILIIT) oxide powder, glutaraldehyde (50% aqueous
solution) and chitosan (poly(D-glucosamine); medium
molecular weight, MW 1.9-3.1 x 10%; 81.4% deacetylation
chitin) were obtained from Aldrich (Millwaukee, Winsco-
sin, USA). All other chemicals were of analytical grade and
purchased from Riedel-de Haén (Seelze, Germany) without
further purification. De-ionized water was used to make up
all the buffer solutions and pretreated from Barnstead water
purification system with a 0.2 um bacterial filter (Easypure
Ro and Easypure UV/UF, IW, USA). The conductive
carbon ink (C10903D14) was obtained from Gwent Elec-
tronic Materials Ltd. (Pontypool, UK). All the gases used
throughout this study were obtained from the local supplier
with purity of 99.99%.

2.2. Apparatus

Cyclic voltammetry was used to study the electrocatalytic
property of Fe;O, modified electrode, the reduction mech-
anism of H,0O,, and the surface condition of bare electrode.
A CHI 750A electrochemical workstation (CH Instrument,
Austin, USA) was conducted in this whole project.

A bi-potentiostat (AFRDES, PINE, PA, USA) was used
to control the applied potential in a three-electrode config-
uration for all the steady-state amperometric measure-
ments. This system contains a glassy carbon rotating disk
electrode (5.0 mm diameter, AFE3T050, PINE) with a
motor controlled rotor (AFMSRX, PINE), an Ag/AgCl
reference electrode (3 M KCl), and a platinum wire (99.95%
purity) counter electrode. All the amperometric data were
recorded with a strip chart recorder (Linear MF1201,
Alltech, Deerfield, IL, USA).

The pH measurements were carried out with a glass
electrode and a pH meter (Suntex, local supplier). The
buffer solution was controlled at 25°C by a home-made
electrochemical cell with a constant temperature circulatory
system (Model B402, Firstek, local supplier).

Electroanalysis 0000, 00, 0-0

2.3. Preparation of the Modified Electrodes

In both steady-state amperometric and voltammetric ex-
periments, the surface of rotating disk electrode (RDE) was
firstly polished with 0.1 and 0.05 um Al,O; powder, respec-
tively. Subsequently, it was sonicated for 5 minutes twice
after each polish and then checked by cyclic voltammetric
scans carefully before each experiment.

All the modified electrodes were prepared by using drop-
coating technique. For Fe;O, modified electrode, the
mixture of modified ink was prepared by thorough mixing
of Fe;O, powder, carbon ink, and cyclohexanone. The final
weight ratio of suspension mixture is 1:1:8, respectively.
And 5.0 uL of above mixture was placed onto the inverted
bare RDE and allowed to dry at room temperature for 30
minutes. The thickness of this Fe;O, thin layer was 0.05 mm,
and its reproducibility was checked below 5% (RSD, n =20)
through response current. When not in use, it was keptin dry
condition at 4°C.

For Fe;O,/chitosan electrode preparation, it was fabri-
cated in the same way by drop-coating technique. In a
typical procedure, 0.5% chitosan stock solution was firstly
prepared by dissolving chitosan in hot 1% acetic acid
solution. And the 4 pL of above chitosan solution was placed
on the surface of Fe;O, modified electrode and then air-
dried. Afterward, the 5 uL of 1% glutaraldehyde was slowly
coated onto the chitosan film and allowed to dry in the same
condition for 1 hour. This procedure yielded a robust and
strongly adherent composite film with the thickness 15 um.
Then this electrode was immersed in pH 3 citrate buffer for
20 minutes to remove residual species. And it was also stored
in a dry state at 4 °C when not in use.

2.4. Electrochemical Measurements in an Electrolytic Cell

For both cyclic voltammetric and steady-state amperomet-
ricstudies, a 10 mL of pH 3 citrate buffer with 0.1 M KCl was
placed in a temperature controlled electrochemical cell at
25°C. The Fe;O, or Fe;O,/chitosan modified electrode
along with reference and counter electrodes was immersed.
The cyclic voltammetric experiments were conducted
between 0.8 and — 0.8 V to investigate the electrocatalytic
property of these modified electrodes. Also, the ampero-
metric measurements were carried out at —0.2V with
rotating speed of 1225 rpm, and the optimum conditions
were carefully investigated in this paper.

3. Results and Discussion

3.1. Electrochemical Characteristics of Modified
Electrodes

In order to design an effective scheme for biomedical and
environmental applications, the applied potential is nor-
mally aimed near 0 V for electrochemical sensors. In this
project, we continue our quest to search an ideal catalyst for

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 1. Typical cyclic voltammograms of Fe;O, modified elec-
trode at absence (curve B) and presence (curve a0) of ambient
oxygen. And the subsequent five successive additions of 0.5 mM
H,0, were shown in curve al to a5, respectively. The operational
conditions: 0.05 M pH 3 citrate buffer with 0.1 M KCI; potential
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Fig. 2. Cyclic voltammograms of Fe;O,/chitosan modified elec-
trode in the same conditions as in Figure 1.

H,0, sensor and make it feasible for medical application.
Therefore, Fe;O,, with the valence-state of Fe(II) and
Fe(II), is identified as the catalyst for H,O, detection with
limited interference. The reduction of H,O, proceeds by
two-electron, two-proton reduction step to give the product
of H,0, and the reductive valence-state of Fe(II) on Fe;0, is
oxidized to Fe(III). At this moment, the oxidative valence-
state of Fe(I1I) is regenerated back to original state of Fe(1I)
at —0.2 V applied potential, and the response is simulta-
neously recorded. The above electron transfer process is
used for this H,O, chemical sensor by Fe;O, modified
electrode.

In our proposed scheme, Fe;O, modified electrode was
used to investigate the feasibility of H,O, measurement.
Series of cyclic voltammetric experiments were executed to
illustrate electrochemical behavior between the range of
+0.8 and —0.8 V in 0.05 M pH 3 citrate buffer with 0.1 M
KCI. In contrast to bare electrode, a distinct H,O, reduction
from 0.2 V reaches its maximum response around — 0.4 V by
consecutive addition of 0.5 mM H,0, as Figure 1 (curve al

Electroanalysis 0000, 00, 0-0

to a5). The influence of ambient oxygen for Fe;O, modified
electrode was also compared in Figure 1 (curve B and a0).
The current response from oxygen reduction is observed
from 0.1V, and it reaches the maximum peak current
around — 0.6 V. This behavior indicates that oxygen accom-
panies reduction of H,0, by Fe;O, modified electrode.

In this project, a natural polymer of chitosan is coated
onto the electrode surface to eliminate the interferences
from oxygen or other easily oxidizable compounds, and the
modification process is based on the Schiff base reaction [38]
by glutaraldehyde and chitosan. Figure 2 shows that Fe;O,/
chitosan modified electrode is operated in the same
condition as Figure 1. There is also an increasing peak
current by consecutive addition of H,0O, (curve al to a5),
which is similar to above experiment. Nevertheless, the
oxygen reduction current is late to start from —0.25 V with
the maximum reduction peak at —0.45 V (curve B and a0).
This behavior indicates that oxygen reduction is slightly
changed by chitosan thin film. And the influence of oxygen
can be effectively removed by cathodic applied potential of
—0.2 V for H,0, measurement. The detailed comparison is
shown by amperometric response in potential study below.
Therefore, this finding can be used to fabricate a new sensor
device that provides the advantages of interference free and
further biosensor application.

3.2. Optimization Study of Hydrogen Peroxide Chemical
Sensor

From our preliminary research, the response currents were
related to the amount of Fe;O,, but the background currents
were remained at the same level among various percentages
of Fe;O,. This feature is unlike the frequently used catalyst
or mediator in conductive ink materials. Therefore, the
compositions of Fe;O, in modified ink mixture between 2
and 18% were carefully studied firstly. The rising ampero-
metric response is corresponded to the higher percentage of
Fe;O, before 10% of composition, but the response reaches
saturated level with higher variation when the composition
is higher than 10% . For this reason, 10% of Fe;0O, is used for
the subsequent studies.

The percentage of thinner (cyclohexanone) in prepara-
tion of carbon ink mixture was also studied. The major
purpose of thinner is used for viscosity adjustment in
electrode modification. The response is increased from 50 to
80% of thinner, but other percentages are dramatically
decreased. This phenomenon may attribute to the total
amount of Fe;O, is decreased by excess thinner. Thus, the
ratio of 80% thinner is used for Fe;O, mixture through out
this project.

The applied potential for H,O, reduction was also care-
fully studied in these series optimizations. All the ampero-
metric measurements were carried out in the same buffer
condition with 0.5 mM H,0O,. From Figure 3, the response
current is increased with the increasing applied potential
from 0.2 to —0.3V in both Fe;O, and Fe;O,/chitosan
modified electrodes (full line, curve a, b). The enhancement

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



M. S. Lin, H. J. Leu

12

10

Current (nA)
N

03 02 01 00 01 02 03
Potential (V) vs. Ag/AgCl

Fig.3. The applied potential study for 0.5 mM H,O, (full line)
and 0.25 mM dissolved oxygen (dashed line) on Fe;O, (curve a, c)
and Fe;O,/chitosan (curveb, d) modified electrodes. Other
operational conditions: —0.2 'V applied potential; 0.05M pH 3
citrate buffer with 0.1 M KClI; rotating rate 1225 rpm.
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Fig. 4. The pH study for 0.5 mM H,O, on Fe;O, (curve a) and
Fe;O,/chitosan (curve b) modified electrodes. Other conditions as
in Figure 3.

of response is attributed to the increasing driving force for
electrochemical reduction of H,0, by Fe;O, modified
electrode. At this point of view, we also find the oxygen
reduction is increased with the increasing applied potential
gradually (dashed line). In curve c, the oxygen reduction
current is found after 0.1 V in Fe;O, modified electrode, but
it is found after —0.2 V in Fe;O,/chitosan modified elec-
trode (curve d). Thus, the optimum potential is selected at
—0.2V to avoid interferences from ambient oxygen for
subsequent studies.

Figure 4 shows the pH dependent behavior from Fe;O,
modified electrode with (curve b) or without (curve a)
chitosan thin film, and the slopes from response currents are
—0.9 and —1.7 pA/pH between pH 3 and 8, respectively.
This result indicates the pH dependent behavior has gone
down by Fe;O,/chitosan modified electrode. For this reason,
the response from Fe;O,/chitosan composite is enhanced
about 3-fold in the case of pH 7. However, the pH 3 citrate
buffer is chosen during optimization process, but this finding
in pH 7 indicates that Fe;O,/chitosan modified electrode is
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feasible for oxidase-based biosensor applications in bio-
logical condition.

The rotating speed in RDE experiment is also critically
important for steady-state responses. In order to character-
ize the mass-transfer behavior, the rotating speeds were
carefully studied between 25 and 2500 rpm. The mass-
transfer controlled region is up to 625 rpm in Levich plot,
and then the plot soon reaches steady-state around
1225 rpm in both Fe;O, and Fe;O,/chitosan electrodes.
This result indicates that the mass-transfer independent
region can be reached higher than 1225 rpm. Thus, 1225 rpm
is controlled for subsequent studies.

This hydrodynamic experiment also indicates the kinetic
parameter of modified electrode. Thus, the overall rate
constant (k”) was calculated from Koutecky-Levich plot.
The values are 6.4 x 107*,6.0 x 107, and 4.0 x 107 cm s ' at
—0.2V for Fe;0,, Fe;O,/chitosan, and bare electrodes,
respectively. In contrast to the bare electrode, there are
about 16-fold and 15-fold overall rate constant enhance-
ments for the Fe;O, and Fe;O,/chitosan modified electrodes.

3.3. Analytical Preference of Hydrogen Peroxide
Chemical Sensor

Figure 5 illustrates the typical calibration plots over the
range of 0.025 to 10 mM H, O, in different pH, and the actual
response for Fe;O,/chitosan modified electrode in pH 3 is
also shown as inset. From this result, the Fe;O,/chitosan
modified electrodes (curve a, b) possess longer linearity
range than the electrodes without chitosan (curve c, d) in
corresponding pH. The detail comparison of analytical
performance is summarized as Table 1, and the extension of
linearity for chitosan coated thin film in pH 3 and 7 is about
3-fold and 5-fold, respectively.

In optimum pH, the linearity of Fe;O,/chitosan modified
electrode is up to 4.0 mM with sensitivity of 16.8 pA mM™!
(r=0.999). A detection limit of 7.6 uM is also obtained
(8/N =3). The precision value from RSD is 2.2% by twenty
successive measurements of 0.5mM H,0, A typical
response time between 10 and 90% of steady-state response
is 5.2 s at the injection of 0.5 mM H,O,. Besides, all the
above characteristics were also estimated in pH 7. The
linearity, sensitivity, detection limit, precision, and response
time are 5.0 mM, 9.6 uA mM~}, 7.4 uM, 2.3%, and 5.2 s,
respectively in biological pH.

The major interferences are carefully evaluated for Fe;O,/
chitosan modified electrode in both optimum and biological
pH, such as oxygen, uric acid, ascorbic acid, acetaminophen
and 1,4-dihydroxyquinone. Based on the features of reduc-
tive mode detection and chitosan coated thin film, no
significant response is observed from aforementioned
interferences (0.5 mM) at both pH values in the presence
or absence of 0.5 mM H,O.,.

Finally, the half-life, #5,, of this H,O, sensor was also
studied. When this sensor is kept under room temperature
after use, the half-life time is near 9 months based on weekly
evaluation. However, the half-life time can be extended to 2
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Table 1. Statistical data for calibration graphs and performance using different composite of modified electrodes and solution pH.

Electrode pH Linear range [a] (mM) Sensitivity (LA mM™) Response time [b] (s)
Fe,0, 7 0.025-1.0 3.6 52
Fe;0, 3 0.025-1.25 17.2 4.9
Fe;O,/chitosan 7 0.025-5.0 9.6 5.2
Fe;0,/chitosan 3 0.025-4.0 16.8 5.2

[a] The correlation coefficient of linear range is controlled in 0.999.

[b] The response time is calculated between 10 and 90% of steady-state response.

Table 2. Comparison of the performance of various H,O, sensors based on cathodic measurement schemes in neutral pH solutions.

Electrode Modifier Potential applied  Linear range (mM) Sensitivity =~ Response Detection Life time
(vs. Ag/AgCl)(V) (LA mM™")  time (s) limit [g] (uM)  [h] (months)

Fe;O,/chitosan [a] -0.2 0.025-5.0 9.6 52 7.4 24.0 (50%)
CoHCF [b] 0.0 0.005-1.1 224.0 6.5 0.063 0.5 (50%)
HRP/sol-gel/hydrogel [c] —0.05 0.1-3.4 15.0 10.0 0.5 3.5 (92%)
HCF/HRP/sol-gel/chitosan [d] —0.1 0.25-3.4 14.86 10.0 3.0 1.0 (85%)
VZrO,/graphite/PE [e] -0.4 0.005-0.4 70.0 - 2.1 -
AI/MnHCEF [f] 0.0 0.0006-7.4 194.35 4.7 0.2 3.0 (90%)

[a] Current paper.

[b—f] Results reported in References [42], [23], [40], [41], [28], respectively. The pH values/media in [b] to [f] are pH 6/phosphate, pH 7.5/phosphate, pH 7/

phosphate, pH 7/NaCl, and pH 6.5/succinate, respectively.
[g] With S/N=3.

[h] After the indicated months of storage, the percentages of remained response.
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Fig. 5. Typical calibration curves for H,O, detection by using Fe;
O, modified electrode with (curve a, b) or without (curve c, d)
chitosan in pH 3 (filled symbol) and 7 (hollow symbol) buffer
solutions. And the actual response of curve (a) was shown as inset.
Other conditions as in Figure 3.

years when this sensor is stored under 4°C after use. The
difference may attribute to the low temperature which can
slow down the deterioration rate of current sensor. And this
advantage of long-term stability can’t be affected in the
different solution pH.

Electroanalysis 0000, 00, 0-0

3.4. Comparison with Other Sensors and Real Sample
Measurements

In neutral pH, a comparison of the performance for this Fe,
O,/chitosan modified electrode with other H,O, sensors
reported in literature is shown in Table 2. All the data from
this sensor reveal the properties of low detection potential,
prompt response and high stability. In detail, Fe;O,/chitosan
modified electrode can provide a cathodic scheme to
minimize the possible interference in various applications,
and its life time is longer than other electrochemical scheme,
such as peroxidase, Prussian blue and others. Furthermore,
chitosan coated thin film may supply a permselective film
for prompt H,0, detection in this project.

For possible medical and environmental applications, this
H,O, sensor was also used to evaluate the feasibility of H,0O,
detection in various samples as in Table 3. These samples
with 20-fold pre-dilution were used as the sample solutions
in this experiment. By standard addition method, the results
from prediluted sample solutions are obtained and shown in
the first column. Then the results of injection 0.5 mM H,O,
in various sample solutions is shown in the second column.
Finally, the calculated recovery values are shown in the third
column.

4. Conclusions

We have successfully demonstrated a Fe;O,/chitosan modi-
fied glassy carbon rotating disk electrode as a feasible sensor
for H,0O, detection. Otherwise, this work has the advantages
of limited interference, prompt response, good reproduci-
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Table 3. Results of H,0O, analysis in six different sample solutions.

Sample Value found in diluted sample (mM) [a] Value found after H,0, addition (mM) [b] Recovery (%)
Serum 0.012 0.489 97.8
Irrigation water - [c] 0.491 98.2
Tap water 0.009 0.499 99.8
Rainwater - 0.505 101.0
River water 0.014 0.514 102.8
Seawater 0.011 0.518 103.6

[a] 1:20 dilution with pH 7 phosphate buffer (containing 0.1 M KCI).
[b] The added H,0, was controlled in 0.5 mM.
[c] No obvious response was found.

bility and long-term stability by the minimum cathodic
applied potential for this sensor. It may benefit the future H,
O, detection in both biological and environmental applica-
tions.

In current scheme, we provide a simple procedure which is
suitable for mass production, biomedical, and environ-
mental applications. Thus, this H,O, chemical sensor can be
used to the screen-printed disposable strips and other
oxidase-based biosensors which are under intensive inves-
tigations currently in our laboratory.
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Im prove mentof Pulse Amperometric DetectionInte grated Auto mated
Flow Injection Analysis of EthylenethioureaDetermination

Meng-Shan Lin* ( 4%l ), Jun-Sheng Wang ( F{£§5 ),
Pei-Yan Chen ( [#ifii = ) and Hsiu-Hsuan Yeh ( ZEZ %)
Department of Chem is try, Tamkang Univer sity, Tamsui 25137, Taiwan, R.O.C.

Improve mentofpulse amperometric de tec tion (PAD) method isdemonstrated indetermination of ethyl-
enethiourea (imidazolidine-2-thione, ETU). The an odic de tec tion of ETU will pro duce poly meric film on an
elec trode lead ing to an in ac tive elec trode sur face. Here, the PAD method was used to re move the poly meric
film formed on the elec trode sur face be tween ETU de tec tion. Fur ther, the scheme was in te grated with au to-
matedflowinjectionanalysis (AFIA) fordetermining ETU. Theoperational parametersof PAD in the AFTIA
sys tem were dis cussed thor oughly. The analytical characteristics ofthe sys tem were evaluated atop timum
conditions. The lin ear range of cal i bra tion plot was be tween 20 to 300 MM (the correlative coefficient,r=
0.999) and the de tec tion limit was 0.9 "M (S/N =3). Therel ative stan dard de vi a tions of de tec tion of 50 ™M
ETU were 0.82% with and 9.07% with out PAD scheme. The re sults in di cate the sys tem is a very promising
tool for ETU de ter mi na tion. Finally, the ma trix ef fects of two wa ter sam ples that were collected from a cam-

pus and a farm show good re cov eries 0f 92% and 96%.

Keywords:

INTRODUCTION

Theelectrochemical phenomenonoftheinhibitionef
fect on elec trode sur faces has been stud ied by Bejerano etal.'
They have shown that the ox i da tion of io dide and bro mide is
in hib ited in the pres ence of a small amount of phe nol and
some ofits derivatives.” Theelec trochemical products are
generated by oxidativereactionofphenoliccompounds.® In
the mean time, it will the ac cu mu late onto elec trode sur face
lead ingto the electrode inactivationand the hin drance of sig-
nal in fur ther electroanalytical mea sure ments. A few re ports
have en deav ored to di min ish the prob lems caused by these
polymeric films.*’ Nafion® was em ployed to solve this prob-
lem, but the sen si tiv ity was poor due to that mass trans port of
the analyte in the mem brane was slower than in so lu tion.*
John son et al. re ported an elec tro chem i cal method called
pulse amperometric de tec tion (PAD) for in situ clean ing and
reactivationona Ptelectrode which was se verely fouled by a
poly meric phenoxy film.’ John son also dem on strated that the
PAD was an ef fi cient method to re move the poly meric film
on ano ble elec trode sur face. This scheme has been fur ther
adopted by Dionex Com pany (MA, USA) to de velop the idea
into acommer cial scheme.®

Here, we re port a dif fer ent po lar iza tion scheme from

Pulse amperometric detection; Ethylenethiourea; Automated flow injection analysis.

the con ven tional PAD” to re gen er ate the sur face of an elec-
trode right after each mea sure ment. Ethylenethiourea (imida-
zolidine-2-thione, ETU), an in ter me di ate in eth yl ene bis
dithiocarbamates (EBDCs) for mu lations can be gen er ated
from EBDCs by aer a tion or dur ing cook ing pro cesses and is
pres entin most EBDCs-treated crops.'®!' EBDCs are an ag ri-
cul turally im por tant group of fun gi cides. In 1987, the US En-
vironmental Protection Agency (EPA) monitored the ETU
re sid ual amount in 5888 food items and showed that 18% of
the samples con tainresidue of ETU.'? The res i dues of ETU
have been shown to be car cin o gens and teratogens. That is a
very se vere threat to pub lic health, hence a fast, cheap, and
sen sitive method for ETU de ter mi na tion should be de vet
oped. ETU de ter mina tion was stud ied in var i ous re ports inr
cluding LC-spectrometry!® and electrochemical tech-
niques.'>'® The sen sitiv ity is better in elec tro chem i cal meth-
ods than the LC method. How ever, the cop per elec trode'” un-
der wentcom plex re ac tion with ETU that caused cop per fout
ing on the elec trode sur face and the gold elec trode '® is ex pen-
sivein future ap plications. A flowinjection anal y sissystem
(FIA)'"" cou pled with PAD method on a glassy car bon elec-
trode was used in ETU de ter mi na tion. The ad van tage of a
glassy car bon elec trode is that it is more cost-effective than
the gold elec trode. Two kinds of wa ter sam ples were also

* Corre sponding au thor. Fax: +886-2-26299996; e-mail: mslin@mail.tku.edu.tw



1294 J. Chin. Chem. Soc., Vol. 51, No. 6, 2004

adopted for prac ti cal ap pli ca tion, and both of them showed
goodre coveries. The scheme also shows good sensi tivity and
timesavingbenefitsforETUdetermination.

EXPERIMENTAL

Apparatus

A flowinjectionanal y sis (BAS CC-5 Liquid Chro ma-
tography)wascarried outinthreeelec trodes configuration
that consisted of a glassy carbon working electrode, an
Ag/AgCl (3 M KCl) refer ence elec trode (pur chased from
Bioanalytical Sys tems, Inc., In di ana, USA) and the stain less
flow cell as coun ter elec trode was used for all the elec tro-
chemical ex periments. A home made potentiostat (out put po-
tential was corrected care fully be fore ex peri ments) was used
toap ply oxidative potential. The flow rate was con trolled by
using a peristaltic pump (Masterflex C/L° U77120-40,
Masterflex, USA) and au to matic sam ple in jec tion was per-
formed by the re mote-controlled auto-valve (ETMA-CE,
Valco, USA). All voltammetric ex per i ments were per formed
atanelec tro chemical work station (CHI 750A, CH In stru-
ment, USA). The Labview soft ware (Labview 5.0, Na tional
In struments, USA) was used to au to mat i cally con trol the
pulsegenerationandsignalcollection fromthe AFIA expert
ments.

Reagents

The water used in the prep ara tion of all stock so lu tions
was puri fied by are verse os mo sis sys tem of Easypure RO
(Barnstead/Thermolyne, IW, USA) and are agent grade wa ter
sys tem of Easypure UV/UF with a 0.2 nmbacterial filter. All
of the stock so lu tions were pre pared daily or stored at 4 °C
be fore use. 0.05 M pH 7 phos phate buffer (Riedel-deHaén,
RDH, Seelze, Ger many) was used as an elec tro lyte during the
electrochemicalmeasurements. ETUsolutionwasprepared
by dis solving ETU (Supelco, Penn syl vania, USA)ina 0.05
M pH 7 phos phate buffer so lu tion (PBS).

Prep a ra tion of the Glassy Car bon Working Elec trode

A commercial glassy car bon elec trode was used as
work ing elec trode in all ex per i ments. The glassy car bon
work ing elec trode sur face was polished by a 1.0mmdiamond
solution (BAS),0.01mM and 0.05nM alumina ox ide pow der,
then sonicated with de-ionized wa ter for 10 min utes twice.
Sub se quently, the work ing elec trode was checked by a cy clic
voltammetric test be fore use. Two kinds of wa ter sam ples
were col lected from a cam pus and a farm as real sam ples. Be-
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fore AFIA ex periments, the real sam ples were ad justed to
PBSpH 7.

RESULT AND DISCUSSION

The typical cy clic voltammgram of bare glassy car bon
elec trode in 0.05 M, pH 7 PBS buffer and in 20mM ETU at 1 *
and 20'" cy cle is shown in Fig. 1. The ETU could be ox i dized
atanapplied potentialabove 0.6 V (vs. Ag/AgCl) (comparing
Fig. 1 A and B) on glassy car bon elec trode. After 20 cy cles,
the oxidation currentof ETU isre duced by 54% (Fig. 1 Band
C); this may due to some in hi bi tion re ac tion occuring at the
electrode sur face. The detailed mech anismbetweenthe ETU
ox idation prod uctand car bon elec trode sur face is still un der
investigationinourlaboratory. Sincetheoxidationof ETU
on a glassy car bon elec trode causes the elec trode to be come
in ac tive, the PAD method was adopted to solve the prob lem
ofthe ETUdetermination.

ETU determination

The de ter mi na tion of ETU was per formed in the AFIA
sys tem. The param e ters of AFIA such as ap plied po ten tial,
flow rate, pH and kinds of car rier buffer were stud ied thor
oughly (data not shown). The op ti mum con di tions of AFTA
were de tec tion po ten tial at +1.0 V (vs. Ag/AgCl), flow rate
0.5 mL/min in 0.05 M, pH 7 PBS buffer and 1 mM ETU/in-
jection. Fig. 2 (a)is atyp i cal wave form of PAD used in John-

A) = |

20 pA

©

(B)

1.5 1.0 0.5 0.0
Potential /V (vs. Ag/AgCl)

Fig. 1. Thetypicalcyclicvoltammgram of ETU behav-
ior. The cy clic voltammgram of blank buffer
(A), in 20 mM ETU at 1% (B) and 20™ (C) on
bare glassy carbon elec trode. Elec tro lyte: 0.05
M, pH 7 PBS buffer; Scan rate: S0 mV/s.



Pulse Amperometric Detection

son’sre port.’ The pulse schemes in te grated the ox i dative
measurementpotential (Eqe) of the pulse train and fur ther the
elec trode was cleaned (E.) and re ac tive (E;) at a suit able po-
ten tial. The wave form that we used in this sys tem is shown in
Fig. 2 (b). This tech nique was an im prove ment from the tra di-
tional PAD method and was de vel oped based on our re cent
reports.'**° The pulse scheme is de scribed be low. First, the
electrode was equil i brated (Ecqu) and de tected (Eq.() at the
same oxidative potential, and thenthe continuous pulses
were ap plied to clean and re ac ti vate (E«) the glassy car bon
electrode. Notice, all of the PAD pro ce dures dur ing the prog-
ress of ex per i ments were au to mati cally con trolled by soft-
ware.

The param e ters of the PAD method that can in flu ence
the sensitivity, like pulse fre quency, pulse am plitude, and the
pulse width, were stud ied thor oughly. The op ti mum con di-
tions for pulse fre quency, pulse am pli tude, and the pulse
width are found to be 15 Hz, 0~1.4 V and 20 sec, re spec tively.
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Fig. 2. The pulse amperometric de tec tion scheme in
ETU de ter mi nation. The wave form of PAD in
Johnson’sre port(a), and the typ i cal wave form
usedinpresentsystem(b). Detectionpotential:

+1.0 V (vs. Ag/AgCl); flow rate: 0.5 mL/min;
Other con di tions as in Fig. 1.
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Fig. 3 showstheratio ofrel ative cur rent with (A) and with out
(B) pulse treatment in 1 mM ETU determination. After
twenty continuous suc ces sive measure ments, therelative
stan dard de vi ation of pulse treat ment and non-pulse treat
ment are found to be 0.82% and 9.5%, re spec tively. It means
that the scheme is an ef fi cient tech nique to clean and re ac ti-
vate the electrode after each ETU measurement. Fig. 4,
showsthetypical doublelogarithmcalibrationplotof ETU
de ter mi na tion; the lin ear range is up to 300mM (r = 0.999).
The de tec tion limit was found to be 0.9 "M (1.83 ng/20 m)
(S/N=3). The de tec tion limit is better than the LC method. '*
To ad dress our work, we ex tended this sys tem to real
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Fig. 3. Thetwentytimes ofrepetitive ex perimentof

ETU de ter mi na tion was per formed with (A)
and with out (B) pulse amperometric de tec tion
in AFIA system. The op eration conditionsin
this work are as in Fig. 2.
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sam ple work. Two dif fer ent wa ter sam ples were col lected
from the cam pus and a farm nearby in Tamsui. The re cov eries
of two real sam ples are 92% and 96%, re spec tively. Both of
them show good re cov eries of ETU in real wa ter sam ples de-
termination. The scheme is suitable for in te gration into com-
plicatedsystemsforenvironmentalapplications.

CONCLUSION

Anim prove ment in the PAD method is dem on strated
by ETU determination. Theinfluenceofelectrodeactivity
can be re moved by the PAD method suc cess fully and the de-
vi a tion can be re duced by the PAD method too. The PAD
tech nique shows high sensitiv ity and is con ve nient for ETU
de tec tion. AFIA has proven the sys tem to be a scheme that
saves time, is easy to op er ate and does not need spe cific train-
ing. Thereal sam ple as says also showed goodre cov ery. Inthe
fu ture we will ex tend this sys tem to LC-EC ap pli ca tion for
morepracticalapplications.
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Abstract

A phthalocyanine based sensor, for anodic detection of sodium ethylene bisdithiocarbamate (Nabam) by coating a
mixture of cobalt phthalocyanine (CoPC) modified carbon ink on the surface of a glassy carbon electrode, has been
described. The modified ink was prepared by mixing three percent of cobalt phthalocyanine into carbon ink and then
diluting the mixture with cyclohexanone in w/w ratio of 1/9. A suitable portion (or 1 uL) of ink mixture was then dip-
coated on a rotating disk glassy carbon electrode. The modified ink electrode was air-dried for 15 mins before use. In
comparison to the bare ink electrode on which the oxidation of Nabam takes place at 300 mV (vs. 3 M Ag/AgCl), the
oxidation potential (— 125 mV) of Nabam at the CoPC modified ink decreases significantly. A typical calibration plot
of Nabam proportionally increases over the concentration range of 2.5 to 36 uM (R =0.9990). The detection limit is
estimated about 28.8 nM (S/N = 3) and its response time (between 10% to 90% of steady-state response) is about 5.3 s
at the injection of 5puM Nabam. The sensitivity requirement of JMPR meeting (Joint FAO/WHO Meeting on
Pesticide Residues) for ethylene bisdithiocarbamates (EBDCs) is achieved by this proposed scheme.

Keywords: Ethylene bisdithiocarbamate, Nabam, Cobalt Phthalocyanine

1. Introduction

Ethylene bisdithiocarbamate (EBDC) base pesticides (in-
clude Nabam, Mancozeb, Ferbam, Maneb, and Zineb) have
been widely used as broad-spectrum fungicide, bactericide,
and algaecide. These have been widely used to control algae
in rice field as well as the fungal diseases of cotton, apple,
and tomato [1, 2], etc. They are still frequently used in either
powder or emulsion formula in many agriculture applica-
tions locally. There are serious concerns about the effect of
EBDCs toward human toxicity and environmental risk [3].
Nabam and many other ethylene bisdithiocarbamate base
pesticides are the topics of an important research area; two
special review sections were held due to the presumption of
the carcinogenicity and its toxicity of the metabolite of
ethylene thiourea (ETU) [3]. Further intensive investiga-
tion of the category of ethylene bisdithiocarbamate base
pesticides is urgently needed. However, there are not many
schemes, which are sensitive enough to meet the require-
ment of Joint FAO/WHO Meeting of Pesticide Residues
(JMPRs) for the detection of ethylene bisdithiocarbamate
[4].

The conventional detection schemes of ethylene bisdi-
thiocarbamate are based on the generation of CS, in AOAC
methods, which is quite tedious. In general, the procedure
involves the conversion of ethylene bisdithiocarbamate to
carbon disulfide and subsequently measuring the amount of
converted CS, by titration with iodine. It should be
mentioned that a few schemes have been developed for
the determination of ethylene bisdithiocarbamates, such as

Electroanalysis 2004, 16, No. 11
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HPLC-UV [5], gas chromatography [6], spectrophotometry
[7-9], mass spectrometry [10], and electrochemical
schemes [11-13].

Earlier electrochemical schemes for the measurement of
dithiocarbamates involved the use of polarographic [11] and
adsorptive stripping voltammetric measurements [12].
However, the sensitivity issue is critical for the possible
application needed. Previously, we have reported a cathodic
adsorptive stripping voltammetric method [13] for the
measurement of Zineb, an ethylene bisdithiocarbamate
base pesticide. This scheme provides rapid, sensitive ways
for the study of acceptable daily intakes (ADIs). However,
the need of using environmental unfriendly mercury
electrode, prompt us to redesign a non-mercury based
scheme.

This interesting property of CoPC has resulted massive
investigation as well as many analytical applications [14—
27]. CoPC, a vitamin B,, analogue, possess an electro-
catalytic activity toward sulfur containing compounds, such
as thiols, and sulfides [14-16]. A few CoPC based schemes
have also been developed for the analysis of hydrogen
peroxide [17, 18], oxygen [19], and hydrazine [20, 21]. A few
types of CoPC based biosensors have been also developed
for the sensing of uric acid [22], glucose [23], lactic acid [24],
xanthine [25], cholesterol [26], and organo-phosphate [27].
However, there is no report, yet, of an ethylene bisdithio-
carbamate pesticide sensor.

In continuation of our interest in this area [13], we
describe, herein, another non-mercury based scheme by
utilizing cobalt phthalocyanine modified carbon ink elec-

DOI: 10.1002/elan.200302896
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trode to measure Nabam. Current scheme also proposes a
potential application to simultaneously monitor both Na-
bam and its metabolite, ETU. The thiol group of Nabam will
first attach to the central metal ion, Co?*. Subsequently, the
Nabam is oxidized and the reduced metal center Co* can be
oxidized to Co?* electrochemically. The new scheme
possesses a few analytical advantages including rapid
response time, relative reasonable linear range and required
sensitivity. Current scheme provides equal sensitivity as the
stripping one that was previously published by our group
[13]. Above all, this method can also be used to determine
many of other ethylene bisdithiocarbamate base pesticides
with required minor modifications.

2. Experimental

2.1. Apparatus

For steady-state amperometric measurements of Nabam, a
bi-potentiostat (Model PAR 366A, Princeton Applied
Research) was used. The applied voltage was controlled in
a three-electrode system for all of amperometric experi-
ments. The measurement cell containing a glassy carbon
disk electrode (RDE 0032, Princeton Applied Research)
with a motor controlled rotor (Model 636, Princeton
Applied Research), a homemade Ag/AgCl (3M KCI)
reference electrode and a platinum (99.95% purity; local
supplier) wire counter electrode was used for all the
electrochemical experiments. Cyclic voltammetric analyzer
(CHI 750A, CH Instrument, USA) was used to study the
anodic reaction of Nabam and to conduct all the cyclic
voltammetric experiments. The data from steady-state
amperometric experiment were recorded with a strip chart
recorder (Linear Chart Recorder MF1201, Alltech). The pH
measurements were carried out with a Suntex pH meter
(local supplier).

2.2. Reagents

Water, used for stock solutions preparation, was purified by
a reverse osmosis system of Easypure RO (Barnstead/
Thermolyne, IW, USA) and a reagent grade water system of
Easypure UV/UF with a 0.2 um bacterial filter. All of the
prepared stock solutions were stored at 4 °C before use. All
the electrochemical measurements were conducted in a
0.1 M phosphate buffer (Riedel-deHaén, RDH, Seelze,
Germany). Nabam solution (2 mM) was prepared by
dissolving of Nabam (Chem Service, West Chester, Penn-
sylvania, USA) in a portion of 5 mL of 0.1 M phosphate
buffer of pH 9 solution. The stock solutions of iron chloride
(FeCl,), zinc chloride (ZnCl,), camphor and humic acid
(Aldrich, Milwaukee, WI, USA), sodium dodecyl sulfate
(SDS) (Mallinckrodt, Paris, Kentucky, USA), manganese
chloride (MnCl,) (Riedel-deHaén, RDH, Seelze, Germany)
were prepared in 0.1 M phosphate buffer solution (pH 9)
before use.

Electroanalysis 2004, 16, No. 11

2.3. Procedure

2.3.1. Pretreatment of the Glassy Carbon Disk Working
Electrode

A commercially available rotating disk glassy carbon
electrode (5.0 mm diameter of AFMD10580GC, Princeton
Applied Research) was used as working electrode in either
steady-state experiment or hydrodynamic response on
CHI750A. The glassy carbon working electrode surface
was polished with 1.0 um diamond solution (BAS), followed
by the sonication for 1 minute in deionized water. The
working electrode surface was polished with 0.1 and 0.05 um
alumina oxide powder and it was sonicated for 10 minutes
twice. Subsequently, the working electrode was checked by a
cyclic voltammetric scan before use.

2.3.2. Preparation of Modified Working Electrode

At first, cobalt phthalocyanine and carbon ink (Gwent
Electronic Materials, UK; code number C10903D14) were
mixed. Subsequently, cyclohexanone (9 times of total weight
of CoPC ink mixture) was added and mixed thoroughly.
Finally, 1.0 uL of this CoPC modified ink mixture was
pipetted onto a inverted RDE glassy carbon electrode
surface and air-dried for 15 minutes in room temperature.

3. Results and Discussion

3.1. Electrochemical Characteristics of Cobalt
Phthalocyanine

The basic measurement principle of Nabam on a CoPC
modified ink electrode is based on the oxidation of the
complex of CoPC and Nabam by the electrode at the applied
potential of 0.0 V (vs. Ag/AgCl). In the preliminary inves-
tigation, we have found that the response of CoPC modified
ink electrode is more sensitive than either the commercially
available bare glassy carbon electrode or the ink electrode
(data not shown). In contrast to the bare ink electrode
(oxidative peak of Nabam is at +0.3 V), the oxidative peak
of CoPC modified ink electrode appears at —0.125V, i.e.,
the potential is negatively, shifted 0.425 V (Fig. 1). As shown
in Figure 1A, there is a typical response of the 3% CoPC
modified electrode toward the addition of 0.4 mM Nabam in
a phosphate buffer (pH 7).

Significant reversibility improvement of the CoPC modi-
fied ink electrode, in contrast to the bare electrode, is also
observed. The ratio of oxidative peak versus reductive peak
changes from 0.362 (ink electrode) to 0.943 (CoPC modified
one). In further scan rate study, the slope of log current vs.
log scan rate equals to 0.740, indicating that the response is
mixed model of both diffusion and surface adsorption
processes. As estimated from calibration plot of a steady-
state rotating disk experiment, the sensitivity is improved
about 3.4 times as bare ink electrode. A kinetic parameter k;
value equals 4.1 x 10~2 cm?/s is calculated from Koutetchky-

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 1. Typical cyclic voltammograms at the absence (--) and
presence 0.4 mM (—-) Nabam on cobalt phthalocyanine modi-
fied (A) and unmodified ink electrode (B). Other operational
conditions: 0.1 M phosphate buffer, pH 7; scan rate, 0.1 V/s.
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Fig.2. Potential study. The steady-state responses of 10 uM
Nabam (a) and Oxygen (b) by cobalt phthalocyanine modified
electrode at potential ranging between —100 to 400 mV. Opera-
tional conditions: 0.1 M phosphate buffer, pH 9.3, and rotating
speed: 1600 rpm.

Levich plot at applied potential of 0.0V in a 0.1 M
phosphate buffer of pH9. In contrast to the bare ink
electrode, there is about four fold enhancement of electron
transfer rate in the CoPC modified one.
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Fig.3. The composition study. CoPC/ink composition ratio
ranging between 0.25 to 10%. Other conditions as in Figure 2.

From preliminary cyclic voltamograms, we have noticed
that the applied potential is one of the important parameters
in term of the response current. Subsequently, a steady-state
potential study was conducted at the presence of 10 uM
Nabam in 0.1 M phosphate buffer of pH 9.3. The steady-
state result of potential study (Fig. 2) indicates the Nabam
can be oxidized at the potential around —0.1 V or higher
(data shown in Fig. 2a). The potential was chosen at 0.0 V
due to the consideration of the minimization of easy
oxidizable interference, such as humic acid, ascorbic acid,
etc. Figure 2b shows the merits of utilizing operational
potential at 0.0 V with limited oxygen interference. The
result is also concise with the prediction from cyclic
voltammogram in Figure 1A. The sensitivity of CoPC
modified electrode, calculated from the current of cyclic
voltammetric peaks, indicates sensitivity enhancement of
approximately 3 times relative to unmodified one (Fig. 1B).

3.2. Optimization Study of Cobalt Phthalocyanine
Modified Electrode

The CoPC modified electrode was prepared simply by
pipetting a suitable amount of CoPC/Ink mixture to a glassy
carbon electrode and air-dried under the cover of an
inverted glass beaker. The composition of CoPC modified
ink was carefully studied between 0.25 to 10%. The result
indicates the response current increases promptly between
0.25 and 1% of CoPC and reaches the plateau between 1 and
10% (Fig. 3). The CoPC composition of 3% seems better
reproducibility than other compositions. Thereafter 3% of
CoPC modified ink electrode was used throughout the
whole investigation.

Acidity is also vitally important to both sensitivity and the
response time in oxidation process. Figure 4a shows the
response increases as the pH increases and reaches its
maximum value at pH 9. On the other hand, the decrease of
sensitivity between pH 9.3 and pH 10. Figure 4b indicates

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Determination of an Ethylene Bisdithiocarbamate Based Pesticide (Nabam)

907

1000 —

/

T

' (a)

(o]
(=]
Response time (sec)

1 l Il l A l 1 l 'l ' 'l l L l A l J

900 —
2 800 o
£
= -
£ o700 _
=
O -

600 —

500 — T

6 7 8

15
10
\\
IR NON
— T 0
9 10 11

Fig. 4. The optimum pH study of Nabam. Oxidation current (a) and response time (b) between pH ranging from 6 to 10.3. Other

conditions as in Figure 2.

that the response time (from 10% to 90% of response) can
be significantly reduced at higher pH. The actual response
time study at various pH shows response time is changing
from 37.6, 19.2, 9.5 and down to 5.3 s at pH 6, 7, §, and 9,
respectively. The response time can be improved down to
even 3.5 sat pH 10.3 but the response current is significantly
reduced to 84.2% of its sensitivity at solution of pH 9. The
types of electrolytes were also investigated briefly. The
result indicates the phosphate buffer possesses better
sensitivity than borate and glycine buffers. The concentra-
tion of buffer/electrolyte was also studied between 0.025 and
0.2 M. The result indicates that the signal is reaching its
plateau at the concentration higher than 0.1 M and is
significantly reduced at the electrolyte concentration of less
than 0.1 M. In consideration of the aforementioned factors,
the working solution in the subsequent studies was finally
chosen at 0.1 M phosphate buffer pH 9.

It was noted that Nabam decomposes on prolonged
exposure to moisture. In preliminary electrochemical ex-
periments, we also found that Nabam is even unstable under
acidic condition (pH 3). There is about an 80% decrease due
to the severe hydrolysis process observed in the pH3
solution but there is only about 20% of signal decrease when
the pH was changed from 6 to 10. Thus, a more detailed
hydrolysis study was conducted at pH 9 (data not shown).
The hydrolysis decreased only 5% within the first 90 mi-
nutes. Additional study indicated there was a 13% signal
decrease in a 12 hours prolong hydrolysis at pH 9. Thus, it
implies the hydrolysis is insignificant during a few hours at
optimum conditions.

We have also used a UV spectrophotometric scheme to
study the stability of Nabam. The result shows the same
trend as the electrochemical one (data not shown). Mer-
captoethanol is well-known to enhance the stability of
Nabam in acidic condition. The feasibility of utilizing this
compound to improve the stability of Nabam in current
applications was investigated. The result indicates that the
mercaptoethanol possesses an electrochemical activity and

Electroanalysis 2004, 16, No. 11

isnot suitable for the current application. Thus, the acidity of
pH 9 seems to be the best option to maintain its stability in a
solution in this current project.

The rotating speed, in terms of the response behavior, is
also equally critical as other operational conditions. The
result indicates that the response current is proportional to
the rotating speed between 49 to 900 rpm. The first rising
portion (between 49 and 900 rpm) is attributed to the mass-
transfer dominant process and thereafter the area of the
curve indicates the region of kinetic-control. All the experi-
ments were carried out at 1600 rpm.

3.3. Analytical Performance

The analytical characteristics of the prepared CoPC modi-
fied electrode were subsequently evaluated based on the
above mentioned optimum conditions. A typical concen-
tration dependent response curve of successive injections of
Nabam on a cobalt phthalocyanine modified electrode is
shown in Figure 5. The calibration plot is linear up to 36 uM
(correlation coefficient is 0.999), after which the curvature is
observed. The slope of linear portion of calibration plot with
least square treatment yield a sensitivity of 905.6 uM/mM -
cm?.

The response time from 10% to 90% of the maximum
signal requires 5.3 s upon the injection of 2 uM Nabam. The
characteristic of this response is suitable for developing a
rapid analysis. A series of twenty successive measurements
of 5 uM Nabam was used to evaluate the precision of this
scheme. A mean response current of this chemical sensor
was 872.1 nA with a range of 828 -940 nA and a relative
standard deviation of 4.22% . The signal-to-noise character-
istic (S/N =3) indicates that the detection limit of Nabam
with CoPC modified electrode is 28.8 nM. The interference
study indicated that there was only less than 1.0% signal
decrease, as observed on the addition of 10 uM Fe?*, Mn?*,
and Zn*' ions. The signal was reduced by about 12.2%,

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 5. The typical calibration plot of Nabam from cobalt
phthalocyanine modified rotating disk electrode. Nabam concen-
tration ranging between 2 to 60 uM at 0.1 M phosphate buffer,
pH 9.0, Other conditions as in Figure 2.

1.1%, and 26% at the addition of 2 ppm SDS, camphor, and
humic acid, respectively.

Both Nabam and its metabolite ethylene thiourea (ETU)
are representing an important class of pesticides and a
carcinogenic residue resulting from Nabam metabolite
pathway, respectively. Therefore both should be monitored
closely in order to better understand the impact of the
pesticide and ETU to the environment. The oxidative peak
of ETU was at 0.660 V when a CoPC modified ink electrode
was used, while, there was no apparent peak observed at the
bare electrode before 1200 mV. The oxidation peak of ETU
is far more positive than the oxidative peaks of Nabam (at
—0.125 V) on the CoPC modified electrode. Thus, the two
oxidative peaks of Nabam and ETU possess a reasonably
good resolution for a simultaneous monitoring. No reso-
lution issue should be concerned in the case of a single
voltammetric scan. Thus, the feasibility of utilizing volta-
metric schemes to monitor both Nabam and its metabolite
simultaneously is demonstrated in Figure 6. Thus, this
characteristic of the voltammetric scheme implies that
both Nabam and its metabolite are possible to be detected
in HPLC-EC, dual-electrode systems and this may help us to
understand the impact toward our health/environment.

3.4. Real Sample Testing

To demonstrate the feasibility of utilizing the current
scheme to measure Nabam on the environmental water
samples. Two fortified samples were prepared by adding
3 pg Nabam into 10 mL tap water and irrigation water.
Subsequently, the concentration of Nabam in water samples
were tested three times. The average recovery of Nabam of
real water samples tested were found at 97.3% and 98.3%
(n=3), respectively. The results show that the method is
applicable to water sprayed with solutions of Nabam. Based
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Fig. 6. Simultaneous voltammetric detection of both Nabam and
ETU by a cobalt phthalocyanine modified electrode in phosphate
buffer, pH 9. The concentrations of both ETU and Nabam are 0,
0.2, 0.4, 0.6, 0.8, and 1.0 mM for curves 1, 2, 3, 4, 5, and 6,
respectively. Other conditions as in Figure 5.

on that the recoveries obtained were close to 100%, it may
be assumed that no interfering substances were encoun-
tered.

4. Conclusions

We have successfully demonstrated a cobalt phthalocyanine
modified carbon ink electrode as an easily prepared,
sensitive and rapid measurement tool to measure Nabam.
This proposed scheme is also sensitive enough to meet the
sensitivity requirement of the JMPR Meeting. Other metal
based ethylene bisdithiocarbamates, such as Zineb and
many others, can be treated with di-sodium-EDTA at
pH 9.25 [28] to convert to Nabam. Thus, it is possible to
detect this series of EBDCs with this current scheme for the
determination of Nabam. This proposed scheme should be
interesting to those who are working in the field of
environment impact study, food industry, and even public
consumers.
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