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FHA—HELHRRALLEN RBRRK
BREIEURALZLERH  CRKFE—F
BRENME  RREABRBEFTENHTAELSE
FERAMNE > EFAANNHEGEHEEIRGR
B MR TRARZELAIB/EREL &
REZFEEFARAREERBFRGHE
Mmoo MBEAEILE ARSI EHERTE
ZHR - FARARGAA B 20BN 0 4
m—+1.8 R4 (JAF A 500 Hz) 89 % M Aks
ko BERERABNELHE  ROHE
Ly ERER AN ABE - AEFZERTHEX
BARABAELERFILOBE  HERE
RPN AREAMMB 20 R 2 AR ERE
1% 0.62 % » MARA&R A 6.48 ppb (0.05uM) -
BHGMEEEE 213 ppm (& 165 uM - 48 4
$ R=0.9997) -

Abstract (Keywords: aniline, pulse regener-
ation, FIA )

Aniline is widely used raw chemical material
in various industrial processes, such as dye,
pesticide and rubber industries. It has been
suspected as a carcinogen under long-term
exposure. No electrochemical scheme has been
developed for the determination of aniline yet. A
severe electrode faulting problem from the aniline
oxidation hinders the subsequent electrochemical
reaction. The consequency of the polymeriz-ation
reaction decreases the further mass transfer
behavior. In current project, we report an
electrode surface regenerable procedure to remove
the faulting polymer on electrode surface. By
applying a £1.8V pulse train to the electrode after
each electrochemical measurement, the following
signal can be maintained steadily with a relative
standard deviation 0.62% (n=20). In contract, the
electrochemical signal decreases 49% from the first
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determination with a relative standard deviation
23.3% after successive twenty measurement. The
estimated detection limit (S/N=3} is 6.48 ppb (0.05
(£ M) and the linearity of the response is up to 21.3
ppm (or 165 4 M with correlation coefficient,
R=0.9997).
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e tE T ¥ LeyERAERAY > 45
RERALEH  RE-HRERLBH T EHUE
O mieaR LA S Sweh
AN mARNABHELLTARSARA
TEABEMBEZES AR ES B
ES MR E L EEREE BT &t
#) B o % sh e phenylurea £ F]¢ B B H4E L
BMAMARRREFITELREREANE
o BELRARAMBEAARAELER AL LR
E-SH¥masrEraaogas-gni
BEuiERA g AE2ERFMSHE S aromatic
amine $ WA FEBRAMEREMBE -

) aromatic amine R E# 74 AR R E
AR ERGWEHR T 4 hemoglobin + . é)

R % B X E AR ERBMY o
phenylhydroxylamine - 2-aminophenol #o 4-

aminophenol #j £.1/6/ A& methemoglobin > & 4§
hemoglobin ¥ w ek FRAL A HREN ®Y
BT S ik F A I R A RiERE S O
MBAe b R e R kB 4 covalent binding
A& B 5 F 6k R i vk # A2 BE B (spleen) &ORT B
(liver) » B T 3 e R AT B 2 97 - 2 4h K
HEEBARLSEBRESTLE  BELRR
HEHARTFREFRT A8 FHAAKLLE
4% MG ong/ml o4 X EE BB TRRY
HEELERIFPERMTAEHERAEATERLS
A LELBTHE>WAOLEM -
HAREGER SR HALHARY
HBELAFELAGY  BER—FHE -3




HoBEOFEARNTERZRESY -

1986 & Gooijer” % A A 1t 2 % k6914
RFXRAMERE > RARER T ¢
bis(2,4,6-trichlorophenyl)oxalate + H,0. —
peroxalate + 2,2 4 6-trichlorophol
peroxalate + fluorophres -»
fluorophres ™
peroxalate + 3 — quanch product
peroxalate™ fluorophres™ — fluorophres” + 2CO;
fluorophres’ — fluorophres + hv
fluorophres * — fluorophres + heat

H F| A # Bz ¥ peroxalate & quanch & & »
¥k TAER R AR B B4T » BN RACER
ABRBARE  RRUEZRENRE » HXEs
1B R ¥ MR T iE 18ng -

1986 # N. Ishibashi'”#] /i £ ta & bx 45 £,
AR BIEBEFTORBERAEST LY 0 4]
F Multiphoto ionization mass spectrometry & 3%
FRGEER LT TRAE S £
MR BERTFEHSWARRNEM L
A RBZIRE  BaFERETHE L X8
HE o Rikth 0 M E{RRIMER T 100ng -

1997 % S. D. Huang"" % A# A Solid-
phase microextraction(SPME) &4 4~ 4 465 & 4 8%
BRFRENRKRGEE > WA T KBETL
MABRARREGRE » A ERSER
#&MR% 16ng/ml -

1992 # Chang"?#] A tk &, 3k (colormetric)
RO RENHSE - AN ERASE o-cresol
A& ammonia #BRFE R FE RE LA 4 2
Eeit THORAEHBLRETE X0
RAE o RAARBIRTE 240ug/ml -

1980 4 Lores' 4] B & 266 R A & ¥ &
(HPLC)&z 4 Electrochemical detector(ECD)R 14
R A A#HA HPLC R4 X8 EC
detector #3EAF B B EA+1.1V TR 4FEF
TR RXEHRLAE > HARNERTE
50ppb » =T & ey FMARI R AL AACE 408 & KRz
HRERBMELER  ARAEENERER
REETRENBRLRBRT AR EAABK
Rio—BIERAFRERAE LRM & FL
By

peroxalate”

L L RKBEERFTEF B TILEHA
%~ GC-Mass RELBARF BREFHERER

ERELRBEREHITHREN > Lieet F ik
BEREZIAMBREGRE - TRALEERE
B GC-Mass 1R F =P ABREREUREH
HEGSRS AL R BERAHHERL
AEHRFERNL - MA B ELSERF XK
BRARSAEREAMARES AL EHF
R HR] o

R EEAR R ERCHE L 4
2R EmEL BAmATHGLALZT R
R WK RE ) & 4 F % B-polyaniline - & eI R
FRABARS B eRIEHEinR
B BEEHNIERAGEREAGL  E#FE
¥ 4k X 75 PR RIS RE E 8 R 0% P 69 3% K M
o B BEEPRENEE - A ERSA
—HAREEEFFRRUEEG—BALSAHEY
P AE -

ERrikmeAELE

U HhHELERAM T ZER LM
FH—BREATHERIRRLINER LR
Ao LAFERAEL MAUXEHER—AAR
FREHERAT R XN RERGIHET
1 & fo) &4 P38 M % B0 IR - ST A5 18 B 55 ]
EETBRERAHATHAAHI A -2XABNT
EMABARTER AERSESECHEE
BBt FRRIFR E-BbMaBl L Tiam
BEAEFCER —EAXTLRRAB N
BomMALBESRAEFRLERER .
ERmERE - R e % ek
REEFTHR LAPRFHNREETH -

CRERILREBRFIREE - REBERD
REBEFALBELEHAHE  BEMNEEL
hARETFRESM T AlLER G —-%
FoERE®D -

1973 % Humffray"'® &4 B A8 887
PRASHEI 54 F ALK EEIEN
REABRHMNEBRATNDHYE > BUEAREL
TR ERBTRFZLEHYERAER
ferricyanide/ferrocyanide 8¢9 % F# 8 £ > 1t
FEFCZTHZEFRPRERS 100 22
% HATHEREAATHEAGRALE T 2&
A RBRHMER S BERHETFHABaRE
¥ 401985 £ Kuwana"V#| B S st o 5 X 2
REZERTHBRREGLTHE ) LEMNABLME




hEBRAMELTEHRERELE - HELE
R # Humffray 48 5] > BRER G BLRIERE
EFHHBikE-

BEREFAKTHEMAATERR
WoREMAERAD LOEFLHEEEL 500
CUultehAZRB - HAGRBELHE
Mo A FLERANE -

1983 4 Wightman®P#] F 2 & 12 R 3% % 3%
By EmeE b 2 T i@ M (electro-chemical
reversibility) - {1 ERERBRA R KT
Ao #t 520-540°C » £& 1 torr #9188 F 5 4k 2-24 /)
#% » 4% ferrocyanide/ferrocyanide 4 .12 R i
£d R % AE=121mV & &% AE=64mV -

1985 % Kuwana® % A#| A &R A ERF
CER - MR ERERINBAZTAAT
P TTCHHEBERET &4 H#
ferrocyanide/ferrocyanide ¢ £ B R B £ B B
% AE=108mV %5i& sx, AE=64.5mV » Kuwana it
RIZBHEAM Xray RIBATRA T HRE
BRREZNEBADRE FASE Toy b
RO0) BETHRBMNAERRABLARE G
® f it @ & A 1,4-dihydroquinone & 1,2-
dihydro-quinone Miwig T ERA G T T HREB

EHREREZMNATHARELN G
SETEHRE > BEREENTHRET &
MAEREADOECHERNEFZETHKNR
o BmEIFETHRADHER -

1986 % Poon Fv McCreery™ 4t B & 4t
(Lase) R FILRE R L HLRBR THEA
W o 4B Y Laser BT AT T
FBREMAREETHINARREE - BF
Poon #o McCreery ™ 8] £ i — 4 3.6 T #1751k
T 4 #4457 1E A 7 pulse voltammetry & » F§ R 44
B 5 HILEE 494 E phenol ~ dopamine &
hydroquinone » £ #]fH Laser R & ik H1L8)
BB EEGRE > Rk phenol Arig
BRZERELCARR EHFAL G TEHRERE
B EE REFRBREHMNMT 10~1000
4o ,

M AR e B R AR R A e o B o BALE A
REBEECHERERB L BRMEHBE LF
bty B BACHIR > A 6% BB & R 58 R 8 1k
HEAR RENR AL R THBSICAE

Fik o

1976 4 Johnson®Y#| A BB H kR 7%
ibae2EHEe & @ - £ HCIO, » Fe(ClO4); &
NaCl #1:8%TF » ¥efm— +3V 9 TRE4K 30
#E 2 g4 mAHFER T phenol #HH1t -
TEAZFRABOABATRA G LELYH
phenol ¢548 R4 K Z Lppb -

1989 4 Johnson® #] A pulse coulometric
detection(PCD) #v  potential-sweep  pulse
coulometric detection(PS-PCD) &4 /% &% 2h &4
#% 2 7 amino acid # & BB FLMHE - H A
Y AR B amino acid &5 & T4 L Ao
+1050mV ¢hE i RALRMAETERE BT
4 > MBS EALE E-550mV AFHE AL 5
P BB > do oA B4R R o E PR B ARG B 4E
DEFEBAFR HARFETERR
lysine &% &% 48 )45 R i¥ 75pmol -

1986 £ Nagaoka Fv Yoshino® 4] E 1t
2HEREILEHEEST o /£ phosphate buffer
pH7 84454 T A TR+ BVHERRE
3% Smin BB ERFHES-1.5V £ lmin
RE#K 2B ERABHEARET o
benzoquinone #Fv p-benzoquinone &334 E AE
£ o b—F K 2 T4 47 hydroquinone £ %
HMEBZIBRMBE TERALEILEERT
i# (irreversible)z. hydroquinone #% % & {2
9T i# (reversible) ¢

F15% Inagaki® 75 ¥ 425 » R THEER
RBELER P B EITELRES 5
Fa BALAFH0.8V R+1.2V BFE R F 6y BB R 88
THHEANERTHRANE > 5 R UEHER LA
B FHECREHEHENHISV > HE
AT B o5 BB RILE A £ quinone R
phenol FE AN X ABREETNLHEIERT
e BB ERBHTRRRABRESFIEAY
BiERIRAE T AR R AER o sLERARIE R e 5 R Y
HESE ZARNK BN THEORAREST
RRAFATFERELBRERS -

Engstrom #o Strasser® % # & M ¢4 § #2
AHHATHERNRERADHRE L Edsts
mEMH0.IM KNO; B3R T @ £ mwt18V
ZEM S pHEUHEBRGRITAL ERER
FALBEARBRESLDZIMAERES
FHRATZRADAHTHATHE LA/ A 4L



BREBRRODRAKENHRES -

Bard ¥ 84t R R EER I BN EE
A@KERITRARHD B Xray w98
% > Bard A FTHABRLEBENGALE
e ERAGMETHRACHUAREEY
graphite oxide  $b8F e £k &4 B A graphite
oxide 4 A MMAERTEFHRALE  BRAF R
ERASR LB RBEAEF—EREM Tk
% @ ¢ graphite oxide A # & B & A
hydroquinone- # 4% % & +-. & B hydroquinone
MAERMYEFHFRER - 4 Bard 2%
Kulys®® + Royer®” « Kuwana®? & 48 gt 32 i 7
ELEAEZBHOERADERA
hydroquinone & & 4 » & # ¥ B %
hydroquinone ¢ £ £ M 7T ERABE T8
HER%E -

1988 & Lin® #| i RE AR AR F o %
&1 Ak 8 R T # voltammetry {877 phenol ~
dihydronic-cotinamide  adenine  dinucleotide
(NADH) - chlorpromazine - uric acid ~ butylated
hydroxyanisole(BHA)~#= dodecyl sodium sulfate
Rt TR FLNE -

1985 4 Wang #+ Hutchins®? #8240 & £,
BTERY  UXRERREABHTEL
@ e BRI EM - 48T
16V > $A% 35Hz RIT 5 4043 » 4HEHEMIA R
ROTEHRMHE » AW E Y peak potential
MTH 110 £ 300mV - & EBRAETHEL
RIFHEH -

BRRELAGPRAEBR RS HAEZIRAA
419704 4% g4 & 37 » Ruzicka $o Hansen®”
FRHMA B #AE Sk (flow injection
analysis ) R AKBREPAIHEEIH L
R —EABHLATRREBHAFH A
Bl RZAER - AN TEIWEF K
RRAIH - STHHRBRAERED - BHR
g BT REABLHE A4 REER
THRERHYTaTAR > BTRASEHBRAS
HAT AT 0 4o T BALBAER B (electrochemical
detector) » B F 9B i % 2 ©”(atom absorption
spectrom) » % s(mass)®¥®” , FTIR“ Y 2 44 )
BooaNiegmn UESHSNARIHE
ARy EMERASHIEL - BAT KLY

BRLEBH - LM - LE - 44 -fx -
E Al R o

MR EH M ESHAGAZ TN
H#BHEESHR A > L4 ] (injectionvalve) » o
— A E E4E S e B 44 (sample loop) -
— Ll TR/ NARBSAEROT AL T
HEFABERMALER P AWM ASH RN
EMER AR OEHHNESIEARRT
HEATBTHARTRIEN AAEARNE P
1R R o

BEANHEAMLSHY thanied
BEALABRITE AL BRARARKA
RERTHSOATHEY > SHRAHAEEEF HME
B X —RESAES  PRAABEAHS
TR SRR BRI RERE > M RE
S Z AT ZRM BRI G AT RS - B -RIRKS
Bk R EETRT BARKEEMAAD
WAL AHRATUOBEREFTL > &G
WA T NERAGH T kI g
IR RAEANBERAG IO - L4
BHET BRI ERGHRREN TR
BABERIES I+ BRFodt R A & 8 5
BRAESHOBREZHRE -

RuzickafvHansen S 585 B MU TFTH &
#:

D =Co/ Caax

Co RANGHHBARE » MCoxR 51 SE
REINEHFEARASGER  PREGET Piafa
THBE EEABALRASTHAEENR
B Mkt o BELIN=BEMMEE - B
R BEH - REETFHRAEFERYRL -
FEAMEBME T RIS RELRR
RERBEHEMEHAE A THEMEAMIY
B RZ ZHRERSG £ TEHR
HMABEANGABN > UEBHENHRRE - BE
EREHRERLSE  7HENAEK -4 R
BEFHNER D URBERZALLRE &
HARSHEBK -

Heider‘“)ﬁs\ 1984 4 #) B £ 1% 425 45 glucose

oxidasest &Mk S MR TR LU KT E

RECBRRAE BLBHREIABKT AL
W09 Ve EmTF (vs. & T4) 14 elucose

oxidase g % ¥ 4 & M A FE H 2 HoOa ey S &
o HgmMEmAZSmM-10mM .




(43)

Gyorgy" 4 1985 & 42 B & # glucose
dehydrogenase (GDH) g8 4 R B B2 EN A
BREA GO ARYIEARNPEARS 2
ERAR B FHE B TERK L — K Meldola
bluetk B (LAl - BRAALNHBBRANAL  §
4 #nicotinamide (NAD") &4 & S48 8 % SE A
B S FREJETTIRE

GDH
8 -D-glucose + NAD'<
lactone + NADH

> D-glucono- § -

A ey NADHRE 2 RMEAFRRAE T A
Meldola bluegs 4§ 4t F =T #0 mV E 4 F =T R)4%
NADH ¢4 S ER AR KA L READE
¥ Tt % 446 4C o s foquinonegy T4 -

Sanghera“ 5 1986 £ 41 & #1752 4 %5
# 7 48 A — B 5 hglucose oxidasesy & 4 T ia
Z BB RAE > RBITEHBAMNR - H5F
HELERMNAGERELSLERAB LY
s Pt-O4¢ i g1 3-Amimopropl-triethoxysilane #5 g
#1A4 > B4 A Glutaraldehye ) s F N EE &
Lo MRHHRACRRAE - AR BNk
WASSZTF » Fik B3.2 cm'/minz FA5 R # %
et % E T%0.1-30mM .

Fredrik - 1986”41 /M &% # 1o 84 902
G ELSETLERARNBS TN ABRT S
creatinine » XM REAKTHRB TR T EL
creatinine iminohydrolase (CIH) - & gy creatinine
iminohydrolase 4} creatinine i 47 -k #2 5_f& £ 4 N-
methylhydantoinfo g% » £ pf & 4 8 T 48 b f1bdk
FERATERTARMNBARE - UEMeEt
creatininegy B & - ARt F :

CIH

Creatinine + HyQ------ > N-methylhydantoin + NH;

BN AR P RR AR S R AT
e S  BET ARG EHENE » B iEFRn
%42 ¥ F £ glutamate dehydrogenase » 3 5 4§ 5%
¥ e NADH #o g -ketoglutarate » i gy NADH
#a o -ketoglutarate ¢y & & 34 #6 A% A F 0L £ 10 B
AT RBALT
GLDH
NH4+NADH + ¢ -ketoglutarate -----> glutamate
+ NAD

AR B A # R 547 AR F sjcreatinine s 34 )45
B A02uM » it EH Tig 30uM o
Tkariyamafo Yukiashiz 1989 £ #/ @ & &
foglucose oxidaset sk ML TR L > E LB
FIREBENWLIVZ EH P USGEL - &
—EHEBAECRRS  ERGAHTELL
AU HBESHR - MARKZAMRNDE
EHHEESWM 2 20mM . {5 3)4% R A0.5uM .
Gorton# 1990 2 & #5732 & % o #F
AHREE-BARAS  BEXAEHSEEL > UM
RBHANERHSE - ZBRESHELH
B % 4 % & o -amylase - amyloglucosidase -
mutarotasefuglucose oxidase » H (4RI BEwF :
o -amylase
starch-------mmeeemv > o -limit dextrins + maltose

mutarotase
¢ -limitdextrins+nH;Q-------—--- > q -D-glucoset
5 -D-glucose

GOx
B -D-glucose -------- > D-gluconate + H + Hz0;

mutarotase
a -D-glucose ——-----meeemeem- > B-D-glucose

rEAY HO: THbLAGLSL2THEN
600 mV g4 F 4 FRIF AALAE > LE B B R
ERHR NSNS EZES - FALALR
ERpatame 104M 2 06mM 7 -

A EH A
ARRTHENZEENER—BHFER
%% HPLC TRAMHTARERE  UHMHBE
BRBFPRENE ) UBFARZEE  $F
BHA— A MHABEERLINERBLR
W EANAEBILEF AL RARNEARA TS
HFELREFERAFERE  EHN KR HE
REHEHNE RS - FH A B2AM - LHH
- analine AR B AARBEY - {NEF
FTHRICGRERBHARBN -




Z-HAEFERAR
HRF &
3. 1AB

A K EE A R BIEANSH R BAS CC-5
Liquid Chromatography (Bioanalytical System,
Inc, Indiana, US A)& 4 /L £ A ¥ BAS
LC-4C amperometric detector (Bioanalytical
System, Inc) R {8 R E 7 > & # WATSON
MARLOW 3028 pump (WATSON MARLOW) it
{# ;1 PVC manifold tubing 0.88mm (WATSON
MARLOW)# & i R 2R B wyizE ] » &£ A
Rheodyne 7125 injector (RHEQDYNE, California,
U.S.A.)3f &4 BAS 20ul ~ 50ul ~ 100ul A& 200ul
#4548 sample loop (Bioanalytical System, Inc.)
By HiEANLR S o W% Strip Chart
Recorder (Alltech Linear, Nevada, U.S.A) # %
Wi E - EILERERMEL=TH ALK A
Ag/AgCl & #&(3M KCl)(Bioanalytical System, Inc.)
BEEFETRE  THERLABRTE
(Bioanalytical System, Inc.) » 3##/ B Eppendorf
10u1~100pl micropipet (Hanburg, Germany)4f %
NERRZER B E 2R F# A Suntex pH
meter (Taiwan) - # & 8] 24 Mettler AE200 balance
(Zurich, Switzerland)# % X F # # & & - #
Lol Fwafe o 34 A CREST Ultrasonic cleaner
FHALEERE -

32 B %

AXBFrAAERELSEY SERA Milli-Q
Reagent Water System Fr ¥ i i = g kEey -
ERAk @ AABRAERZ 0.1um Aluminum
oxide powder #% 8 Baikalox /» &] (Charlotte, North
Carolina, USA)- # B B & XM B Sigma
(Saint Louis, Missouri, U.S.A) ¢ Imidazol -
Natriumdihydrogenphosphate -2-hydrate - Sodium
hydroxide (NaOH) - Tristhydroxymethyl)amino
methane Potassium  hexacyanoferrate(IiI)
(KsFe(CN)s) #% & Riedel-deHaen (RDH, See¢lze,
Germarny) °

33 #ESH
# B FIA i A& 8o 0Tk &k
B3R H4 R 24T aniline #9480 L1F « ATIE I EY

RENERRm PR -

W ERES

FAREFMAECBF ERARERE T
AAATILEFLABRNEXRTA TGS
LR EMBERRAMBHAAMN  AREATHR
AR REAHRHRAKRGXTEBLEER
BEEEASLAL NEBBEREIHH
R PLH Ao BT 64 58 B ~ BRAE &30 3 DL Rk
et e RAEH AR MA > BT
BB ERBEOXFER UL Aot XA R
SMEHFER—Hind)itw -

41 ERREHBZHE

HARGHERELRFLAT KRS
A58 PR R RIS oo P e R4aH
M A2THTHEELREXREH A/ 4+¢
FRrig Bk K > SAER w4 — &
% o

4.1.1 B3k B 695

WA ENERALAEIRYEY
YEEAF  AKFARAERZELCLHERRELLY
BRMAENZER > LB R T E % E GRS
RRETHRAD P TREEA > LAEKAL
RE 150uM FaeeyiBE > EHREMERNTH
MMFLERAE EREA > THRAR/LER
PHAAMREAMEY  BHBTEGAR
SRB5Y e B R EIH TR > Bl 8V
PR ERERRETHEAR  HEHSBE 12X
PR HEAMARTEFSLAARAE R
(RSD=0.8587%) * 4w B} — Fff 7= = i 25 1% P 80 %% &,
B HAKRE BRARMRRY FRAMRAES
2 HBAEGAEBEARSRETHEEAG T
BROeEAREZBENELHEE X THEOH
ARSI EBRERA R ERALELE - ®
BAFHATEETRACBMA A - 244 HBR
BEMRBEEEREAD  NEEZLERT
ted AR R R ARREET B
BIHFREE R R Hi SAERREER
SO MERTERBE LR BEREL] SV Bk G
%SRRGS -




4.1.2 WA R HE

HRARGHRELSEERLARAENK
R B st 8 R B IS B AEIR I AT
METEEHEENNS0 2 600Hz» AHE R R
ZFR A 0 BRiBT4E % 200Hz £ S50Hz % 4 F 4849
AAEF 0 2+l 500Hz(Pulse Width=1 msec)
MREHREZ RBERARE  ARERR
WRAERM  HAHERE L B 0.59%  &ERK
R BB ATSE R S00HZ #L18 SR 9 4E 3 20k
HMRIZRB2Z RS -

4.1.3 B % Ao BF o] & K 39

BB AERESHNABLETER
BAABEANR BRUFAEHATSHHEERE
WRBRBERLE R = 0 2 IR A a BE R
AR MEMAERAGO R RS LA AN
o £ SRR FLASEHENEE
BEFHRGFHARMBEARMN - 2L FWRE
M@ighiak EREAQUECAEEBEY
RE SRESRABHERRAANAREHE R
HRRARAEZ o ELGHRATZWE £
FREREHNAREENBE  CHRAGER
HBEMBLHEY B EETHE DK
AOEFARMBAEEZ RS X Ao FEH
T 105 PRSI mEER > T E2XEAH
FREMBAMRERY  HHYBRBLESL
0.605% -

414 Bk ORREEERFEETZES

EREEASEY M RIFETE > rEE
RAECEEESBIRERE LV AR S
500Hz » BrfrsEmBs i 2 105 #5 - & F ok —
FAw e BRLEEAGFETRETMNEY
150uM 2z KB 18 REMMER FRE MR E
AT BEARFERASREABHLEES
— M A 5405 nA > Em HERBKE
RSD=0.62%(Bw A)> S kT E1aHF £ L r9ef
HAEEEREEE RSD=2338% B E & (B w
B) ' BRMNAR KA S IR B A 0 0 T
REEER RS EL ETHIEE/EMEA
WA R -

AT SR F A & F o) IR R A
FEEAREG AREAZASHIBADRE
HHBE  NEAALSRAOMAH ERIRIG

AHEBFTIR) ~ R A BBUVIR 2 5Bk H
4K 52 7% (Differencial Pulse Voltametry) 4~ 5! R #,
BEFHL1.8V & S S00Hz Wik R T
HERAGATHARARBLREZTHLFAYE
A BAb - BT B KRG K T oy T AR M ok
HREB2 RAEUVEEPRALR  F15
FOoHBHRERAETEL  RELBEMAR
WO ey & A (B ¥AT)  FIFRA £ 5 WRARE
ERFRENARBEAZIBERABERAMN-
02V 9B A —BRFHAL > BRAFRNS
HHEET  AALAHNBRREFRELRT) &
BWMERLEBFRAETEEBOAEL -
McCreery®" ¥ 42 42 B 45 4 £ £, 69 B L4E£+2.04V
ERFLREZBHAREREABL TEEH
phenol ~ carboxylic acid - carbonyl - lactone ~ o-
quinone & p-quinone ¥ EAEM ey & 4> MiE LR
HRERERDHAMBIFEL Y R B A
UM RameTEFugd™  uusa
AXHBMELREF AT THREATFARHE
Vet PR mEZBA PR TRRTEEN
EARBELAIOV TRAMERNERELTE
BB CLNHMBmBER  ANARE AR AL
B ALEALABRGSHEFETRBETE,OGF
% E#k @ AL A4 quinone & phenol % ¥ 4t
H -

Bard® 4, 3% #1 A X-ray 48 % £ SR T
BEBRREBARBHEEREG  BREKN
HERLCEANEREGS > ERROMAEEEE
MALE I B Ak F 1L A& graphite oxide » & #
graphite oxide % JF R EMHM YT - LA KHFMI®
mHEALERE  ERAMNGHEFINNTEE
HERRER - MEHELRTFER TG
T i & @ L & graphite oxide # i & B &
hydroquinone > F{ewEREZHMETE » &
W TERADEFo SRR -

AR F 0 BMERAL]BY Z BRI R
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PART I

Trace Measurement of Dithiocarba-mate
Based Pesticide by Adsorptive Stripping
Voltammetry

Abstract(Keywords: Zineb, Zinc(II)
dithiocarbamate, Pesticide, Trace Meas-urement,
Adsorptive Stripping Voltam-metry)

This paper reported a sensitive and rapid
scheme of adsorptive stripping voltammetry to
measure a dithiocarb-amate based pesticide, Zineb,
cathodic-ally. Zineb forms an insoluble complex
with mercury on the electrode surface and is
subsequently determinate by a cathodic scan.
Zineb can be precon-centrated at -0.3 volts (vs.
Ag/AgCl), in this case, onto a mercury drop
electrode with a surface area of 0.0133 cm® per
drop.  Subsequently, the accumulated Zineb
species can be measured by scanning the potential
negatively to -0.7 volts. Thus, the necessary
sensitivity can be enhanced more than 15 times
with a preconcentration time of 120 seconds to
meet the requirement of Acceptable Daily
Intakes(ADIs). The linear range of a calibration
plot can reach upto 1 pM and the sensitivity is
759.85 nA per uM with a correlation coefficient
of 0.99996. The detection limit of S/N=3 is 1
nM. A relative standard deviation of 3.8% is
obtained from a series of fifteen repetitive
measurements of 0.4 UM Zineb.

2, Introduction

Residue of pesticides found in agriculture
products, drinking water, and environmental
exposure has raised much concern from the
general public in recent years"?.
pesticides of  various  types-insecticides,
bactericides, fungicides, herbicides, rodenticides
or fumigants are used in large quantity annually.
The major purpose of designing these chemicals
intends for destroying pests and improving
productivity. However, residuals of these
compounds in the foodstuffs or in the environment
also postulate a serious threat to public health.

Various schemes have been reported for the
determination of Zineb by high performance liquid
chromatography,® spectrophotometry, %
colorimetry,"?  gas  chromatography(GC)"?
and/or mass spectrometry(MS).®” Several

Thousands of.
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studies have been used to investigate thiourea
pesticides."*'®  Earliest electrochemical study of
Zineb invoived with a  polarographic
determination."” An anodic adsorptive stripping
voltammetric technique has been reported for its
the detection of ziram."®  Basically, the
aforementioned schemes are designed to measure
the metal ion that dithiocarbamate bounded.
However, the most of these schemes are not
sensitive enough for ADIs purpose or nurotoxicity,
carcinogenicity studies. **

Zineb is a zinc ethylenebis(dithiocarbamate)
fungicide mainly and is used in agriculture, also as
a slimicide in water-cooling system, as
vulcanization accelerators in sugar industry as well
as an antioxidant in rubber industry.
Dithiocarbamate possesses thyroid, liver toxicity,
is found to be a carcinogenic material in the recent
pathology study.?'?"  Dithiocarbamate also is a
chelate agent with various metal ions, such as Fe*",
Mn®, Cu¥, Na", and Ni*" to form coordinating
complexes and as a fungicide. The toxicity is
enhanced significantly if a metal complex is
formed®  Thus, a highly sensitive tool is
essential for future investigation of this class of
compounds.

Adsorptive stripping voltammetry is a
sensitive two-step scheme which possesses an

extra preconcentration step prior to the
voltammetric scan®?”.  In contrast to the
conventional  voltammetry, the  enhanced

sensitivity of stripping voltammetry is attributed to
the accumulation of surface concentration of
analyte from preconcentration procedure and is
especially suitable for trace analysis.  An
adsorption process in electrochemical response is
an undesired process and may result in electrode
poisoning effect. The adsorption phenomena can
be utilized here as a scheme to facilitate the
surface concentration to improve the sensitivity
and the detection himit of voltammetry. There is
no paper published by using adsorption stripping
voltammetry to measure the dithiocarbamate
based pesticides, Zineb.

Our aim is to demonstrate a rapid and a
sensitive scheme of cathodic adsorptive stripping
voltammetry for the measurement of the
dithiocarbamate based pesticides and to study the
basic electrochemical behavior of dithiocarbamate




pesticides, especial Zineb. 1n order to develop a
much sensitive scheme to fulfill the required
sensitivity of JMPR to measure the
dithiocarbamate based pesticides, a surface
adsorption behavior of the Zineb can be
incorporated into a  differential  pulsed
voltammetry. A surface adsorption behavior is
also studied. The measurement principle of
Zineb is demonstrated as in Fig. 1.

3. Experimental
3.1. Apparatus

For the adsorptive stripping voltammetric
measurements of Zineb, an electrochemical
analyzer (Model BAS 100W, Bioanalytical
System Inc., West Lafayette, Indiana, USA) was
used to control the voltage of a three-electrode
system.  The voltammetric cell contains a
controlled growth mercury drop electrode of size
8 hanging mercury drop electrode (EF-1400, BAS)
with a careful calibrated surface area of 0.0133
cm?*/drop (n=5, RSD 0.74%), a platinum counter
clectrode(from  local  supplier), and a
Ag/AgCI(MF-2063, BAS) as a reference electrode.
The pH measurements were carried out with a
Suntex glassy electrode/pH meter (Model SP-701,
Suntex, Taipei, Taiwan), The weighting
procedure was carried out with a balance (AE-200,
Mettler, Zurich, Switzerland). An eppendrof
micropipette  (Eppendrof  Varipette 4810,
Eppendorf, Netheler-Hinz GmbH, Hamburg,
Germany) was used for precise volumetric
measurement.

3.2. Reagents

All the water for stock solutions preparation
was purified by a Milli-Q Reagent Water System
(Millipore, Bedford, MA, USA) and the prepared
solution was stored at 4°C before use. All the
electrochemical measurements were conducted in
a 0.05M acetate buffer, pH 5 (Riedel-de Haen,
RDH, Seelze, Germany). Zineb solution (0.2
mM) was prepared by dissolving 1.1 mg of Zineb
powder (Chem Service, West Chester,
Pennsylvania, USA) in 20 ml of 0.05M acetate
buffer solution daily. Lithium chloride, sodium
chloride, potassium chloride, manganese nitrate,
calcium oxide, lead acetate, cadmium chloride,
phenol, 1,4-dihydroquinone (Riedel-de Haen,
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RDH, Seelze, Germany), copper acetate
(Katayama Chemical Inc., Japan), sodium dodecyl
sulfate (Mallinckrodt, Paris, USA), camphor and
humic acid (Aldrich, Milwaukee, WI, USA) stock
solutions were prepared in 0.05M acetate buffer
solution (pH 5) before use.

3.3 Procedure of Cathodic Stripping Voltammetry

Ten milliliters of acetate buffer solution were
pipette into the cell and purged with argon gas for
10 minutes. The preconcentration potential was
applied to a fresh mercury drop for a selected time,
while the mass convection was controlled at 400
rpm. At this point, stirring was interrupted and 5
seconds later the voltammograms were recorded
by scanning the potential, 10 mV/sec over the
selected range. The differential pulse stripping
cycles were repeated using a new mercury drop.
Throughout this operation, an argon atmosphere
was maintained constantly over the solution.

4. Results and Discussion

To investigate the basic electrochemical
property and the adsorptive behavior of Zineb, a
repetitive cyclic voltammogram, CV, for 2 uM
Zineb was conducted in a 0.05M acetate buffer,
pH 5 between -100 and -700 mV (vs. Ag/AgCl).
Zineb possesses a profound cathodic stripping
peak 644 nA at -455 mV with a peak width at
half-height of 32 mV and a smaller anodic peak -
40.1 nA at -383 mV in the subsequent scan as in
Fig. 2. In contrast to the first CV scan, the
second cathodic peak decreases 72.7% rapidly
from the previous cathodic scan. Also, the
adsorption effect or the thin-layer behavior was
identified by the plot of log of stripping current vs.
log of scan rate(data not shown). The peak
increased linearly between 25 to 500 mV per
second with a slope of 1.155 with a correlation
coefficient of 0.9971. These results indicate the
zinc ethylene bis(dithiocarbamate) possesses a
strong adsorptive behavior on a mercury electrode
surface and that is well suitable to develop an
adsorptive stripping measurement.

The surface coverage can also be calculated
from the quantity of electrons consumed charge by
the surface adsorption layer during the cyclic
voltammetry. At concentration of 0.4 uM Zineb,
full surface coverage was observed at 10 minutes




preconcentration time, Division of the total
charge consumed, 3.612 uC, by the conversion
factor, nFA, yields a surface coverage of 1.875x
10" mole per cm” at n=2. Thus, the area of an
adsorbed molecular occupied area of 11.8 A2,

The adsorption behavior of Zineb is of
particular important to be used as a factor to
enhance the sensitivity of voltammetry. The
sensitivity of adsorptive stripping voltammetry
depends on the preconcentration time and the
preconcentration potential. In 1993 the Joint
FAO/WHO Meeting on Pesticide Residues, JMPR,
concluded the individual ADIs is 0-0.03 mg/Kg
bw."”  Thus, a detection limit(S/N=3) of 1 nM is
targeted. Fig. 3 shows that increasing current
response 1s observed from 0 upto 600 seconds and
a gradually decreasing current after 600 seconds
preconcentration time. Thus, the
preconcentration time of 120 seconds was used
for the subsequent studies to meet the JMPR’s
ADIs requirement. In contrast to the
differential pulse stripping voltammetry, no
sensitivity enhancement is observed from
Osteryoung square wave stripping voltammetry
that may attribute to the irreversible
electrochemical behavior of Zineb.

The preconcentration potential also is a
major factor affecting the response sensitivity. A
series of preconcentration potentials between -
0.10 and -0.60 volts with 0.050 volts apart from
each neighboring potential were studied. Fig. 4
shows the optimum preconcentration potential
condition is between -0.30 and -0.10 volts. The
sensitivity decreases sharply at potential less than
-0.30 volts and only limited sensitivity is observed
between -0.40 and -0.60 wvolts. Thus, an
optimum preconcentration potential of -300 mV
was used in the subsequent studies to have the
shortest scan range or to achieve the most
optimum measurement speed.

The conditions of electrolyte, such as the
type of electrolyte and pH are the additional key
factors affecting the sensitivity of stripping
voltammetry. Various electrolytes of 0.05M at
pH 5 were used to investigate the response
intensity among different buffers to the injection of
0.4uM Zineb with a preconcentration time of 120
seconds. The result of electrolyte study indicates
the acetate buffer possesses the most ultimate

16

response of 303.1 nA for the detection of Zineb at
the presence of 0.4uM Zineb. In contrast, the
other electrolytes/buffer of phosphate buffer,
succinic buffer and citric buffer at pH 5 have less
sensitive responses of 287.4 nA, 241.0 nA, and
179.7 nA, respectively. Also, an ionic strength
effect to the injection of 0.4 uM Zineb was studied
at 0.01, 0.25, 0.050, 0,100, 0.200, and 0.500 M
acetate buffer were studied, other conditions as in
Fig. 4. The result indicates the electrolyte
concentration at 0.05 M is the most optimum
concentration for the detection.

In the previous study, we found the peak
potential of Zineb is pH dependent. In the peak
potential versus pH plot (plot not shown), a slop
of 51.8 with correlation coefficient of 0.9988 is
observed. Since the acidity of the buffer solution
is also an important parameter to be optimized in
the stripping voltammetry, we also conducted an
experiment to measure current responses at
various pH to the injection of 0.4 uM Zineb into
0.05M acetate buffer at scan rate of 50 mV/sec
with 2 minutes preconcentration time. Fig. 5
indicates that the optimum pH value of acetate
buffer solution is around 4.5 to 5.0.
Subsequently, all the buffer pH was maintained at
pH 5 for the further studies.

Fig. 6 shows the dependence of the
adsorptive stripping current to a series of standard
addition of Zineb with concentration ranging from
0.2 uM upto 3.5 uM at five various different
preconcentration time. The Fig. 6 also shows
that the sensitivity of each calibration plots at
various preconcentration time possess sensitivity
of 759.85, 524.38, 313.21 and 161.342 nA per
MM at preconcentration time of 120(e) 90(d),
60(c), and 30(b) seconds, respectively. In
contrast, limited current was observed in the
corresponding  voltammetric  scan  without
preconcentration step(a). Thus, this calibration
plot also implies the sensitivity and/or the
measurement speed can be selected either by both
preconcentration times and/or measurement speed.
According to expectation the calibration plots
with a shorter preconcentration period possess a
less sensitivity but a longer linear range as Fig. 6,
(b and ¢). However, the calibration curves level
of at lower concentrations with longer
preconcentration time as in Fig. 6 {d and €). A




further study on preconcentration time was
investigated between 0 and 1200 seconds. In
contrast to the original peak potential of Zineb (-
0.424 volts), the further addition of Zineb (at
concentration higher than 2 uM with 120 seconds
preconcentration time) results in a new peak at -
0.478 volts with sensitivity of 221.46 nA/uM,
Based on a signal to noise ratio of 3, the detection
limit of 120 seconds preconcentration time is
estimated for InM when a concentration of 4 nM
Zineb was added into an acetate buffer at pH 5.
In repetitive fifteen measurements of 0.4 pM
Zineb, the response data possess a mean peak
current of 312.7 nA ranging from 294 .4 to 335.04
nA with relative standard deviation of 3.86%.

Finally, the possible interference species
were investigated by the addition of various
amount of interference substances at the presence
of 0.4 uM Zineb, other operational conditions are
same as the Fig. 6. The interference substances
used in this investigation include cupper(Il),
lead(IT), cadmium(Il), Iron(Il), hemoglobin,
sodium dodecyl sulfate, gelatin, humic acid and
camphor. The result indicates there are sever
interference were observed about 65 %, 7.6 %,
18.5%, 19%, and 26 % of signal decreased from
the addition of metal ions or compounds, such as
0.2 puM cupper(Il), 0.4 pM lead(ll), 0.4 puM
cadmium(Il), 3.2 uM Iron(Il), 4 uM hemoglobin,
respectively. These may attribute to the
dithiocarbamate competition reaction between
zinc ions over the other metal ions.  There are
32.4, 38, 69 and 30.2 % of signal decreased at the
presence of 0.4uM of Zineb for the addition of
interference, such as, 4 ppm humic acid, 6 ppm
sodium dodecyl sulfate, 1 % gelatin, and 6 ppm
camphor, respectively. The observation may
attribute to the adsorption of those molecules
which causing the hindrance of electron transfer
reaction to occur.

We have demonstrated the feasibility of
using adsorptive striping voltammetry as a
sensitive scheme for the measurement of a metal
bis(dithiocarbamate) based pesticides. This
scheme of measurement dithiocarbamate based
pesticides provides a sensitive and rapid scheme
for a routine analysis as well as providing a
convenient tool to estimate the impact toward
human health. This scheme is also sensitive
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enough to meet the requirement of the individual
ADIs or 0-0.03 mg/Kg bw which was
predetermined by 1993 the Joint FAO/WHO
Meeting on Pesticide Residues. The peak
potentials of different metal ion
bis(dithiocarbamate) may vary from one to the
other which 1s attributed to the difference between
various formation constants. This scheme is also
applicable to the measurement of other metal
dithiocarbamate pesticides, such as Maneb,
Nabam, Ferbam, etc. In the calibration plots of
other metal dithiocarbamates, Maneb, Naban,
Ferbam possess a sensitivity with slopes of 563.9,
874.6 and 247.7 nA per uM , respectively (data
not shown). While the most optimum
operational conditions of other dithiocarbamate
compounds need to be investigated future in the
future application
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7. Figure and Table

Schematic of Zineb Determination
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Fig. 1. Schematic description of measurement

principle for Zineb.
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Fig. 2. Repetitive cyclic voltammograms for
0.4uM Zineb in a 0.05M acetate buffer solution
(pH 5.0); Scan rate 50mV/sec. Preconcentration
conditions : 120 seconds, at -0.3V (vs. Ag/AgCl)
and rotating speed at 400 rpm.
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Fig. 3. Effect of preconcentration time study for
0.4 uM Zineb. Other conditions as in Fig 2.
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Fig. 4. Effect of preconcentration potential study
on the differential pulse stripping voltammograms,
Other conditions as in Fig 3.
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Fig. 5. Effect of the pH study. The reponsed
current at various pH of differential pulse stripping

voltammograms for 0.4uM Zineb. Other
conditions as in Fig 4.
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Fig. 6. Adsorptive stripping voltamm-ograms(A)
obtained for solution of increasing zineb
concentration from 0.2 to 2 puM at various
precontration time of 0.2(a), 0.4(b), 0.6(c), 0.8(d),
and 1.0(e) uM Zineb. The dotted lines indicate
the responses of corresponding concen-tration
without any preconcentration step. Also shown
are the current vs. concentration plots(B) after
different preconcentration times: 0 (a); 30 (b); 60
{c); 90 (d) and 120 (e) seconds .
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