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SRBH—KR>F /) F 21— T8 Nafion® [EIEERT TV > —
H—RoBBERKMEBA A REEMFEZAVD
17B-T ARV A—IVDBFEERIVZ X M) —

B Rk B e

E2

waFLOH OO

LA —RF ) F2—7 (MWCNT) %58 E €7 Nafion BiiE A Y a—F 4 YLD 7Ty
V==K (GC) RMITHPLL LB S8z Hv, BUKEOB WA 4 v RuEwEHs (€7 4
SV, BkRvE =y LA, BALEFU MY RAFAVT VEZY L) ETIEBTL17B-ZA 5V F —
WV (E2) OBEFALFAIIGE %A L7z, Nafion B2 154 L7z GC Bl E V7256, E2 OBSLEWEIL
IS R RIEC G A 4 C REESR 2RI LI D RE WML BEIZ, MWONT %47
BX S ¥ 72 Nafion BEMBHT GC A TIE, Nafion BAEHT GC BME L IR LT, # 2.5 f5EW E2 OIS SR
L7z, BRIFFECTH VB A + v RIGEEANC £ % E2 OBRISEHAEER, €714 93I v TRdE LA
LNBIEIRENT. ZOBHLEMAHL, BHiRLVY X M) =12k 5 E2 O - SREERZRAL
R, ERHPAIE S X107 ~1x107°M, MHBERIZ6X10°M THo 7z,

1 # =]

17-T A+ 7 V4 =)V (E2) EAFHRDOAT T A Fk
VEZOOEDTH Y, MAEMEZOTE M ORGEMERER,
HEIROMR 2 SICERELZEZH>TWa, FEHET
iE, TR ZE2OHSINEEIA bu by UiEEE
£ SV SR BRI (EDCs) DO ko L
THLLMOENTEBY, E2IC X BKELEMNDEEIH
HRNTWRY B2 L FRREORIRTICE AT
7.9, SHLIPEBM I NIRT 2REHIMWEDO VO EDTYH
H5b.

— 7 E2 Ol L LT, RERISEFIL-H
F 9% W & ¥ (enzyme-linked immunosorbent assay,
ELISA), ¥ Az 0=~ 75 74— /ERm4HE: (GC/MS)
RO N T T T 4 —/5 Y FLHERGHE (LC/
MS/MS) PV BN T w5, ELISA I35 Hr e EMET
EH 2755 HRHENTWEF Y FTH 10~500 pg/mL D
E2 DEREDIETHY), BEETHL I EIFFHTH 5.
LoL, BB ORICHURO BRI 7 B0 22 2 W E
INDLLGER, KERNE: EIGERT AIEO#RENLIEL
EHEE 22 5%, $72, GC/MS % LC/MS/MS (Z—#Z 255
B RN e E ORI 2 LB L T 5728, GHTERIEDS
ML 2D, ZRORBEZETLILELH L. L5 T,
X0 fifE - R B2 O SREEREORBENLEL SN

R FEB TR () 9308555 IR E (LT ALAR
3190

TWa.

BALEF IV M) AF VT yEZY A (CTAB) % & OB
KPR A 4 v R ER 2RI L7, "EA M) vy ¥y s
RNV % » XY — (adsorptive stripping voltammetry, AdSV)
W& 2727 = VST UF T v EORE L IRE SN
ERMESRTWEY™. ZRhS0WMEDOH T Hu b i,
E2 % CTAB 3£ £ T T Nafion 58 77 5 v ¥ —H — K ¥
(GC) BMICLVMET S AdSV ZFHIFE L, flifE - BKEE
% E2 DEREERLTWE.

—J), A=K+ F2—7 (CNT) &, REREF®D
BB WD RHED F v R AFIERIHE 5725 — A
VADF 2 —7Tdhbh. CNTIX, ZOMEHEEEMBET
5797z ORBEICLD, HJE CNT (single-walled car-
bon nanotube, SWCNT) & % J& CNT (mult-walled car-
bon nanotube, MWCNT) D22 KB &N 5. CNT IZ
LR ETHWEBREE AWK 2L, BFFN
A ARBEM R EAOISHBIRES N, BfE, HHS M
TWabF/FMOVEDTH L. BEALFENGHE~DIG
M MEINTEDY, B2 1 MWONT % &EMBIZ I L
72EMTIE, TAINVE VBOERZZIFFIZR—I33 ¥
OBIRM 2 ERITEI L T2, F72, R—2 VERE
L THW7: MWCNT 2%, ViREETHLERTF T A LD
FRALI A 2 M 5 2 E A ST ho T B, T,
GC BRRIZIBHT L 72 CNT 12 & 2 s & EBREmRHED
BRZFHALIZE2DELSY X Y —% EDCs DK
O hNFS574—-7rRTXA M)y 7HHELHE SR
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Fig. 1 Schematic diagram for accumulation of E2 on the MWCNT dispersed Nafion film modified GC electrode
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Fig. 2 The molecular structure of Zephiramine, CTAB, and BTC
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ARWFFETIX, E2Q OE - BEKE L2 BRIENEREO
B2 B E L7, MWCNT % 4B & €72 Nafion BiR %
GCEEMIAY Y A—FT4 7§52 L THEEME L
BokMER 4 F » REiESHITH LY 71053 v, Bl
¥ h=w L (BTC), & 5\ id CTAB #4£ FIZHB 1T 5 E2
DEMBH 2 W72, AEITBUT S E20RMREE
Fig. 1R, E2 \EBUBHEMISAIM L 7285 4 A > FifiG
PEHI O BKPETAL & W L, MK 54 L 72 Nafion
EOBHENMEMEN L, ONT O FERIAKZITT S
FWIEERICX D RHEINLEEZO5NS. CNTOET
HPREZFWELEREELFHL, E2 OBBKENE % R
ATz,

2 % B

21 HE-KE

MWCNT (OD =20~40 nm, ID=5~10 nm, length
=0.5~50 um, purity=95%), MU Nafion (5wt%) &
Aldrich * 5, E2 3 Sigma 2> A L7z, N> I

DAFNFIIFIVTVEZT A (7453 ) I3
AL O b 02 @A Lz, ) Y ERGdEER e LTH
WY VEBETKEN)TLEY) VEEKEZF NI T LA, K
CRALEF IV FY X F LT Y EZ Y L (CTAB) EFYGHE
WRAMEN L7z, LRV ¥ h=w 2 (BTC) 3R LK
TEIVEALL ¥7153Y, CIAB, BTC O
% Fig. 2 {IRT.

BEALFRPEICIE, TV 1200 BEALFT F I 4
— (ALS) #Hw/z. 1EHE®HTH S GCEM (OD = 6.0
mm, ID=3.0mm), ZWEME TH 5 H/MEILE (Ag/
AgCl) B BASBObOZ[MA LA e LTHSE
g i YA

2:2 MWCNT 2&{ Nafion &8 GC THED{EEL

MWCNT (ZiRfEEE T 10 el L, X <RELA D
ORfERL 5 7=V THMRLT15wt% IZFRE L7
Nafion ¥ 1C MWCNT % 2 mg/mL Bl 2, ¥ K % B
B35 12X D, MWCNT 4% Nafion ¥ & L 72,
GC BT 0.3 T 0.05 mm DT IV I F_—Z b Thf
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Fig. 3 Linear sweep voltammograms of 1 X 10" ° M
E2 in 0.1 M phosphate buffer (pH 8), (a) at bare GC
electrode without accumulation, (b) at bare GC elec-
trode with accumulation, (c) at bare GC electrode with
accumulation in the presence of Zephiramine, (d) at
Nafion modified GC electrode with accumulation in
the presence of Zephiramine, (e) at MWNT-Nafion-GC
electrode with accumulation in the presence of
Zephiramine. The concentration of Zephiramine is
610 "M

The potential at —0.5 V was applied for 6 min at the
scan rate of 0.2 V/s.

B, ZARKTHRER, B3z PRiF L7 GC ElE
Tl 10 pL. ® MWCNT 43 Nafion % i %, 2400 rpm
Tl1HMAEYya—F4 7Lk 1 8B%UE, SHETE
72 4z i S &, MWCNT %3 # Nafion i & fii (MWCNT-
Nafion-GC) &M & L7-.

2-3 KEFE

E2, RUBA A ¥ HHEiEEHR 2 &) »BREEER (10
mL) ZHREHARE L, —05VOEME 6 0BEME, Y
ZTAA=TERNVY VAP —=IZLD -05~08VIIBIF
L ERNEZWE Lz, EAHEIZ0.2V/s & L7

3-1 E2 DEELE

E2 AT 2 BALSE 2R b TwaY,
IX10°MDE2 % & 01 M) Y EEEEER (pHS) @
V2T AL =T RKVYET T L% Fig. 31RT. KIGH
? GC BB TIX 0.56 VAITIZE2 ICHRT 5 1 pA BED
INSRBBALY — 7 AR S Rz (curve ). BARIC-05V
DEMEZ 6 FHEENML72HICWELI2R VY ES T AT
i, BRILE =27 2b 30 AK LA (curve b). g,
GC KD E2 DBUKM 2 A ICRRT2DDEEZ S
N5, LarL, REHMOGCEBTIEIX10 " MUTD
BEO E2 2 L BRIGE IR ONL 2o 72, BUKER A +
YREENHITHHE T4 5 I v ERREHARIC6 X 107°M

Nafion concentration / wt%

Fig. 4 Effect of the amount of Nafion modified on
the GC electrode. The measurements were carried
out in 0.1 M phosphate buffer (pH 8) included 1 X
10 M E2 and 6 X 10 ° M Zephiramine

Accumulation potential : —0.5 V ; Accumulation time :
6 min ; Scan rate : 0.2 V/s

WS 52 & CHALERMITE TR L 7228, BaAd + 5
HHEPEANIC X % E2 OB KA RIE, GC EMTIZIZ
LAEE LN o572 (curve ¢). —7J5, Nafion 15ffi GC
BWAEHWEE, 7473 0FRINMCL) E2 0L
I L WAL, BLEMIE GCEMmE KL TH
BCY 7 PL7 (curved). SHUE, Hu Sk 287
L MARIC, TEMIC Nafion 2 18fi L7722 & TE2 25k 1
HREENA & &b ICHENAHEERIC L ) ER I
OTHHEEZLND. E2h 0L N5EHHEE FVINE
MOBFRE +0.6~ —0.6 VOB TR 25, Bl
FEVINEN. OWAIHE - THARL, #-045 VELTTIZIZ
—EIl oz, ZhiE, BRICABMZHMT I EICX
D, A+ v FEEER O BBANOWE AL S N, R
Nafion JEHIZBIT 2 E2 OREREIHEM L 727D TH 5
LEzZ2 oMb, —J, MWCNT-Nafion-GC B % F 723}
£, E2 OBLY — 7 EitIIREMITHR L, Nafion 154 GC
A L L TR 2.5 B VIRE DR SNz (curvee). T
iE, MWCNT #% Nafion JEICHEE A EI2L D, HE
KEFEAIKREL o722 R, ONT 2L B FRERALKE
DR RSB G- I N0 THEEEZONS.

32 Nafion iR & MWCNT ED&51

GC BMIAEH 3 % Nafion EOE S # i#ELT %720,
R BBEO Nafion B A ALY ya—74 7L T
Nafion 15ffi GC EMZERL, €71 5305280 v
BEEHERTCEROBREEZMNE L. TORKE,
1~2 wt% O Nafion {ER CER L 72EB T, REMHO
GCEMELBLTCSHEU EOY -2 BRZ5 2, 1.5
wt% DL EICRDFHVEIRM?E SN (Fig 4).
Nafion IRED 2 wt% L1275 & ¥ — 27 EifEidmd L,
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Fig. 5 Effect of the amount of MWNT dispersed into
the Nafion film modified on the electrode

The measurements were carried out in 0.1 M phos-
phate buffer (pH 8) included 1 X 10° M E2 and 6 X
10°°M Zephiramine. Accumulation potential : —0.5
V ; Accumulation time : 6 min ; Scan rate : 0.2 V/s

5 wt% O Nafion ¥ % IV CTIEAI L7254 TlE, KB4
D GCEBPHHOLNZINE LD D/NSRERMEIHEON
7o, i, BIREO Nafion BiEAY Y I—T 4 V7
TA5Z LT, BARIIGEBRNEDZ L Nafion R2YE < &
flish, BEOEEMETT2-0THELEELOLNL.
Nafion JRDSE WIG6E, R Z R T2 2 & CERRD
BT L7228, O NAREORBEIKT L.
Nafion EHIZ /3 H X ¥ 5 MWCNT &% #af L7z, R
%D MWCNT % iR - 38 E €72 1.5 wt% Nafion {&
FHOWTEBREZERL, Y7153 VHETICBITS E2
DBEWIGEEWE L7 (Fig. 5). T ORE, 1.5 wt%
Nafion 1 mL %720 1.0 ~2.5 mg ® MWCNT % 47 #l & &
HEBELCEROBVWERISESHEO L IR,
MWCNT (2 & 5 ZKififg, SEEOBIME CNT KA 55
FWHALKRFZNN T 2 WA RIGERT L E2 6N 5.
LA L7755, Nafion IO HLS &5 MWCNT 3 28
3.0 mg/mL ML EOBETIXEBIEEF IR L. 2ol
Lid, MWCNT & @ B ImiZtE v, \EBICEM S b
Nafion A5 T 572012, A+ ¥ Fm s E#NC B E
L 72 E2 OFEN 2B R T 5720 THhb L E 2
bhs.

3-3 [Ba 7 REEMF O®RE

Hu 5 O#E TR, Bl REGEEASETICBT 5
E2 DBBISEFMEFTENTEBY, Fh5D%D)T CTAB
PRDMENTH L LDAREINTVES, ZZ TRIIET
X, CTAB L MBEOWETCRIMFEINTVRVET 453
Y, BICZHWT, ZNENDOHA F ¥ R 5
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TIBIZE20ERSEZLB LA 1 xX10°ME2 &
6 X 10 M Bz A+ ¥ FEEEA 2 & e ) o~ Btk il i i e
LR ONLBILERIGE %, O Nafion 156 GC BEAH
&, ARFZ7ECTIrE#E L 72 MWCNT-Nafion-GC B 2 W T
HE L MEHHW SHEOR A 4 ¥ FREiGtH v h
DOHHE D B2 OMILIBEZWMRSI LB LRL, Boh
72 E2 OBRIBZ E TR COFEGEEALAFA T T, BiHo
Nafion {5 fii GC M & ) & MWCNT-Nafion-GC FEH# T &
o7z, E2 OBALIBEOWRMEIL, ¥74 732 (414
HA) > CTAB (24.9 uA) >BTC (21.6 pA) DIETKRE <,
CTAB & BTC & TR REREI LoD, €74 T3
T3 CTAB & LI LT L7 5o R RS SN,
WTENOREEER SR L 2 WEEIEONS 207
TIGEIE, 2.6 uAICH E 222> 72, Nafion RO E O
L, e OBEN - BUKN M EAERICERR SN 5.
AREFFeTHWZ0 A 4 Y FiE AT Thd 1ok A
Y ThBH7:0, E2 DRALIGE ORI BITAIMT 5 b
A F VREEREF OBREO K E SIEKET b0 L2
bNb. ZIT, £¥7473IY, CTAB KU BTC ® log K,,
% U.S. EPA ® KOWWIN” Z IV CHEE L2 25, #
NZN 391, 318, 4.00 &% o72. CTAB L KL T, 4
THIIRVEVREZ 1 D2FEO2E 7 4 5 3 VIZBUKEAE
, E2 OBALIB BT E VIR R EZRTH, X E VB
% 2 oD BTC &, BAMIZE V25, Nafion D 3 R
MY ERERE IZ0E T 5 ARBEE IS L D AR R DSBS B &
EZIbNA.

MWCNT-Nafion-GC B2 & % E2 DA OB IZARMS
X745 I VOREERGT L. 1X10 °ME2 LR %
LIBEOX T 473 VEEDLY) VEBRE R E R CllE
L7-#R, 747 I VREOHEMIMEST, E20ER
IBADWIML, 5X10°~8X10 °M TIEIF—ED Y —
7 ERMEPEONT. Lo T, 7453 VikER
6X10°M & L7,

F72, ¥ 747 I VETICBIT S E2 QRN % B
HLA 6X10°MO¥ 74 5IVHETTIXI0M
E2 % —0.5 VOBEMZ L T 1~ 10 451 O #HE % i L
7T Ah, E2DBIIGEIZ1~60 M T TilEMEERE 2P
WESITL, 6 MBI IIE—EEISE L 72,

3-4 E2 DIRER

MWCNT-Nafion-GC M % F T E2 Ot & Ve L
7z (Fig. 6). 1xX10°~1x10°M ® E2 £ 6x 10 °M
Y74 73Iv%E0Y) VBREHR (pHS) WOV =
TAALA—=TRVEET T A L7z, EORKE, Eril
BIZ5 X 10 °~1x10 "M (R*=0.997), #HERIZ 6 x
10°M Th o7z, TR O MWCNT-Nafion-GC &
BEH R OEEEL KL TR BREETH L.
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Fig. 6 The calibration curve of E2

The measurements were carried out in 0.1 M phos-
phate buffer (pH 8) included 6 X 107°M Zephiramine.
Accumulation potential : —0.5 V ; Accumulation time :
6 min ; Scan rate : 0.2 V/s

T7, FRICHERL-BERE HWEEICE5N5 5%
10 ° M E2 (2B IR 21 12% Th o7z,

4 T & ®

AWFFETIX, MWCNT % 431 & & 72 Nafion A % GC
BBRIEICAE Y a—F 4 V7§52 L2k I /ER
L 72 MWCNT-Nafion-GC B Z A L, 3 FHOBUKEOSE
WA & Y FREEEHIIEETICB 5 E2 OBILETRISE
FHWAEALZ. €74 53, CTAB, RU'BTCZNZh
DA & ¥ FUHETE ] O 47 T E2 OB LIS Z 3R L,
ZOMPIEIET 4TI VPR LEN - . MWCNT
Nafion-GC & # 13, 1.5 wt% Nafion ¥ {# | MWCNT %

B, A% %%, HIT : MWCNT 4 Nafion® IS8 GC B2 H W5 E2 DALY VA M) — 617

2 mg/mL 7 S 7B EHCTER T 22 L TRVIE
PR L7 E2 OERFMIZ5X10 " ~1X107" M,
BHBRIZ 6 X 10 ' M TH o 7.
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Accumulation Voltammetry for 173-Estradiol Using Hydrophobic Cationic
Surfactant and Glassy Carbon Electrode Modified with
Multi-Walled Carbon Nanotube Dispersed Nafion Membrane

Saori SEKIYAMAl, Hideki KURAMITZI, Noriko HATA' and Shigeru TAGUCHI'

! Department of Environmental Biology and Chemistry, Graduate School of Science and Engineering for
Research, University of Toyama, 3190, Gofuku, Toyama-shi, Toyama 930-8555
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A simple and sensitive voltammetric method for detecting 17B-estradiol (E2) was developed.
The Nafion membrane dispersed multi-walled carbon nanotube (MWCNT) modified electrode
was prepared by spin-coating a 1.5 wt% Nafion ethanolic solution including 2 mg/mL MWCNT
on glassy carbon (GC) at 2400 rpm. The voltammetric behavior of E2 was investigated with lin-
ear sweep voltammetry in an electrolyte including a hydrophobic cationic surfactant, such as
Zephiramine, benzethonium chloride (BTC), and cethyltrimethylammonium bromide (CTAB).
The peak current for the oxidation of E2 at the MWCNT-Nafion-GC electrode was enhanced by
the presence of each hydrophobic cationic surfactant. The enhancement effect by Zephiramine
was strongest when compared to the others. ~Although E2 below a concentration of 1 X 10™° M
at a bare GC electrode can not be measured, the peak current for the oxidation of 1 X 10°°M
E2 could be observed by using the MWCNT-Nafion-GC electrode in the presence of 6 X 107°M
Zephiramine.

Keywords : 17f3-estradiol ; voltammetry ; Nafion membrane ; carbon nanotube ; highly hydro-
phobic cationic surfactant.



