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Development of potable analytical devices for determination of metallic
species in environmental samples
-A colorimetric sensing device using fluorometric coloration length on a
microcolumn for determination of selenium(IV)-

by

Tomoki YABUTANI", Shunsuke KINOSHITA?, Yuji INOL,> Azusa IWANO®,
Masayuki YOKOTAz, Le Thi Xuan THUY?, Ken-ichiro SOTOWA', and Toshio
TAKAYANAGT'

A visible colorimetric sensing device for determination of selenium(VI) is proposed. This
method is simply measuring the fluorinated coloration length of a microcolumn to determination
Se(IV). The extension of the length of color band was generated by accumulation of a fluorescence
reactant (Se-DAN) between Se(VI) and diaminonaphtalene (DAN) on an adsorbent in a micorcolomn.
Modification with B-cyclodextrin on octadecyl functional groups (C;g)-modified beads as adsorbent of
Se-DAN enhanced the florescence. A detection limit of 30 pug L' for Se with a linear range up to 150

ug L' was obtained. The determination scheme was successfully applied to the analysis of a sample

of tap water.

Keywords: selenium, visible determination, diaminonaphtalene, microcolumn

BB RFREBE Y AT 7 A = AW PR R R BN B
Department of Chemical Science and Technology, Institute Department of Chemical Science and Technology,
of Science and Technology, The University of Tokushima Graduate School of Science and Technology, The

- 17 -



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

University of Tokushima

SRR LA R

Department of Chemical Science and Technology, Faculty
of Engineering, The University of Tokushima

LGS T 770-8506 R TR IS HT2-1
WRBRFERFGY P AT 7 ) YA = ZWFFEE

1. #&
L (Se) RUSeALEWIT, U T ARG IER
fh, CEERATRE, KBERCBE 7 LA RS
7. BEEE HEGR, BEAKSERI, EVaAI% ok &
LTRIHENTWD, Ez, SR T 7oA REEHIR
78 & OBEFEW S b BN RmIREICE TN T 5, Se
IFAERUETHEDO—2TH Y | EOMEH K ORI
D2 <L DNIETEHE EMVEBEE AT 5, DE2. AR
W3R D ERERIII < . RZ PP FIE & 72
HHPEIERN S & Z SheT R Th b, 2D
7o, AHEREILEICHSIENED b TS OKE
K+ #1F7K0.01 mg LA, #EKE#E0. 1 mg L'EAF) .
SeDAGENMTIEE LT, —MRANTAKF I F TR 1%
W 7T A= o3 ATER N BTN D28, KA
i CH D7, HRREOHIGE=X Y  Z7ITIER
& Th D, SDBLE, B fesst RWE % L CRRERKR,
Sy 7T AN E DG RBRIENFIET D, YLl
SelZ >N\ TIT G M E LTHEMASA TS
DIFEE S | 85 T WS BT N EO S ds 2 FI
LIz RIS/ N Y o P &R Lz E R — 7 o
—HR L7 EIREN DI ORBURTH B,
Fex DT N—F XTI E T Se(IV)DRIRA) 275 E
TR TH S .23- U7 I/ F7H LU DANEHN
THHA A 2 251,/ Se(IV)-DAN /3w F3H M Hi . TLC
Tz Se BREMSOE A IC W TG Lz,
L L IERIETII AL BR CTHRT 2720 THY |
Se DIFEOHEAHET AP ERIZE EE T,
T, RBFETI, EEMEEHBEEOm BB L
T, BEBRZEEEOQRICERT 2B ER
Bz, BARMZIE, <A 7 0 T AT L BRI
HWE T D Se(IV)-DAN 2 ESEBHZ LIZL 0,

i

- 18 -

RERF LT BB ARICESVWTERT 2HDT
HbD, BRBFEODT-OD~A 7 0k T AFEANIIL,
F o BT VIVE R (Cig) [EHHZ~N— R,
Se(IV)-DAN O#JesgsA & LTambnsd p-v7as
&2 KU U (B-CD)DERAGIC X B 8 YR Rz > T
bR LT, &HIC, ~A 7 1h T LAPNEL, Se(IV)-DAN
RO ZATV, MERERAZRE L, &6
WA J5 % AKGEK D HRICE A Lz,

2. EB
2.1, AZE, R L UEE
Se(IV)EEHERIL, At oWt L i b Y
7 L% Milli-Q KICHEM S 76 D &F|H L=, DAN
LT B-CD 1R L F RO Rk A L7z, 7238,
FERITHIM L7z DAN BEERIIRICR T HIEIC L - T
g sz, "PDAN20mg, ikt FuFi 7o E
=7 80 mg, TFLIT I NEET R DL
(EDTA-2Na) 80 mg % 0.05 mol L™ #Zf# 40 mL {Z/inEL
RS 7260 °C X 20 43), TH LN
0.05 %(w/w)DAN FEEIZ BT TIRTE L 72(4°C, fR1F
W : 1 7 A), DAN BEHERIIEHOEE, HH51TH
T A4 AR—PTINT 4 VH—DISMIC > U T 4L

- -
— —

Z—, 045 pm)IZ XV Al L7, Se(IV)EH 5 mL,
0.05 % (w/w)DAN &% 0.5 mL, 1 mol L' HCI 30 pL %
FENENIRA L, 90°C T 5 IR L7, REIGD
DAN ZBRET 572512, 100 mg OIREEER A 4 %8
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Fig. 1 Fluorescence spectra of
Se(IV)-DAN on the C;g silicagel

microbeads with and without B-CD.

The sample was 2.5 mg L' Se(V)
containing DAN solution.

Modified amount of B-CD was 3mmol g™
Black and gray line indicate the spectrum
observed on Cig silicagel microbeads with
and without B-CD, respectively.

The excitation wavelength was set at 375
nm.

2(ANTRLTZE DT, w427 v )7 7 ZNEDHINIC
PEVEORITELS ooz, NROHEMIZE> THALE

SHhHY OREHEOHENT 5720, BEEHV oD
Se(IV)-DAN OWHEEH %< D7z, Se IR L 3B
AR —ERGTIIECENELS oo bDLER
LD, ZORRIE, ARREREZ R LT 5546,
WEDOHINT T 22T UL, ToREaREGD
TENTE, BEEZESARDILELRBLTNE,
2L, WEDSHIK 72513 L, BUBH@ERF D) 235 <
iHZ L, FHEAOBFEEDICLREHRIRD A X >
TR ENERT D, LEEBo T, AFETIE, BT A
RE % 0.5 mm & L TLBEOIFREEITo7, £, R
BHENHEE(COW T, Fig. 2B)ICR Lz & 9 icite
FEAHEA 0.5 mL min (i CHEORITIFEE L2
27,

Fig. 3 [T VAN AT TRE LIZdE Ao~ A
7T hAA=VROVEERLERGBRERDEY
SR L OB & rd, Ao aEHE A 1 mL min”,
BT AHES0.9mm & LT, Se(IV)HREE 100 ug L' THE
BRAatTo7, BT, BT 20 mm Bk TN D
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Fig. 2 Dependences of depth of the
microcolumn (A) and flow rate of the
sample (B) on the coloration length.

A sample of 10 mL of 100 ug L Se(IV)
containing DAN solution was loaded to the
microcolumn.

The excitation wavelength was set at 375
nm.

kA~ DEEELE R T E 5 (Fig. 3(A)). £7-.Fig.
3BIIR L7 & 912 RGB £AKRTIL, G BEICEE~R
ENEEELE BWHBEICH A Z ENHHA L, 2
LI D FBRTIIAE ORIz RE> 150 L EF£ LT,
FEHEAME I mLmin', 77 A& 09mm & LT,
Se(IV)IJE 10~250 pg L' I CoOH AR L IREOMHBE %
A L7, Fig 4 ICEAELIREOHBAZRT, &6
FlX Se(IV)DIREBANIZIG U THE Lz, I5IZ,
30-150 pg L™ O#ifH T R?*=0.95 & BIF/REMRIEZ R LTz,
7235, 100 ug L'Se(IV)i D5 (AR 13,
bolo, o, BMHBRE LTE, A7 2A0 AN
OFEHE 1 mm (ZFBWT, RIE 150 L EDEE 5 2 5k
L ER LT, F O R 20 ug L TIXRAE 120 +10,
30 ug L' TRAE 160 £10 (n=3)TH 7272, Aot

19.3+3.8 mm T
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Fig. 3 Image of the coloration of the
microcolumn (A) and relationship
between intensity of color index in
RGB colorimetric system and length
from the inlet port of the
microcolumn (B).
A sample of 10 mL of 100 ug L™ Se(IV)
containing DAN solution was loaded to the
microcolumn.
The excitation wavelength was set at 375 nm.
The bar in Fig. 4 (A) indicates 10 mm of
the length.

BRI BRI 30 ug L SIRESH T2,
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Fig. 4 Calibration curve in

determination method  based

coloration length of microcolumn

visible fluorescence

A sample of 10 ml of Se(IV) containing

DAN solution was loaded to the

microcolumn.

The excitation wavelength was set at 375 nm.
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R O (K T8 KRB S K BB 23
1.0040.27 TH Y. Z D Se JEEEFPH TIIAE
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1.07+0.48 .
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WA B 2 72 LB LT,
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L (IVYO~YA 7 al T AFABICHES BREEE
BIEZHIE LT-, ZOMR. BUKEEMHTH D Cig~
DPB-CD DIERA, EFIRE TP Se(IV)-DAN D4z 1
M EESG LTI ENHH L, EHELED
Se(IV)-DAN D& A1 K= T THEkE & L THAHE
THY, TN ATREDA A—T% RGB £
FELTHEMT DL, RIEEEFEADISHETSZ
ERHIA LT, FRREE~A 70T AONRILYHE
BM2AHY . £7-. #HEIF 0.5 mL min! YL ETIFEER
RlI—@Lol, £, R LTI 7 LTI, Se(lV)
DWEIIE LI EEROMREN A ST, Edk L L
T, KIEKIZ Se(IV)ZIRIM L, MK L OB AR
EHBLIZE 24, IIER—0FBEMMEONZ, B
HERA L 30 ug L ThH Y | AR S E R85, HE
RIEHETH S 100 pg L' 227 U7 TE AR FETH
%, Fio, AEOBHRIEITFEE G T 7 A~ Rk
3HrEE (60 ug LY . 7 L— A JRF W HTE(70 pg L)
72 & ORI L IFIE RS O R & F> Z & 238
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