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Fig. 1. Schematic diagram of FI system for determining
trace oxyhalogen ions.

C: Carrier (water), P;: 3.0 X 10* M ammonium vanadate/0.03
M sodium acetate, P,: 5.0 X 10> M thiamine /0.80 M acetic acid,
SL: 6-way valve with sample loop (0.5mm i.d., I m long), MC:
mixing coil (I mm i.d., 4 m long), RC: reaction coil (0.5 mm
i.d., 6 m long), TB: temperature- controlled bath (80°C), D:
spectrofluorimeter (A =400 nm, A ., =450 nm), W: waste.
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TR AAED R BRI TEY D, WHO <° EPA 728 Tl

AIEKRFOPREE 0.01 mg/L LLFIZHEKIL TWD, Frdd
[ECH BrOsy LAY 16 4FE0 kD /KE FEHED S IE CHr

- 157 -



P B S8 BB IR E S 72 (0.01 mg/L) P, BrOy
OB TR T EA U TR SN A R LY E iR
NI B BLE T DB RIS £4LD Br BAERT
HTER, UKIZBr BEASITNDE UV IBGHZ L8
FIEFECHAERTAIENMESNTERY 0 BT
Br X° BrOy ORIz a—XT v 7Sz, g
B DN TEKE B B AR RR B B R4
(ClOy) MERESAV TS (HAEAE 0.6 mg/L) . /KIEFE T
ITONLIEHEAY AL DR HE R TV THJFAKH
DIAFRLSF EDUEIZEY ClOs =° BrOy 728 M EIAT5
ZEDEAT DIFFETHHBINIEN TS, ClO; 1ZIFITLTY
FAAE WD TCWAR I FRIARIR IS & FA T
%o Flo WKEFI AT 2P CIIR R, & BICREiE R
BEPMEDLNDLZLNHY, 5%, HEAKHP D BrOy DA
THDOA T T AT oy 7T HYEMENAED
HZELTICEZBND, XA EL LD
FXoaF oA B ERT DO O R
EDIROOPRBR THD, FH L9 TIT Nitro-PAPS & V
(V) DEEEERIZIEE DN FIEE FIA AT 25 HIEL
7208 O, ARBFTECIES DI DRI LD %% HfFL
T ERE R OCORIEE FI(Tr—A Yy
DAY ) VAT ADENIZLDAF I Na T A D
{8 - TR BT BLUE Bl A et L7,

2. % B
2.1 RAEBLVBER

FRIKI AT BV N E O FEHISE (KR SRR
=,

RRWAA L (BrOs) AR HERSK (1,000 mg/L) : BIHRAL
(BR) BLRFE VT I 0261 g /KDL, 228 % 200
ml &L7-,

A FFEA A4 (105) FEHEAHR (1,000 mg/L) : 7 Kk
TV 0.122 g Z/KITEED L, 228% 100 ml £L7-,

WY FEEA A (104) FEYERS R (1,000 mg/L) :i@=
FERHVT L 0.224 g ZKITE L, BEE 100 ml £L7,

WA A (ClOy) FEHERRHK (1,000 mg/L) : Ha F k-
KT 0.128 g Z/KICIEDL, 28 100 ml EL72,

IINBAZ L DL AR ESIRIT T NS A B KT
TR TR,

INFUURRT =T AR (1.0x107 mol/L) : BAHAL

(R R0 (V)T =7 10029 g Z2/KITERD L
T&fE% 250 mL LL72, P ik (3.0x10™* mol/L /3 ik
T =T LRI 1, FhE 23107 mol/L FEEE TR L
TR AR CRERIL 72,

FT VR (0.20mol/L) : 7 I MR 1.67 g & /KIC
L, 2% 200mL EL7=, Py IR (5.0x10° mol/L F7
LRW) XN E 0.8 mol/L FEEATAIR CATIRL CIERIL
77
2.2 FEBSFUVEE

AHFFETHESEL 72 FI > AT AR % Fig. 1 (2RT,
VIR (C) B L OBRIEIRIR (P, Py) OIEIRITIZ, 41T
U H AREBRI RS =3I LR 7 NP-FX-3 B, H 7
BUVERTEL L-6020 HAF— NN 7 & Wz, AR
TOREBIOTF a— T i 7oV aA L MNlE T~
THRIT 7 A axF L2 (PTFE) b LUIHR =—T L
T—7 )Lk (PEEK) BOH D% iz, MC 3L RC
Y — 8 CO-8000 BUTEIRAE 2 A4, EMRICPREFLIZ,

SL [====—-
c Il RC |
I ! |
— | MC W
P, :
P=1= L J
B

Fig. 1. Schematic diagram of FI system for determining
trace oxyhalogen ions.

C: Carrier (water), P;: 3.0X 10" M ammonium vanadate/0.03
M sodium acetate, Py: 5.0 X 10 M thiamine/0.80 M acetic acid,
SL: 6-way valve with sample loop (0.5 mm i.d., Im long), MC:
mixing coil (1 mm i.d., 4m long), RC: reaction coil (0.5mm i.d.,
6 m long), TB: temperature- controlled bath (80°C), D:

spectrofluorimeter ( A o 400 nm, A o, 450 nm), W: waste.

B TR T3 R EET R RP-10AXL Va0 HER©
HEL, HENRSR EPR-221 Bl a—& —% I\ Citds
Lz Vo N —T 5805307 (SL) & VT vl
Y —ICFFEFEASICRBHA IR L, N T YU BT =
U LR (Py) &F 7 IR (Py) DIRBHIREGIRL ., K
JE=A L (RC) NZ& @R T HiBfE TF 7 N4 F o nm
T oAFT ATV SN TTF A/ — LB BENHD
T, FIROE S (D)2 THEAIRE (e = 360 nm,
Aem= 430nm) ZHET 5, HONCDIEAERIEZ FIVTHE

- 158 -



LU CTHARERNOE AT a7 A DR R
D5,

3. ERHERRUEE
3.1 AXINOFUAFDEREEEDNT=HD FI &
AT L

3. 1.1 FHRRERIGERISSEH

EFDIIMEDO ATV L(V) IFETTTFT7IV DM
BO BrOy IZEWuRIC I b, stE ChoLT A4
m— LA T HZEE R LEbIT, ZOFHSE H
W e FT S 2T MM L ARG R BrOy O k%
W LT, ZOMFFEDIMREE TF 7T Y 72 56D T T
X, SRR A4 (ClOy) |, IV FEAA L (105) B ONE
AURWAA L (104) 2 E DA \nF o A4 N5~ T
bR LI, V (V) BRELWEBRIIEER R 2T 2 &3
L7z, T2 TABIZETIE. ZOFH G230t 7 n
— 7T DAX LN UAT U DEBEDTDD FI VAT
LDOBRFEEZHIRL, Fig. 1 lORTYVATLEANWT, %k
SEPRFE | pH, IR/ EE 4 O RUGR -0l ORI
DOBEHICEZ L0 IREGICEAD 7 r— T A—2—
IREZ DWW TCOFEMARE AT o7z, 72720 Bat R T
X C DF#H% 0.4 mU/min, P, 2 O P, D% 0.2 ml/min
ELTF TV R ONRTFUURT BT DO EZ
I 2.0x107 O 2.0x10* mol/L &L 7=,

F9° B O BrOy OE EESE KR — Fig TN
U LR A FO, T T OFLIZ&IET pH O

Peak height/cm
=

2 25 3 35 4 435 il
pH

Fig. 2. Effect of pH on the peak height for 5 ppm CIO5

(=), 5 ppm 105 (M) and 0.3 ppm 10, (=)
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Fig. 3. Effect of ammonium vanadate concentration on the
peak height for 5 ppm ClO; (=9=), 5 ppm 105 (-ilF) and
0.3 ppm 104 ( )
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Fig. 5. Effect of reaction temperature on the peak height for
5 ppm ClO; (=), 5 ppm 10, (<MF) and 0.3 ppm 10,
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Fig. 4. Effect of thiamine concentration on the peak height
for 5 ppm ClO; (=), 5 ppm 105 (<lF) and 0.3 ppm 10,
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Fig. 6. Effect of flow rate (carrier) on the peak height for 5
ppm C1O; (=#=), 5 ppm IO, (<) and 0.3 ppm [0, ( =)
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Fig. 7. Effect of reaction coil length on the peak height for 5
ppm ClO; (==), 5 ppm 105 (<) and 0.3 ppm 10, (=)

3.2 BRERK

UL ED IS SRAR0T7 00—/ T A—F — DIRFEHE R
ZIIT, Ao a A DEEEERDT-DIC Fig.
1 DIH7e~=T 4 —NR R OISR ERE LT, £ LT
ZDOVAT DEAOTREDRRLE AT a4
COOREERIR A TE AL TRAA RIS o8 — 7 mS
7y NUTELNT-REROBRIL, Bros, Clos
104 (IZOWTENEH, Y =9.69X—0.105(0~2.0 ng/mL,
FAEIER%:0.999) . Y =34.5X+0.005 (0~0.6 ug/mL, FHBY
£2%2:0.999) . BLOY=0.0035X>+0.36X—0.079 (0~20
ng/mL, FHBEIFR%L:0.999) NELNTZ, Y ITE —7 @S
(em) . X [ZJEE (BrOy & 104 Tl ng/mL, ClOy Tl
ug/mL) THo, 105 Thk 5~20 ng/mL D#iFH CEHR IR
DD HITZAN, 5 ng/mL LA T ORE Tl EIZIhOFESR
TR BRE 72 DM AFRD DIz, 2 m OFREIL—T
(SL:0.5 mm id.) ZH\ =550 BrOs, ClOy, 10y DE
& FRR(10 o) 1321241 0.2 ng/ml, 0.2 pg/mL, 2 ng/mL
ThoTz, 1 FEHEAD TR 10 73 T o7z,

3.3 #HEAAFVDEE
ClOs, 105" F721% 10, 25 TvAiRIC A FiA 4 23617

SR RBHAIRATE AL T 7 A =2 R T 477

AT DEE AT,

1) ClO5 :Ni(Il) (1), Ca(Il) (50). Mg(Il) (50). Br (5). F’
(10, Zn(IT) (5). AI(IIT) (1), PO,> (10), SO.* (50) I&FF
REPHE A2 9 ZED RT3, Fe(TID) (0.1), Cu(ID) (1),
Mn(1I) (0.1), Co(Il) (5)I% 40~50%DiR7%5% 5% 7=,

2)105 :Ni(I) (1), Ca(Il) (50), Mg(Il) (50), Br (100), F°
(5). Zn(IT) (5), Al(IIT) (1), Co(II) (5). PO, (10), SO
GONELFFARFIFHL A7 Z LS SKT=28, Fe(IlT) (0.1),
Cu(ID) (1), Mn(I) (0.1) 1% 20%FREDFEE 52 7=,

3)104 :Ni(Il) (1), Fe(II) (0.1), Cu(I) (1), Ca(Il) (50).
Mg(II) (50). F~ (5). Zn(II) (5). AI(II) (1), Co(II) (5).
PO, (1), SO, (10) IXFFAHPHE 2729 Z LA H K-
23, Mn(ID) (0.1), T (10)i% 20%LL EiizE%s 5.2 7=,
B KAF T T AT MO ALY

— I EEITR LT A A DI ALY AR

— 7 EEN £ 5% UNICINED IO 75 B & R L

() OEAFIFIEAF & (ng/mL) 2777

3. 4 BIEFOAXIN\OTIAFTODEE~DER
B OUE KD LT Em IR E O FE & e Lo7

BRI 2 FIT AT ACEBIEATL5A1E, FvUv

—IRR DT HREDEITERTHT T 78— ({8 —

27) BB | WS Sk G pk 5 O i E DR E L7 D,

Fo, AR HEOBRPNEN AR A3 7258 0 A O ERIZE

WNTH i Y 70 S BERAE OB AN ML E 2 DD, T,

BEHR O OFEREB BTN, A4 A3 Bl L AR

FECRR LT T2 A0S ERIEE R DT

AV EAEICE DB R SO HHEE O EIZ oV T

Tz, DT L EEDT- D OFIEFN L TEFEIRA A2

BRI ETETE T VT % F- IRBEREL T, RIEE TN

T A LTI A REEE TN D A TEA R TN A B

f TR L 8 G T IRIRIC OV TR BT L T2, T OG5,

AR ENREZ L~y 1X8 ([t A ZHakstig) o

L& 0.5 mol/L NaCl ¥iRATRHIEIR &2 53 i 5 C bRy

IR EOEAL T NY KW G ERAIR P OA % ey

AT DI BRI RAFRRE RGO, T TV

WD ISR A 52 W EB I LT, 43

BEBSNE DT DT oo~ o7 1X8(200 Ay =) H#NEE 4.6

- 161 -



mm, £ 5ecm @ PEEK 847 NI FELIZHOT, 2k
Fig. | ® FIV AT AMIBITLHX Y)Y —DT7 10 GUEHEA
FSIVT D% Py EOBTRROBN ALz, ZIVET, b

SEBEELVKEEER R E S, B E W Broy & H

DT ETT - TEZM, ClOy <0 105 72 & OAH A5yt

IZOWTELITHRZINZ TNDEZATHD, Fig. 8125

B HE LA E R L. FI AT A2 ELNT- 4
ng/mL BrO;” D7 F/LE—2 (0.5 mol/L NaCl 3:77) D—

Bz R4, BEHUE 0~12 ng/mL BrO;” O#iH TR A2

ECFR BRSO, ERROEIFHAUL. Y = 0.966X+0.073

(FEBFR%: 0.999, Y IFE —7HE: em, X IXIR/E: ng/mL) |
0.5 mol/L NaCl & ToE & FIRIZ 0.2 ng/mL Téh-

Zo ZOE R FIREE AR (NaCl) FUIHEL T 0.007

ng/g [ DLV EEEE ThH D, AR FI VAT 2%

THROBIEDO T EBRIER /o TNDHEZATHHA,
BHELIND BrO; OE4DH L SN TOAFIT

FEETHHIRELEZLNDHD T, ZZ TS

EQAY e (A Byt

BN a-

—
et

EEEE

'r"““\!

Fig. 8. Typical signal trace for 4 ng/mL BrOs in the presence of
0.5 mol/L NaCl
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Search of the Salt and Treated Seawater for Oxyhalogen Ions and Development

of Highly Sensitive and Rapid Method of Analysis for Those Ions

Takeshi YAMANE

Faculty of Education and Human Sciences, University of Yamanashi

Summary

A novel detection reaction has been developed for oxyhalogen ions such as bromate, chlorate, iodate and
periodate which is based on the accelerated oxidation of thiamine in the presence of small amounts of V (V) and
spectrofluorimetric measurement of resultant thiochrome (A :400 nm, A .;,:450 nm). A flow injection system
utilizing this detection reaction is presented for determining those oxyhalogen ions at ppb to sub-ppm levels. The
variables relating to such reaction and manifold were studied in detail and the optimal conditions and manifold
configulations were established. The estimated limit of determination (10 ) were 0.2 ng/mL, 0.2 pg/mL and 2
ng/mL for bromate, chlorate and iodate, respectively. Only about 10 min was required for analytical measurement
after sample injection and no complicated manual operation was needed. Anion exchange separation /
preconcentration was successfully coupled in-line with this detection reaction in the flow injection system in order
to determine trace those oxyhalogen ions in sea salt and sea water. A Muromac 1X8 anion exchange resin column
and 0.5 M NaCl as an eluent (carrier) were used for this purpose. The limit of determination (10 &) by the

proposed flow injection system was 0.2 ng/mL for bromate which corresponds to 0.007 pug/g in the salt sample.
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