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HRKP OB ERRRA F > 2 EBT 5 7200OFHLZTORHIIS E ThzHWweTa—A4 V=7 ¥
ay (FI) YAT A% L. BBREERT (0.1 M HSO.) TRFEERA A VITX 5 VIV) OBfb & AR
L 72 V(V) ® Nitro-PAPS {2-(5-Nitro-2-pyridylazo)-5-[ N-n-propyl-N-(3-sulfopropyl)amino]phenol} $&# o 4
B, K592 nm IZBIF 2WAERMELTHEN Y AT AR TITb s, FUSE Y =7+ — )V FIZBRT 53K
FIZOWTEHMICKRET L, Bl RKEEHRO=T7 s — NV FOREZZRELZ. 2m O¥ VY IV —T%
B\Wwizie, 0~0.05 ppm OFFETEMED BSRERDE SN (HBIRE 0.999), 1 BOSHER I 4
GFEBHETHAS. 0.01 ppm BrO;” Z#E D& LEA LG OEEHREIL 0.6% (n=3), METE (30)
1% 0.0004 ppm TH o7z, A FI ¥ AT AI20.06 M NaCl ZEBERE 5584 + VMG MEES A ¥4
VEMTAIENTE, MHBRERTEFREOM LAZMS Z L TEL. SmOY Y IV IV—FTORET
R (30) 1X0.0002 ppm T, 0.01 ppm BrOs” DY R LIEADEEREA1.4% (n=3) L HIEIRE
Tholz. HSWREEIIH IS ERETHS. KFI VAT AICEY 3HWOKEK R ORGSO BRI HE
DEFEEEA F ¥ B FMLCTHW L7254 DBIEE 96 ~104% & BIF LR TH - 72,

1 Ei

BEBRA & ¥ O3B AMIZE L Tid International Agency
of Research Cancer {2 & o T Group 2B (& M THIFAD
WEEED D) ICHESNTEHY, WHO KU US.EPA i
FRBKHOBRFEEROBMEE L LT 0.01 mg/L % g&iFCTw
5, BREBRIIBAMA T Y 2ELRELT VS VITL O BEE
FEETLIRCEIAET L EPHELMCSR, T4, hE
THELEAIN TR ERRREHBACDEIN TS
TeRENLY, BAETDL TR 15 FITKEEIREDOH 7
REHELTEMEN, 0.0l mg/LARESNTNEY.
72, RERAY ) Y AZEMBMY L LTRVICERSR
720, BROMBEERICHEHING R EAROERDRES
NpLIarhn, &M, KEKRPREEFORZRAF V0
BEZENHTLOOBRERSIEIRD LN TN S.

HRRRORFERA F COEREL L CEBRZEERE
R&H (UV) 2 AL ALA Ty o2u~ b 5T 4 —
10)Y? HET SNz, ME TR (D) 2% ug/L TH
572007, EAEXHEL L BMEEE OMAELEIIL>TH
AREBEORELAVHHETELZRA M T ARUSKIEA +
¥ru< b 7774— (PCR/IC) HEIKRFTEN TS,
ZDOBE, REBAT VICXBRAMA F 07, auit

VLK E AR TR E . 400-8510 IIELURHF AT
kM 4-4-37

WAV, HBVIET 7Y OOBCERY ORI %
WET5HE (LD: 0.2 ug/LYY, 0.35 ug/L”, 0.17
ug/L”, 0.1ug/L'Y) %, 7 VYR OEIL TR - 72 RIS
RIEL Ga b OFEARARICED CEBMEE (LD: 0.28
ug/L)" g SR Tw A, RAEO FARBREICIIRE
WA FERAEIA TV EDRIBIC X W ERT A =RFEA

F v O UV IRIRE FIET 5 PCR/IC 28R &', 1ug/L
FEICTIEETREENS. LIL, TOFETE

LM BEALS U 7 A /I MIRIRBE E V9 2% ) EIRED
RBPEREZ A VD202, BEOEEICX BTWAMEIC
Mz, "=274 OEEE, RFEHP I POBEH,

LLMEEDI LR BV, ZOEMILFEHET I A~
HRANEL IC L OFEROMF ENTVEHY™ (LD:
0.1~02ug/L), HEIF &M CTRFERICIDBEMNI ST
X, FVFALGWRE=F Y YV INOREMEZEZ 5
ATRLTLOIBER R HEL TV R W,

AREFZETIE, REBAF VICE5VAV) OB LE Th
W& D AR L7z V(V) & Nitro-PAPS {2-(5-Nitro-2-pyridylazo)-
5-[ N-n-propyl-N-(8-sulfopropyl)amino]phenol} DA
BB 3D SR POLEMRI & A 4V ZMnBix £ >
SAVERLIETO—A vV svay (F) YAFAC
DWTHREN L7248, BATORALY A + > OBRALRIS % B
WBHEIZHRTL ) AV FRSENHT, »OoRKE
IR RRERA 4  OME, DERERDVTRE ko7
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Fig. 1 Schematic diagram of FI systems for determi-
nation of bromate: (a) without and (b) with anion-
exchange separation

C: 0.05 M NaCl (0.6 mL/min); R1: 1.26 X 10 *M
vanadium sulfate in 0.1 M sulfuric acid solution (0.4
mL/min); R2: 4.0 X 10" ° M Nitro-PAPS and 0.21 M
sodium acetate in a mixture (0.4 mL/min); V: injection
valve with sample loop SL (3.0 m long, 0.5 mm i.d.); IG:
anion exchange column (TSKgel IC-Anion-PW, 5.0 cm
long, 4.6 mm i.d.); RGi: 2.0 m long, 1.0 mm i.d.; RCy:
1.0 m long, 0.5 mm i.d.; TB: Temperature-controlled
bath (80C ); D: Spectrophotometer (592 nm); W:
Waste ; BC: Back-pressure coil (2.0 m long, 0.5 mm i.d.)
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I IIHFITHID S W BR ) FDGHSE R IS Rk el 3 2 A
Wiz,

WRERSTF VVIEH (R1) {1.26 X 107 *M VAV)} : BiEE/S
F YV (VOSOs nH:0, BIFALFH) 830x10 7 g % 0.1 M
RBEEEICE»LTEE® 100mL & L7z, Th% 01M
MEBBEETI0BCHRLTHYZ., 55 L0 1-(2-
Pyridylazo)-2-naphthol ® Cu ¥ L' — I (Cu-PAN) % ¥R
BICLTCEDTAWHEC L VBN TF DT LA 0OBE S IE
L.

Nitro-PAPS ¥ (1.0 X 107* M) : Nitro-PAPS ([A{=1k
Z281) 0.0503 g #KICHEHMLTI00mL &L, XV T T
74 V%— (0.45um) TFEMB/LZSDEHIZ. Fig. 1
D R2 B (4.0 X 107> M Nitro-PAPS/0.21 M FEEEF b V)
% A) X Nitro-PAPS i (1.0 X 10 * M) 4.0 mL % 7B
L, 221 MBEEEES M) AW 21 mL 2N TR
B2 T 100 mL & L7=.

BrOs MR (1000 ppm) : RERAL Y 7 2 (BEAL
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8 02611 g ZKICHEPLTEE 200mL & L7z, &1
R OREEREICIZI I N2 K CTHERRL TRV,
FI Y AFACBIF A% %) ¥ — (C) ZidkE 75,
AF VRN T DRA T4 VEALEY AT ATIRER
e LT5.0x1072MNaCl B % Hv7z.

2:2 BERUVFI VAT LA

ABFECTRELE L /2 FI ¥ 25 2 OFEARFTRER % Fig. 1 (a)
2, AU 4 YoM BA LA ORBENZ Fig. 1
b)) KRT. FrU¥— (C) RUREHE® (R1, R2)
DREFCFZFNFNY X F TEHRX-5020T B F O
DM2M 1024 BI:R > 7%, RCl Z ERIZHED/2DIT T~V
— 8 RE-8000 BUEHRME %, /2T 2 —T T XCF 70
VARG, RAEERIE T HASER Uvo70 BRI
wmEH, BT 7PV REERE TR PRR5011 B
PHENIX FO#%aHz & » HBbERsk L 72,

23 PIEOBIE

Q) FIVAFA: U —7 (SL) FERFAIVT
V) 256F v ¥ — (C) WIEASNAHBBHEITTNI
Lo TTRICHZEINED, T VAV) B R &
WL, KinI A (RCl) %@E7 5BECTREERA 4~
WZX ) vav)y 25vv) IZBfbsh s, L VV) 2 &
LY — VAT Nitro-PAPS B (R2) &AWL, Kisa
4 (RC2) %3Bi#ET %8 T Nitro-PAPS-V(V) $EEA34
L, THoOmEZE (D) THKE 592 nm (2B1) 5 BBE

ANERLE, BEMICRESNG. VP VE—JOEER

BEL, »50 LR LTHLRERD S RERA + >
BELFERTA.

Gi) A4 RWeh T LEADHE: Fig. 1 (b)) DY A
FAEA SNBSS 5 2 (SC) IZHES R,
BT AERERAVAV) B R EERTSH. Tl
B FIOBELEKTDHS.
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31 RFBAATEEO-HOFHRBEERY FI > X
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3:1°'1 REBAAOHBHBHRS EE DI
Nitro-PAPS 2585 SHIR C V(V) & ENVREREDOK & 7
R (£=8.0%x10"M " em™, Apae =592 1nm) FHEKT
BH, VAV) LidZEALEERLEZWZ EERWAEL,
CNIZEDTLVEV) OFBRERCCEEEELRE L
7219, V(IV) 5 BrOs 12X o TEERMIZBAL E T V(V)
ZARET 5 % 51F Nitro-PAPS & O#ERA R FUG % FIUH L
TBrOs DEKEERNTREEZONSE. DF D,
BrOs 124 5 V(IV) DEfLE FNICE D AR L2 VV) &
ENVEIEARE DK & % Nitro-PAPS $5k & L7z O NEE
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Fig. 2 Effect of V(IV) concentration on the peak
height for injection of 0.05 ppm BrOs~ with a 2 m SL

Other experimental conditions and manifold as in
Fig. 1.

HE AR BT 5 BEEE BrO; €= O AR 72 HH
THb. ZLT, REDNS T 2 —THTOBBROTN
OHTINSDRISEBRIE & % BEIMIZIT ) DK E o bF
BLhoTwah, 2ZTE7, Fig. 1 (@) DVAT A%
BT, 20X B b, WtEREREORIE
NG A= F =TT BE 2175 72, EBRIIEHE
HWE LC0.05 ppm (ug/mL) BrOs FREEFRE = F -,
Fry ¥ —,LTKkEHVZ. ¥, BrOs 12X 5 VIV)
OB ABBEELE Y7 FVE -2 {V(V) & Nitro-
PAPS & OERERIC L B BmE L DBERICOWTRNA.
ZOEE, BALICLDAERLAZVV) 2 ETBERR L
Nitro-PAPS I AME L L 72 BRI, WD pH D3RR
Y 3~4"9 LB X CHETALEND L. £
C Nitro-PAPS B THICE U EDOFERR T MV 7 A& HEFSH,
VAV) BHITHZ BN L AN & - THRT B
B/ BERIEIR S OBEEN (LEICS U TEIC M) A%
B Z IR 72) ZFRETAIEIC L. HREREEZ 0.01M
5004 MICT B EY =7 B 1.5 I L7228,
FICHBEEL 008 KT 0IMICKEL LTI Y- &
RIZKREGEZR bR edh oz, T2, VAV) ZBHED
BRIEEEAS 0.01 M X D EWE XFRZARRETLZVIZ V()
DB EDMES TOEBRTHEIDOONTWS Z &0
5, MEREEIZ0IM & Lz, ZHISHIB LT V(V) 4
AJREE D pH % 3.4 BIRICHAEI T 5 72812 Nitro-PAPS &
WIS Z AEER T b Y A OLERIRE % FERIITHRE L
TRERE, 0.21M P ELTH - 7=,

Fig. 21, VAV) BE L BrO; O¥— 7 B & L OFRIC

Fig. 3 Dependence of peak height for 0.05 ppm
BrOs~ with a 2 m SL on the reaction temperature

Other experimental conditions and manifold as in
Fig. 1.

DVWTHRE LB ETHSE, VAIV) BEOBEME LI
— 7 BELBMT 20T, BREREEZHZICE VAV) BE
AEVIEIDPEMES LB, 1.26xX10 55 245D
25X 10 I EF T -7 EmE R 13 BRELER I
WAEOT, S2TE1.26X10°M 2 RAZ. '
Kt a4 vE ANEREORE 22 2 T Bros I &
HVAV) OBLICRIZTREOEZE R M L 2R,
Fig. 3IZRTLIHIC, BEOFRELBICE—rHEDH
mUzz., BER'©1ICX % &, V(V) & Nitro-PAPS & O KIS i
COREHETIZIILALEREORELZ T RVE SN,
ZOY— 27 EHEOBNE Bros 12X 5 vVaV) OBLRIS
DOBERAEERBL 72D EIZONS. BREELED
7eDIICIREIX 80T & L, BIREMHICL R ABEOEN
DH DD THRIZBEDHES ICHE T4 VEELY AT 7.
Nitro-PAPS DiRJE & BrOs D ¥ — 27 &5 S DRk % Fig. 4
WRY. IBEOHINE LD -7 B DEA T,
40X10"°M ML ETREINZED TR TH 5. Nitro-
PAPS IEEEDRINE & HITR— 2 F 4 VIEOLENRE L 2D
AREZIZRYRTVOT, T2 TiF40x107°M & L7
3:1:2 ZO—-NNTA—4—OKF  FHEBRICLDY
BrOs 12X % vV(IV) OB LIZ 2 b Bw & dEfl s h, 3B
L RBEORAMAE & USSR OB % X % 720 12 US4
VRCD WKiIE, A Imm DFa—7T2HWDLZ LIl
7. TORCIOEEZ 125 4m~NELJEREMT % &
Fig. 5 TR T L ) IZBrOs M E— 27 H & 525, RCl
A3mDEEICHBKERLLE., THNIZRCIO¥ME &3
RS QI X 5 V(V) OEINE VD 75 ARRD
5 HE, REY — o5, WRICLE <A T AR
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Fig. 4 Effect of Nitro-PAPS concentration on the
paek height for 0.05 ppm BrOs™ with a 2 m SL

Other experimental conditions and manifold as in
Fig. 1.

KEL 2 57:0T, RELSMEMEOFREVEZRL
TZIZTIERCL%Z2m & L7,

FERE BB LIC X D AR L7z V(V) & Nitro-PAPS D5
EFICERTARE I A VRC2IZDOWTHREL 7.
RC2EZXZ20 (FUSIANVEL) 5 1m KT 2micE
ATHE—IBEIRIFLALEML 2L, ZORBDOEE
HHBIZR W LA S iz, RAIREIC X 2 EHMEAN
OREFHEEEZEZRBLTRC2iE 1m & L7

Fr)v— (C) RUREBR (R1, R2) DREDOFE
BERDHIZH 725 T, Nitro-PAPS $5ED L KEO pH
OEALZHE 2D, G, RI BT R2OZWMEVZNEN
0.3, 0.2 RU*0.2mL/min 23 L LC, ZOkE—EI
BRHERDS 265, 34, 4BETEA TR L. 2o
B INFROY— 7 BIREEREHROC—-2FED
63, 34 RN 17% LA L7z, 13 BrOs” DEALUL AT
B, FUSICEEZ 272039 BERT 5 V(V) B0 2
HizbEEZ A, SHREEBREELZZEERLT, C, Rl
BRUR2 D&EFHER 06, 04 KU 04mL/min & L7z,

3.2 RER _

ERED L) REHEREEICREL A Fg. 1 (2 IR
FTEAEDS ETERLABER (SL: 2m) & Bros ##E
50~ 0.05 ppm DHHFATY — 7 & S LIREDOMIC BRI %
EAELR HBERE R =0.999) 2/RL7%A (y=136x +
0.05, y: cm, x: ppm). ZREBREORERE (o) 25
K72 TR (80) X0.0004 ppm, EETFHE (50)

RC1 length/m
Fig. 5 Effect of reaction coil (RC1) length on the
peak height for 0.05 ppm BrO;s with a 2 m SL

Other experimental conditions and manifold as in
Fig. 1.

1Z 0.0007 ppm Th o7z, F7z, #BDELEADOEERE
1% 0.6% (0.01 ppm BrOs~, »=3) CHEMELR, 1H
DRERFHEITD I 4 5L BETH .

3:3 HEAALOEE

HEA F ¥ OB W5 72012 0.05 ppm BrOs ™ 124
AL VERFEIRTBREFALTEONALY 7 VE
— 2 & 0.05 ppm BrOs WHHEMOGED TN & LB L 72,
Table 11ZRT X912, 0.1 ~% ppm LRV O#FE TS
DA FVIZEEL WA, cd®’, G, Mn®', Fe',
V(V), Cr(VI), CIO X 0.1 ppm TAEZRIEOKEL 5 2
2. Cr(VD) RUFClO™ i vav) #B{LL, oo L 4
X Nitro-PAPS & DEEAERICE 2D EZ NG, &8
A VORAF VIOV THRE LA L 25, Ccutt,
Co™", Mn*" KU Fe’" D% 0.1 ppm 122V Tk 1x107° M
@ 1,2-Diaminocyclohexane-N,N,N',N'-tetraacetic acid
(CyDTA) % Nitro-PAPS IR 5 2 & THE LK
L EWBTET

3:4 BREKDPFANDIEH

PR K512, RFL VAT L E3H8ME, REro5
REZDT, BEOHEAF v E2EBISL L) RO
BEEFBRIE, 00 ) BB LRGSR KR &
DAZ) ==V IO TREEZONE. —F,
Nitro-PAPS & K% AR L2 ) ShERLIER 2 ob o1
DA F v OREEZ T LWEREYRD 256, X ERNE
DECHH O DI IFEY R DMEOBHABLETH S, +
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Table 1 Effect of foreign ions on the determination

of 0.05 ppm BrOs~
Foreign Added/ BrOs Found/ =~ Recovery,
ions ppm ppm, %
NiZ* 0.1 0.051 102
n’" 5 0.050 100
pPb** 0.1 0.049 98
MoO,*~ 0.1 0.051 102
vo** 0.1 0.052 104
al 50 0.051 102
F 1 0.050 100
Br~ 1 0.049 98
BOs*~ 1 0.048 96
PO~ 5 0.051 102
AsOz*~ 0.1 0.052 102
Cclo~ 0.1 0.070 140
cu®? 0.1 0.066 132
0.1? 0.051 102
Co™” 0.1 0,071 142
0.1? 0.052 104
cd* 0.1 0.054 108
0.1? 0.051 102
Mn®* 0.1 0.059 118
0.1? 0.052 104
Fe** 0.1 0.109 218
0.1? 0.050 100
V(V) 0.1 0.133 266
Cr(VI) 0.1 0.178 346
a) Masking with 1.0 X 10™* M CyDTA
14 -9
12 8 i
£ 10 / £
Q 6 ~N
2 2
% 8 535
28 45
X o
s 35
o 4 2
2 x
2 1
0 0

0.020 0050 0.100 0.200
NaCl/M

=1 Peak height —O-Retention time

Fig. 6 Effect of eluent (NaCl) concentration on the
elution behavior of BrOs~ (0.05 ppm) with a 2m SL
injection

2T, BrO; DBEA 4 VRSB EARB I AT A EDS
V54 YEBE BRSO B RE L7,
SEEH T DCETHHRO PV A F UREH T A
(TSK GEL IC-Anion PW) % H\v>, &R & L CRE RS
D pH ~NDHEEP LV WEE 2 b b NaCl ZRET L 7.
NaCl J#E %% 2 T 0.05 ppm BrOs;” DEREEE), KUY 7

FE, IR FRBOLERINRIG 2 AV 5 FI AT & 2 BERRRA + ¥ OfifE - fdEs 749

Table 2 Results for analysis of tap waters and bottled
water by the proposed FI system (involving
in-line anion-exchange separation)

BrOs; /ppm
Sample Recovery, %

Added Found

Bottled water —_ N.D. —
0.010 0.0096 (2.6) 96
0.030 0.0308 (1.2)” 103

Tap water A — N.D. —
0.030 0.0298 (2.1)? 99
0.050 0.0519 (1.5) 104
0.070 0.0701 (1.4)” 100

Tap water B — N.D. —
0.030 0.0302 (1.3) 101
0.050 0.0516 (0.8) 103
0.070 0.0706 (0.7) 101

Tap water C — N.D. —
0.030 0.0291 (1.1)” 97
0.050 0.0515 (0.4)” 103
0.070 0.0687 (0.6) 98

a) RSD(%)

FOVERE & DBFRIZOWTIRE LR % Fig. 6 IR
NaClIBEDOWME & & ICRFFRHEIZIEREL 2 525, €
— 7 BEIF0OIMMMEE TIHRELEMI 2L, BICEE
MREL 22 EFRACEITHEASE LNz, 0.05M
NaCl Z R & LGB 0RGEAF v oORBE 2B Lz
LI, Ca¥t, Mg®", SO 3% 50 ppm T BHEHN %L,
72, FIV A7 4 fFig. 1 (@)} TREEIFIKEho72
Cu’’, Co*", Mn®", Fe’", Cr(Vl), V(V), ClO % &ik
0.1ppm THHEE L Lh o/, TNHDAF 2 id BrOs” &

DIBESBHLABMEINLERETHLEZIONS.

Sm DY S VIv—F (SL) 2720~ 0.05 ppm
BrO; O#PATIER L-BREBRIIBEL L LR E 2o/
%%, 0.01 ppm BrOs D} D & LiE A DEBFREA 1.4%
(n=3) LEBEMIRFTHo7:. ZRBEOEERED
SfEL LCRHELZRIBTIR (80) 1£0.0002 ppm, E&
TR (50) 130.0004 ppm L o7z, VT IEARE
B SLZELTA) L¥—/ESE®RE LA 10m
FCIRITITERMICER L2 E00, BESRICL 5K
ERMOMEEESEREINZ., RFI VA7 242 HWTH
WD EEE O RHBKBE O REFRN 3 &8 OKEK % 547 L
72k R % Table 2 1ZRY. EORED, Bros IZER TR
UTTho:. RAFEREVPAFEEZOT, FEKC
BrOs HEEEZHRML T, BrOs HINERZRD /2L 2 5,
WD 96~104% L B LRERPBE LN, KRFI VX
7T AOMMEME, 4NV KRV AT L DORFEID
BT, A F B MEL I 4 VEALLZBEETH 1
FORERH T THY, KHEKFOBBEDRE
BAToRE, HELIEEHFEL L TEHAEEZLN
5.
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Simple and Rapid Determination of Trace Bromate by Flow Injection Analysis
with Novel Spectrophotometric Detection System

Miki Isawa' and Takeshi YAMANE'
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37, Takeda, Kofu-shi, Yamanashi 400-8510
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A flow injection system with a novel detection reaction is presented for determining trace bro-
mate in drinking water. Bromate is used to oxidize V(IV) to V(V), and then Nitro-PAPS {2-(5-
Nitro-2-pyridylazo)-5-[ N-n-propyl-N-(3-sulfopropyl)amino]phenol} reacts with V(V) to form a
complex that is monitored spectrophotometricaly at 592 nm in a continuous flow system. The
variables related to such reactions were studied in detail, and the optimal conditions and mani-
fold configurations were established. A linear calibration using a 2 m sample loop injection was
obtained for bromate in the range of 0~0.05 ppm. The coefficient of variation for 0.01 ppm
bromate (n = 3) was 0.6%, and the estimated limit of detection (3 ¢) was 0.0004 ppm. Only 4
min was required for an analytical measurement after sample injection. The present FI system
was successfully in-line coupled with anion-exchange separation using 0.05 M NaCl as an eluent
for a more sensitive and selective determination of trace bromate. In this case, using a 3 m sam-
ple loop, the limit of detection (3 o) was 0.0002 ppm bromate, the rsd for 0.01 ppm bromate was
1.4% and the time required for an analytical measurement was 9 min. Tap water samples sup-
plied from 3 cities and a bottled water were analysed by this FI system ; satisfactory recoveries of
96~ 104% were found for spiked bromate.

Keywords : trace bromate ; V(V)-nitro-PAPS complex; spectrophotometric detection; FI system
drinking water.
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