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RREHRDORERREE[15], KEAF O BLRE[16]
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AE—XZRTALERIEAITLIZED, EFR
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Lz, TR T7TREZOERICH ALBEE
HLETO—A >V a R NEERET
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Development of Cost-Performance Flow-Based

Chemical Analysis Systems

- Various alternatives for instrumentation with
parts/components are summarized. Some recent
developments are briefed. They include uses of cost-
effective reagents, FI, BI SI, LOV, LAV as well as a
new concept for flow-based analysis using a stopped

FI analyzer.

1.Instrumentation/parts/components of a
beginner and/or a person with budget constrain.
Various alternatives for cost performance have been
proposed for FIA and relative techniques such as
pumping system [1-4], injection devices [1-4],
mixing devices [2,4,17], detection systems [1-17],
and some on-line sample separation/treatment
devices [4-7,10,16,18,19].

2.Hyphenated techniques/detection systems. FIA
and related techniques have been hyphenated and/or
connected to other techniques and devices such as a
simple colorimeter [3,9-11,18,30-35], radiometry
[1,2], chemiluminescence [11], NIR [36], Raman

spectroscopy 371, conductometry [9,10],

amperometry [38], voltammetry [15], IC [13] and
DSTDI18, 19].
3.Cost-effective
[7,11,22] can be employede.g. permanganate,

reagents. Unstable reagents

murexide.

4.Some recent developments. Size-based speciation
using FFF has been reported [17]. Bead injection
(BI) was for the first time coupled to FI [14,19], SI
systems have been proposed: with modified
autoburet for reversal flow [12], titration [11],: SI
with standard addition-voltammetry. Lab-on-Valve
(LOV) systems including micro-titration has been
proposed. Novel SI with “Lab-at-Valve (LAV)”
systems are being investigated. New concept for
flow-based analysis using a stopped-FI analyzer for
various analytes without changing any hardware
parameters is introduced.

5.Applications have been aimed for various fields
including environmental analysis [5,14,18,21],
clinical/medical analysis [19-21,25], pharmaceutical
[7,11,26],and agro-industry/agriculture [8, 11].
6.Netweorking. Some of the developments have been
under active collaboration in various geographical
areas [27]. v
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BHEAXEFIAS T ZOBHERBRS S ELUIC
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INETHRESNTE = ) OFEIZ. BE
Cr(VI) DERLETEM N REHRTED 120 OEEERM
LB Y BEESYEEBRILTSZLTHED
IBIE AN AEERAE V. AL L,

WMESFEET,. ERSYELE FIA OfASDYE
LA ECTEBERONEORBICZNE TR
VA TE ], BRLEELZBE LZEROER
SREIEIC &Y EEET O BRESEEIK. EFEI
BRETHIN, EEBRENSEMET. EKED
REBEEZETHEDORAEBF - TS, ZHh
ORI, ZKABEOEMBERE L7 e —8 /L
Z FIA OfH#E LTHWS Z & (BESEHEN
SHTEE) THEIRTE 52 EPAMKEERIAZ
BIZELVBERREINED, RABRIZhZ S DIZEM
SEBHHFT, BERICETIEL OEBHAOX
BAKF OB FEMER T IITIEDHSL 1T > T T,

B4R FIA EMAEDLEZEOBKBRD
FEEAIT. BRICEAEWVRIN - ELNNv 2 7T
7 RTHDH, ZOERBICITEL ERBBOMNE
OBEEN. IT—Fa—TORE. 77413~
DERBESTHA L ERABIIRHLEY, £
BELEOENSEEE DR E AV T LEREFEL
T20E, MAEMET 5 BEOFERTHEHEOER
HHERERIICITIAZ EXREL TS 29,
INLDORERNLENCRORBELEITV., BFO
SR CTLEERE R XRAKFTO MoV,
Co(). Cr¥. Cu(”, V*? Iz oW TESHEIC &
LEREEZHS L, REOEZ OMELIZER
D RBENSmm EEDOT7u—EALEHANTE
B ORERELZED., BRELRBIEE FEICL
TV B, WD THOBE b E em® ORBHAR T sub-pg
dm> LRV OBRHBARES ICER TE TV 3,

AIE DR BIHE CTERRE R ST TIERY,
ICP-MS % L 3B 720, @Y eRaR T BITFIS
BEELICREBHIER (ARV=—vay) Kbi#EA
HETH D, TORERRBIENT L, BAEETER
AR RBA T OMME Cr ORLRERIERIZ bE
ALEY IV 7 2= Y FEAN,
A Y T (L) OFmoAEICLY .
# Cr. Cr(VD) OEEBZ{To7z, TORER, KKK
FOBRFECHIIE6ME LTHEETH L, 2
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B HEEICEET S, Lo TEE TR OB{LIRE
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L 720 FpH ST TIXZ ORSITHEITL
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PHIZKREKFELRWEZD, =V FF v U FIR
HEz A, BaHlzRAWTROpHEER D
720 T Co(l) & Fe DIRRERIEENFREE 2D T &
ER LT, MEEERAKSHICISAE LR, XA
AKHTIX Fe(l) & B\ERKBRLEID) MOBLE
T, YATE Fe(l) & |EAKBRLER(IL) & DIEHE
EENTFETH T L, B Fe(lll) BEIIBTFAE
MeDOEFBRICLVBREIND Z LR INT,

L EDHFRZERIL, BF OB THRIERE LR
AR OB S & "TEEIC L7272 T< (B
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(&4
BEBEESTSATHBED R (CP-MS) 2B HBLT iR
BOOO-A002o0a 3RO

EFREOERL, ERIEHREHEA (Air-Flow Injection)
/ICP-MS ¥ X5 LADE%, ¥ L — MIEDA A BBRISIC S
SHEBESEA A OBEMRREERRE, RO, "MAv2%H
WAFHRF L — MHIEOGR & FBRIRM - Bt RRE - B
BARIORRICANENS. WThLERE - BRE - ERROM
IMEERE L T2 FIA OFIREZ+SERA LD, BKEHRDR
Bax R REAKIOEBA AV OERICETIERALRAREZET
W3, BTFREOHEDHMELBENTS.

1) FED FIA BT 5%, BRETRILEHEEDZ DO
ETFRRE Y AT AOBERVRE - HBR{LFRE P OLTHRM
BT R OB TR Y — AT 200RE B L b DT,
AFLIC L A& BERORRMEERERM LIz LITHhED V. &
BT, FBRAKFOBHMESBER S EFRERT 2 BHRTE
KOHREHEA/NICP-MS VAT A& AWT, #0BRE (80 pub)
FETMBETICR T 54 P—I2EVirD, SHROEBESOER
DA ThHo Tl HEXTRPICLIEETH 22 52— HBSE
BOEERBEARBEDORY RVERIZOVWTIE, 43/ 2F
BRI b U— MEIEFRED T A5 N X D08 - BAEERE
DRI L > TEIHIEEERNT — BB LND Z M50
St BB BO T, A 1mlOI =45 A2 AT 50ml
DR 50 {FEE LTV, R R - B+ ~_TE2Y
B3 2 LM TE . BESLLIESHTEE BV TRIARHIIR D
IRXRTATF—F—ISAL, HEEEED 45 MOMETED
EENBAREL o709,

2) FIA # AWV RBRKP OBRERBA A DA T4 VEIL
AT ARBICETAHE : BB, BARESTOMBEESR
ERIZ, BT ¢ 2 7 8% L— SR (IDA #, B 5 mm,

E&05mm) #27u- P27 a/ICP-MS VAT AT
AVBH LAY T A VRIAEIEIC OV TR Lz 012, 2R
& THDH Na+, K+, Mg, CazDRREICE, BTV E=U L
BEE (50 mM, pH 5.5) AV, Whb 99%LL EOER
T, ICP-MS flERD~ + Y v 7 AL B FHHHERIMZD
iz, SFICAVAEKRREEIE 1oL THY, SWETERRIZ
6 LN TH D, BEM LI ATk e kg gEREl (CASS4 &
NASS-5) {Z@AL, V, Mn, Co, Ni, Cu, Mo, Cd, U % 8
BOESRBI URIEHE L B —& T2/ EEB2. BiZ, F
A, BARBHCOEHEN 29 BOSBTHEOERICETI LT

AFEIZBIT 2 EELRSH AR, AR RE, PRE, »
BEHE, #{E, MEL WO Z i, Ny FREMLEE 90TE
BHICHE - ENESh3&BREIT L E LY, BEIER 50%LU T
&B (Mn, Cr, As, Mo, Ba, U%) TH-o>Th, EHEDS
54y FIA B 2T AT, REROBERERLHERR
MEERRBICR EXFARILNTEHILETHS. ZhiL, (4
TANF—RZEELEX L= L R EBEIEEBA AT
L, REFOESRBRE R BREICENR-HE - B
BRITbABEVNI 70— P22 ¥ a VIEORFIA+5IC
Eh iz binkB.

3) NAF<RERAVEHFRFL— MHEOARE FIA ~0ik
W AEX, HESRICTZEBROZEISRE~DRR
SEICHEEICRRRED, X YU EEM LT IEBA AU D8
HRiE - BHEAOSHREURE O pH ELICHE ) HLEBOHE -
B - BIRESE X L— MEEREI=V T L R 1 m) %
AVWTRATWS M7, ZrHHME - BEICE L1 I ZF
B b oflE WEKBEEDRICHETIREX MY B,
FEEEREOAHETEZ ) VB M UBEERRE L.
B, AN U R RRMICHETESRT I JBEFL—
Hiis W& B L, 4254 FUICP-MS k& AWk S
COE  BIEICRHIL TS 19,

PLE, ZEESEOMEERZIL FIA OF A - KL ICP-MS ©
FIR - BEEREBENICENL, WK, FIIKREORBREFOM
B, BHMETROERLWHEL L, HlEE LT T o- Ok
OBERBFEEKELILKRERLZEICEY, FIAIRUDHLWVS
HHL%, SITEMORBRICERT 5 & ZA5BERLLOTHS.
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Summary

Complex formation of iodine-starch has long been
used to indicate the end-point for titration in iodine

In the FI manifold, there are two injection ports. One is for
injecting the liquid salt samples and standards. We use another
injection valve for injecting a cleaning solution into the
manifold. We observed that there was accumulation of

analysis. The complex is formed by intercalation of
tri-iodide (I;") inside starch molecules. Since the
complex absorbs visible light (Amax = 590 nm), we
propose a simple colorimetric detection of this blue
complex as applied to flow injection (FI).

This work demonstrates use of iodine-starch in flow
injection for analysis of iodine. The application was
focussed on determination of iodate in iodized salt. In
Thailand, for a longer shelf life, salts are supplemented
with - potassinm -iodate, not potassium. iodide. - The
recominended level of iodine in iodized salt is at 50 mg
Ikg.
There have been some methods for quantitation of
iodine in iodized salts but mostly for the
supplementation with potassium iodide [1-4]. A flow
injection (FI) method was presented for salts, which are
iodized with potassium iodate. The FI method
employed amperometric detection and provided a
throughput of sample at 35 injections/h [5]. In this work,
we present a different concept of detection that is the
colorimetric analysis, which is much simpler than the
former amperometric method.

We have utilized the Dushman reaction [6] by
formation -of tri-iodide (I5) when there is a limited
amount of iodate and excess amounts of iodide and
hydronium ion. Ina condition in which starch is present,
the blue complex of Iy starch then forms. Linear
calibration, based on the Beer’s law, can be obtained
from a plot of the relationship between the absorbance
of the complex and the iodate concentration.

- In our FI method, a sample plug of salt solution
(made to approximately 6% (w/v)) is injected directly
into a carrier stream which consists of 2.5 x 107 MKI in
6% (w/v) NaCl. The zone in the carrier line is then
merged and mixed with a continuous flowing stream
that contains starch and acid. Detection of the blue
product inthe FI manifold employs a colorimeter. In

fact, a yellow LED can be an alternative light source,

tri-iodide starch complex on walls of tubing and the flow cell.
This used to cause shift of baseline. We therefore present a very
simple idea of cleaning off this deposit on the walls by injecting
a small plug of thiosulfate solution. The purpose is to
decolorize the blue complex deposit, by reducing tri-iodide
(which intercalates inside the starch molecults) to iodide ion.
We recommend an injection of thiosulfate solution after every
sample injection. Injection of sample is usually carried out at
approximately at 30 s intervals.

At the optimized condition, the calibration is perfectly
linear in the range of 5.0 x 10 to 4.0 x 10° M: absorbance =
25,520[1057 - 0.052, r* = 0.999. It is suspected that negative
intercept may be caused by limitation in the reaction kinetics at
low concentrations or it could be due to restriction of the
dynamic range of the detector.

The proposed method although is simple but very efficient
and precise (RSD = 0.66%). With this principle of detection,
the method provides more rapid analysis than the former
amperometric FI method. Our sample thoughput is 65
injections/h. A detection limit as low as 2 mg I/kg is achieved.
Successful validation of our method was accomplished using
other two analytical methods, which are the conventional
titration method and the potentiometric method that uses an
iodide-selective elective electrode.
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