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ABSTRACT

DEVELOPMENT OF FLOW-BASED ANALYSIS
TRF SENIOR RESEARCH SCHOLAR GRANT CONTRACT NO. RTA 10872544
Principal investigator: Assoc., Prof. Dr. Kate Gruodpan

In this project, instrumentstion. chemistry and procodures imvolving flow-based
analysis with emphasis on cost effective benefits but novel approaches have been
investigated. There were 4 subprojects, namely, development of flow-based instrumentation,
development of electrochemical flow-based analysis, development of flow-based systems for
clinical analysis and development of flow-based analysis systems for on-line sample
pretreatment with chromatography.

For the Subproject L, systems of gravitational field-flow fractionation (Gr-FFF) were
set-up and combined with flow injection analysis (FIA) ar ETAAS for size-based speciation.
Semi-automatic stopped-Fl analyzer was assembled and tested. Various systems of FIA and
sequential injection analysis (SIA) with different types of detection systems such as dynamic
surface tension detectors, colorimetry, electrochemical techniques were developed. A FIA
system with bead injection was for the first time proposed. FIA/SIA systems with sample
pretreatment devices were investigated. So was Lab-on-Valve (LOV) system. SI-Lab-at-
Valve (SI-LAV), as novel systems were proposed also for the first time. They involved
miniaturization, micro-total analysis system (micro-TAS) and microfluidics.

In the Subproject 11, flow systems with voltsammetry were investigated. Flow
injection electroanalysis for tetracycline was developed. So were speciation and on-line of
some species using electrochemical techniques.

In the Subproject IlI, various new systems and procedures with flow analysis for
iodine determination have been investigated. Some studies on flow-based systems and
procedures for screening some deceases such as thalassemia, and cancers have been
attempted. This imvolved development of immunoassay and assays of some biomarkers.
Assays of some pharmaceutical preparations have been developed.

For the Subproject IV, various flow-based systems for speciation were investigated.
They include As(IIIVAs(V), Fe{ll)¥Fe(Ill) and NO,/NOy. Modified biomass (Chitin) based
material incorporating with a simple flow-based system for determination of some ions was
studied. Analyses of surfactants using HPLC and mass specirometry were investigated.

The research works were conducted by researchers of older and younger gencrations
in & partnership networking of institutions in Thailand and overseas. This strengthens
graduate studies and builds up team working.

Keywords: flow-based analysis, analytical instrumentation, ¢linical analysis, novel analytical
techniques, applications of flow-based analysis




Execative Summary
TRF Senior Research Scholar Grant (No. RTA/8/2544)

1. Title: s IR N e
Development of Flow-based Analysis
2. Principal investigator:
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Associate Professor Dr. Kate Grudpan

Department of Chemistry, Faculty of Science and Institute for Science
and Technology Research and Development, Chiang Mai University,
Chiang Mai 50200

Tel45391-1910 Fax:05394-19105322-2268

E-mail: kate(@chiangmai.ac.th

3. Research Field: Analytical Chemistry

4. Budget: 7,500,000.- Baht

5. Research period: 3 years (1 September 2001 - 31 August 2004)

6. Supports from other agencies:

.
2.

The Royal Golden Jubilee (RGJ) Ph.D. Program, TRF
Postgraduate Education and Research Program in Chemistry (PERCH)

3. The collaborative Ph.D. Program (The Commission for Higher
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Education)

The National Innovation Agency (N1A)

The Alexander von Humboldt Foundation (AvH), Germany
Deutcher Akademischer Austausch Dienst (DAAD), Germany
The Post-graduate Education Development (PED) Program (The

Commision on Higher Education)




8. The Enhancement on the Country's Performance and Competitiveness
Program (The Commission on Higher Education)

7. Research Work

The research was aimed to develop flow-based analysis with emphasis on cost
consisted of 4 subprojects;

1. Development of flow-based instrumentation,

2. Development of electrochemical flow-based analysis,

3, Development of flow-based systems for clinical analysis and

4. Development of flow-based mnalysis systems for on-line sample

pretreatment with chromatography

8. Out-puts
The research work has resulted in 26 Publications in international

journals (24 papers from this project and 2 papers from relevant works), 50
presentations in intermational conferences/meetings while 100 presentations in
national meetings. It was the work by professors, researchers and students from
institutions of various parts of Thailand as well sz from overseas: Chiang Mai
University, Mahidol University, Chulalongkorn University, Silapakom University,
Khon Kean University, The Office of Fundamental Industry and Mining Region 3 in
Theiland, and University of Washington, Seattle, (USA) (Professor Dr. Gary D.
Christian, Professor Dr. Jaromir Ruzicka, Professor Dr. Robert E.  Synovec),
Monash University, Melbourne, (AUSTRALIA) (Dr. Ron Beckett, Assoc. Prof.
Dr, lan D. McKelvie) , Karlsruhe Research Centre, Karlsruhe, (GERMANY)
(Professor Dr. Thomas Fanghaenel, Dr, Horst Geckeis), University of Plymouth,
(ENGLAND) (Professor Dr. Paul J. Worsfold), Turku University, Centre for
Biotechnology, (FINLAND) (Dr. Rolf Sara, Dr. Michael Vilen), Okayama
University, JAPAN (Professar Dr. Shoji Motomizu, President of the Japanese
Association for Flow Injection Analysis), Aichi Institute of Technology, JAPAN
(Professor Dr. Tadao Sakai), Technical University of Denmark, DENMAREK

(Assoc. Prof. Dr. Jens Christian Tjell, Prof. Dr. Hans Mosbaek), Texas Tech
University, Texas, USA (Professor Dr. Pemendu K. Dasgupta)
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Industrial linkageshave been established with Metrohm Siam/Metrohm AG,
Switzerland, FIA Instrument, Co. Ltd., Japan and Foss Tecator, Sweden.

Thﬁcmnmuah}mpmiam"TRFEmimR:aeathdqumFluw—hmd
Analysis; the 1": 1 September 2002, the 2™ 6 September 2003 and the 3™ 23
September 2004. There were oversea guests to participate in the symposia. In the 3™
Symposium, Prof. E. H. Hansen (Technical University of Denmark, the co-inventor of
FIA), Prof. T. Sakai (Editor, Journal of Flow Injection Analysis), Prof. §. Motomizu
{President, Japanese Association for Flow Injection Analysis), leading Japanese
researchers (Dir. H. Itabashi, Dr, H. Ukeda, Dr. K. Higuchi) and Prof. I.D. McKelvie
(Australia) joined the E)Tnpnﬁiumhgh

Members of the researchyhave received various awards nationally and
internationally. The team has engaged in various national and international activities
mhuminghmmmium,ngmdimﬁmndvim?hmrdsnfwnm]jﬂm.
organizing committees for international conferences. The team honorly organized the
Il‘hnmmiumlﬂunfmmﬂnwlnjwﬁnnﬁuﬂwis. including related techniques
(11" ICFIA), in Chiang Mai, December 2001
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Development of flow-based instrumentation,

Development of electrochemical flow-based analysis,

Development of flow-based systems for clinical analysis and

Development of flow-based analysis systems for on-line sample pretreatment with

chromatography
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1. msWmandssdiedinssiildnilne (Development of Flow-based Instrumentation)
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Yl fmnfeafunsadunlisnoundeds Fee s Tigs Winam idiw
Fufluindns FFF 1 Gravitational FFF (GrFFF) (A33 10021808 11 reprint Tuntmmian n2, na,
a7 unxlffmomadlevseszuy GoEre dhfuszuvy A 3 detection system iU
chemiluminescence FMAL19NM31Y commercial on-line liquid scimillation counter (Packard
Radiometric Flo-one ® \ Beta Series A-100 Model A140K, Canberra) (#31#3ums miumyusin
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TinsAmomadiins Wdnnsdouds GErr WY detection system Bun #70 1hud
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unz ICP-AES 1 1M lumsfinun size-based specistion 14

12 Semi-sutomatic stopped-F1 analyzer
1#Anuiritnod™ semi-automatic stopped-F1 analyzer Taold mgnsaiiivn 14
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kinetic separation (RaTWBLBOA 1Y reprint NAKLIN NY)

2.3 FIA/SIA System il detection system viinm1g
231 Dynamic Surface Tension Detector (DSTD) 1AAMISormeimu
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233  Electrochemistry 1AAnuifodoNannszuy FIA woe s1a @14
Electrochemical detection  Tuuuum139g 1Aun  voltsmmetry (A4

TREIBEA reprint TUnIANLIN N1, NIT), amperometry (AaT10AZIBON
' | } reprint TUATARLIN N15)
234 Light Seattering Detection dfnwIiuitensndiantszney tight
scattering  detector ﬂﬁnmqn e lddmiu FlA-nephelometry (4
TUNIBUR reprint TUAMNYIN N1T)
235 AAS dfmutIEuy FIASIA 717U AAS 180 Flame-AAS (Aa

1180ZI00A reprint TUMIAKUIN N4, N12Z) UBE ETAAS (RaTionsi@on
reprint TUANHUIN N16)

2.4 Flow Injection — Bead Injection (FI-BT) System 18lszmunrudndonsasnly
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2.5 FIA systems with sample pretreatment devices |ANMUTIZUN in-valve column
o149l sample pretroatment deviee (RazwnziBon reprint Tumneuan nd, nig) unziidhy
on-line column  (AYTTUDEIENA reprint TUNIARLIN AL14)

2.6 Lab-on-valve analysis system TARAANTZUY SIA-Lab-on-Valve 1 19771 bead Tu
M7 pretreatment (R0 197 ETAAS (Fasonzi@en reprint 1UNAFUIN N16)

2.7 Lab-at-valve system 1AW 13fnu Lab-at-valve (LAV) sy micro total
analysis system (micro-TAS) i Imaifumuetudunfaisn

2.8 Flow-based systems for titrstion IARMAITUNBRRI How-based system 14
d M3 online titration 2193501 SIA (A1 0nziBon reprint TUNIAMLIN N16) 10z SIALOV
f M3 micro-titration

2.9 Miniaturized flow systems  1HinTIRau i Ifuszin ew system AooviTR
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lifz Lab-on-chip (LOC)




3. mvieonms el iveride st s vkt (Development of Electrochemical
Flow-based Analysis)
3.1 mydmaednafinenieey Tagld voltammetry 1AM T8 unsSmaziwan
TewzlTnantoos 18un pb, 20, cd uns cu Tan14ss YU Flow analysis, FIA (02 SIA (R4
TWREB0A reprint TunARuIn n1, N1

3.2 MTUNTIEA Tetracycline Warni 1321y FiA 714 pulsed ampermetric detection 1y
N0 tetracyeline Tuoundoy (Ri3ensiBom reprint TUNINKHUIN N1S)

3.3 31 speciation Tl electrochemical techniques TAfnmnTissuy FLa/sia

mﬁu electrochemical technigues Tunis specication YEOAMTUTATURA I¥U As (I As (),
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34 On-line sample pretreatment 1Afinunsdosuuyaoiiorhire (on-line digestion)
ietooRInthateums Ting e (A3 10021808 reprint Tunmsan 1, n11)

35 nsvmiinn Cu (n) Taold poteatiometry 1R ian MFIRTE T cy

() fremniin potentiometry Tat1¥Naphihazarin modified carbon paste electrode T2 batch
A% FLA

4. nnﬁ'nmm:uun“li’ﬁmi’unﬂmﬂmniin (Development of Flaw-based Systems for
Clinical Analysis)
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19 immuncassay iorlsz Tonflums3egnlsn Tamulofnun biomarker 1eviln (fednny
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Chiromatography
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MBS surfictants Tao 188 separation W83 surfactants Yile
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Fanghenel, Dr. Horst Geckeis)
4. University of Plymouth, ENGLAND (Professar Dr. Paul J. Worsfold)
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4 Y Liquid/solution propelling system %10 Metrohm yannlEine 100,000.- 1m
Siam/Metrohm AG Switzerland
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Grudpan K (2001) Invited paper: Cost-Effective Flaw Injection Systems for
Environmental Analysis. International Congress on Analytical Science (ICAS),
Tokyo, Japan. Tided Papev s

Grudpan K (2002)Some Recent Development in Automation: Flow Injection
Analysis and Related Techniques for Various Degrees of Automation. The Asig
Facific Conference on Analytical Science and the 18th Philippine Chemistry
Congress, Manilfa,

Grudpan K (2002) Invited paper: Some Recent Development on Flow-based
Analysis. PACCON 2002- International Conference & Exhibition on Pure and
Applied Chemistry 2002, Bangkok, Thailand.

Grudpan K (2001) Plenary lecture: Recent Development of Flow-Based
Analytical Techniques: An Example of Sustainable Research. 27rk Congress on
Science and Technology of Thailand, Lee Garden Plaza Hotel, Hat Yai, Songkhla
Hartwell SK, Jitmanee K, Ampan P, Lapanantnoppakhun 8, Sooksamiti P,
Jayavasti S, Jakmunee ), Ruzicka J, Christian G and Grudpan K (2003) Simple
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National Meeting, New Orleans LA, United Stares,

Tanikkul §, Jakmunee J, Rayanakorn M, Grudpan K, Marquardt BJ, Gross GM,
Prazen BJ, Burgess LW, Christian GD and Synovec RE (2003) Raman Liquid-
core Waveguide Sensor for Preconcentration Characterization and Quantitation,
Flow Analysis X conference, Geelong, Australia.

Pathimapornlert L, Jakmunee J and Grudpan K (2003) Micro-titration with
sequential injection using lab-on-valve for acidity in fruit juice. Flow Analvsiz [X
conference, Geelony, Australia

Grudpan K (2003) Plenary lecture: Some Developments of Flow Injection and
Related Techniques: Some Contributions from a Research Group in Thailand,
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Determination of Cadmium, Copper,

Yoltammetric Analysis

1394

Lead and Zinc by Flow

Jarson JHHUHEIEE,* Siripat SUTEERAPATARANON, Yuthsak VANEESORN, and Kate GRUDPAN

Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand {E-mail;

scifjlmmEchiangmai ac. th)

Flow nealysis with voltammetric system for determination of cadmium, copper, lead and zinc has been developed. Mercury
film working electrode (MFE) was prepared by oa-line mescury depasition ca & glassy carbon elecirods {GCE). Cadmium,
COPpEr, Idmmmmmmwwmmmmﬂwm-mmm
ﬂmihﬁulﬂﬂmﬂundulndlhﬂpuiﬁmd‘hmhmm!h Detection Hmits for cadmium, copper, lesd and
zing were 4, 7, | snd 15 pph, respectively, foe depesition fime of 20 5, I..i“uupnf-:lﬂuﬂmm‘&tﬂlmmmm
1o 100 ppb. The procisbons (%RSD, m=11) for 25 ppb of the metals were 2-6% The system has been applied 1o dsierming the

trace metals i drinking water snd wastewater samples,

(Received on Amgusi %, 2001; Accepted on Septembar 30, 2001)

Trace heswy metals are very important in the environment due to
their  serious i although presenting & very low
concenirationg.  They may scounmilate in food chain,
Mmﬂmmﬂﬂhqﬂhmnﬂ-h
required and challenged.  Most of the sensitive and seiective
methods recently availsble such as ICP-MS, ICP-AES snd
GF-AAS are too expensive and are not practically applied in &
developing coantry, Le. Thailamd Adternative cost-=ffective
umd;hﬂdﬂmﬂlﬂiﬂdﬂnﬂ“ﬁmﬁtm
Epectrometric detection rysiems have been proposed.
"-"n]mn-.:lpdlﬂrnudi:nw Earmetry
proimiaing technique for the determination of trace slements* It is
rebatively low-cost beit provides high
simmuitaseous determination of multi-elements. However, baich
nmﬂanutinm;nduuﬁmmmh

hlhhiut.mhnuhmudumdﬂdup:nm
uﬂ:mmmmhmmm
of cadnsium, copper, lead and minc Conditions of the syseem
were invesligaied. Several advantages were guined such ns beer
mdﬂﬁw:ﬂpﬂruﬂuﬂn,]“mﬁcmdm
conpmpion, and faser iben @ batch procedure, fillrn
elecirode can be for more than 80 Hmes
mmmumwummm
metais in drinking water and wastewnter samples.

shstion was 4.6, then diluting to- 500 mi with water. The godution
vns hen made upto 1000 m] with waier, Other concentrations of
buffer sodutions were prepared by dituting 1 M buffer with water.
M:immm“ndhmlphﬁdm
Uqwhnﬁﬂﬂﬂfﬂ.MSHNﬂmmhm
dissalved oxygen from & solution. A mixed sundard sock
sotution of 100 ppm of cadwium, copper, lead and zino were
prepared from a 1000 ppen standard solutions for AAS of each fon
(Merck) Other concentrations of mixed standard solations wers
prepared by sppropeiste dilufing the stock solutice.  Botiled
Mgtm-uﬂnmpuﬂnﬂﬁm]mﬂhrdm
whores,

Flow manifold

Two lines manifold was designed az shown in Fig. 1. Smmple
and acetste buffer solution were pumped with the same fiow rte
tomerge together and flewed farther 1o 3 mining coil and then 1o &
flow through electrochemical cell. Thres electrodas orms flow
oell (BAS, Indinna, LISA) was emploved A wal tarmmopraph
(BAS ~S0%, BAS} was used for square wave snodic stripping




iR}

Wil =i wd ~1 10 mV for & specified (deposition) thne while the
samphe wad flowing through the electrochemical cell.  Then the
flow was stopped and » square wave potensial waveform (—1 100
mY to 280 mV') was applied to the working electrode with 1 scan
mte af 75 mV min” while curremt was mesmared, resulting &
voltarmmogram. The flow was stared agnin to clesn the slectrode
and the ling, snd to prepase for the next . For
electrochamical cheaning, the potential of the working was st to
mY fior 208

(a)
Halfer

angrle

(b

Fig. | Hmﬂwdﬂwﬂmmu}ﬂw
manifald ond (b detzils of flow oell; AE = waxiliary
clectrade, WE = working electrode and RE = refierence
elecirode,

solutlon was put in & 50 ml volumetric flask snd
diboted to the mark wath Billl  water.
Results and discussion
Preparation of mercury filn electrode
humymnmdmlﬂwwbmdmﬁ{ﬁtﬂm
used = 8 working electrode (WE), ing of Hg on & GCE waa
a0 M HND)

flowing a plating solution (500 ppm
carried om by mpplying i
throagh the flow coll  The resuled WE was tesied for he
deserminaticn &f 100 ppb Cd standard solation. The WE could be
repeatedly ueed for af least B0 amalywis cycles, withomt the
devintion of the peak height obitained more than 2% =5 shown in
Fig. 2, The electrochemical cleaning of 'WE by applylng a
potential of 0 mV for 20 & sftes each analysis run was ncocsaary
for preventing of cross contamination of the metals,

Cputmization

Fiow rote. Flow raies of buffer and sampls solutions were s=i o
be equal Total flow rate of the system waa optimized in crder to
get higher pesk currest and good reproducibility. It was found
that the higher flow rale provided the higher sensitivity and
sample through put, but for & flow rate of more than 0.5 m min?,
the detecioration of mercury film was observed and leading to Tow
reproducibility of the results. A tosal flow rte of 0.5 ml min™ was
chogen for ferther pudics,
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Concentrasion of buffer solution, Acetste buffer coacentrations
(0.2-1.00 M) were studied  The effect of buffer concentration on
pnatm:ﬂ?ﬂppmcdndﬁmmhﬁ;l 05 b
scetate bulfer was chosen becsuse the higher sEnativity amd

reprochucibility of peak heiphts were ohiained
T ]
3 e
; 240
B30
M
2
185 <
L
138
g T i
L] ] Ll L] [ ] g
Hit & Spcien

Fig 2 Pesk currest of 100 ppb C4 for severil analysis rom usng
the same mercury fikm,

L i o4 L] L-F] 1 12
Aentary il concemrabon (M)

Fig. 3 Effect of buffer concentration oo peak current of: (a) Cd
and () Pb,

Miving coil lengih Mixing cails of 0, 50, 100 snd 150 cm long
were iod  The length of mixing coil did not mmch affect the
mkh.lh.htﬂdﬂﬁuhﬁmmnfhﬁm The
mixing coil of 100 em long was chosen dae to the lowest %RSD
nfp:iﬁllnﬂ:rﬂmkﬂdmidﬂhdlmm

The optimum conditions for fow anodic siripping voltammetry
wre summarized in Table |,

Table | Optimum conditions for flow volismmetric sysiem for

the determination of Cd, Cu, Ph, snd Zn.

Mezcury plating 500 ppm Hg(I); -&00 m'Y;10 min
Eleeirolyte 0.5 M acetate buffer pH 4.5
Flow rate (talal) 0.5 mil min™

Mixing coil length 100 em

Eletrolyain podertis| 1100 mY ve Aglag)
Sirepping 1100 1o 280 mV

{sweep) potential

Sweep mode Square wave

Sweep e S my !
Cafibration graph amd precizion

Using the conditicns in @ble |, 8 senes of mined sandard
sotutiona of cadminm, copper, lead and zine (5, 20, 50, 70 and 100
ppb) was performed.  The obinined are deplcoed
in Fig 4. A calibration graph of each metal was coastructed by




ANALYTICAL SCIENCES 2001, VOL.17 SUPPLEMENT pi]

photting peak currests obtained (JuA) versus concentrations (ppb),  Table 4 Concentmtions of Cd and Pb in digesied wastewarer
The linear ranges, calibeation equations, R' and detection limits  samples.
{3} mre: presevited in Takle 2

"ol fPereni

4

B

42

4

2

40

T|.1d-.{r-d.-lh-il-i.+-h

Fotentlal v A flow voliammetric system was developsd. Under suitabie

Fig 4 vmmmupmudﬁmdﬁnmﬂm—ﬂ&?mtm determination cadmiam
50, 70'and 100 ppb each elemant T

and| Mdgbiﬂ meolution) were fmproved from the
Table 2 Calibeation dats for various elements. ﬁhmmmmmmmTﬁ
— : : samc mercury film could be repestedly used for mt least B
Element Limear  Equation L &MI -ullm.r:. mmwmlm_mm
_TREpe — e Uit {p)  regpnn and was B method, The spwtem provided
Cd 100 y=0002x + 005 09955 4 oppartunity for sutomation and incorporstion of on-line sample
Cu 10100 y00M3x+050 09982 7 protredtments.
5 1] 5100 y0007x +0.02 D99ES 1
Zn  20-100 ye0.007x 4 1.20  0.9440 T Acknowledgements

Precision of the method was cvulugied by 1] replicste Sckmowledped for the finamcinl support Dr. Poalayuth
determinations of 235 pph esch element in & mixed metals sandard Sookeanuiti is grateful for the determination of cadmivm and bead
salution. The relstive sndard deviations of Cd, Cu, Phoand Zn by OF-AAS,
were found to be 3.8, 6.2, 3.6, and 1.0, respectively.
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A Cost-Effective Gravitational Field-Flow Fractionation System
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i3
" {E-mail: kate@ehiongmai ac.th),

Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai 50200 Thailand

Wailer Studies Centre, Department of Chemistry, Monash University, Clayion, Vie., Aussralia,

vmmmmmmmmmm{ﬁﬁmnwmmnrm

Cirsvititsonal FFF (GeFFF) systems nre discuieed A

T simple
and sandwiched by two lucite pisces. A g pressure

Mﬂﬂuﬂmﬂhmﬁummhn{mty
mysem fiom & gas cylinder (eg N,) cm be an alernative means for

pumping. HPLC UV/Vis detestor can be used for monitoring the particles, The resd-oat can be either a chart recorder or 8 simple
comnpuster-interfacing device. The propesed cost-effective sysem can be spplied 1o separate Silica Gel 600G,

(Recobved on Awgust 9, 2001; Accepted o Soptember 13, 2001)

Vaorious sepamtion iecheiques have been applisd to differens
suntion such s environment, phormaceuticals, biotechn slogy

and fiold-flow Enctimation. The lier is relatively new. Field-
flow fractionation (FFF) i commonky used for separmicn mnd
chamssterization of various particles snd macromalecsl= ™ FRF
instumeniution may be smilar to HPLC, Ahbough in some
ceacs, FFF pysteons may be mone complicated, Thers are mow
FFF instrummnts commencanlly svaitshle ™ tut msher expensive,
empecially im Thailand, thessfire we are interesied in maling uee
of existing components, mot anly for basic resnrch but sbso i

Fig. | Schematic diagmen of & simple GrFFF system.

Pazribilities of Componentz of a GrFFF gysiem
Piumping parem. A prapelimg device may be one of e

A g precre device: gag pressure based proguabion may utilize 5
eylinder of s mert gas eg. Wy bo propel 5 camier sobation 52
A perisinitie pump; 8 perisialtic pump may be used.

A HPLC prmp: a HPLC pusnping sysiem, & rociprocating
& syring= pumg of & displacement pump, may be emploved.

Sapyrle njection spsiem.

Homemadle mpection device: an injection pam ean he
homemade. A sample is injectsd into carrier stream via silicone
nhhrlqu-nwnmipw&-hmhmdk.ﬁmn
the port {Fig. 2) made of & plastic block.

Snlein
Slicre ntber }
hmt::._lE «— Chrtlriy
Todams

Fig. 2 A homemade mjection port.

bt injection mifve: this type of wbve & commencally
wvailable from various suppliers.

FFF separmion mail
GrFFF chanmel- A simple chonnel can be asserabled by using
am overhesd fransparency sheet snd two pleces of lucke blocks.
The transparency sheet, umally 8.00 cm teick, can be cut to be
w spocer amd the lnclte pleces {approximaiely | em thick each)
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are sarved ns two walls, The sacet | sndwicked m berwen
the peo hacite walls mnd tighiened with the balts. The chame is
ghows in Fig. 3

A detecior. The following deectors may be employed: an
Wi desecior, & fluseescence detexctor or w Hght scatiering
deztechar,

Fig. 3 GrFFF channel.

Dt recording. Acquisition'resd-out unit conld be: m chan
recorder, low-cosl  inierdacing  device (simple  compaber-
interfacing device such as  Pockes . which i
commercially  available (Dricksmith, Ausiralial) snd she
LabVIEW (Matiomal Instraments™  LISA),

Hesulis and Discussbon

A pimple GeFFF system may compese of five components
{Fig. 1}, We 5t up & sysiem by using aliemative devoss for
each par,

As an shernative, using a cylinder gas, which can be genenilly
svailsble in ey hborstory, N; gas-pressured propulsion o
free flow. Other shematives, & peristaltic pomp or 8 HPLC pamp
s eather relativedy more expensive, ilough ihey we cficient and
imost widely ernployed in FIA md HPLC works

A Emple ntrodocing device for sample was 3 homenads
mjection port (Fig. 2). The low concentmtion loaded sample is
umually considersd to avoid overloading effect. A small pyringe
with 8 nesdie (25u]) coald be weed, Also using §-port valve =
commeon  for sample  introduction  &nd provides  bester
repeodacibdlity.

An UV/Vis detecion, which was a commeonly svailabls in the
enatytical lnborstory, is employed in this work

A chart recorder was wsed. The low-cost imterfacing deviee
(Pocket Sampler) may be: employed (F digitizsd conversion was
meeded. A Pocke: Samplsr with software sapplicd is handy and
engy for opersting. The move powerful LabVIEW & alsa an
aption, howsver it is mther mone cxpensive,

The GrFFF pustem and s application as & teadhing feol,

A simple (hFFF eonzising of Mygis pressarized pump, &
homemsds injectbon system, a fFFF chanmel, an UVAVE
detector amd the chart recorder wan teatesd by uaing Silics Gel
60C (Marck, Germany). Resulls are represemied | Fig 4, A
srmple of thin byer chromatogmphic Silio Gel 60G (540 jen)
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was employed for the GrFFF s demonstration. The broad
silica size ranges of 5-10 ym and 15-25 pm was prepared
from Silica Gel 60G (540 pm) by repested setiling.'* From
the results abtained (Figs. 4A, 4B), the longer retention time,
the smnller sizea of sitica (510 um) eloted and the flow rafe
effect of water carrier; the higher fow raie, the lower
retention time, effect of relaxation time (sMopped Mow of
carrier afier the suspension was injected): the longer stop
time the higher retention time obtained (Fig, 40)."

o

E B —hum
3\ 2 gﬂ'

c3

Time {min.)

Fig. 4 The fractograms of Silica Gel samples.

(A Flow rate of 1.5 mlfimin, stopped fMow for 80 sec.

(B} Flow rate of 4 ml‘'min, stopped flow for 60 sec.

C) Flow maez of 2 mifmin, stopped flow for {21 5, (c2) 10 and
i & 3 ) LI 2 B B

field-fiow fractionation set-ups am described. The compenents
e cost-effective and easlly available in a Inbomicey. Separation
icam be demionsiraied for Silica Gsl 600 of differsnt s,
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Combination of Field-Flow Fractionation and Flow Injection Analysis
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This paper presents o combination of fiekl-flow fracticnuiion (FFF} wiik fow ingectiem. snnfysis (FLA) FFF & a novel
mﬂlwﬂh:hmﬂ-.mtmmhmnm Instrumentstion of the sel of the
combinstion of gravitational FFFMFMHHHMMWMEW Iis possible spplicetion to silica
srhed iron of differenl particle sizes as 8 model i demonstrsted.

(Received om August 9, 2001; Accepted oa September 30, 1]

channel by applying en extemnal driving force perpendicalar
b laenimar flow of the carrier liguid. ' Variows driving forces
hﬁuhwmph!ﬂhFFFlﬂnumﬁﬁlpl.h,ﬂmd
grodients, electrioal wnd g svitational. Gravitational feld-
flow Mlml.:'rm‘iﬁl-'ﬂ-] could be the most cost-effective
& sample set up;

Combination of FFF with ope of other amalytical tools sach
a8 GFAAS', ICP-AES or ICP-M5™® results in sizebased
chernent disiriwtion.

Flow imjection analysis (FIA) has been demomstrsed
prmr‘-i:ml-dlruﬁ. imcluding simple |nserumentation
and economic aspects, "™ FLA kit been combined with other
mnalytical iechniques but nod vet with FFF. We have thes
witempicd io hyphensiz FFF wilh FIA for size-hased slemeni
distribution.

In this paper, we demomirate the combining gravitational
fuﬂhlﬁmﬁmﬁﬁfmnd&mﬂwhhn&m
analysis with chemilaminescence (FIA-CL). The FFF i for
separation of pariicle sives of silica costed will goethise, ™ The
FIA-CL is for iron determination which i& based om caalyiic
m]mnhh]ihmhdﬁ-ﬁmﬂ-diirdlwhﬁmﬁbu-
dione} snd hydrogen peraside, -2

Experimental

Instrumentasion for Gravisstioms! Field-Flow Froctionation-
Reserve Flaw injection with Chemilusinercence

The GrFFF Instrument equipped with the reverse FLA
with chemiluminescence detection is depicied n Fig. 1, An
isocratic pump (SpectraSERIES. USA) was used to propel a
minhﬁf‘FFmThp-ﬁuhmpummplu
were injected into the FFF chanmel (10 jaf) amd monitoned
hmludiﬂ:ﬂuﬂnhnli\'ﬁhdﬂﬂﬂw{ljuu
Instruments Model 200 detector, USA) st & wavelength of

234 nm. The cluting particles from GeFFF flowed directly
inio ihe FIA-CL sysiem for monitoring of lran in esch
fraction,

B & MaH
pEg——

poms W Gerer channe | S 2
51 milbm i Dhikactor Separwlies

] Chemlinminscesn
mimia Mining Cel Srimmer
mbmm

(1%-eem)

3
e Bunmi
Bprcixline

Fig. | Schematic dingram of the GrFFF equipped with FIA
chamilmminstcence detection

For reverse FIA, luminal solution was infected, via » six.
port injection valve (Upchurch, USA), into & siresm of the
mixture comtgining luminol and hydrogen peroxide which
was delivered by o peristaltic pump (Eyeds SPM 23, Japan)
before merging with the line from GrFFF and finally
ealering o the CL. The chemilaminescence was
manitored by @ modified commercinl liquid scimtillstion
coumizr, with & spiral Now cedl (Pockard Radiometric Flo-
one"\Betn Serics A-100 Mode! A 140K ) Canberra, USA).

Performance et was made by using model sampies
consisting of § um and 10 pm silica particles costed with
poethie [FeliH),

Resulty wodd [Mecusibon

Conditions used & the experiments are smmarized in Tible 1,
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_Tublel Experimental conditions wied
GrFFF sei-up
Concentration of sodmm hydrstde camen’ M [T
Flow rsie/ milmin 00
Channel volume’ ml 0.57
eomiemiration mgml 1.0
Sample mjection’ ui 10
FI4-CL set-ug
imol concentration’ M Lfix |07
H ide concentralinn M 10
Flow e of lwminal’ mlimdn Lo
iuﬂgﬁﬂwm 1D
jection vodume of himinal/ i 1]
g o g o )

Fig. 2 showa the GeFFF fractogram (UV detecior respomse for
mass versug @lublon time) for the mixture of 5 pm
und 10 pny allics comted pocihite. Cood resolution was
pbiaimed with & run of sbowl & min, This would be a
werictyperlayer GrFFF mode the larger panticles, the quicker
elution atmerved *2°

Fig. 3 UY shsorbance and FIA-CL response based frctograms
from 5 pm and 00 pm silics particles costed with gosthise
{FeOOH) obtsined using GeFFF with FIACL for irom
speciabion.

Also shown in Fig. 1 the chemiluminescence responses
{voints) obtsined from & series of injections of laminol/H;0,
intn the GrFFF eluent prior to flowing imo the FLA-CL system.
It can be observed that the response due o the 5 pom fracticn
was higher tham that of 10 um facthon. The respoose
wormesponds W ron cosled on silice. Sinee there wae po
digestion step in s expesimeni, it is fkely that the CL
responses showld relate to the iron sorbed on surfece srea of the
particlos and not the total fron comtend. U goethite coatings.
The nabure of the CL respomses and the possshility of inchuding
oe-line digesiion have been under investigation,

The combination of field-flow fractionation (FFF) with fow
imjectson analysis (FIA) hes been demonstrated for size bhased
speciniion
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Flow imjection

preconacenirated end separated from the mairix,
A M mifric scsd sohstion and 0005 M EDT,

developed” This resin bes been wsed in in-valve column for
determination of lead in s0dl™ samples by FAAS.

I this work, the conditions for of
lead by flow imjection in-valve mini-cobunn packed with Sr.
spec resin prior to the determination by AAS were investigaied
EDTA salution was found 1o be the most effective sluest for

sample peetreutment for determination of lesd by fame
developed. Lkilizng sn in-valve rini-column, packed with o solid

Cffice of the Mineral Resource Region Il{Chiang Mai), Chiang Mal 50200, Thatland
Institei fuer Nukleare Emtsorgungstechnik, Forchungsrentrum Karlsruhe, Karlzruhe, Germany

eluting of sorbed lesd from the resin
mm&mmmmﬂhmu:mmﬂ
burner clogging and high backgroand signals, A single standard
nlﬁrﬁmi‘npmmuhﬂlmmﬂmfﬂ.mmﬁ
wis achicved. The method was spplicd for the determination of
lead in sceme certified reference materials and in beschates and

Tow

Preparation of solitions
Lead mandard salution, 100 ppm leod wa by
dituting 1000 ppm lead standard with 0.1 M . A series of



tidie

lead standard solwtions were peepared by diluting the 100 ppm
lead sendsrd solution 1Mo o solution of | b HNO,,

Elyend solutfons. To obiain 0.5 M concentration of warious
eloenis, the following amoants of chemicals were dissolved and
made up 1o 1 [ volume: EDTA: 188 g, smanoniem oxalabe: 7. 14
& sodium citate: 1785 g, wraric soid: 7,542 g citric scld:
10,559 g, and oxalic ssid: 6,135 g

£ manifold
Flow injection system (FLAS-400, Perkin Elmer} and stomic

ahsarption (A& T300, Pericn Elmer) wers
uged. A fow disgram of the system was designed as shown in Fig,

e &)

il
10

F ¥

vl
e

Fig | Muanifold for Fl-in-valve mini-columm delermination of
lead: FAAS = flame stoede sbsorpticn spectrophedomeser and PC
= personal compiter

Sample and eluent were propelled via perissaltic pump | and 2
respectively, An in-valve mini-column packed with Sr.Spec™
resin was incorporated within the injoction valve, replacing one of
the mmple loops. While the valve wag in the INJECT position,
the zluent solistion passed thraugh the columm 1o admit the sample
inko the deiector, When the injection valve wes tamed to the
LOAD position, & sample solution in | M HNO, passed through
the columm in an opposite direction, thus avoiding tighten
packing of the colismn. After 8 speci fied lasding time, the valve
wii snbomasticslly fumed back to INJECT position aod
sccumilated lead was eluied downateam for cosfinuous
moeitoring by FAAS,

The detector conditions used were: wavelengih set i0 217.0 nm,
fise] {CyHa) Aow rate 3.7 | min™, sir flow rate 10 | min®, A fael
fiow rate, & hallow cathode lsmp and burser position were
adjusted wntil the manimum sensitivity of 10 ppm Pb aspirsted
wia gbtained. An mspiration reie was 5.0 ml min”

Jamples preparanion

Digested tin tailing samples. Tin taifings were dissolved by
microwve digestion system (MLS 1300 mega, Milestone, USA),
100 mg of smple was acowurately weighed snd pat in & Teflon
comtainer. I ml conc. HNOy and 5 ml cone. HF wers added. The
gaiiple comtainers were closed and sssembled on & coutslme
block and then were digested in 8 microwave oven at about 100°C
fiwr 30 min and i shout 120°C fior 30 min The digestsd solution
&nd the remaining regidue wers tmmsfered to another Tallon
conteiper. A 5 ml conc. H,S0, was added sl treated fariher
opes digestion oo & hompiate in & fume copboard for & few hoar 1o
evaporsie HF, After cooling, ibe solution was iransferred toa 50
md volumetric fask and the volume is made up to the mark with
0.1 M HNO,

CRids, ‘-[‘I::pmnﬂhmmdh:ﬂﬁldmnlm-i wits already
reporied elsewhers.

Leached tin tailings. Amsmonium scetise was used for leaching
of exchangeable ions from the particles."' 1 g of tin tailing was
weighed and put in a 25 ml vial 20 md of | M
amnsanium scetate were sddod and the vial Hid waas ightly closed.
The vials wore shaken using an end-over-2nd shaker with rotating
a1 30 rpen for & h. After the partiches wene settied, the solution was
tramsfered into & ceninifuge twhe. The solution was separsted by
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centrifuging at S000 rpm for 20 min. 15 mi of upper clear sobution
was tkcen imo & 25 ml visl which contalned 2 ml of conc. HNO,
and 3 mll of debanized water,

Anaiveis of Sangples _

The whove sample sohuions were dilued with & | M HNO,
before commencing to the determination of lead by the propesed
Eystem. For comparison purpose, inductively coupled plasma
MARS (ICP-MS) (Elan 6000, Perkin Elmer, LISA)
Wit alao used o snalyze the samples. A sample was prepared by
i sample salution into 8 sumple nube, adding 4
ml af 1% HNO, solwtion and 50 ul of an inemal siandard salution
{Rh-103), The standard solution were prepared by diiuting of &
mmiti-element standard sohmtion 1o suitsble concentrations. The
m-d'limul'ﬁl{uhnﬂ;phunm 05 kW, madio
iwﬂhﬁwhpmmw-ﬂmlﬁ
of 15.0, 0.5 wnd 1.0 1 min”, vely, autolensing of jon lens
and sample sspiration e of 1.0 ml min' were employed.

Resulis and [Mscassion

Concentration of atiric acid os sample medium

It wis found that & peak height of 08 pg PY™ did net
significantly increase for incressing & concentmtion of nitric acid
io higher than | M, This agreed with the previous report which
H"mhnhduﬂdmﬁ-mlﬁ&ﬂmmmEW|
medium of 08-20 M HNO.." The | M HNO, was utilized in
Farther phadizs.

Flow rate of eheent

Since the aspiration rae of & nebulizer was 5.0 ml min™, the
lower flow e of the eluent cansed air bubble in the flow channel
leading to low reproducibility of the resulis. The higher flow rass
coused low sensitivity that could be dee in low nebubizstion
efficiency. The cluent flow mie of 5.2 ml min" was chossn,

Tavesiigation for eluent

The peak heights for elution af 0.8 jig sorbed Pb by 0.05 M of
the various eluents of different pH values are displayed in Fig. 2
It was found that EDTA was the best one as determined by peak
beight and RSD of mjections. However, citrse and
oxalate were alao quite effective. The elution mechaniam would
be the strong formation of & complex with Fb™ in the slsent
sofution. The EDTA solution of pH 7 wes used in subsequent
-ﬂ;mhmun!tpmﬂ:dl:bﬂt:niim.mmdhﬁ
peaks, and moderste reaidence Hme compared to the higher pH
solution.

pH of sluent

Fig. 1 Effeci of various luems of different pH : (n) EDTA, (b)
ocalic achd, (¢} artanic scid and {d) olire scsd
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. Thosa (§)

Fig. 1 Effed of column designa

Concentration of EDTA

EDTA solistion (pH 7) of different concentrations (0. 00-0001
M) were used aa clueni for elwtion of 2 yg sorbed PE™ on the
Sr.Spec™ resin, It wes found thet an EDTA concentration of
0.001 M (30 finld higher than Pb™ concentrution by mele) or more
can clute the adsorbad P™ cffectively, The 0.005 M EDTA was
chsen in order to ensure the completennss of elution and abo 1o
save: the reagent,

Column dexigny
mmhmduimtuqﬁut{zmhulmi.d}tﬂl
Mm{imhm!ﬂ#ml.i:mﬁ:mm
The resulls are depicied in Fig. 3. The columa dimension did ne
significamily affect the peak height (0.114:000] and
0.1 190,004 fior cylinder and cone
Mﬁdl&:ﬂ:mﬂmﬁuhmﬂhﬂunﬂmﬁu
with the same flow direction. Thes implied that the of
hdmhnﬂmmﬂilluullnﬁmtﬂnhﬁuﬂqﬂ'
the colamm. The distribution cocfficient for lead extraction from
IMMﬂuﬁmilﬂhlﬁﬂhiﬂmmﬁhrﬂnlﬂd
in n grmad] ares of the column. The lucnt was effective o
hmtmmhhdlﬂdﬁmﬁum{mdhdulrmuﬂ
effiect o the dispersion of the elution profiles.

Fmterferences

Effect of same pomsiblz interfering sebatances i environmental
mnd mineral samples are shown in Table 1. The talermes limis
was defined a8 the concentration of the i ioms that caime
#% devistion in peak height of 0.2 ppm PY™. EDTA and humic
ﬂmﬂmﬂumd‘mmwh
the emvironment. Humic acld up to 20 ppm had no cffect on lead
sorption, but the concentration of higher than 10 ppe bumic scid
ﬂ:lu:wuhlnu u&mmuﬁu‘q.“n:timnfnq' ions

been smudied using & £imilar mysiem been

that Fe™”, Mg™, A", Ma™, Zn™, Co™, O, NiT, sf“,ai:-d
ﬂﬂ*hmiuﬁcum“wmmm

Calibrotion graph and procision

Both mormal calibration {plots of the ppm Pb versss the
wh;wthiﬁ}ﬂﬁnﬂ:wmhﬁm{p]u
of pg Pb versus pesk beight obtsined) can be used The pg Pbcan
be varied by wsing only one standand sobution of Pb*™ and varying
the precomcentration time, 80 the ug Pb were calculuted from the
Soading fiow rate (q, mi min"), the preconcentration time (1, min)
and the concentration of smndard solution (C, pg mi™) : ug Pb
cquivilemt = q (1) {C). The single standard culibration graph is
shivem in Fig, 4. The calibration equation (o 5 ug Ph): pg Pb =
0.070 (peak height, A) + 0.007; r = 0.9995 was cbisintd. The
detection limii (3o} was 009 pg Pb and the relative standard
deviatioms of 12 replicate injestions of

11417

0T 1

T

LALE

Paak haight [#bacrbance)

Lila i} ;
ug P}

Fig. 4 Single standard calibeation praphy; three concemirations of
lead standard sofuficns (0.5, 1.0 and 2.0 ppmi PB) wers losided.

Tabile | Talerance limits of some inerfering substamces.

Imierfering subsiances Toleramce Emit

EDTA 0001 M

Humic acid 10 ppm

el D25 M

Mgl Lom

ro> 5000 ppm

Fa(lln 150 ppam
D.Imﬁuﬂ.l.ﬂnﬁmﬂuﬂﬂhmlﬂ.
Anglygis of samples

Certified reference materinls of 2ol and sediment, and tin

ﬁhmmﬂmuh&mm The
single standand calibration was applied for determining the
concenirations of the ssmgles. The resulls cbtsined are shown in
Tables Z and 3. The tesi was used 1o compare the results
obtained froem the proposed method and those obmined from the
ICP-MS method or the cenified valbes. It indicated that no
significant difference was found at a 95% confldence level,

Tabie 2 Contents of lead in cevtified reference maerinls Found by
the FI-FAAS method,
Sarmpbes Cantifed Concentration %
value (g g"} fiound (g i:ll differemce
TAEA soil-7 60 {35713 58.4£1.2 =23
CRM-320 43 316 43,420 16
podirment

Table 3 Lead contens in tin tailing samples,
Samples*

Lead contenin fmnd
FI-FAAS % difference

1387 124,00 3.7

I

2 e T2 16

E] L8 F0.1 -13E
] 971,37 QB3 0&

5 2558 1576 (i

& 2390 254, 6.3

7 1948 2120 a2

[ 886 1862 1.3

5 105 Il& [}
10

35 36 R

* 18 : digested tin tailing samples { | min preconcentration)
9-10 ; tin tailing leachntes (2 min precomcentration),
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It can be conciuded that flow injection sample pretrestment
system @ilizing In-valve mimi-columm packing with Sr.Spec™
resin for the determination of lead in a complex matrix samples by
i i has been
Lead wais sorbed on the resin froma | M HNO,; mediism and then
cluted by a 0005 M EDTA solwion. The single siandard
calibestion method can be applied for determining of lead in ibe
Emounts up to 5 pg with & detection Hmit of 0.09 ug and
precigion of 5.2% (0.8 jug P, w=12). Comcentration efficiency for
the precomeentration was | | min™' The proposed sysiem has been
applied for anslysis of digest and leachate of tn tailing samples,
and certified reference materials. The ressits obtained agreed
well with those by ICP-MS method and the certified valses, but
the deveboped method is relatively cconomie.
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Kinetic Determination of Iodine in Urine Using Stopped-Flow
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&ﬂﬂrrjmr;u_:mmﬁ:md@{Wﬂﬂllhm&mﬂmmmﬁﬂ:
catalytic effect of iodste on the redox reaction betwoen Ce(IV) and As{11l),  Sines the reaction is s firm order process, kinetic
determination of the cxialysi using the sopped-Fl can be curied out in two waye.  The iodine comient coild be messwed
based on a linear plot between the logarithm of the sbsorbance of Ce(I') taken at & fixed time against iodine concentration.
For this rype of clibmation, the we of sn seiomatically controfled sopged-F1 shoold diminish the erroes in the conventional
batch method, which often arise from the imprecision of timing, 'With this procedure, the detection limit {3o) of 3 g 1 1
and a sampie throughput of 35 samples b’ were achieved.  The calibration can also be made wsing the relationskip berween
the mee comstant and the catalym conceniratice. In this cass the flow was siopped for, say 25 mimues depending on the

iodine concentration, to recond the kanetic profile of the dissppesrance of Ca(TV), The stopped-F1 system is an shiermmtive
tol im the siatus asscesment of odise daficiency disordes.

(Received on Avgust 9, 2001; Accepted an October 12, 2001)

lodine is an cssential elomend for human.  Coatenis of jodine in
wrine are normally wsed a5 & marker for satus esesEment of
iodipe deficiency disorder (IDD). The following values are
guide for DD sams: <20 pg | ' (severe); 2049 pg 1 I
{moderate); 50-100 g | I' (mild) and >100 jg 1 1" (nonmal).”
Sinee bodine concentration in wrine snmples is considerably low, i
18 nesessary o usc senaitive methods for this application.

There have been some publications thel desoribed methods for
detemmination of wornary jodise.  The methods comcern
techmiques pueh & high
q e . perlormance >l “ﬁﬁ,w

Amongst other methods, kinefic methods are also suitshls for
geseral (race snalysis’ and usimlly give o high sensstivity with
sometimes  oosl-effective.  The most common method for
deiermination of urinary sodine is a kinstic spectrometric method
with catalytic effect of iodide on & redox reaction between Cal[V)
and As{Ill}, Sendell end Kolthoff first described smalytical
spplication of this reaction to determine lodide catalyst in 1934.°
Possible mechanisms of the reaction were proposed in 1969,"
Some applications of the Sandell and Eolthoff method were latey
deacribed "' for dotermimstion of lodine ming its kineoe effect.
Meveriheless the classical method for urine was pravided by Dunn
ef al."" 'The method is camied out batchwise and requires
sample digestion snce urine contains vancties of species, which
inderfere the kinetica. The Sandell and Kolibolf method applied in
flow bamd technigues™™ including flow isjection (F1)
techmique™ have been described for this spplication s altemative
procedure io the baich method The mmin purpose of ithess
snitomalion lechniques ks for convenience and & befier precision in
tafking reading signal at g fixed-time.

Fecemily our Isbormiories have proposed @ method based on
flow injection The method is based o the baich procedure of
Duns et al,'s""' which requires cholric digestion of smples prior
kinctic determination.  Afer the digestion, iodine species e
oxidised to jodase jon,™ which is not the camlyst for Sanded] and
Kolthoff method — However pos-published experimenial
results™ have demonstrated that under the condition used, iodate
ton & reduced to jodide bon in the presence of amenions scid and
chloride ion.  Owr resulis have shown in s batch sysiem that the
Iinetics bs & first-order type.

For first-arder kinctics, in this case, dissppesrance of Ce{TV) is
cxponential, that i

[Ce™) = [Ce™je™
where k=
'k—lg—{r!"'l'-u-nul

h

AnfCe™ ) = -InfCe™jy + thmeutyunt + WasmipuealT 1 (2)

[Ce™ ]y and [Ce™], wre the concentrutions of Co{TV) ut the origin
and at tin t reapectively. K i the mic constant in the
shaence of indide ion is the rale constant due to the
concemimation of the iodide catalyst, [I7. According o Beer's
baw, equation (2) can be wrillen is

S, = dnig + ik + ik,

el 1] o




(L]

where Ag and A, are the sbsorbance of [Ce™), and [Ce™)
respectively. Thus a linear calibration plot can be obtained as
writien in equation ()

ind, = slope([') + interceps (4)

In thas wark, two kinds of kinetic method which are fixed-time
mmmmmwnmﬁmmnm
imjection {stopped-F1) for jodine. With the use of stopped-F1,
kinctics profile of the disappearance of Ce{IV) can be studied
Under the condition in the flow injection lechnique that also
provides a type of pseudo first-order kinetics, calibmtion for
iodine cum be made besed an

Experimental

Flow infeciion manjbld
Emlﬂhm-inllyﬂhmﬂulld-:lmnflhﬂw
imjection gystem used  Optimiztion was described in the
previous wark ™ An lemstec peristaltie pump, model 157610
wist used for propelling reagents and ssmpbe plug. A Rheodyne
enpection valve, mode] 7125, fkited with Teflon boop (1,0 mm Ld.)
nﬂﬂu}uﬂﬁ:lnjmhnu[ﬂniﬂnduqﬂu Cole
Parmer Tygon tubings with i.d of 0.75 mm, 2.2% mm od sd
ﬁ.?imnﬂi,mmndﬂ:rﬂt?funﬂrtﬂh'mﬂqh
100 e reaction coll. A Shimadm spectrophotometer, mods]
wml‘m-ﬁm:mmm-mmﬂmuhr
0.01 m volume was used for memitoring the sbacchance of Ce
(%) at 420 nm An Alleech chant recordsr, model LR 930248,
USA, was wsed for rocording the sgnal from e
spectrophotometer. The recorder was set &t 50 mV fa.d.

PR IS0 il of digeetod pimda rdtam ple

iC
w |, I
Sl wmahe
| i !
Fig. 1 The flow mjection manifild for kinetic

determination of jodine i vrine. [C: water carrier, RI:
B.0x 107 M Ce(TV) in 1.75 M H,30, , RZ: 1.0 % 100 M
As(lIT} + 0.8 M NaCl in 0.5 M 1,80,].

Rengrents

Aﬂﬁ:]lﬂhiﬂlilﬂﬁl!ﬂ:&mﬂmmh}'
Merck (Germany).  Delonized-distilled water was obtzined from
:muqmumw.u&mmmm

Londine staredards

A m#ldﬁ:m{],ﬂm“ll"}mmw
Mﬂqﬂlﬂ&;ﬂwﬂiﬁhm-ﬂ%mm
mark of & volametric flask (100 ml). Pusther dilutions were
made fir working solutions of appropriate concentrations.

Ceric ammumium sulfiae 0.008 M (R1)

&wmmhmmwmﬂ:mmiu
the Fl metbods,  This solution was prepared by dissolving 5 g of
CoNH (S0 «<2H0 in 11 of .75 M HaS0,.
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Arsanious acid 0.1 M (R2)

Az, (10 g) and NaCl (47 g) were dissolved in 500 ml of water
with heating an a ot plae After cooling 1o the roem
temperature, 17.8 ml of conc. H,50, was added o this solutson
followe by dilotlon with waser to one litre This 0.1 M
uﬁiﬂ.nnddhﬂhhm‘uuldum;u:ﬂm{ﬂ;".

Semple, standard and dipes tion

mmumﬁummwmmmm
selected t0 cover 1o range of ioding concemimtion stodied. The
umhmﬁmnudﬂ-wbthuﬁpﬁm. The

ﬂﬂmﬁdﬂmlu and standsrds was & modified Duem
etals,

Fropedure

AhﬁmmynanirimdlmhM
gysiem depicted in Fig, | for determination of iodine
Rizser covnniont mptlod

Al the time of 4]-second after sample injection ino (he
munifbld s Fig. |, when the peak bottom rose i the usosl
mmhnwuw Absarbance of CelV)
nmnwmnmﬂrmﬁw1mmmum
resched (compiete reduction. 1o Ce(111j)

Fixed-time method

ﬂ:ﬂwmrnhhdlﬂnuimruﬂl Esconds
mnjection) 1o push away the sample zone resulted in the o

absorbance back to the baseline. In the calibeation, the sapped
imterval mamsi be fixed Hrl]lmﬁqlnhlﬂmnﬂﬂem@u

Results and Discwssion

Rte comsiont method
Fig 2 shows kineties of the reduction of Ce(TV) tn
!ﬁiﬂ:mmﬂﬂdnﬁqhhﬂlﬂ-ﬂﬂﬁuiﬁl.

| s

Timi's

Fig 2 Kinetics obtained from the sopped-Fl sysiem, showing
mwmlwuﬁmmduﬂh
eample plug from 0 to 150 pg 1 1" (top to bottom). Full Haes
repsesent the expaneniial figings.
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I:iuudcmll}:iummhdmlm;mdmﬁm
ENZFITTER. The results in Fig. 2 show that cach set of data
wuuthWMfmw
error < 10A4), ﬂhindi:lulh-rinﬂumﬁm;p]qh
mnd'ﬁauu.inglncu[mmmﬁmhnmﬂn
first-arder type for the range of bodine concentration used.  The
plmhﬂmmmﬂ{ﬂﬂ].ﬁmh}rﬁ:mmiﬂu
comceniration was linear (RC = 2.1 & 107 (1} + 1.43, ¢ = 0.998),

i35

peszibly due 10 |oss of iodine during acid digsstion for the kinetic
methiod whereas this is not Tikely 1o oceur for the ICP-MS method
since only dilution of urine was required.

Creneral feature of the siopped. F il fired-iime method
ma—wmﬂnmﬂmmﬁmhnm
injection agprosch is surmmarized in Table 1.

mhﬂummduhnhhimhminﬁmm mimammnmmhmm
in irine smmplos F1 pammeter

Fig. 3 wmﬂmﬂmml 175 for
the fixed-time kinstic method.

Flead-time method

Resubts in Fig 2 have demomptrated thet the kinetcs of
disappesrance of Ca(lV) are of firss-oeder bype over ihe
concentration mnge of iodine catalyst of 0 10150 jug | 17, Thas,
nlhmuh!lbkhuﬁ:nhihﬂphqdm{ﬂhh
fmuu!-dutuﬁﬂmdwhnm:qnﬁﬂmhhmppdﬂ

Figure 3 represents some of the signal profiles obtained from
the stopped-Fl manifold for indine stamidsrds ranging from O o
200 pig 17, Linear calibration plat, made between the logarittm
ummmmmmm
achieved (In A = 17 x 10°01] + 240 = 107, # = 0.9M4), This
nﬁhlhwmdhﬂrnﬁdmul‘hﬁnhuﬂnmh

canstact method whereas only 4 min i required 1o get » compleis
signal profile, in the fixed-time method  Hence, (he jatter
method is more practical for real use and therefore sclecied for
frther {nvestigation.

ﬂemﬂmﬁdmmﬂﬁlﬂ-ﬁnﬂﬂh
analyse snolber st of eleven eamples  The remulis were
compared  with an  indectively-coupled plasme mass
specirometric method™ (ICP-MS), A regression line of y =
ﬂ.?ﬂ:_ﬂ.!h+ﬂ.ﬂ]tl5.9{1ilﬂ:?m-dri:hwnl
was chigined. This indicates that results of the two metheds are
not mignificantly different at 95% comfidence. However it is
nh:r'ndﬂﬂwhnufidh:mﬁmhrmﬂﬂu
method i often lower than the ICP-MS method. This could

Value
Detection limit (3o} Ipgll
Sample throughput 35 samples b
_Reproducibility (100 g | I') 0.29%
Canciunion

Wlﬂmmﬂmmﬂﬂ,bﬂhm
mthﬁmmmahwm
flow injection technigue. The calibrations are stisfaciorily
lhmﬂmumnmmmmmm
kimetica, Mhmwmﬂnhuinnmdil
mone preferable. The procedure is sitable for large number of
uqnhuﬂunhu]mdwhﬁnmtimﬂwmﬂm
Thiunui—FImuhdhr:uuywliuH-ﬁ:mmuﬁn.
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A simple flow injection system with bead injection for trace
iron determination
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lﬂﬁnmsmn;mﬂhmmummumuwm

Abstrasi

A simple and low cost flow injection (FT) system with besd injection (BI) was developed for determination of low
concentration (umol 1=} of iron in water samples. Chelex-100 chelating resin beads, trapped in & jet ring cell, were
cmployed. The intensity of red comples of |, 10-phenanthrofine with Fe? * was monitored uaing colorimetric detector
with a LED) green fight source, Amount of total Fe (Fe? * m&“}mdﬁ“nnbnwlhumdhywﬂhmﬂlﬂMI
redoction of Fg'* Hh;unmﬂ:lciﬂ.MMMHE‘*lﬂuﬂJMMﬁ.HmH—‘fmmp&
loading time of 3 und 5 min, respectively, Waorking range was up to 3.90 pmol 1= using 0.3% wiv |, 1
line. Percent recoveries of spiked water samples (090233 ymeol 1= of Fe?*) were 100-110%. & 2002 Elsevier

Science B.V. All rights reserved,

Keywords: Flow injection; Bead injection; Trace iron determinntion: |,10-Pleesantbrofine

1. Imtroduction

The concept of bead injection (BI), where func-
tionalized beads are used as a solid surface to
accommodate chemical reaction and to accumu-
late and rotain the analyte, was first introduced to
use with sequential injection technique [1-5]. Usa

e~ e

* Cormesponding sathor, Tel: + 66-83-0431-14% 157 fax; +
B6-51-103- 168,

E-mail address: kniofchinngmuaiac.th (K. Crusdpam).

n{hmdunmﬂlmtﬂumﬂnquhnhﬂmm
improve sensitivity, minimizes dilution and re-
dunumwnumiunﬁunhﬂmmﬂmmm
[3,6). Sequential injection analysis (SIA) offers
many advantages such as precise automatic con-
trol of reaction conditions and microfluidic ma-
nipulation of samples and reagents [1-5,7]. It also
operates at microlitre scale, saving reagents while
gencrating very small volumes of waste. On the
nlh:rlmd.ld:ihdmiulﬂﬁmmmhhrw
volumes of solutions, it can be fabricated from
less expensive components and operated manually
a3 demonstrated in this work. Flow injection (FI)

DRSBI80/1T - soe fronl mutter © HM? Elsvier Science BV, Al ghits reserved,

Fil: 30039-9140(02)00012-7
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is & well established technique that allows solu-
Lhmﬂmfwﬂnlhlnlﬂﬁhnmddﬁmﬁnnﬁ-
13} Many tedious steps in manual batch wise
operation such as mixing reagents in beakers can
hdiminntnd.E‘rmltl}u.ghFMilnntumphiﬁ—
cated as SIA but its simplicity and low cost
become the main benefits [14-18].

Since low-cost instrumentation is attractive to
many laboratories, we have decided to develop &
nm'elnmnbimllunﬂfm'wﬂhﬂlhmﬂmiqu.
Such a home made FI-Bl system has the advan-
tage of using beads as replaceable solid phase,
Iron and Chelex-100 are chosen as & model ana-
lyte and sorption beads, respectively, 1o demon-
strate the system, Sorption of irom ions on
Chelex-100 chelating resin beads reaches 8 maxi-
mum above pH 4, but the elution of sorbed iron
i difficult. However, the transparent of Chelex-
100 resin allows the transmittance detection on
beads bed to be possible. The chemistry used in
the present work is & simple detection of eolor
intensity of the red complex [(C,,H,N,),FeF *at
524 nm [19,20). The complex is developed when
I,10-phenanthroline reacts with Fe*+ that has
been trapped on the resin beads. Attempts have
been made to develop a procedure to determine
lwmnn::n'atinnnl'irmwilhllimphﬂ—ﬂl
system,

2. Experimental
1. Apparaius

The diagram of the system used in this work is
represented in Fig. I{a). Two peristaltic pumps
{Imﬂm}wmunpluyad.mfurhumlmdhq
(16 ml min—') and another for buffer and sample
pumping (3 mi min ~'). Tygon pump tubings and
thmmynhumpdlwnhjmmadfmuﬁm
up the manifold, To save color reagent solution,
1,10-phenanthroline was introduced using a six
port injection valve (FIAlab) instead of pumping
it with buffer solution

The reaction cell (jet ring cefl) was laboratory
made and the detail of the structure is as shown in
the diagram Fig. 1(a). One side of the cell was
connected to LED green light source of 524 nm

with 2 47 nm spectrum hall width. While another
nidehvhrglphutnuu.tht:rw[‘].ﬂlhdem-ur
unit (Fig. (b)) gives a peik that reaches the
hichulpuimwhmmurehﬂnhigimli;htab-
sorption. Therefore, after the signal reaches the
Imdymufm:rmmud:,ithmmmnﬂulty
nd;lmmlbukmﬂ::lnuﬂtm.a:dlpml:h
resulted. The detector was connected to & chart

recorder (Perkin- Elmer model 056-1002) that was
set for a 10 V fsd

22 Reagents

Beads of chelating resin (iminodiscetic acid,
Chelex-100) was from Sigma, Germany (Bio-Rad
Llhmnlﬁriu].'mnh'limmmibdintherlng:
of 50-100 dry mesh but only-35 wet mesh beads
(wet bead size smaller than 35 mesh) were col-
lected by sieving and used.

purchased
from Merck, Germany, Acetate buffer solution
(0.1 M pH 4.5) was prepared from sodium scetate
trihydrate and glacial acetic acid in de-ionized
waler. Standard Fe'* solutions (0.45-9.00 umeal
17") were prepared from ammonium ferrous sul-
fate (NH,),Fe(80,),  6H,0). Standard Fe'*+ solu-
tions (0.45-3.60 pumol 1-") were prepared from
ferrie nitrate. Color reagent used for Fe*+ was
1,10-phenanthroline-monoirydrate prepared to &
desired concentration in the acetate buffer solu-
tion. Ascorbic acid solution was 2 reducing ageni
to convert Fe'* 1o Fel*.

2.3 Operation stepy

Huﬂh'mlmimmpumpndthmughmm:my
connector T and valves V2 and V4 into the jet
ring cefl at all time. lron solution was also
pumped all the time because it was connected to
ﬂmnm:pllmp,mﬁg.ﬂl}.ﬂm.ﬂuﬂlm
V1 and the tubing were connected in the way that
2 standard; ssmple solution containing Fe® *, was
sent back to the sample container when it was not
a standard/sumple loading step. This way, 4 stan-
dard/sample solution and number of pumps used
can be reduced.

First, beads were loaded into the cell by pump-
ing of bead suspension through valves V3 and V4
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fm!ﬂs.Thm,ﬂ:plmqpfmbﬂ.dnqxnﬂnnm
stopped and V3 and V4 were switched off Sec.
ond, & standard/sample solution was loaded via
vﬂm\f!mdﬂwmaﬂlfurﬂtdtﬁmipufhd
of time and then the valves were switched off.
Only the buffer solution was run for | min to
wash all the iron in the flow line to the cell.
Finally, 0.3% wjv |,10-phenanthroline solution
was introduced using a six port valve (V2) with
210 pl injection loop in order to consume only
necessiry amount of reagent. This color reagent
reacts with Fe'* captured on the beads and
shows red color that can be monitored using a
green light LED colorimeter. After each analysis,

used beids can be discarded by flushing them out
of the cell with the buffer solution,

3. Hesolts and discossion
d.1. Charaeteristics of signal

As previously mentioned, the detection unit was
built to automatically adjust the signal back to
the base line after it reaches the maximum steady
mufmnfﬂwmthuﬂm.mmm
puhubulmdﬁanamlﬁmn,ninFig.
2. The first peak corresponded to bead loading,

0.1 M sceinte buffer

L]

Ca
I I

Fig. 1. (8} Flow imjecibon si-up with besd h,hﬂhuh:hlnuiuﬂmufkm{?hﬂuﬂﬂmﬁmhﬂﬂmw-lmpm
hjuﬁmnhuludTillhnﬂrm}.MMh'II of ihe peak bold deector (LED, Light emitting disde PT,

Fhabotransisior),
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i went pending on size of beads used,

back down to the The second peak The uniformity of beads is also another im-
was formed because of the maximum color in- portant parameter. If they are too much differ-
tensity of the iron complex obtained when the ent in size, beads may be packed in the cell
color reagent solution reacted with iron trapped dﬂ'mﬂyuﬂﬂmﬁmnmtufhmmw
on the beads. This peak height directly relates m}hdll!hmmmdwnﬂdmhmlnwpu:‘-
to irom (Fe**) concentration on the beads and sion. In addition, suitable and constant bead
in the solution. At very high concentration of loading time is essential for good precision and
Fe'*, the peak decay ratc to the base line is for obtsining optimum analytical signuls The
slow. Thus, we observed the wide base peak at results shown in Fig. 2 were obtained from the
high concentration of iron. ﬁ:lnldhg:limunflminnf'g.ﬂl]umd
1= 'standard solution while the bead lpading

1.2, Packing of beads in cell times were varied at 10, 20 and 30 5. This home
that at
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mtymmmdmnnmdb:lmmuymmuf
detection window. The reproducibility of the bead
loading peak height was 4% R.S.D. from ten
replicates,

3.3, Optimization of color reagent concentration

The experimental results (varying 1,10-phenan-
throline concentrations of 0.03, 0.1, 0.3 and 0.6%
w/v) showed that slightly excess concentration of
0.3% wiv of 1,10-phenanthroline offers optimum
results for the determination of 9.00 pmal 1!
Fe** standard solution. At u higher concentra-
tion of 1.10-phenanthroline (up to at least 0.6%
wiv), signals were not increased. At lower concen-
trations (0.1 and 005 w/v), signals were low
because of insufficient amount of colar reagent
presented. We are interested in natural presented
level iron (umol 1*' or lower). Therefore, 0.3%
w/v 1,10-phenanthroline was chosen for further
experiments (o save the reagent.

34, mmmﬂmthﬂu
i

Sensitivity of the determination can be im-
proved by using longer sample loading time
However, it is limited by the amounts of beads
that cell can aceommodate. Calibrations were ob-
tained: ¥, = 0.0069X, —0.542, (R? = 0.9999);
Fp=00132X; - 03638, (R'=097) Y,=
0.0144X; — 0.0831, (R? = 0.9452), where X and ¥
being pmol 1-* Fe** and peak height (F), for
sample loading time of 1, 3 and 5 min, respec-
m.mmmmtmmhm
between | and 3 min for sample loading time but

Table |

only slight improve for 5 min loading time com-
paring with the 3 min one. The system allows (.50
and 0,45 ymol 1-' Fe?* to be determined for
sample loading time periods of 3 and 5 min,
respectively, Working range was about two order
of magnitudes (up to 3.90 umaol 1= 1),

3.5 Toual iron determination

To determine Fe'* and 1otal iron using 1,10-
phenanthroline reagent with the detection at 524
ant’*nndlmhp:‘hrmdunude&",
Although reducing agents, hydroxylammonium
chloride, quinol or ascorbic acid can be used [13],
nscorbic acid was chosen in this work becsuse of
its readily availability and its less toxicity. To test
if mscorbic mcid can be used effectively, peak
heights obtained from analysis of 3.60 pmol 1-'
Fe'* with an addition of %% wjiv ascorbic acid
were compared with those of Fe'* of the same
concentration. A mixture of Fe®* and Fe* (1.80
umol | =" each) in the present of 5% wv ascorbic
acid was also analyzed and compared, It was
confirmed that Fe’* and total Fe could be deter-
mined utilizing ascorbic acid as a reducing agent.
Optimum ascorbic acid concentration, from the
concentrations investigated (0.5-5% wfv) for the
particular concentration range of iron used in this
work, was found to be 1% w/v. Too low ascorbic
acid concentrations yielded low sipnaks due 1o
inefficient reduction of Fe'* to Fe?+,

3.6, Determinarion of iron in water samples

Table 1 summarizes the results of total jron
determination and percent recoveries of spiked

hﬂmhﬂﬂuhmhmwmmﬁlmhh

Sample [Fe] origmally found {umal |- .ﬁ::hﬂmm-nl n:}uwr:uw % Recovery of ol
=% Fe

Tap: waser Fe'* Q.82 +0.00 Fe'* L8O LTE + 0.4 (1]

Tap waler Fe'* 0,82 + 000 Fe** .11 338 4 004 118

Pood water Fel™ 064 + 0.00 and totsl Fe Fel* a5 I3+ 1 100

070 £ QL)

Drinking water Tatal Fg 0 Fe'™ 090 and 199 4 0,10 1046

Fe'+ 050
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iron in tap water, pond water and drinking water
umﬁu.mupnmmphdﬁmmmh
Fe“hlhehﬂﬂﬁltmhcd:mﬂ.hmlnth:
form of Fe’* is predominant, There are both
Fe'* and Fe'* in the pond water sample, Fe’+
was estimated by subtraction of originally pre-
sented Fe'* from 1ol Fe. The drinking water
sample did not show either Fe'* or Fe'* . Accy-
mcyufmtnﬂhﬁdmnudndbri]ﬂmtgﬂm
samples, percent recoveries were found to be 100—
ilmmpﬁﬁumnm;rbedmmth:
tn!mfermfmmuthﬂ-ﬂmmmrh:umﬂm.

d, Coocluslon

A simple F1-B1 system is proposed. A determi-
mlifmuflrlmimuinmtﬂrﬂmpﬂﬂnﬁngmﬂ-
phenanthroline with Chelex-100 resing  was
demonstrated. This inexpensive and manually
easy to operate system offers online preconcentra-
thnfmdﬁumhaﬁnnurluwmu:umim
It improves analysis time beczuse replaceable
beads make clution steps unnecessary as com-
pared with other preconcentration columns. This
also reduces the possibility of cross contamination
between runs. However, its drawbacks are that
Fl-lllumllm:vdumunrmmun&mqtﬂ:u
upulmﬂ:mmmryummumhhnpm-
ducible manner. It is hoped that this work on &
model system will encourage others to exploit
advantages of BI technique in combination with
Fl. Further investigation on online speciation of
Fe'+ and Fe?+ or of other ions is in progress,
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Gravitational field-flow fractionation in combination with flow
injection analysis or electrothermal AAS for size based iron
speciation of particles
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1. Istroduction

There is currently much activity on the devel-
opment of analytical methods for elemental spe-
ciation [1). This is being applied in diverse fields
such as medicine, agriculture, industry and the
environment. While most work concentrates on
determining the chemical forms of elements in
samples there 15 also considerable interest in size
based speciation. This involves determining the

* Cortemponding authos. Tel: +66-51-943341; fax: 46653
958

E-muil adiiress: kate@ohimngmalac.th (K, Cerudpam},

dimihuﬁnn:fuhmmtumﬂna‘n:nnpnrlh:
sample. In the ficld of environmental science this is
important us particles size greatly influences the
transport and fate of the cdlements associated with
particles in air, s0il and aguatic environments,
Sizc based speciation can be performed by
combining separation and analytical methods.
Recent examples include the off-line determination
nl'mn:h{ﬂn,FnMn}inburhruhﬂmth:mu

DOFG-F1HNILT - sz (roml matier & 3002 Elsevier Science B.Y. Al rights reserved,

PILSO0X9-9140{02)00440-X
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zane electrophoresis (SEC-CZE) of sclenized
yeast [3]. Sedimentation field-flow fractionation
has been used on-line with ICP-MS for character-
izalion of environmental colloids [4.5). Flow
FFF-1CP-MS was also used for determination
ﬂfthlﬁzdktﬁhuthnlndmmllpﬁﬁuinn
of aquatic colloidal material (6,7} Determination
bfﬂathnddmmtlldiutﬁbuﬁnmufpmﬁm[l]
and trace metal analysis of humic acid from
different origing in mumicipal waste were also
performed by Nlow FFF-ICP-MS [9).

N:hnﬂmi:mdmilpmﬂnmﬂmulﬂm
possess o coating of hydrous iron oxide and
natural organic matter (10]. These coatings influ-
ence the uptake of contaminants such s trace
metals, nutrients and biocides [11-13]. Thus the
size distribution of readily released iron is of some
impartance in assessing the potential fate of some
pollutants.

Field-flow fractionation (FFF) is a technique
rwﬁ:upnummdnhlmmiuﬁmm‘puﬂ-
cles and macromolecules [14]. FFF instrumenta-
ion is similar t0 that used in liquid
chromatography. FFF takes place in a thin
rectanguler open channel and the separation s
m':dnuhylpplﬁnganumudnﬁn;ﬁ:m

i 1o the laminar flow of the carrer
liquid [14]. Various driving forces can be employed
in FFF (e.g. centrifugal, flow, thermal gradients,
electrical and gravitational). This work used
gavistional FFF (GrFFF) due to the simple
ﬂp:rhml.tlmupmdlnwmn[li].ﬁtm
can be sct up by replacing the column in @
standard HPLC system with the GrFFF channel,
GrFFF is capablc of separating particles in the
dilmﬂu-mmuf2~mpmmdhnhmmp1nmi
for biological sampies such as red blood cells,
parasites, wine yeast, and wheat starch [16-19].
The application of GrFFF for industrial particles
has involved coal, silica and clay minerals [20—24],

GrFFF channel and separation mechanisms are
illustrated in Fig. 1 [25). A liquid carrier is pumped
lﬁrﬂﬂghmﬁdllmdmdlm[xﬂﬁl}nd'ﬂmphil
njected (Fig. 18). For micron sire particles, larger
particles elute earlier than the smaller ones and the
elution mechanism imvolved is often called the
‘steric elution mode’. In GrFFF, the hydrody-
namic lift force can significantly affect the motion

of particles [26). Therefore, the GrFFF separation
mechanism can also be referred to as the ‘steric!
hyperiayer elution mode',

Combination of FFF with various enalytical
techniques has gained considerable imterest re-
cently, [14]. This has led to size based element
distributions [5] end adsorption  distributions
[27,28]. In this paper we report work on the
hyphenated method involving gravitational steric/
hyperlayer FFF and flow injection (FI) with
chemiluminescence (CL) detection (GrFFF-
FIA-CL), which was first reported by Chantiwas
et al [29]. A schematic dingram of the GrFFF-
FIA-CL mstrument i given in Fig. 2a. The CL

particles coated with & thin layer of goethite

cost and casy to assemble. An overhead transpar-
ency sheet was cut to form the spacer. The channel
dimensions were 0.095 x 300 % 20 mm® for the
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channel thickness, length and breadth, respec-
tively. The spacer was clamped between two of
pieces of lucite plastic, An isocratic pump (Spec-
raSERIES, USA) was used to deliver the carrier
the carrier stream with 2 hypodermic syringe (40
ul}ﬂu‘n'thhmmd:injuﬂhupurtﬂﬂ].m
concentration of particles in the FFF eluent was
monitored by a UV detector (Linear Instruments
Model 200 detector, USA) at an operating wave-
length of 254 am.

2.2 The electrothermal atomic absorption
spectrophotometry

The ETAAS instrument was a Perkin-Elmer
Model 5100 (Narwalk, CT) equipped with Zeeman
correction, an HGA-600 graphite furnace and AS-
60 autosampler. A pyrolytically coated graphite
tube with L'vov platform was used, The ETAAS
tnuhni;u:mmdfurmimndumimﬁmuf
the cluted particles from the GrFFF system that
were collected by a fraction collector (ISCO, Inc.
Model RETRIEVER 500, Lincoln). Particle frac-
tions were directly introduced as a slurry off-line

into the ETAAS system for iron determination,
ETAAS mnalysis was performed using the tem-
perature program in Table | and with & wave-
kength of 248.3 nm, operating lamp curreat of 30
mA and sample volume of 10 pl was used. All
[ractions were homogenised by & vorex mixer
before into the atomiser. The modifier
utndfmF:dmrmhmiunmlﬂnﬂ-Hiﬂ,{iuu.
‘I‘h:ml:"hnﬁnnmphnhnimduﬁnﬁﬁmndud
solutions (10, 20, 40, &0 REIT') was ¥F=
0.00B06.X, ¥ = 0997,

2.4, Reverse-flow infection analysis with
chemiluminescence detection (r-F14 —CL)

A luminol solution (8 = 10=% M, 80 ul) was
h:jnmndviuui.t-pminjmﬁunmwmpdim.
UEA]h:naﬂrumhjﬁngmmid:ufﬂx
107" M) which was delivered by & peristaltic
pump (Eyela SPM 23, Japan). After merging
with an irom solution (standard/sample), the
merged solutions were passed through a 30 om
rniﬂngmﬂhfnmfmnﬂymtﬂingﬂwmdﬂmr.
The chemiluminescence intensity was monitored
by a modified commercial liquid scintillation
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reagents used were C1: 107 M MaOH (Flow rate 1.00 ml min '), C2: 8 » 10™* M Lumined (Flow rate 1,0 mi min™ "), C¥ 0~ M
Hs (Flow rate 3.0 mi min—") and (b) ETAAS,

counter, with a spiral flow cell {(Packard Radio- Canberra). The flow cell, Quick Change Flow Cell
metric Flo-one®\Beta Series A-100 Model AI40K,  (serial number 7144) had & spiral shape and was
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sandwiched between the two photomultiplier
tubes. The volume of the fow cell was 200 pl
The calibration line for iron standards (10-80
ug 17" was ¥ =29.68X 41373, rf = 0.996.

2.4, Chemicals

All chemicals were asnalytical grade and were
used withoot further purification. Water was
obteined from a Milli-Q) system (Milford, Massa-
chusetts, MA), A 0.01 M solution of luminol was
prepared by dissolving 5-Amino-2,3-dihydro-1,4-
phthalazmnedione  (Sigma-Aldrich, Germany)
{(0.1772 g) in 100 ml of phosphate buffer. The
buffer (pH 11) was prepared by dissolving
Ma;HPO, (E. Merck, Germany) (0.7477 g) in
1000 ml of water and the pH was adjusted to be
11 with 2 M NaOH. Luminol solutions of appro-
priate concentrations were further diluted with the
phosphate buffer, Hydrogen peroxide solution
{0.081 M) was obiained by diluting H,04 (30%
volume) (Carlo Erba, Italy). An AAS iron (IIT)
standard sobution (1000 mgl1~") (Merck, Ger-
many) was diluted to appropriate concentrations.
All reagents were freshly prepared and degassed
l:: 12-15 min before use by using a sonication

th.

2.5, Bilea particles

Chromatographic siliea (5 and 10 pm) was
obtamed from used HPLC columns (CN packing
from PARTISPHERE RTF Columns, WHAT-
MAN, UK). The 5 um particles were spherical and
the 10 pm particles had an irregular shape,

2.6, Preparation of the goethite coated silica
particles

The goethite coated silica was synthesized by a
method devetoped based on the results reparted by
Stumm and O'Melia. It was used previously for
the production of goethite coated kaolinite [40,41).
A solution of irom, (3.5 mM Fe(NO,),) was
gradually added to 10 ml of 2 suspension of silica
particles (2 mgml~'). The pH was continually
adjusted to 3.3 with 2 M HCI. The Fe solution
addition rate was | ml h ™' for the first 2 ml and 6

ml h~' for the remaining 12 ml. The mixture was
continupously stirred. The suspension was then
centrifuged and the silica residue was washed 4
times with Milli-Q water. The final suspension was
dispersed in 10™* M NaOH solution and heated in
an oven at 60 "C for 24 h.

3. Resulis and discussion

3.1. Fe content of the Fe coated silica particles

The amount of iron on the coating silica was
measured by ETAAS after being digested with
agua regia (HCEHNO; viv, 3:1). The concentra-
tion of iron was found to be 12.1 +0.2 mg g~ and
1.740.7 mgg~' for the 5 and 10 ym particles,
respectively. This indicates that the iron content of
the two samples should be very similar,

Analysis of the Fe in the coated silica particles
after acid dissolution (HCEHNO,, wiv, 3:1) was
compared with shury sampling (suspension of
particles in Milli-Q water with the same dilution).
It was found that the Fe content obtained from the
slury sampling method was lower than that
were found to be 64 46% and 594 10% for the 5
and 10 pm particles, respectively.

Chen and Beckett reported almost complete
recovery of Fe in a colloid sized (<1 pm) soil
sample analysed by sedimentation FFF-ETAAS
[41). This suggests that the release of Fe
[rom these larger 5 and 10 um sized particles is less
efficient.

3.2, Thickness of the FeOOH layer on the silica
particles

The thickness of the FelDOH coating on the
particles (r) can be estimated il we assume the
particle shape is spherical and coating layer is
uniform. It is given by
¢ = P50, Mrcoosd

4 PreoouMan,
where mgq, is the known amount of sample mass
injected, o is the diameter of the particles (5 pm),

1))
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P, ¥ the density of the silica (2.3 g ml—"), We
assume the iron coating on the particle is goethite
(FeOOH) which has a density, prooon. of 3.8
lml'l-mﬂu“nlh:mnﬁnfguﬂlh:unlhe
coutings. The value of me.qon was obtained from
Fe based fractogram using the Fe content found in
peak eluted between 3,75 and 7.75 min.

The calculated thickness of the goethite coating
on the spherical 5 pm silica particles is found o be
3.1 nm, which is guite thin compared to the
dinmeter of the silics particles of 5000 nm. The
Fe content in the 10 pm sample peak was very
similiar, suggesting that the FeOOH coating thick-
ness on the 10 pm particles could be approximately
twice thut of the 5 pm. However, the 10 pm
particles are not spherical which could increase the
specific surface area 10 some extent thus decreas-
ing the actual coating thickness,

1.3 Separation of the Fe coated silica particles by
GrFFF

Fis.Slhnwslh.:GfFFFﬂ'lnlupmﬁfl
mixture of the 5 and 10 pm silica particles. The

first peak is the void, which contains unretined
particles. The 10 pm silica eluted before the 5 um
particles thus sepamtion oocurred by the steric/
h}rp:ﬂnﬁrth&unmmnim,ﬂpﬁ:ﬂmiwmupe
pictures of the fractions collected at the maximum
of the eluting peaks (Fig 3) confirm the good
separation obtained. The diameter scale was
obtained using the empirical calibration expres-

particles would not be relaxed under the
condition performed here and th
eluted in the unretained woid WRE
confirmed by optical micrographs of the void
peak fraction,

Diameter (pum)

PP T

10

UV Response (arbltrary unit)
=]

i} 1 F 3 L

8 i} ¥ B - 10

Time {min)
Fig 3. The fractogram of a mixture of § mod 10 jmm goethite conted silica particles and ihe oplical mictodcope pctures of the osiginal

mixiurs and fractiony collscisd an the fwo penk maxima.
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Fig 4. UY desector fractograms and iron censent of the fraciions collecied

e, ()5 pm.

1.4, GrFFF-ETAAS of ihe Fe coated silica
particles

Fig. 4 shows the fractograms of individual
GrFFF runs of the 10 (Fig. 4a) and 5 um (Fig.
4b) silica samples. The bar graphs represent the
wron content in the collected fractions, which were
determined off-line by ETAAS with shurry injec-
tion. It can be seen that the Fe concentration of

fram GeFFF and determination by off-line ETAAS, (a) 10

each fraction follows quite closely the UV fracto-
grams.

Compuiing the area under the Fe based fracto-
grams ([Fe] vs clution time) including the void
peak and comparing this with the Fe content of
the whole sample digested with agwa regia, showed
that 71 and 82% of the Fe on the particles was
dﬂwlndhyslm-;ﬂrﬁﬁs,ﬁunhziudlﬂum
samples, respectively. As noted above the recovery
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Wold peak

Fé contart {ugiL)

Tima [mmin

Fig. 3. UV (salid Eine) und Pe concentration (open circles with diuked line) fractogram of the mixture of b0 wnd 5 pon particles, The Fe
conceniration waa determined on-line from the GrFFF combined with FIA~CL detaction.

efficiency appears for these larger particies sooms
to be less than that found by Chen and Beckett for
submicron particles (close to 100%) [41). For the
10 pm particles a significant proportion of the Fe
s associated with the fine particles found in the
void peak which may be responsible for the higher
proportion recorded by ETAAS (B8%).

3.3, GrFFF-FIA-CL of the mixture of 5 and 10
pom af Fe eoated silica particles

Fig. 5 shows the GrFFF fractogram for the
mixture of 5 and 10 pm silica as well a3 the results
of the online Fe analysis by r-FIA-CL. The cluant
from the GrFFF was continuously flowed into the
r-FIA-CL for Fe analysis. Each data point of the
iron content corresponds to a signal obtained from
an injection of the mixture of luminol and Hi0,
into & flowing steam of the GrFFF cluent before
entering into the CL detector.

The arca of under the Fe profile ([Fe] vs elution
time) was used to calculate the iron content of each
individual peak. From the calculation, the Fe
content in the 5 and 10 pm particles were found
to be 0.57 and 0.14 mg g~ ', respectively. The iron
content present in the § pm particles is higher than
that in the 10 pm particles. This could suggest that
the Fe content is related to the particle surface
area. This s different from the trend in the Fe

content obtained by GrFFF-ETAAS and afier
aqua regla digestion of the whole sample, where
the Fe content in the two samples is approximately
the same. It is also apparent that the r-FIA-CL
method detects only & small proportion of the otal
Fe in the sample particles, In the case of the 10 um
partiches, this is only about 1% of the total Fe
obtained after agua regio digestion.

4. Conclusion

In this work, we have attempted to apply simple
GrFFF combined with FIA-CL or ETAAS as an
approach to size based clement speciation. We
have tested this approach by employing two model
silica particles which were coated with hydrous
iron oxide (geothite). We have found that the
simple GtFFF can be employed to separate
micron sized particles, and when combined with
another analytical device, such as FIA-CL or
ETAAS, is a promising and cost-effective tool for
size based element speciation of particies.
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Absiract

Thiz work presents & Mow injection (FT) system that was developed for determination of iodute. The system wtilizes
ﬂnn:idnliunufhdihhyﬂumlﬁ:mhﬁnnwﬁd:mmﬂﬂmmmmm.Inth:pmmul'mrdm,thnﬂue
Iy ~starch complex is developed within lhenmﬂ:mnﬂmhmlnﬁmhhnrdumduﬂﬂm.ﬂpﬂninﬁun
was carried out to make the system suitable for quantitating iodate added to table salts, To prevent sccumulation of the
Hutwnqﬂnlﬁdmmmlhﬂmhhzmdﬂnﬂnwn]l,lpuﬂmmInﬁtq-ltmfuriljmiunnflﬂ"u
thiosulfate plug (100 ). An injection of this cleaning solution afler each sample injection is recommended to avoid
p-:ui'dmhnluﬂﬂlt.Igrmunﬂhm:—mﬂ:mﬂhﬂh{mth"]mﬁﬁﬁmﬂpmm
Mmﬂhdﬂnﬂnﬂﬂﬁﬂﬂﬂmﬂhinﬂhﬂﬂuﬁwtﬂhﬂ;ﬂuiﬂhﬂ%lﬂﬂmm
wis obscrved. The proposed sytem is very simple, uses common chemicals and provides rapid analysis (65 injections
per b} with high precision (R.5.D. = 0.66%, n=10), A detection limit of 2 mg | kg~" salt can be achieved
i M Ebsevier Science B, V. All rights ressrved.

Kepwinds: lodaie; lodized aalc Tri-bodide: Starch: Flow injection: ISE

1. Introduction in many countries, Salts are commonly iodized

with potassium iodide. However, for some tropical

Addition of iodine to mable salis s part of a
preventive program for lodine defickency disorder

* Presented in the 11th imtermationa) conference on flaw
injection analysis, 16-30 December 3000, Chiang Mai,
Thailand.

* Corrmpanding suthor, Tel! +66-2-200-5177: fax 652
145-R32%F

E-mail oddress: scdnoi@mahidol.se.ih (D, Nacapricha)

countries, including Thailand, salts are supple-
mented with potassium iodate for a longer shell
life. The recommended value for iodine supple-
ment is 50 mg I kg ~'. Most, available methods for
measuring iodine in jodized salt are for those
supplemented with potassium iodide [1-4]. An ion
chromatographic method is available for determi-
nation of jodate in iodized common salt [5], but
sample throughput is considered low. Recently

D039 LS - see fromd matter © 1007 Elsevier Schenoe B.Y. All righis reserved.

PMLS003%-2140(02100438-1
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there was a report of an amperometric method for
the ipdate supplement [6], which provides a con-
sidernbly high sample throughput at 35 injections
per b The method wtilized the flow injection (FI)
techmique [7].

This work describes use of the well-known
iodine chemistry, that is the Dushman reaction
[B). for quantifying jodate content in lodized salt,
Analysis is based on F1 technique. Tri-iodide
which is formed in the sample zone, after
reduction of lodate, intercalates inside
molecules to produce a bive colored complex
tri-iodide starch (17 —starch), Thus, instead
employing UV detection (I;, 350 nm), the
tion wavelength is shifled to the visible
(Ii —starch, 590 mnm). This makes the system
attractively economical. The method is new
cularly for this application. Although some
authors have used Fl systems with detection of

e

developed method was compared with the conven-
tiona! titration method and with a potentiometric
method.

2. Expermmental
2.1, Chemicals

Aildlmimhmnfmllyﬁﬂrumipldﬂ.
Distilled water was used throughout. A stock of
idate standard was prepared by dissolving 2.1402
g of potassium iodate crystal (Univar, Australia)
in water to 100.00 ml. Appropriate dilutions in 6%
(wiv) sodium chloride were made in the prepara-
tion of working solutions.

The carrier stream was made by dissolving 2 g of
potassium odide{Univar, Austrafia) in a solution

of 6% (wiv) sodium chloride and up to 300
ml. The starch stream of 0% {wiv) starch solution
containing 0.01 M sulfuric acid was daily pre-
pared. Starch (0.5 g) (Merck, Germany) was mixed
with:fuwn:llliﬁ:m':fwuu-mmlhﬂmry.m
slurry was added to 500 ml of boiling water. After
cooling, 5 ml of 1 M sulfuric acid (diluted from
conc, Hy80y, Lab-scan, Ireland) was added to this
solution.

The solution of 0,1 M thiosulfate was prepared
by dissolving 2.5 g of solid sodium thiosulfate
pentahydrate (Merck, Germany) in water and
making up to 100 ml. This solution was diluted
with water 1o obtain thiosulfate 1.0 % 10~ M

2.2, Sample

All samples were oven dried at 120 *C over-
night and stored in desiccator wntil constant
weight. A sample solution was prepared by dissal-
ving an accurate weight of 30 g of salt in water and
nniinlupln'!:’rﬂ.mml{uut::ﬂlmﬁunmrhc
necessary for some sample solotions that contain
mlhﬂmmlﬂythhm.inmph
solution would contain approximately 12% {wiv)
Hlﬂ.lhumplﬂumlnﬂya:;lirﬁh"ﬂling
the titration method. For the developed F1 and the
diluted from 12 to 6% (wiv) salt befare analysis.

2.3, Flow injection system

A Fl manifold (Fig. 1) was set up and studied,
An lsmatec peristaltic pump (model 157610, Swit-
zerland) was used for propelling reagents. Two
Rheodyne injection valves (model 5020, USA)
muuduvlmdﬂlnﬂrmuirﬂd.hlnmy
spectrophotometer (model 6405, UK), fitted with
a Philips flow cell of 10 pl volume, was used for
monitoring the change of absorbance at 590 nm.
PTFE wbing with id. of 0.5 mm was used
throughowt. An Alltech chart recorder (model
LR 93025, USA) was used for recording signal.

24, Tirarion method

A 10,00 ml aliquot of 12% (wiv) sali solution
was transferred into an iodine stoppered flask. Ta
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ml min"

Fig. . The Fl manifold for determination of indeiz in iodised sslt. Carries: 2.5 % 102 M K1 in 8% {wiv) MaCL starch siream: 1%
sarch in |.0% 107 M H,50,, ¥;: 250 ul injection of ssmple sodution or pasdard, Fy: 100 i tnjection of 1.0 10" M MagS,0,

the sample, 5 ml of 1| M H,50, and 10 mi of 10%
(wiv) Kl were added. The mixture was titrated
against & standardized Na;5,0, solution (about
2.4 x 10~* M), using 1% (wiv) starch as indicator.

2.5, Porentiometric method

Agcurate 500 ml of a sample solotion was
directly trensferred into a 50 ml volumetric flask
which contained 12 ml of 2% (wiv) ascorbic acid,
The volume was made up to the mark with water,
After mixing, the solution was measured for the
potential developed across the iodide-ISE and the
saturated calomel electrode. Calibration was car-
sium iodate (1.0 % 10™*-1,0 x 10~ M) prepared
to have the same liquid matrix s the sample (1.2%
{wiv) NaCl and 0.5% (wiv) ascorbic acid).

3. Results and discussion
3.1, Manifold design

3.1.1. Background

Our present Fl manifold (Fig. 1) was in fact
modified form a previous manifold, which con-
gisted of three channcls. Recemtly, the three-
channel manifold [14] was used in the validation
of another FI system reported for determination of
indine in table salt using amperometric detection
[6]. The system in Fig, 1 is made simpler than the
previous system by combining together some of
the reagents in the manifold and thus reduced to
two-channel. Dispersion of an injected zone s less
n the current manifold (D=26) as compared

with the former system (D =13.8), The sensitivity
(calibration slope) is increased by a factor of 1.5,

Levels of iodine found in lodized samples can be
lower or higher than the recommended value.
However, it is appropriate to prepare ssmples by
dissolution to roughly 6% (wiv) salt before direct
njection. Thus, the carrier stream of the system in
Fi,g.lwuduigmdmmulnﬁﬁ[ﬂv}lhﬂtu
prevent the Schileren effect [12]. Standard iodate
solutions were uiso prepared i 6% (wiv) NaCl
solution. The solid NaCl used in these prepar:-
tions, can be of general grade or even sea salt {non-

3.1.2 Elimination of baseline shift

1t was observed during analysis that there was
sccumulation of tri-iodide starch complex on
tubing wall situated between the stream confluence
and the flow cell. There may also be the deposition
inside the flow czll. These resulted in positive shift
of baseline. To diminish the problem, a valve (V2)
was inserted in the system for injection of a plug of
cleaning solution. A 100 pl injection of sodium
thiosulfate, 1.0 x 10~ M, was selected for wash-
ing off the starch complex. The complex is
decolorized by thiosulfate to produce iodide,
which docs not form a colored complex with
imylose molecule. An injection of the thiosulfate
Injection of sample was carried out approximately
at 30 s intervalks.

3.2, Optimization of the FI manifold

The objective of the experiment was to achieve a
suitable signal reading (0.5-0.6 a.u) for 2.5 x
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10~ M standard iodate solution. This concentra-
tion o the recommendesd value at 50
mg I kg™ of salt. Contents of iodine in real
samples could be below or above this value.

Concentralions of reagents were adapted from
the previous work of Jakmunee and Grudpan [6)].
Three physical parameters, viz,, injection volume
at Vi, flow rate and mixing coil length, were
optimized one at & time. Repetitive injections of
25% 10~7 M iodate solution were carried out in
triplicate whereas concentrations of reagents werg
fixed at the values given in Fig. 1.

It wis observed that increasing the volume o
250 pl raised up the signal to the desired absor-
bance value. This volume was chosen for optimi-
mtion of the other parameters.

Flow rates were varied from 0.5 to 25 ml
min~'. The results showed that increasing the
flow rate increased the sensitivity. This is probably
due to the better mixing achieved at the confluence
point in Fig. 1. In this work, the flow raie of | ml
min ~' was selected for each Mow channel in Fig 1.

The system was most sensitive when no coil was
used. The absorbance decreased from 0.615 to
0.485 a.u. when the coil length was increased from
0t 1.5 m. In fact, any length could have been
chosen but for this manifold & 120 em coil was
employed so that the absorbance for the
concentration of iodate standard (4.0 x 1077 M)
was within the range of the detector,

1.3 Calibvation

The calibration graph obtained for iodate con-
eentration ranging from 5.0 = 105 to 4.0 x 10—*
M was Jinear: peak height (absorbance)=
25520[105 1 —0.052, * =0.999 (i =4). It was ob-
served that the intercept was never at the origin.
This may be due to the limitation of the reaction
kinetics in the region of low concentrations or it
could be the limitation of the dynamic range of
detector.

3.4, Recopery

An experiment was carried out on four samples
to cvaluate the recovery of this method, Addition
of potassium iodate standards (5.0 x 10~%, 1.0 x

107 % and 2.0 % 10~ M) was made for a ssmple
solution. The results given in Table | demonstrate
that the method provides satisfactorily good
recovery of the signal,

3.5 Effect of foreign ions

Normally our iodized salts are produced using
sed sall. Five foreign jons that are present in
seawater, viz. the remaining two halides and three
mujor cations, were studied for possible affect on
the analysis. As shown in Table 2, a standard
solution, 2.0 = 10°* M, was prepared containing,
species of jons at concentration level normally
found in a sample of sca sall (providing the salt
was prepared from complete evaporation), The
levels were in fact calculated based on the ele-
mental abundance in seawater [13]. The results in
Table 2 indicate that none of these ions gave rise to
signal alteration of the pure standard outside +
5%, Thus, it can be concluded that these foreign
lons do not interfere with the proposed method,

3.6 Tolerance to pH of sample

Simce iodized salts are produced using raw
materials from wvarious sources, & study was
made to see if pH of sample solution has any
effect on the FI signal. The experiment was carried
out similarly to the optimization of parameters
using injections of the smme concentration of
iodate standard. pH of the standard solution was
adjusted (with HCI or NaOH) to 1.99, 5.15, 5.96,
T.ﬂﬁmd?.ﬂ?.?h:@mmmtprﬂ
3.15-9.09 {0.646-0.621 a.n.). The signal dropped
to 0.502 a.u. for the lowest pH. This indicates that
in acidic medium the yield of complex is less than
at higher pHs. All of the salt sumples used in this
work did not have their solution pH outside the

range of 6-8. Thus the method should be practical
for most salts.

3.7, Application to real samples and salidation

Analysis for lodine contents in nine samples was
first carried oot. The results were compared with
those given by the titration method as shown in
Table 3. According to paired r-test, no significant
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Rocovery study of lodase sdded 1o amples
Zampile Sampls contentration (M) Adlded (M)* Boumd {M) Percontnge recovery
51 Tax 3" Sx 10t Li=1p=? i

fox lO—? 1.9 101 115

2= 107t 2%u0-* [[15]
52 B8 10 5 l0-* L5 o=t 1M

R (RS [ [[2F3

1= 107" 18wt i
5 1.5 % 1Y § 3 10=0 21 104 130

1= 1o 6= jo—? g

2% 10-* 36w o=t [T
54 1.8 = ot $a 007" RN [t 100

=10~ L [ I

1x 0"t igwp? it

* Concenirstion of standard iodate sdded te ssmple solutions.

Table 2
Bﬂ'ﬂd’ﬁme’qnh'mmﬂﬁﬂmllfmmmnulﬂ"ﬂmﬂhﬂlwm
Foreign specie Added m Concentration sdded (M} Bigna| sheration (%)

F- MaF fd=xie—" (1]

Br- MaBr 20x19-* 0

E* KCl 20 = 10-"0 e

Ca** Caillly - IH,0 20m 52 —33

Mg MgCh; - 30 10 1" +33

" Based on mormal levels present in sea ssli

Table 1

loding contents in iable salin sbinined From the colorimersic E1

method and the titration method

Sample  Iodine content (mg | kg~ "45.0.
Colovimetric Fl {n=3) Tirmtion {n = 13)

55 16340.1 185401

56 169402 184405

2y 43103 M.1402

1] 31402 30.1 404

30 3 +00 35404

S0 HMO+0.0 M5+05

511 422403 6406

812 ToN 0.2 650405

g3 TL940,1 635408

different was found between the resulis of both
methods at $5% confidence limit (£, peryed = 0.89,
Foriea = 2.31).

A further 12 samples of table salts were deter-
mined for iodine contents using the F1 method and
the method employing an iodide-ISE. The latter
method requires addition of ascorbic acid nto salt
mhm.unmmdun:mdmmmlmﬁdamnhurm

detection. lodine contents summar-
ized in Table 4 demonstrate good agreement
between the methods. The difference between
both methods was not significant at 95% con-
Aidence (fonseeved = 0.77, fericas = 2.20).

3.8 Analytical features and advaniage over other
miethods

The present method satisfactorily provides rapid
lnlljlutﬁjhl#ﬂuupﬁh}and thiis s more
rapid than the former FI method presented
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Takile 4
lodires contents in. table salts obisined from e calarimezic £l
methad and the potenfiometric method [ISE)

Sample Todine comient (mg 1 kg~ "j48.00

Colorimeiric PI (1= Polentiometric method (y =

k)| )
514 1574001 187419
515 15840 193421
L1 L] 166403 188421
517 173404 212420
518 IBE+0.3 254422
Bi9 400 283420
50 1534000 Mi+31
51 335404 HNE4ID
512 352403 H.74210
31 0403 7422
524 54404 48.3+12
825 5403 15421

recently with use of amperometric detection (35
injections per h) [6]. The method is much faster
and more convenient than the conventional titra-
tion method. The F1 method also gave higher
sample throughput then the potentiometric
method, which has the throughput of only
measurements per h. As the iodide-required ap-
proximately 4~5 min for stable reading.

The detection limit of the F1 method (3 SN,
ne=10) was 2 mg I kg~'. The method has high
precision with the R.8.D, of 0.5% (ten injections of
the 2.0 x 10~° M standard).

4. Conclusions

A FI system was developed and is suitable for
determination of iodate in table salts. The system
requires spectrometric detection in the vistble
region of the blue 15 —starch complex formed in
sample zone. The F1 detection, which exploited
this complex formation, has not been reported
elsewhere. There are a few systems that utilized
similar chemistry for the detection [9-11] but their
monitorings are based upon decoloration of the
complex. Initinlly detection of the Iy -starch
complex gave some problems (e.g. continuous shift

Uons). This was due to the wdsarption of Iy —
starch mainly on tube walls. The present use of
an injection of thiosulfate solution, prior to
injection of sample, eliminated this contamination,
Air-oxygen oxidation of iodide, which tends 1o
uminblﬁupummu,iumﬂ}pmnudhthh
mnhniqnu.mptmtmmhadmnmmﬂj
validated against the titration and the potentio-
metric methods.

Funuuu!‘ﬂu:}rm:nmmmmqui:mmuin
terms of simplicity, rapidity, precision, linear
working range, detection limit and sconomy. As
the chemistry takes place in & close system, no
blank signal was observed.
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Abstract

Einetac Inl‘nrmntlmmrmm-mhﬂm—mwﬂmmhnbmmwm“mnhm
simple manually operated stopped-flow injection (F1) system. Varions parumeters (concentrations of reagents, Mow
rate, mixing coils, and volume of flow cell) were investigated for determination of phosphate. A stopped-Fl system
should be arranged Emluwd:;rmnrmhm{nrmﬂ-h]ndhﬂwﬂmmﬂmmndﬂmhnrmuhmﬁwm
be observed. Simultaneous determination of phosphate and silicate by the stopped-F1 technique is proposed, using a
laboratory-made semi-automatic stopped-Fl Analyzer with LED-based photometer. It is based on kinetic separation of
phosphate and silicate using molybdenum bloe. The propossd procsdure has been demonstrated for the applivation 1o
water samplea. The resulis obtaned agres with that of & standard method.

2 2002 Elsevier Sctence BV, All rights reserved,

Keywords: Stopped-Fl; Simultancous desermination; Phosphate: Silicate; Malybdenmm bloe: Kineiss

1. Introduction

Since the first application by Ruzicka and
Hansen [1] for the determination of phosphate
using molybdenum blue, & pumber of fow injec-

® Presented at the 11th Imternationsl Coaference on the
Flow Imjection Anulysls, December 16-30, 3001, Chinng Mai,
Thaitand.

* Cotrusponding suthor, Tel: +66-53-943-3452157; faxn; +
L e B

E-mail oddress: knsei@chinngmalacib (K. Grodpas)

ton (FI) techniques have been reported for
phosphate and silicate. They involve a continuous
mode, such as on-line microwave digestion [2],
determmation of phosphate in silicats rocks by
adding tartaric acid [3}, on-line column separation
[4-7). Sequential injection analysis (SIA) has been
applied to determine phosphate and silicate simul-
tancously by forming vanadomolybdo complexes
(8], or using the molybdenum bilue [9]. SIA with
lab-on-valve using & stopped Mow mode for
determination of phosphate has been proposed
[1o.11)

019-91 80025 - see fromt matter ) 2007 Elsevier Science BV, All rights ressrved.
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Kanaya and Hiremi [12] used stopped-flow to
record the progress curve for the formation of the
colored complex of te with
malachite green. Linares et al, [13] described the
Nuorometric differential kinetic determination of
silicate and phosphate using two messurements &t
different times. Yoza et al. [14) determined ortho-,
di-, and triphosphates using stopped-flow, based
on substitution reactions with colored metal com-
plexes. Lacy et al. [15] used sorbent extraction on &
hydrophobic sorbent and optosensing measure-
ment (0 determine mixtores of phosphate snd
gilicate, based on differences in the reduction rates
of the heteropoly complexes, using partial least
squares analysis,

In this work, we employ stopped-FIA with
simple instrumentation for kinetic information

on phosphate and silicate using the molybdate
and ascorbic acid reactions. Simultaneous deter-
mination of phosphate and silicate based on
kinetic separation, using & simple semi-aulomatic
stopped-F1 Analyzer is propased.

1. Experimental

2.4, Chemicals and reagenis

All chemicals used were analytical grade unless
otherwise stated. Deionized water was used
throughout, A stock phosphate standard solution
(1000 ug mi~") was prepared by dissolving potas-
sium dihydrogen phosphate (Merck, 0.4390 g) in &
portion of water before making up to a volume of
100.00 ml. A commercial silicate standard solution
of 1000 pgml~' (Merck) was used. Working
phosphate and silicate standard solutions were
obtained freshly by appropriate dilutions of the
stock solutions.

A sodiom molybdate solution (0.6% wiv) was
prepared by dissolving sodium mobybdate (Merck,
1.512 g) in 100 ml water, and 3.25 ml of conc.
HMNO), before making to a volume of 250.0 mi with
water.

An ascorbic acid solution (0.5% wiv) was
prepared [reshly from 1.5 g of vL-ascorbic scid
(Fluka) which was dissolved in 500-ml water.

2.2, FI manifolds with mamal eperation

Two Fl manifolds for manual operation were
designed, as depicted in Fig. |. In munifold I, a
standardfzample solation (S) was injected via an
injection valve (FIA-lab, USA, with a sample loop
of 100 pl) into & molybdate fine with a mixing coil
(MC1) before merging with the ascorbic acid
stream, passing through another mixing coil
(MC2) before enterdng imto a flow cell in &
spectrometer (Spectromic 21, Spectronic Instru-
ments, USA), connected to a chart recorder
(R100 A, Perkin-Elmer, USA). Manifold 11 repre-
sents a different armangement, in which s standard/
sample solution (3) was injected into & merged
stream of molybdate and ascorbic acid via an
injection valve placed between mixing coils (MC3
and MC4),

2.3 Semi-mutomatic FI Analyzer

The laboratory-made system (Fig. 2) consists of
& controller via a microprocessor to control a
peristaltic pump (S-mini, Alites) to propel re-

Fig. |. Fl1 manifolds with masmal operation for stopped-F1A
for plosphate, ropc manifold 1, § imjecied inde MD befam
imerging with AA; bariom: manilold 11, § injecsed into a stream
of mized MD and AA; MD = malybdate solution, AA =
mscorbic scid soluson, P = peristaliic pump, MC = mixing ocoil,
I} = spectrometer, ¥ = injection valve, W = wasie.
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agents, to switch &n injection valve (V-451, Up-
church), and to set & photometer for data scguisi-
tion and (o evaluate the sipnals, The photometer is
a laboratory-design, using a LED red light source,
with a peak height holding feature, similar to the
ones previously reported [16-18]. The output
gigmals can be via built-in digital read-out andfor
a chart recorder (Philips, PM E251, Holland).
Signal profiles are illustrated in Fig. 3. The
controller can be used to presct the traveling
time (T), the period of flow between the point of
injection to the point at which the flow is stopped
for monitoring the reaction development at the
fow-cell; the stopping time (£), the period during
the Mow stopped; and the washing time { ), the
period when the stream is re-started to flow (after
stopping) uniil this operation cycle ends and is
ready For the next cycle. I and [, the signals at the
first and last stopped points, respectively, will be
given as digital read-outs on the photometer, Fig.
Hb-d) demonstrate stopped-FI recordings for
phosphate, silicate, and mixtures of the standard
solutions,

3. Results amd discussion

3.1, Continuous FIA for phosphate

In preliminary mvestigation, it was found that
the reactions to form the molybdenum bloe
produoct are reversible and will be in equilibrivom.
For continuous Fl determination of phosphate,
minifold II should be employed. Manifold I1

resulted n higher F1 responses compared to the
peaks obtained by using manifold 1. Calibrations
{a plot of peak height vs concentration) were: y; =
65.08x,+9.76, r = 0.998 and y; = 91.93%x,+ 15.39,
r =0.991 for the manifolds 1 and 11, respectively
(0.5-3 pg P mi™"). The reactions for molybdemum
blue may involve [19):

hepiomolybdate

+]ﬂllﬂpl1ltﬂ;=}‘ﬂ|ﬂw heteropoly complex
il
e
vellow BMMpnIy‘mhx+lmhc ackd =

]
molybdenum blue, 2)
{M{V) Mo T}y

Using manifold IT with & premixed stream of
molybdate and ascorbic acid, the reactive inter-
mediate of the reduced form of molybdate will be
readily available and reactive 1o the injected
phosphate, o yield the molybdenum blue very
last (on the order of seconds), whereas in the
manifold I, injected into molybdate
stream will form an observed yellow product of

which is not as reactive, with
slow reduction to yield molybdenum blue (on the
order of minutes). This was lound in the baich
molybdenum blue method for determination of
phosphate. It should be noted that for batch
amalysis, if molybdate was premixed with ascorbic
acid before sdding phosphate, no molybdenum
blue was observed at all.

Using manifiold | with MC1 and MC2 being 25
and 50 cm, respectively, and ascorbic acid sohution
being 0.5% wiv, concenirations were
varied (0.1-1.2% wiv). It was observed (Fig, 4(x))
that the same steady state of the system should be
established in the molybdate concentrations in the
range of 0.5-1% wi'v. Similar observation was
found for the stopped-FIA studies (Fig 4(b)). A
lower molybdate concentration would cause
slower approach to equilibrium. Disproportiona-
tion of Mo(VI) and Mo(IIl) yiciding Mo(V) may
mflhlﬂﬂ'mmﬂfmnlﬂﬂlﬁh
used. This shifts the equilibrium in Eq (2
resulting in Jess phosphomolybdenum(V)

Similarly, lnudjrnnlhedlhﬂnflunthhmd
concentrations (Fig. 5(= end b)) indicated that the
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(c)

(d)

Fig. 3. Stopped-F1 profiles obtained (a) in general, (b) phosphats, (c) sdlicate, (d) mixture of phosphate and silicate: T = traveling time,
&= stop time, W= washing time, [ = signal at the first stopped paind, £ = gignal at the Inst slopped poini before resuming Baw. The

mimbers refer o concenirations [ubd),

system with 0.3-0,8% wiv ascorbic acid resulted in
reaction rates at steady state for the molybdate
used (0.8% wiv), With lower concentrations of
ascorbic acid, different rates were ohserved.

3.2, Stopped-FI determination of phosphate

At the flow-cell, in the stream, & bolus of the
mixture (phosphate, molybdate and ascorbic acid)
is stopped, and an increase in signal is observed for
apnrhdbd‘nmpﬂul];hmmingmhﬂtﬁ;.
3(b)). The signal represents the rate of the reac-
tions, which come into equilibrium as discussed
earlier.

A manifold used for stopped-FIA should pro-
vide both & low degree of axial mixing of reactants
and low dispersion, to provide a sultable bolus of
reaction mixture stopped at the flow cell for
monitoring the resction

It was fiound that the manifold 1 (Fig. 1) without
mixing coil and using a 8-pl flow cell is more
suitable, compared to manifold 11 for stopped-Fi
determination of phosphate (Fig. 6). A dispersion
study using a dye (bromothymel blue) [20] for
manifold 1 is summarized in Table 1. As expected,
apart from the effect of mixing coil length on
dispersion, & higher volume flow cell creates more
dispersion. It should also be noted that & signifi-
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Fig. &. Plod of reaction raies snd pheaphase (s ) concentra-
tohs wsing manifold 1: (0) with and (b} without mixing cail
cant effect of Mlow rate on dispersion was not
ohserved.

3.3, Kinetic information obtained by the stopped-
FIA

For & general reaction:
A+B-C (3)

with & rate expression:r = d[Cldr = k[A]", where
r=rate, k =rate constant, n = order of reaction,
ar In r=In{k[A]"), then:

In r=1In k + ninjA] {4)

From Eq. (4), a plot of In r vs lnfA], the order of
the reaction can then be obtained from the slope
(r), and the rate comstant (k) can be evaluated
from the y-intercept,

From the stopped-F1 experiments for phosphate
(Table 2), the rate (mV s~") was obtained from
cach stopped-FI recording for each phosphorons
(phosphate) concentration (ie., siope of the sig-
nal). By essuming that the reagents (molybdate
and ascorbic acid) were in large excess, then the

plot of In{rate) and In{phosphorous concentration)

was found to be linear: y = 1.3x—3.99, = 0.992

(Fig. 7). The slope of 1.3 reflects the order of the

reaction under the experimenial conditions o be

close to unity, in agreement with other reports

Ebf‘lﬂ.ﬂ].l’.l'h rate constant obtained was 1.9 x 102
£
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phocphale with molybdate and sscorbic seid

Phosphaie () concen- in PP Rate of reacibon® Lo (raie)

trucion
g Pl (uM) {m¥ s~ ")
D8 164 .80 BOx10-" =22 x10~!
i g 149 |6 40 10"
F 638 408 4.4 1.48
3 94 4.5 BD 108
¥ dProduct)id:.
L5
0
LS J
y=1%x-3199
im - # = 0992
E 05 .
M L L] -; L]
05 popr—s6—eo—an-"Tge—al

Fig. 7. Plot of lndrate} vs [n[Phosphsc],

1.4, Simultaneous derermination of phosphate and
silicate by stopped-FiA

The rate of the phosphate—molybdate—ascorbic
acid reaction is faster than that of the silicate-
molybdate-ascorbic acid reaction. It is then pos-
sible to determine phosphate and silicate siulis-
necusly using the Kinetic ssparation approsch.

Fig 3b-d) show siopped-FIA recordings of
phosphate, silicate, and & mixture of the two. By
using the semi-automated stopped-FI Analyzer
(Fig. 2), concentrations of phosphate and silicate
in & mixture can be evaluated from Jp, fy; and I,
(signals ut the first stopped points for phosphate,
gilicate and mixiure, respectively, see Fig. 3), and
Dy, Dg; and Dy, (signals at the last stopped points
for phosphate, silicate and mixture, respectively,
see Fig. 3).

Employing the conditions summarized in Table
3, calibration plots were obtained from the experi-
mental results (Fig. 3). For phosphate standards
{up to 15 pg Pml™ ")

fr=1331[P]+9.20, ¥ =0986 (5)

Tahle 3
Conditlons for ssmuliansois determuination of phosphaie aed
slicaie with molybdnie ming the semil-sutemaiic siopped-Fl
Analyese

Condlthon

Value

Molybdate comceniration, ¥ wiv in 008 M 0.6
HHD,

Ascorbec sod concentration, % wiv s

Imjection volume, ul 1]

Mixing eodl length, em 5

Flow ruic {esch linel, ml min ~" 11402

Traval tnee, & 15

Saop time, 5 F. |

Wash time, 5 15

Light souirce Red LED (&30
(1]
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For correlation of Dp (mV]) and fp (mV):
Dy =4.651,—3.38, ¢ =0998, (6)
For silicate standards (up to 15 pg Simi~'):
Dy, =35 82[8i] + 30.55,  =0999. ()]

The concentration of phosphate in a mixture or
a sample is obtained from the calibration plot of
phosphate standards (Eq. (5)) by using [, from
the mixture or the sample for fp (as at the first
stopped point, there should be no coniribution due
to silicate), Then Dy is calculated from Eqg. (6). In
the signal profile of the mixture/sample, caleula-
tion for signal due to silicate at the last stopped
paint, fg i, is made from the correlation:

Digi s = D i = Dipouin 1 + B (8}

Dp i 18 the contributed signal due to phosphate
in the mixture and can be evaluated from the Eg.
{6). The last term (fp) & for contribution from the
initial (background) signal due to phosphate.
Substituting the value of Dg . for Dg in Eq.
{7), one obtains the concentration of silicate in the
minturefsample.

The proposed procedure has been applied to
scveral natural water samples. The results are
compared o that obtained by the standard
method [23], as summarized in Table 4.

4. Conchiston

A stopped F1 system offers kinetic information
on the phosphate-molybdate-sscorbic acid reac-
tion. Simultaneous delermination of phosphate
and silicate in 3 mixture/sample is proposed by
mﬁwm;ﬁmlqumﬂunmhgmljhdﬂum

blue, and using a laboratory-made scmi-automatic
stopped-F1 Amnalyzer with a microprocessor to
control the system and for signal read-out. The
proposed procedure has been demonstrated for its
application to water samples by validation with 2
standard method.
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determination of ascorbic acid or acetic acid*
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Albstract

Two sequential injection titration systems with spectrophotometric detection have been developed. The first system
for determination of ascorbic acid was based on redox reaction between ascorbic acid and permanganate in an acidic
medium and lead to 2 decrease in color intensity of permanganate, monitorsd &t 525 nm. A finear dependence of peak
ares obtained with secorbic acid concentration wp to 1200 mg |~ was schieved. The relative standard deviation for 11
replicaie determinations of 400 mg |~ ascorbic acid was 2.9%. The sccond system, for scetic acid determination, was
bmsed on acsd ~base titration of acetic scid with sodium hydroxide vaing phenolphthaleln as an indicator. The decrease
in color misngity of the indicator was proportional to the acdd confent. A linear calibration graph in the range of 2-8%
wy! of acetic acid with & relative standard devintion of 4. 8% (5.0% w v~ scetic acid_ n = 1) was obtained. Sample
throughputs of 60 h™ ' were achieved for both systems. The systems were successfully applied for the assays of sscorbic
acid in vitamin C tablets and acetic acid content in vinegars, respectively,

i NI Elsevier Science BV, All rights reserved,

Kepwords: Soquenilal mpcttos; Tiraton; Spectropholometry; Ascorhic soid; Acetic scid

L. Introduction

Fast, economical and automated methods are
Hpﬂﬁllh'fﬂrﬂlﬂlfﬂrrmﬂn:mﬂyﬁl&ndprm
* Presented in |1th internations| conference on flow  control. Flow injection analysis (FIA) has widely
imjection anakysls (ICFIA), 16-20 December 2001, Chiang besn used as it provides high sample throughput,

Wi, Pl low sample and reagent consumption, hi ro-
* Corresponding author. Tel: +66-53-943 341155 e +  ducibility and igh “'F[I]_

- 53-21-THK I Iim_ ¥ llil_ d ﬂpEIII'.HJII‘
E-matl gaeldrexs: scifjemn@chiangmat sc th {). Jakmunee). More recently, sequentinl injection analysis (SLA)

ORISR AN0RE - ses Troml mater 5 2000 Ebevier Soenee BUY. All dghis resecvmd
FIL 50038 -91d0{02 004447
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based on the similar principles as FIA has been
introduced [2]. Normally FLA tses & multhi-channel
pump and unidirectional forward flow; in contrast
SLA uses & single-channel pump to move the Mud
zones in forward and reverse steps through a
system consisting of a holding cail {(HC), a muln-
position valve and a detector. The multi-position
valve acts as a central distributor through which
required volumes of iquid segments are sequenced
by aspiration into the HC and then flushed by a
flow reversal into the detector, As only one pump
15 used o move the composite zone through the
system, the sampling frequency of SIA is gencrally
lower than the multi-channel pump FLA method.
However, the 51 system uses a smaller number of
moving parts than a comparable FIA system and
uses at least an order of magnitude less of reagents,
on the order of microliters. Manipulation of
solutions in an SIA system can be made via &
computer keyboard using appropriate soltware.

Different methods were reported for the deter-
mination of ascorbic acid [3]. Most of them
utilized the reducing property of ascorbic acid. A
simple Fl redox or acid—base titration of ascorbic
acid with potassium permanganale or ammonia
was proposed [4]. SI redox titration of ascorbic
acid with cerium(IV) in sulfuric acid was applied
for pharmaceutical products [5)

Acetic acid in vinegar was determined by a FI
pervaporation system with ackd-base titration [6],
FI titration of acetic acid could be performed
under both non-steady and steady state conditions
[7]- In the steady state condition, a high degree of
mixing between the analyte and reagents is re-
quired which may be made ondine by use of a
mixing chamber, and thus involves long analysis
time. Monosegmented flow titration for determi-
nation of total acidity of vinegar with a sample
throughput of 30 h™' was proposed [8]. 51 acid-
base titration was developed to determine strong
and weak acids [9].

In this work, 8LA procedures for the determina-
tions of ascorbic acid and acetic acid employing
simple reagents with spectrophotometric detection
have been developed. Both titmmtions were per-
formed under a non-steady state condition, so they
do not require a special mixing part apart from a
mixing coil, and s0 provide short analysis times.

The SIA system has robust hardware and flexibie
mization and operation ol the system. On switch-
ing from the determination of ascorbic acid to
acethc acid, no change in hardware configuration
was required, ooly the program sequence for
cootrol of the instrument was modified. An
analysis can be made rapidly with computerized
control. Sample throughput of 60 h~' was
obtained for both systems. Sample, reagents and
waste can be minimized.

2. Experimental
2.4, Chemicals and solutions

All chemicals were of analytical reagent grade,
and deionized water was used throughout. Potas-
sium permanganate, sulfuric acid, L-ascorbic acid,
acetic acid, ethanol and phenolphthalein were
obtained fro.a Merck (Merck, Germany). Sodium
hydroxide (AKZO Mobel, Sweden) was used.
Vitamin C tablets and vinegar samples were from
3 local market,

A 0.1 M potassium permanganate solution was
prepared by dissolving 1.58 g of potassium per-
manganate in 0.1 M H,50, solution and making
up into a 100 ml volume, This stock solution was
then further diluted for appropriated concentra-
tions. Stock standard ascorbic acid solution (2000
m;l“'}mpr:pamdbgrdmhm;ﬂﬂn}gnr
ascorbic acid in deionized water in & 250 ml
volumetric flask. Working standard ascorbic acid

stock solution.

The 0.2% w v~ phenolphthalein in 50% v v~
ethanol solution was prepared by dissolving 0.50 g
of phenolphthalein in 50% v v~' ethanol and
made to a valume of 250 ml. This stock sobhxtion
was thon used to prepare various concentrations of
solution (20% w v~} was prepared by weighing
5000 g of glacial acetic acid into a 250 ml
volumetric flask and diluting it to the mark with
deionized water. Working standard acetic acid
solutions were freshly prepared by diluting the
stock solution.
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2.2, SIA manifold for determination of ascorbic
acid

Fig. I{a) shows a dingram of the S1A manifold
used. A laboratory made SIA analyzer (Center for
Biotechnology, University of Turku, Finland)
consisting of & syringe pump, a HC (200 cm
long), two six port selection valves, & reaction
coil (100 cm long), o simple spectrophotometer
[Spectronic 21, Bausch & Lomb, USA) with a 10
mm pith length Oow through cell (Hellma, Ger-
many) and a personal computer was used All
tubings were 0.6 mm id. Teflon. An m-house
made soltware (AmALYELA, Center for Biolechnol-
ogy, University of Turku, Finland) was used to
conirol the system and collect data from the
detector via & plug-in interface card (Lab PC+,
Mations]l instruments, USA), The analysis was
performed antomatically following sequences that
had been writien as 8 computer program called
AMALYSIA SCRIPT LANGUAGE [ASL).

After all lines were filled with water (also used as
cirrier), the standardfsample and reagents were
sequentially aspirated into 8 HC. The sequence of
golutions in the HC & shown in Fig. I(b)
Aspiration volumes of each solufion and other
conditions are summarized in Table 1. The zones

WO HS0,  Ascorbicad

-y AR Ny

Table |

The 1A cooditions for ascorbic acid determinaibon

Parametier Stadied  Selected son-
range diticay

Concentration of poiassiom per-  1.0-30 50

meanganaie (mbd)

Aspiration volume of acidic po-  100-220 180

lassimm permangannbe ()

Aspiralion volums of smplel B0= 1300 L]

standard smscorble acid (jl)

.ﬁqih‘iﬁ-u-'mh:-:d’[l.:lhl;d— =

Furic pcid (jl)

Flom rie (ul s~ -2 180

Analytical wavelength (nm) — XI5

were propelled through a mixing coil to the
detector, while transmission of light at a sclected
wavelength was monitored (arbitrary units). The
peak arca wes evalusted from the SIA profile
obtained, A calibration graph is a plot of the peak
area versus ascorbic acid concentration.

2.3. SIA manifold for determination of acetic acid
The same configuration manifold as for ascorbic

acid determination was utilized, except with dif-
ferent standard‘sample and roagents as shown in

WO Pemphtess MM Acioscd  HDH "

Fig. I. (a} A schematic diagram of the S1A sysiem for sscorbes
acid determination; (b) & schematic dimgram of ander of ibe
segments for asparbic scid determination,

Fig. 1. (8} A schemsarle dagram of 1he SIA system for moztic
acid determination; (b) & schemstic dingram of the coder of the
segmeai for scabic acid determmation,
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Fig. Xa). A similar operational sequence as above
was also writien as an ASL. The sequence of
solutions in the HC is represented in Fig. 2(b). The
mspiration volume of cach solution and the other
selected conditions are presented in Table 2.

3. Results and discession

1.1, Optimization of SIA system for decermination
af ascorbic acid

A redox reaction of ascorbic acid with potas-
sium permanganate was utilized in this system.
The permanganate jon was also used as & color
indicator, which was monitored for absorbance at
525 nm. A 0.1 M sulfuric acid solution was
mﬂnﬁmm:hmmﬂm
nate to manganese dioxide precipitate. Various
parameters such as concentration and aspiration
volume of potassium permanganate, volume of
sample, and flow rate of solution during propelling
through the fow cell were investigated for the
determination of ascorbic acid in range of 0-1200
mg I~". This concentration range was suitable for
analysis of vitamin C tablets without difficulty in
sample preparation. The studied ranges and the
selected conditions are summarized in Table 1. The
sclected conditions were judged from & good slope
and linearity of the calibration graph obtained,
and a reasonable analysis time.

Table 2

The SIA conditions for scetic s determinstion

Parumeier Studied  Selected con
EigE ditlens

Consentration of sodtiim hydre- 0.2-1.0 08

wide (M)
Aspiration volume of sediom hy- 50— E
dromide salwiion {al)

Coscentration of phenolphthabsin 0008 om
hwv 0

Aspiration voleme of phe- 50-80 b
neolphibalein wolation (ub)

Aspiralion volume ol samplel L] k]
sanidard scetic scid [ul)

Flow iz (gl 3™ ") 75-200 125
Analyical wavebeagth (nm) - 4B

Under the selected conditions, a linear calibra-
tion graph up to 1200 mg | ™' ascorbic acid (y = -
0.121x+242.3; B =09933) and relative standard
deviations for 11 replicate determinations of 400
and 1200 mg 1™ ascorbic acid of 2.9 and 1.8%,
respectively, were achieved. SIA profiles of a series
of standard ascorbic acid solution are iflustrated in
Fig. 3. A sample throughput of 60 h™' was
obtained

3.2, Analysis of vitamin € tablets

The system was applied to the determination of
ascorbic acid in locally commercinl vitamin C
tablets, Twenty tablets of a vitamin C sample
were weighed and ground in a2 mortar. After that &
portion of the ground sample equal (o about one
tablet was weighed and then it was dissolved with
detonized water to | | The solution was then
aspirated into the system using the same condi-
tions as a standard. A titrimetric method [10] for
reference purposes was also carried out. The
results are summarized in Table 3. The comparison
of the results obtained by the SIA method was
evaluated by r-test [11]. The calculated 1-test value
was 0.67. The critical value of the r-test was 2,26
(9" of freedoms) at 95% confidence interval. Since
the caleulated r-test value is less than the critical
value, the results from the two recommended
methods were not significantly different.

Timsi i

Fig. 3. SIA peaks for calibration graph of mscorbic acid
determination; (A) blank, (B) 400 (C) #00 and (D) 1200 mg
1= of mnnderd ascorbic asid
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Table 3
Cretcrmimation of ascorbe achd M viamen C tablel smples

Sample code  Labeled amount (mg per tablet)  Ascorhic scid found (mg 1~ %

Tinmere: method

ElA mathod

Milkgram per iablet  Percentage label Milligram per tublei  Pereeninge bel

A N0 L 1k3 1ir3 1014 1]
B | 004 ol tal m 1
C 500 477 95 520 104
(1] [1h] [[=]} ol 1] ]}
E L] L] iia T LF
F e 47 L] 5 95
G L] 25 95 o4 L]
H b L] 458 9 512 2
i 50 & 98 4 1]
1 100 10 iixd 1 LiL]

1.3 Oprimization of SIA system for determination
of acetic acid

Determination of acetic acid was based on acid-
base titration of the acid with sodium hydroxide
using phenolphthalein as an indicator. The physi-
cal configuration of the SIA system was the same
as above for determination of ascorbic acid. The
solutions around the selection valves and the
computer program were changed (see Fig 7). A
similar optimization as in Section 3.1 was carried
out for the determination of acetic acid in a range
of 2-8% w v~'. The studied ranpges and the
selected conditions are summarized in Table 2.
The selected conditions were judged from a good
slope and linearity of the calibration graph ob-
tained with a reasonable analysis time.

Under the selected conditions, a linear calibra-
tion graph for 2-8% w v~ acetic acid (y=—
37.7089x+390.9; R =0.9989) was obtained. Rela-
tive standard deviations for 11 replicate determi-
nations of 5 and 4% w v~ ! acetic acid were 5.0 and

6.3%, respectively. Sample throughput of 60 h~'
was schieved.

34 Analysic of vinegar samples
The optimized procedure was applied to vinegar

samples without any sample pretreatment The
acetic acid contents obtained from this procedure

and titrimetry [12] are presented in Table 4. The
results from the two methods were not signifi-
cantly different (judped by r-test at 95% confident
interval).

4, Conchesion

51 titration procedures for the determination of
The system is compossd of robust hardware
components and can be mutomatically controlled
by a persomal computer, with appropriate soft-
Tahle d
Determimstion of scetic scld i los] commenclal viesgar
sample

Sample code  Comoentration of acetic wcid (% wv ™ ") by

Titrimmiric mathod 1A moihod
A 53 LA |
B i1 55
c il 4
(i} 5.1 i3
E Al 55
F L | LA
L 52 57
H 5l 5l
i 49 44
1 iR 45
K 4 b |
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ware. Dptimization of the sysiems can be con-
veniently carmied oul. No physical confipuration
changes of the system are required, but new
programming sequences are needed in application
of the system (o determine a new parameter. Both
procedures employed simple reactions with inex-
pensive and available chemicals. Chemical con-
sumption was lower compared with batch and
flow injection procedures, leading to lesser waste
ind more economical determinations.
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stripping voltammetric systems for simultaneous determination
of some metals®
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Abstract

Flow injection (FI) and ssquential injection (51} systems with anodic sripping voltsmmetric detection hive been
explolied for simultanecus determination of some metale A pre-plated mencury film on & glassy carbon disc electrode
wits used as 8 working electrode in both systems. The same film can be repeatedly applied for at least 50 analysis cyeles,
thus reducing the mercury consumption and waste, A single line F1 vollammetric system using an acetate buffer as a
carrier and an electrolyte solution was employed. An injected standardfsample zone wos mined with the buffer in 2
mixing coil before entering o flow cefl. Metal jons were deposited on the working electrode by applying a potential of —
L1 ¥ vs AgfAgCl reference clectrode. The stripping was performed by snodically scanming potential of working
electrode to +0.25 V, resulting & voltammogram. Effects of acctate buifer concentration, Mow rate and sample volume
were investigated, Under the selected condition, detection limits of 1 g1~ for CA(II), 18 g1~ for Cufll), 2 ug 1" for
Pb(IT) and 17 pg I~ for Zn{IT) with precisions of 2-5% (n = | 1) were obtained. The SI voliammetric system was similar
to the FI system and using an acstate bulfer as a carrier solution. The S1 system was operated by a PC vin inhouse
wrilien softwane and employing an auioditrator a3 & syminge pump. Standard/sample was aspirated and the zone was
then sent to & flow cell for measurement. Detection limits for CAIT), CuwlIT), PHIT) and Za(T) were 6, 3, 10 and 470 pg
1=, respectively, Applications to water samples were demonstrated. A homemade UV-digester was used for removing
oTganic matters in the wastewater samples prior 1o anslysis by the proposed voltammetric systems.

D 2002 Elssvier Science BV, All rights reserved.
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onmenl. Anodic stripping voltammetry (ASV) has
been widely used recently due 10 s speed,
simplicity, low cost, high sensitivity and capability
of multiclement determination [1-3]. However,
batch voliammetry consumes more tme and
chemicals, Therefore, fow techniqoes have been
developed for voltammetric analysis to solve those
drawbacks [4,5). Differential pulse ASY in a Now
system for determination of copper, lead, cad-
mium and zinc has been developed [6]. In our
previous work [7], an on-line voltammetric system
was el up for mimultancous determination of
cadmium, copper, lead and zine A sample and
u]#:trnirta buffer were mixed together prior to
aspiration into a flow cell where metals were in-
situ pre-concentrated on the working electrode
during the deposition step. The proposed system
provides low detection limits and good precision
bt 1t concerns long analyveis time and high reagent
volumes.

Flow injection (FI) and sequential injection (3I)
methods are more mapid, precise and consume
lesser amounts of reagents [£]. FI with differential
pulse vollammetric (DPV) detection using & static
mercury drop electrode (SMDE) for determination
of Cd(11) and Ph{1l) was reported [9]. F1 stripping
voltammetry with wall-jet detector was applied for
lead determination in blood [10]. SI-ASV was
demonstrated for determination of copper in tap
water, 51 provided a convenient way to perform a
uuﬂumu&mpprwﬂunfm&wmmmp.
increasing of the method [11]. SI-ASV
for determination of copper, lead, cadmium and
zinc in river sediment extracts was reported (12]. 51
with adsorptive stripping voltammetry was devel-
oped for determination of nboflavin and some
heavy metals [13]. A mercury film electrode (MFE)
is usually employed for ASY in flow systems due
to that it provides better stability, well defined
peaks of the voltammogram with high sensitivity
and reduces risk of exposure to mercury vapour.
The mercury film (MF) is usaally plated in-gitu
with analytea during deposition step. However, the
MFE preparation by the in-situ method produces
mercury-contaminated wasie,

In this work, Fl and SI voltammetric systems
using a pre-plated MFE as a working electrode
were developed for simultaneous determination of

cadmium, copper, lead and zinc, The same MF
can be repeatedly used for several cycles, thus
reducing the amount of mercury used, Peaks of
metal ions obtained in a voltammogram were well

resolved. Detection limits of a few pg 1~ can be
Bchieved. The proposed Fl and 51 systems were
reagent than the batch and on-line systems. In
addition, the systems are more rapid with high
degrees of dutomation.

2. Experimental
2.1, Chemicals

Acetate buffer solution (pH 4.6), prepared from
100% glacial mcctic acid (BDH, England) and
sodium acetste 3-hydrate (BDH, England), was
used for preparation of an electrolyte solution.
Mercury(ll} solution was prepared by dissolving
Hg(ll) mitrate (AJAX, Austrafis) in 0,1 M nitric
pcid (Merck, Germany). Metal standard solutions
were prepared by diluting standard stock solution
(1000 mg 1"} (stomic sbsorption spectrometric
grade, Merck, Germany), Water used throughout
was from a Milli-Q water system (Millipore,
Sweden). Nitrogen gas (99.999%%) was used for
purging oxygen in a solution,

2.2. Flow injection voltammetric (FIV) system

The FIV manifold is shown in Fig I(a). The
system consists of & peristaltic pump (EYELA,
Japan), a six-port injection valve (FLALab, USA),
4 mixing coil (PTFE, i.d. 0.8 mm) and & voltam-
mograph with an electrochemical flow-cell (Bioa-
nalytical System, UISA). The Now-cell composes of
a plassy carbon-working electrode (GCE), = Agf
AgCl reference electrode (RE) and a stainless steel
auxiliary electrode (AE). After the MF was coated
on the GCE, the de-aerated electrolyte solution
cell. A de-gassed standard solution or sample was
mmjected into the carrier stream by the injection
valve, When the sample zone reached the fow-cell,
the potential of —1.1 ¥V vs Ag/AgCl RE was
applied to deposit the metals onto the MFE. After
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Fig. |, Manifodds for ssmulinneoas determisation uslig wal-
ismmetric: {a} FI; and {b) 5L

the deposition step, the flow was briefly stopped to
strip the metals out of the MFE by anodically
scanning the potential to 0,25 V. The electrode was
cleaned for 20 s by applying & potentinl of 0 V
prior to performing the next analysis cycle.

23 Sequentiol infection veltammetric {SIV)
SV ELETH

The components of the SIV system (&8 shown in
Fig 1(b)) were similar to that of the above
described FIV system except for the pump and
valve. An autotitrator (Dosimat 765, Metrohm,
Switzerland) was used as a syringe pump. A 10-
port sclection walve (Valco Instruments Co.,
Texas) was used. The pump and valve were
controlled by a computer via an in-house written
software based on LabVIEW® program (National

L U¥-C Lamp 1]

(a)

Instruments Co., USA). The SIV fow conditions
were set to be similar to the FIV system. Operation
sequences were as followed: (1) 130 ul of standard/
sample was aspiraied into a holding coil; (2) the
standard/sample zone was propelled through a
mixing coil to a flow cell; (3) when the zone
reached the flow cell, a potential of —1.1 V vs Ag/
AgCl electrode was applied 1o the WE in order 1o
deposit metals on the MFE; (4) the Mlow was
stopped while a buffer was in the flow cell and
siripping of the metals out of MFE was carried
out; (5) finally, & potential of 0 V was applied for
20 8 with the solution flowing to clean the MFE.

2.4. MF preparation

Mercury(Il) 500 mg 17" in 0.1 M HNO,
solution was aspirated al o flow iz of 0.5 mi
min~' through the electrochemical Mow-cell. A
potential of —0.8 V vs Ag/AgC! RE was applied to
the GCE for 10 min. The MF was then obtained
on the GCE. Only 5 ml of the mercury solution
was used for this purpase. The mercury solution
from the waste out-let was collected for recycling.

2.5. A home-made U'V-digestion unit

A home-made UV digester consists of two UV-
C (180-280 nm) lamps, |5 W each, as depicted in
Fig. 2. Aluminium foil, covered inside the digester
house, was used for preventing the UV radiation
Sample trays were made by cutting a brown-
coloured glass bottle into halves, which would
increase the area of irradiation to sample in the
tray. The trays were stored in nitric acid and rinsed
with Milli-Q} water before use. Hydrogen peroxide
solution (30% v v~=', 10 pl), as an oxidant, was

Sample tray

Fig. 2. A bome-made UV-ligestson anii- (a) side view: and (b} top view.
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added 10 10 mi of sample in the tray. The sample
trays were then put in the UV digester,

3. Resuliz and discossion

1.1 Study of MF preparation

Mnuur[[[}mmmiuﬁm,dupn&ﬂunpumﬂﬂ
and deposition time were considered for MF
preparation. Mercury(Il) concentrations of 500
and 1000 mg 1" were tested. MF was obtained
fully on the GCE by using 500 mg 1" Hg(Il),
whereas using 1000 mg 1~" Hg(ll} gave the film
only on some area of the GCE. Deposition
potentials of —08, =09 and —1.0 V were
studied. It was found that mercury was adsorbed
on the GCE at a potential of —0.8 V vs Ag/ApgCl
RE. On the other hand, at the potential of —0.9
and —1.0 V, mercury could not be coated on the
GCE because H* in the solution could be reduced
more at the GCE, at higher negative potentials.
Higher peak currents (for the metals) were ob-
tained when using the MF plated with a deposition
tme of 10 min compared with that obtained by
using & 5 min deposition time. However, MF
deterioration was observed. This should be due to
that mercury did not adhere strongly to the glassy
carbon and resulted in rapid decrease in sensitivity.
Tl'ﬁ:fm-:,theMFmdﬂmddmhud:mhur
at a potential of 0 V for 20 s before performing the
next run. The proposed MF has been experimen-
tally proven for reusing for more than 50 deposi-
tion-stripping cycles (as shown in Fig 3), in

Peak corrunt

ud)

i RED = §d % fnesd)

i o

aa s

(&

LR

i P P T

] 1o n E & 9 L]

Humber of cpoles

Fig. 3, Stnbility of the MF wming electrochemicnl cleaning (50
analysis cycles of 10 g 1~ CA{IT,

comparison to the other reports that the MF was
used only for one determination [10-12].

1.2, Optimization of FIV system
121 FI parameters

d.2.L1. Acetate buffer concenirarion. Electrolyte
concentration affects the ionic strength of the
solution and hence the peak currents of metals.
Concentrations of acetate buffer (0.1, 0.2, 0.3, 0.5,
0.7 and 1.0 M) were varied while the flow rate, the
sample volume and the length of mixing coil were
fixed at 0.5 ml min ', 30 pl and 50 cm, respec-
tively. It was found that the pesk currents were
fluctuated at an acetate buffer concentration less
than 0.5 M. This could be due to that jomic
strength of & lower concentration was not suffi-
cient. A concentration of 0.6 M acetate bulfer was
chosen.

3.2.4.2. Flow rate. As expected, less dispersion was
obscrved at higher flow rate, Peak currents of
metals increased when the flow rate increased.
However, at & higher flow rate than 0.5 ml min~',
the deteripration of the MFE was obtained.
Therefore, the flow rate of 0.5 ml min~' was
used in this FIV system,

3.2.1.3. Sample volume. A sample volume is re-
lated to the deposition time. At a deposition time
of 20 s and a flow rate of 0.5 ml min—"',
approximately 167 pl of sample should be re-
quired. Injection volumes of 30, 30 and 130 pl were
tested. It was found that the sensitivity obtained
by using = volume of 30 ul were not different from
t‘uunhuinndhjruﬂnglmhmanDuLHnw-
ever, using an injection volume of 130 pl yiclded
the worse precision. The precision of the currents
obtained by using 30 pl injection volume was
found to be the best, This could probably because
less sample volume would provide better mixing
pattern of sample and reagent and thus beter
reproducibility for the current observed. Using 2
sample volume of 30 pl also resulted in satisfactory
current. Therefore, an injection volume of 30 jl
was chosen.
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The walwmmeti: pacasmeters wsd for the FTV and STV systam
Faramnater Condition

Dieponition posenilal —Liv

Deposidion lime M
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Swmp mode Squam wave

Swesp rate Tmve!

3214 Mixing coll length For the low flow rate
employed (0.5 ml min—"), a length of 50 cm was
used so that sample throughput and reproduci-
bility of sipnal could be compromised.

1.2.2. Voltammelric parameters

The electrochemical parameters are represented
in Tabde 1. Deposition times of 10, 20 and 30 =
were tesied. It was found that the longer deposi-
tion time, the higher peak current obtained, as
expected. However, the deposition time of 20 5 was
chosen because it was faster and yielded enough
sensitivity.

3.2.3. Characterirtics of the developed FIV systom

Voltammograms of metal standards obtained by
the FIY system are depicted in Fig. 4. Calibration
data, detection limits and precisions for the metal
tons (Cd(Il), Cu(ll), PB(IT) and Zn(Il)) are sum-
marized inm Table 2. The results illusirate that
simultaneous determination of Cd{I), CufIl),
Pb{Il) and Zn{IT) can be performed by using the
developed FIV system with a sample throughput
of 20 b~ and with better sensitivities than in other
previous reports [6,10-13).

124 Applications to real samples

Six drinking water samples were analyzed by
injecting them into the system. The metals in those
samples were found to be below the detection
limits. It indicated that the metal concentrations in
the drinking water samples were below the values
of maximum allowanee of 0.010 mg |~ 1.0 mg
1=", 0.1 pg 1" and 500 mg 1~ for Cd(II), Cu(m),
P{Il) and Zn{ll), respectively, which &5 an-
nounced by the of Environment
Quality Standard, Ministry of Science, Technology
and Environment of Thailand [14]. Wastewater

Current,uf

o

cufty |

o)

41 08 @07 -08 .03 03 04 3

Poiential

Fig. 4. ¥

of metal sisndands obiamed from the proposed FTV syscem. (Concentrations of ZafIT), PH{IT), CullT): 10, 30,
50, §O0 and 200 pg 1, snd CA(IN: 5, 10, 15, 20 and 30 g I~
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Tabde 2
Chamecieratics of the FIV pysiem
Motal  Dynamic rmge (g 17" Eguatson 3 Dhesnction limil (pg 1% W RSO, =l
cd =30 o 66T 40,0205 09w | 36 (m 10 pg 1Y)
Cu  20-200 =156 —00860 09962 1% 44 (ur 75 g 17"y
Pt - L0e o S+ 00171 DT 2 1B (i BO pg 17"}
In B ] o 4 30y 00407 s 1N 43 (ut 100 pg1-"
=200
“2A0 -
‘5. =180 L
st
E ] 5
o 1R i
0 : © }
50~ (@)
{b)
i} L L — T
-1.1 de o7 05 83 g1  +0.4 +0a

Potential Vv

Fig. 3, Voliammogrems of wassewater sample (a) wathout; (b)) with UV -digestion; and {c) & standerd sobation,

samples were also analyzed. The samples were
digested for 2 h by using the home-made UV
digester. UV-digestion can reduce some interfer-
ences in such & sample as illustrated in Fig. 5.
Well-defined voltammetric peaks of metals were

obtained for & sample with UV-digestion. Results
are summarized in Table 3. The samples were also
anafyzed by ET-AAS [15). The results obtained
from the FIV method agreed with that by ETAAS.
Zn and Cu may lorm an intermetallic Cu-Zn

Tahbl= 3
Exampies of anabyns of wamewsicr ssmples by the developed FTV sysiem
Sample Comantration found (ug 17"
Ca Ca 5] Ia
v ETAAS Y ETAAS FIv ETAAS FIv ETAAS
| A5 3 &0 TS 92 95 154 142
1 4 Lo 5] 153 1546 204 L] 155
X i T I n | M a5 5




& Swieerapataromon ef ol | Tolewa 58 (2007 ) 12351242 1240

i i M M i

Current,uf

o

Fbill}

Cu(ll)

-1 -08 07 08 O3

01 +81 <+0.3

Potential,

Fig. & Vollammograms nrmummurmmmmv-{m. {Conoenlrations of Znill); 100, 700 and J000
[=*; CofIT), P{II): 10, 70 and 100 pg 1™ and CufIT): 50, (30 and 200 ug 17"}, ™

phase in MF which may cause variation in FIV-
resulls of these metals [12],

3.3. Preliminary study of SIV

The Sl system with scetate buffer 0.6 M as
carrier, was carried out for testing the performance
of the system. By applying the experiences in the
FIV system, similar conditions as employed in the
F1V system were applied in the SIV system. Due to
that the minimum pipette volume of the autoti-
trator used is 100 pl, 3 sample volume of 130 pl
was aspirated into the SIV system. Dispensing
to start the deposition step. Starting the deposition
step ut & volume of 0.30 ml or at & time of 36 s

Tabls 4
Charsstenstics of the preliminary 31Y system

after starting dispensing the sample zone to the
detector, the highest peak current was observed.
Simultaneous determination of Cd{Il), Cufll),
Pb{II) and Za(ll) can be performed by using the
SIV system. The voltammograms of the metal ions
are illustrated in Fig. 6. The results in Table 4
showed that the SIV system provided good preci-
for the metals, except the detection limit for Zn
was high because of its low sensitivity and less
reducibility. Due to the discontinuons nature of 51
operation, reagent consumption and waste gencra-
tion can be minimized and become advantageous.
Further investigation on incorporation of on-line
sample pre-treatment to the 51V system is in
progress.

Metsl  Dymamic cangs (jig 171 Equatios Deatection limir {pg 1~") % RSD, A=
cd 10— p=314Tc =005 099Te 6 B (an 10 g 1"
Cu 50200 p= 292200537 09989 3 1.0 {at 30 pg 1%
Pt o100 o= 62.90x —0,191 00946 1D 26 (an A0 pg ™
Zn A0~ 700 = 0. D6z — 00006 0500 470 0.5 {ud OO jug 1
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4. Conclusion

F1 and 51 systems with anodic stripping voltam-
metric detection for determination of some metal
jons have been enploited. Employing the proposed
conditions for making s pre-plated MFE as a
working electrode, which can be ubilized for
severnl analysis oycles (a1 least 50 cycles), the
mercury consumption cean be minimized. The
mercury waste solution was collected for recycling.
The systems, therefore, produced less mercury
waste, Detection limits of & few pg 1~ of the
metal bons can be achieved. The proposed single-
line Fl voltammetric system is cost-efTective, very
simple and easy to handle but achieves & high
sensitivity simultaneous determination of CA{II),
Culil), Pb{Il) and Zn(II). The proposed 51 vol-
tammetric system, using an autotitrator as a
syringe pump and a PC with an in-house software
program, is an alternative for cost-cffective higher
degree of automation.
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Determination of trace iron in beer using flow injection systems
with in-valve column and bead injection™
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Absrract

Three flow injection (FT) systems were imvestigaied for the determination of trace iron in beer: an Fl-in-valve column-
flame atomic absorption spectrophodemetry (FI-FAAS) sysiem, a spectropholometric FT aystem with & colomn placed
at ihe defection point, and an Fl-specirophotometric system with bead injestion (FI-Bl). Cationic exchangs resin
Dowex 50W XE and mmodiacetate chelating resin, Chelex-100, were employed for the Fl-spectrophotometric and F1-
FAAS sysiems, reapectively. The Fl-in-valve column, packed with the resin, enhances the FAAS performance. The
spectrophotometric F system with a column (packed with Chelex-100) placed at the detection point (in o eell holder of
& spectrophotometer) is based on the formation of iron (I -1, 10-phenanthroline compler sorbed onto the resin. Mo
eluent has been found to be suitabls. The FI-BI for renewable microcolumn has been proven 1o be an alternative. The
FI-FAAS and FI-Bl procedures provide online sample prescparation and preconcentration for the detormination of
iron in beer. Both are simple, mpsd, and sconomizal. The procedures also involve sample prepamtion (decarbonation
and suppression of tannkn inlerference by adding ascorbic acid) and standard addition. The results obtained by Fl-
FAAS and FI-Bl agres with those of ADAC spectrophotometric method,
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and for chemical assays: irom, copper, calcium,
carbon dioxide, sulfur dioxide, alcohol, ethanol,

glyceral, protein, starch, and proteclytic chill-

trace element to be aszayed.
A standard method l'crr the determmation of

found to be the drawbacks of the method.

Although using electrothermal atomic absorp-
tion spectrometry will improve sensitivity in terms
of limit of detection (3], disadvantages of this
mﬂndhduﬁerﬂunwlymmmhm
mentation, skill of opersior required, matrix
chemical modifiers needed, and complicated tem-
peTature Programming.

Using & flow injection (FI) in-valve column-
flame atomic absorption spectrometry (FI-FAAS)
[2), Name interference by the matrix can be
reduced by introducing low quantities of sample
(200 pl of sample injection), and the problem of
burner clogging could be overcome. Iron and some
other elements such as Ag, Cd, Cu, In, Mn, Ph, T1,
and Zn were determined using an integrated-atom-
lrap system mounted on & standard atomic
absorption air-acetylenc flame burner [5]. Based
on ion-exchange separation and sire exclusion
chromatography, copper, iron, and manganese in
beer were investigated using electrothermal atomic
absorption spectrometry [3].

Column technigques have been extensively uti-
Imdrurmﬂprmmﬂmlm
tional cation exchange resin used for online
preconcentration of iron with
detection was described [6]. An iminodiscetate
chelate resin such as Chelex-100 and Muromac
A-1 played the role of high efficient solid-phase
extractant for transition metals [7-9]. In addition,
other packing materials in a sorption mechanism
have been used for iron preconcentration; for

instance, resin-immobilized 8-hydroxyquinoline
(10}, & cationic exchanger paper [11], C,-bonded
silica with 5,7-dichlorooxine [12], and Amberlite
XAD-4 functionalized by N-hydroxyethylethyle-
nediamine [13].

An in-valve column exhibited practical and
convenient use for loading and eluting for metal
preconcentrations [14-16]. Flow-based analysis
with bead injection (BI) described as a renewable
microcolumn has been applied for many detection
systems such as amperometry [17], fluorescence
[18-20], and UV- vlnhhihmmmw[ﬂl BI
spectroscopy exhibited outstanding usefulness in
terms of a renewable, small, and disposable
sensing layer [22]. A simple Fl-spectrophotometric
system with bead m,in:lmn (F1-BI} has recently
been achieved for trace iron determination in
water samples [23].

In this study, an FI-FAAS system with in-valve
column, a spectrophotometric F1 system with a
column placed at the detection point, and an F1-BI
system were investigated. The FI-FAAS and F1-BI
systems were found to be useful for online separa-
tion and preconcentration of iron in beer so that
the sensitivity and selectivity would be improved
with possibility for automation. The in-valve
column FI was coupled to flame stomic absorp-
lion spectrometry and & conventional catiomic
exchange resin was utilized, FI-BI was used for
absorptiometry using 1,10-phenanthroline in con-
junction with a renewable microcolumm packed
with chelating resin.

1. Experimental
2.1, Marterialy and reagents

Two types of packing materials, comventional
cationic exchanpe resin, Dowex S0W X8 50100
mesh {Fluka) and iminodiacetate ing resin,
Chelex-100, 50-100 dry mesh or 16-50 wet mesh
(Bio-Rad) were used. By sieving the chelating
resin, beads in the range 35-50 wet mesh were
employed. For the FI system with in-valve col-
umn, the former wes chosen in accordance with
commonly used and inexpensive resins. The latter
was used for both Fl with column al detection
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point and FI-BI due to jis transpareni characier-
istic;

Acetate buffer solution, 0.1 M, was prepared by
dissolving 3.85 g ammoninm acetate in water and
adjusting to pH 4.5 by adding 2 ml of glacial acetic
acid. Iron(111) stock solution, 1000 pg ml ™', was
prepared by dissolving 0.8634 g NH,Fe(SO,);-
6H;0 (Merck) in water and adding | ml 4.5 M
H,80, before making up to a volume of 100 ml
with water.

Iron(ll) stock solution, 1000 pg mi~', was
obtained by dissolving 0.7020 g (NH,):Fe{S0,):-
6H;0 (BDH) in water and adding | ml 4.5 M
Ha250y, then making up to volume of 100 ml with
walter.

Ascorbic acid 10% (w v™"), using L-ascorbic
acid (Merck) was freshly prepared. 1,10-Phenan-
throline, 0.3% (w v~'") in the acetate buffer
solution was prepared by using solid chemical
{Merck).

2.1, Sample preparations

Local commercial beer samples were taken for
analysis. A sample was transferred into & larger
container for decarbonation by stirring for 1 h. A
portion of ascorbic acid solution (10%, w v~ ') was
added to 4 known volume of the sample to give a
final concentration of 1000 pg mi ™' ascorbic acid.
A series of solutions for standard addition mes-
surements for a sample was made to contain 0, 0.1,
0.25, 0.5 and 1.0 pg ml™" Fe(ll) standard added.

2.3, FI-FAAS wirth in-palpe column

An acrylate column (0.3 mm id. and 40 mm
long) was used in place of an imjection loop in & 6-
port valve (V-431, Upchurch). The column was
packed with Dowex S0W X8 resins having Teflon
wool a5 frits at both the ends.

As depicted in Fig. 1, the FT system with in-
valve column consists of a peristaltic pump
{FlAlab, USA), a 6-port valve, and a flame atomic
ahsorption spectrometer (AA-6T0, Shimadzu, Js-
pan). The FAAS conditions followed those re-
commended by the manufacturer with some
adjusted parameters (burner height, ratio of fuel,
and oxidant). After pumping water for condition-

T =1

.
= ]

Fig. I. Mandfalds with in-valve column for FAAS: C = carrier
{wnter or peetaie belfer pH 4.5), 5 = standard or sample, E =

eluent, P = perisialtic pump, AAS = wiomic sbaorption spectro-
meter, Vi = three-way valve, ¥1 = f-pont wabve, W = wisie.

ing the column, the three-way valve (V1) was
fwitched to let standard/sample load onto the
column al a certain loading flow rate and for &
desired loading time. When reaching the duration
of loading, V1 was switched back to the position
that allowed water to flow in order to wash the
column. By switching the 6-port valve (V2), sorbed
iron will be released from the column by the
eluent, countercurrent to the loading step. Oppo-
site Mow direction of loading and elution avoids
problems due to tendency of dogging, which
would affect column performance, as well as
maximizes preconcentration [15], The series of
the standard addition set of solutions for a sample
prepared as described earlier was injected in the F1
ﬁ-.?lfdd{l-'lg. 1) by employing the conditions in
e 1.

2.4. Fl specirophotometric system with bead
Brfecition

The instrumental setup for F1-BI was similar 1o
that previousty described [23]. Modification was
mide by inserting a three-way valve (V1) (Fig. 2)
to get rid of pulsating and Muctusting signals
caused by back-pressure. The pesk-hold colori-

Table |
Froposed mathod for FI sysbem with im-vakve cobamn

Comistbona Btuded range  Suggested valss
Loaded solution (M HMO,) 0.05-100  005-003
Eluent (M HNOy) =& i

Elseat Aow rale {ml min~'y 3-8 i

Loading tEme {min) 15s—10min 15 s-00 min
Lasding flaw rute (md min ="} 2-8 i

o
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Fig. 2. Fl-BI system; C = carmer {acetate buffer pH 4.3), 5=
slandard or sanaple, Pl and F = perisialtic pumps | and 2, B =
bead suspension, R = |, 10-plenanthrolme, LED = light emii-
ling dipds, FT = maisbor, Wi, ¥3 amndd V4 = ihree-way
valves 1, % and 4, VI = 6-port valve, W = waite,

meter has also been miodified so that & longer
period (up to 5 min) for the maximum height of
the output signal could be held for reading. After
introducing the bead suspension at 16 ml min~'
for 15 s, acstate buffer as a carrier was propelled at
3 ml min~' for 30 s to place beads into the flow
cell. A standardfsample solution was pumped at 3
ml min~" for a certain time. The beads in the cell
were washed with the carmier, before 1, 10-phenan-
throline solution (0.3%, w v~} was injected via
the injection valve V2 [23]. Signal due to increase
in the color intensity of the Fe(ll)-1,10-phenan-
throline complex was monitored. Finally, the
beads were discarded out of the cell. The set of
standard addition solution: for a besr sample
(described above) was analyzed by using a loading
time of 30 & with a flow rate of 3 ml min—",

3. Respltz and discussion

1.1, Oprimization of FT system with in-valve cofumn
{FI-FAAS)

Using the manifold in Fig. | and the range of
conditions in Table 1, acidity of the loading
iron{IIL} solution and of the sloent were studied,
2s summarized in Figs. 3 and 4. Lower acidity was
suitable for loading, while higher acidity was
proper for eluting conditions. This agrees with
previous (mdings for the relationship of distribu-
tion ratio (D) and scidity [24]. The effect of eluent
flow rate was found to be similar to the previous
report [15] that a flow rate of eluent higher than an

A ___J

~ (b)
e ————a (c)
I""‘-----n_..-l—_._... {d}

|

o o Rl W o Y
]

pesai haght (volts)

0 0.05 [ 8 L] 02
HHG, (M)

Fig- 1. Effent of soidity of loading sobution for (a) 3 ug Pe, (b) 2
pg Fe, {c) | g Pe, mnd (d) 0.5 g Fe,

1:: (a)

Fig. 4. Effect of acidity of eluent for (5) 1.2 pg Pe, (b) 0.4 pg Fe,
{2} 0.08 pg Fe. and {d) blank.

bt (Vaits)

HNOy (M)

uptake rate of FAAS (3.5 ml min~"} would
provide better signals. An cluent flow rate of 4
ml min~' should be employed. Using the com-
bined set of conditions in Table 1, single standard
calibration could also be successfully applied (see
Fig. 5). The maximum volume for sample loading
was B0 ml, The detection limit was found to be 0.1
ug Fe (1.2 ng mi™"; 80 ml loading).

. am ¥ = L340 4+ YL

ﬁ Rl=messy

g 15

% 10 = 2 mi mint
& = i el malnT

i - & mi min®
0

Fe (ug)

Flg 3. Single standard calibeation for FI-FAAS by yobume-
based boading (vartous tnse, snd Aow re),
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1.2 Specirophotometric FI system with o column
placed ai detection point

A spectrophotometric F1 system should also be
an alternative for simple instrumental iron deter-
mination. Such & system was, therefore, investi-
gated. In order to decrease the degree of dispersion
of sorbed iron from elution, a resin was placed at
the detection point in the spectrophotometer
instead of at the injection valve as previously
described. A glass column (3 mm id, x40 mm
long) was inserted at the position of the cell holder
of a spectrophotometer (Spectronic 21, Spectronic
Instruments, USA). The column was packed with
the transparent chelating resin, Chelex-100. The
chelating resin was cxpected to retain the iron
complex. After passing a solution containing fron
through the column (loading), 1,10-phenanthro-
line solution was injected via the injection valve
into the flow, and the reagent formed a complex
with the iron. Intensity of the colored complex
(red) was continuously monitored at 505 nm.

Some eluents, namely solutions of MaCl (0.1
and | M), HNO; (2 M), EDTA {1 %1077, 1 x
1077, and 1x10~' M), and EDTA in 2 M
HNOy (1x107%, 1x107% and 1x10~'M)
were tried for eluting the complex from the
column. Mone of the eluents was found to be
suitable. The (sorbed) iron=-1,10-phenanthroline
complex retained very strongly on the column (see
Fig. 6). Although HNO; (2 M) could elute froe
iron ions sorbed on Chelex-100 as reported pre-
viously [¥], it is not an effective eluent to desorb
the iron- 1,10-phenanthroline complex. Even using
another eluent, EDTA, which forms a more stable
complex with iron{Il} (the overall stability con-
stant, log f =213 [25]) than iron(I[)}-1,10-phe-
nanthroline (having log K, =log § =14.33), the
complex cannot be removed from the column.

3.3 Flow iyection spectropholometric system with
bead imjection

To overcome problem in not having a suitable
cluent as described above, the FI-BI system (Fig.
2) with similar conditions for the determination of
iron in water samples [23] was sdopted for the

determination of iron in beer, Beads were loaded
into & cell for 15 5 with 1.5% bead (Chelex-100)
suspension at a fMlow rate of 16.0 ml min™",

Single standard calibrations were obtained by
volume-based sample loading at two fow rates (3
or 6 ml min ') with the period of time 5-20 min
or 150 s—10 min, respectively (Fig. 7). A detection
limit (3 [26] was found to be 0.01 pg or 0.2 ng
mil =" with 60 mi sample loading,

4. Interference sudy

It was found in preliminery studies wsing iron
spiked beer when applying without any sample
preparation, very low recoverics, 10 and 2%, wore
obtained by using FI-FAAS and FI-BI, respec-

interference from sample matrices,

Some metal ions (Na*, K*, Ca®*, Pbi+*,
Mn**, Co'*, Mg**) and some orgamic com-
pounds (sthanol, cysteine and gallic acid) were
studied for interference and found o have no
effect in the range of concentrations presented in
beer. Tannic acid was found to affect strongly the
sorption efficiency of iron onto cationic

recoveries of irom: 30-45 and 60-66% for Fl-
FAAS and FI-Bl, respectively. Using hydroxyla-
mine could also yield 65% recovery in the
F1-Bl procedure. Ascorbic acid could reduce
iron{Ill} andlor tannic acid. Also ascorbic acid
could possibly replace EDTA and form complex
with iron [29].

:




132 P, dwmpan et ol T Taleag 58 (2002) J327-)354

IR QI TR
o B : ;- e --""-t.,_h-q-
L LE T = EHR .
E—-: E -i_ : lu--_ ?- =
=3 EERIEE 54 hewms 12553 e AU P
Wi FIFi ikl I
= 11 -1 4 -§ L l‘:‘#:": 1
5 SHE i £ /45E1 MEEE FOA11 Y
Ha i L
- i g —=FH :}5
. £ Y THEE
= “I_.—J'_-I: r_. -:ii:l
L 452 Sz e 1 00
S HE A
- |
LOAD ELUTE
Fig. 6, Absorption proflle of irou~ |, 10-phenanthroline (| ug Fe mi~").
4 @ 3.5 Determinations of iron in beer samples
~
1 - tion, five beer samples were analyzed by the
! - proposed FI-FAAS and FI-Bl methods, The
. AOAC standard method [1] was also performed,
e e R T All the methods were employed by using standard

o gl
Fig. 7. Smgle sandard oalibration for F1-BI wing iron{il)
standard salation, 5 g mi~": (2) &1 & ml min—! for varios
loading times (2 min 30 s, 5 min, and 10 mis); (&) a1 3 mimis
For variows loading times {3, 10, and 20 min).

In the FI-FAAS system, both Fe{Ill} in 0.1 M
HNOy and Fe(ll) in acetate buffer resubied in
similar sorption efficiencies by the resin column.
Tannic acid affected both iron({I) and iron(I1)
similarly. Therefore iron(ll) can be used as sian-
dard iron for FI-FAAS method,

addition. Graphs of the standard addition method
were plotied, of peak height (mV) or absorbance
versus iron added (ug ml ™). Iron contents in beer
samples were calculated by extrapolating, The
resulis are summarized in Table 2. The results
obtained by the proposed FI-FAAS and FI-BI for
traces of iron agree reasonably well with those of
tho ADAC method, being within tolerances re-
quired for the beer analysis. The color of a stample
would affect the results obtained by the ADAC
method because the absorbunce measurerment was
performed using the whole solution while the resin
column in the FI-BI suppresses the contribution
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Table 2
ﬂqmuuﬁnanmmmsinhuruqhhyﬂm
ADAC standard methods fall using standard sddition)

Beer smmple Iron content {jag ml ~ ")
FI-Bl ADAC FI-FAAS
Singhe {Thalland) 0089  0UDET 0003
Heineken [Franee) Qi oges 0, ey
Ammitel (Holland) 02 boas {039
Beck's (Germumny) 013 00l LU E

Black Beer (Thalkund) 00T oM 0017

due to the sumple color. Both FI-FAAS and FI-B]
can serve a5 alternatives for the assay of the fron
content in beer. Although standard addition is still
to be performed, in comparison to the AQAC
spectrophotometric method [1], the procedures
mquimimu:hlmnﬂ:rwmufmm
indmgmumnpuntiuntiin:fmmu:lﬁnk
ilso reduced (24 and 30 injections h=' for Fl-
FAAS and FI-BL, respectively), Less glassware is
used. Both procedures offer a very cosi-effective
way to determine trace iron.

4. Conclusion

Three Fl systems for trace iron determination
were  investigated:  Fl-in-valve column-FAAS,
Epmtmphntmu*inﬂwiﬂ:umlmplmdu
the detection point, and FI-BI. FI-FAAS and FI-
munh:ahmlhrupmwdummmyhm
contents in beer, which are cost-effective, rapid,
and sensitive, especially in comparison with the
AQAC standard method. Interference due to
tannin is suppressed by adding ascorbic acid. The
procedures incorporate standard addition techni-
que.
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wmmmmmmmmm:

L. Introdection

Multidimensional dynamic surface tension de-
tection (DSTD) is based upon measuring drop
pressure with a pregsure sensor 88 & function of
time during the formation of repeating drops with
continuous flow [1 -5, Hence, DSTD measures the
pressure across the air-liquid interface of drops
that repeatedly grow and detach from the end of u
capillary tip. The pressure signal is dependant
DSTD was first used with flow injection analysis
(F1A) [1] for studying the characteristics of in-
dustrially relevant samples. A variety of useful
mformation on dynamic surface tension was
provided, such as the surface tension at the
liquid—air interface and adhesion at the solid—
liquid interface, for the rapid characterization of
complex samples. DSTD has been coupled with
hydrophobic interaction chromatography for de-
termination of surface-active species in protein
formulations [2]. A technique for calibration of
dynamic surface tension by application of the
Yum—umhanmﬁnnwumﬂyuﬂmdm
facilitating the ease of application to FIA and
HFLC. That work demonstrated that FIA/DSTD
hupmmh:u-nimrqﬁpﬁwmnltu:muuuly
of complex biological and industrial samples, The
calibration procedure has been subsequently im-
proved for rapid on-line calibration of DSTD [4],
The on-line calibration procedure is utilized in this
paper. The new calibration procedure enables the
measurement of a giver. surfactant solution in &
flowing system without the need for optical
messurements. These improvements to DSTD
increase its potential as a detector for flow-based
analytical techniques such as FIA and HPLC.

Because necarly all practical applications of
surfactants involve the use of surfactant mixtures,
the study of mixed surfactant solutions is of great
interest [6—12]. In previous work, DSTD was used
with FIA to study the interfacial properties of
various surface-active analytes in mixtures [5]. A
large volume of carrier (mobile phase) was needed

for these experiments due to the continuous flow
nature of the FIA technique. Also, individua)
concentrations of analytes were separately injected
and processed, which was time consuming. From
an analytical perspective it is desirable to further
improve the implementation of DSTD to provide
the carrier (mobile phase) consumption and redu-
cing analysis time. To this end, we report herein
the integration of sequential injection analysis
{mmn&mnsmmuuirmmm.lm,
ties of surface-active analytes in various concen-
trations of reagents. A concentration gradient of
reagent was gencrated using S1A. In concert, s
steady-state concentration of surface-active ana-
lyte was injecied to blend with the Teagent
concentration gradient. Hence, a single concentra-
tion of analyle in wvarious concentrations of
reagent was achicved, analogous to running sev-
cral reagent-to-analyte concentration blends in &
relatively shont period of time. Only a single
concentration of reagent and sample was prepared
instead of multiple concentrations as done with the
typical FIA approach. In this manner, time,
reagents, waste, and steps of data processing
were redoced,

Byrings Pumg

Fig. . The schematic dingram of SIA system wilh the dynamic
wurfnce tension dotector.
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To demonstrate the attributes of the SIA/DSTD
system (Fig. 1), the concentration gradient of
reagent was made using the SIA system, and the
steady-state concentration of surface-active sample
was injected to blend with the reagent gradient, A
concentration gradient in the range of zero to the
prepared concentration occurred by the SIA dihs-
tion phenomenon, After the blending of the
reagent and sample {(analyte) zones at a junction,
the on-line mixture was blended and dispensed to
DSTD to detect the surface pressure of the
mixture. In this work, four unique chemical
systems were selected and studied. A surface
lension addition effect will be seen with a sodinm
dodecyl sulfate (SDS) sample mined with a
Brij®35 reagent gradient. A competition surface
tension effect will be observed with a poly(ethylens
glycol) at 1470 g mol ' (PEG 1470) sumple and a
Brij®35 reagent gradient. A surface tension en-
hancement effect will be reported with an SDS
sample combined with a tetrabutylammonium
(TBA) bydroxide reagent gradient. Finally, a
binding effect is observed with the SDS sample
and & f-cyclodextrin (f-CD) reagent gradient. All
experiments consumed lesser reagent and gener-
ated less waste, while requiring i y less
analysis time than traditional FIA/DSTD.

1. Theory

DSTD is @ growing drop method utilizing a
pressure sensor. The pressure signal measured is
dependent on the surface tension properties of a
sample solution drop that grows at the end of &
capillary tip. The pressure sensor measures the
internal pressure of a growing drop relative to
atmospheric pressure as described in previous
work [4]. Surface MEASUICMCNLS Were
related by the Young-Laplace equation. The
time-dependent Young-Laplace equation Bl &=
shown in Eqg. (1):

I

=" P, 1
i) o T e (h
where P is the pressure signal, y the surface
tension, » the drop radius, and P accounts for

viscous losses in the capillary tubing and the
relative position of the sensor from the capillary
tip. Notz that P, y, and r are all & function of time,
t. Pneumatic detachment is used 1o remove the
mnpi&nm:hnmnrupilhrrﬁphd"mmum
mmmmmm;mhmngnr
the Young-Laplace equation [4.5]. Drops are
detached in a sizo regime in which they are
essentially spherical so one radius of curvature is
sufficient to apply the Young—Laplace equation.
The pncumatic detachment method will be ex-
plained in Section 3. The calculation of the
dynamic surface pressure from the measured
pressure signals has also been described in pre-
vious work [4.5]. First, the dynamic surface
pressure of an analyte, w(r),, can be defined as
th:mfnmnfmmuﬁqr{:h.mhhm
&mth:mrfanetuﬂunufﬁ:mﬁm[mnhih
phase), y(fhy. Thus, by application of Eq. (1), the
dynamic surface pressure of an analyte in the
mobile phase can be shown 1o be

O = e i)y =AML

To calibrate DSTD, a standard solution with a
kmown surface tension is measured to collect the
F(t)q signal. So, an equation similar to Eq. (2) can
be written for a standard solution =(r)s. Fimally,
the dynamic surface pressure of an analyte and
standard solution can be related to the drop
pressure data as shown in Eq. (3):

o MOl Atk — P(0,)
i)y Py - P, | (3

By using Eq. (3), the dynamic surface pressure of
an analyte can be obtained from the drop pressure,
P(r) profile data from the mobile phase, M, the
analyte, A, and the standard solution, S, of known
mﬁumr[lhlhhi;hnpmmﬁhﬂltyuf
the experimentally determined surface pressure
plots obtained using DSTD, either with or without
growth is very reproducible and thus Eq. (3) can
be used to factor out the radivs dependence term,
rir). In previous work, we rigorously evaluated the
time dependence of r{r) for the mobile phase,
typical analyte solution, and standard solution,
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The resulte of the study indicated that rr) was
essentially & constant function under & broad
range of experimental conditions employed using
pocumatic drop detachment [5], In this regard, the
role of convection is also factored oul i the
mmpaﬁmnrprmnligmhurmnﬁlnphm_
standard, and sample drops. On the other hand,
convection is taking place with DSTD similar to
the dropping mercury electrode (DME) experi-
ment. While with DSTD convection of either
muljl:nrﬂm:lurdummfrmuwirhluthﬁm
ing drop and with the DME convection occurs
from cutside the growing drop, in both experi-
ments uselul diffusion and adsorption information
is obtained in the presence of convection, since the
convective process is reproducible.
anwuumdumnhﬂ:phmmdﬂiﬂl&ﬂ
acetic acid solution with surface pressure of 10.3
dyne em~' [13] was used as standard solution
ihmithuamnumumﬁmtuuimﬂuw;hnm
drop growth [4]. Fig. 2A shows the drop pressure
profile data of the mobile vhase, P(1)y, standard
solution, P(r)s, and analyte, P(r),. For this
cxample, 3 mM SDS was used as the analyte.
The three profiles shown in Fig. 2A were then used
to caleulate the dynamic surface pressure of 3 mM
SDS as shown in Fig. 2B by application of Eq, (3).
The resulting surface pressure plot in Fig. 2B for
SDS is constant over the drop growth, indicating
that the 5DS surface activity is a fast process with
no kinctic hindrance [5]. This rapid, on-line
calibration technique enables the measurement of
surfactant solutions in a flowing system without
the need of cumbersome optical measurements and

without the need for independently measuring the
pressure offsst, Pe.

3. Experimental
J.1. Materialy

SDS (98% purity) and Brij®35 were obtained
from Aldrich (Aldrich Chemical Co., Milwaukee,
WI). Freshly prepared SDS solutions were nsed
without further purification. 5DS  solutions
handled by this procedure were previously found
to produce DSTD surface pressure results that

» A
2
a
5
a ber
E 5% Acellc poid
E midll 509
-
]
0 e 10 1.5 20 25

Drop Time, eeconds

Surface Pressure, dynicm

2T

[T 1.5 Fx

1.0
Drop Time, seconds

Fig, :.Dmmﬁyummwmimﬂﬂ'h
calibration procedure. (A) Overlay plots af individual drop
pﬂdhnl'mtnuﬁhm:unh].!nhlﬂﬁm
Ilﬂht},llﬂﬂ{hh'}lndi:lﬁﬂmlﬂ]-ﬂ}mm
mﬁumﬂuﬁ]nﬂﬂdmﬂmmﬂ
Eq. (3) to the drop profils data in (A),

apudwithmuﬂlﬁthnu{q.l'ﬂﬂﬁﬂlmlmp
molar mass of 1470 g mol™' (M, = 1470, M,/
H,=l.ﬂ1’jmﬂhtlludﬁml"al}'mhhmn-
lories (Amberst, MA). Tetrabutylammonium hy-
droxide was obtained from Dionex (Dionex
Corporation, Sunnyvale, CA). Acetic acid (gla-
cial), of reagent grade quality, was obtained from
Baker (J.T. Baker, Inc., Phillipsburg, NI. All
:hmhhmuﬂumﬂuimimd[m]
water, demineralized to greater than 18 MO with a
Millipore system (Millipore, Bedford, MA), was
used in the preparation of all solutions, The water
was degassed by using an witrasonic bath (Cole-




N Lemghor o al | Talones 39 [ 2003) [153- 1163 15

Parmer Insirument Company, Vermon Hills, TL)
for 15 min prior 10 use.

3.2, Instrumentation

A schematic diagram of the sequential injection
dynamic surface lengion detector (SIA/DSTD)
analyoer is shown m Fig. 1. The SIA/DSTD system
operalss with three major operational stages.
First, the SIA system produces the reagent con-
centration gradient and loads the sample solution
into the sample loop. Second, the sample intro-
duction system injects & plug of sample into the
reagent concentration gradient. Last, DSTD col-
lects dynamic surface tension information on each

The 81A system employed consisied of a syringe
pump (XP-3000 Syringe Pump with a valve;
Cavro, San Jose, CA) and a six-port Lab on valve
(F1A Lab Instrument, Bellevae, WA). For the flow
lines, PTFE tubing of 0.76 mm i.d. and 1.59 mm

mw.hlﬂﬁpﬂmmkwmpm
run &t | il 3~" unless otherwise stated.

In the DSTD portion of the system, the pressure
sensor (Validyne P30 SD-20-2369; Morthridge,

CA) was configured with a sensing membrane
{(Validyne diaphragm 3-36) that was optimized for
the measurements of interfacial kinetics ar 120 ul
min~"' total volumetric flow. The sensor

tip was made from a short piece of PEEK mubing,
457 pm id. and 635 pm o.d. Pneumatic drop
detachment was performed at a rate of 0.5 Hz,
corresponding to 2 s (e 4 pl) drops at a
volumetric flow rate of 120 i min - ' A skinner

both dome with a personmal computer (600 MHz
Pentium®; Intel Corporation, Santa Clars, CA)
equipped with & data scquisition card (AT-MI0-
16XE-50; National Instruments, Austin, TX), The
data were averaged down to 100 points + ™' prior
o u.vhg.l}lum[h:-unnudhmmml
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Imjection valve position  (Commestary

Table |

SIADSTD mathod operatsom

I = Valve in Aspirabe: 500

i 1 Valve oul Drmpense: 300 pl

i 3 Vislwe oat Ausprirate: T00 pl

x' 'E Valwe in Fill myrings

- SR | Valve oun Diespense 700 ul

g 1 Valwe oui Driapeensec 300 ul

T 4 Valve oul Aspirate

B - Valve im Filll myringe

2 Valve gul Deispeemes: 300 pl, Jplg ™!
1] - Valbve im Fill syrmpe

n o Valve oui Diispense: 1000 ud, | gila™"
iz i Valve im Fill syringe

11 Vilve out Dvispenie; |00 pl, 20 s~
i4

Fliaghes mmple loap

Loads sample {nio sample Inop
Fills pamp with water

Fills the sample into loop
Pushes sobution residus 15 wasis
Lomds reageil

Fills pump with waizs

Makes & reageni dibdison gradiend
Fillls purmp with waier
Drtezgs the surface presssne
Fills pump with water

Flushes systean

Repeais w times from sep |

FITERRERRRERR

'Hvﬂupﬂﬂnll}mmmhmwmum{ﬂmﬂ{ﬂ-ﬂﬂm

to DSTD for surface tension detection. A complete
SIA cycle is described in Table 1.

The solution flowed out the end of the tip at a
flow rate of 2 ul 5~ {each syringe pump was run
with a Mow rate of 1 ul 5~ "). The key steps of the
procedure are described in Table | and summar-
ized here. In steps 1-6, the sample solution is
loaded in the 500 ul sample loop by aspiration of
700 pl sample solution into the holding coil with
SIA syringe pump. Then, the aspirated sample
solution is dispensed to the sample loop. Thus,
sample solution in the loop is ready and waiting
for the injection step. In steps 7-10, the desired
aspiration volume of reagent is aspirated to the
holding coil and then the solution in the holding
coil is dispensed through the first mixing coil with
& flow rate of 20 ul s~ and stopped in front of the
Tee connector. Then, in step 11, mubtiple-drop
pressure measurement of the solution is obtained.
In this step, the SIA syringe pump with 1000 ul
gradient solution at flow rate of 1 pl s~ is started
and the injection valve is switched to the injection
position simultancously, to allow the sample
solution to overlap with the concentration gradi-
ent at the Tes connector. This mixture is then
passed through the second mixing coil and then
through DSTD. Finally, in steps 12 and 13,
flushing of the flow lines is done with 1000 pl of
deionized water used to flush the system.

4, Resultz god discossion

4.1. Kimetic surface presyure behavior of SDS with
a Brif®35 concentration gradient

The development of SLA/DSTD for studying the
interfacial properties of surface-active analytes
The developed method was initially applied for the
study of the interfacial propertics of a surfactant
mixture containing SDS and Brij®35. The signal
profile results of Brij®35 concentration gradient
mixed with an SDS sample are shown in Fig. 3. In
Fig. 3A, surface pressure plots at drop detachment
of water baseline, 2 mM SDS alone, 200 ppm
Brij®35 alone, SIA on-line blending of SDS and
Brij®35, and the signal addition of SDS and
Brij®15 are shown. In this experiment, SDS elutes
23 & sample plug and contains a steady-state region
in the center of the plug. Brig®15, on the other
hand, clutes a5 & concentration gradient that
begins after the SDS plug. Now, discussion of
Fig 3A is facilitated by dividing the plot into four
time periods. In the first period, 0200 s, the signal
shows the dynamic surface pressure of water only,
since neither the injection plug nor the concentra-
tion gradient has reached the detector. In the
second period, 200320 s, the initial SDS injection
plug zone passes through the capillary tip and the
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§05 + BrijEas
Wixture

505 + Brij3s
Sigrad st ion

Surface Pressurse, dynicm

Fig. 1. The dynamic susface pressure plots of & 400 jud, 200 ppm
Brif®35 concentration gradiemt mived with » %00 W, 2.0 mbd
SDS injection plag. (A) The overlay plots of the STA plots for
the avernge surfoce pressare &t 1.8—2.0 5 in the drop profile:
hdh:—druﬁ:llrhmmn!nm-hﬂn:i]ﬂt
SDS—dynamic surfsce prassure of SDS injection; Brif® 15—
dymamic surface pressure of Brif®35 gradient; SDS 4+ Bryf®3s
mixture—dynamic surface presume of S0E injection blended
on-line with Brif®35 gradicnt; and SD5<4Brif®33 signal
addition-——dynamb: sarfsce presswre of signal addifion of
individusl SDE and Brij®3% signals. (B) Three-dimensional
dynamic surface pressure plot of Brif®33 concentrution gradi-
ent mized with SDS injection. The drop time axis shows the
surface pressure during the growth of mdividual drops (2 o
each). For visusl clarity only every tenib deop profile on ke
elution tire: izl s plotbed,

sensor detects the surface activity of SDS only, In
the third period, 320600 s, the surface pressure
plot shows the signal of the mixture, which
consists of both the essentially steady-state con-
centration of SDS and the Brij®35 concentration
gradient, In this region, various concentrations of

Brij®35 are biended with the 2 mM SDS solution.
In the last of the four time periods, 600-900 s, the
surface pressure was returning back to baseline,
indicating that the mjection plug and gradient had
both passed. With this particular mixture chem-
istry, the 8DS and Brij®35 blend exhibits an
additive effect of surface activity due to the
presence of both analytes. That is, the sigoal of
the SDS/Brij®35 mixture mimics that of the SDS
signal added to the Brijf®35 signal This additive
interaction has been observed in previous work [3]
and is one type of interaction that is observed [14]
in steady-state surface tension measurements.
However, this surface tension interaction has never
been observed with & high throughput system that
measures multiple concentration combinations of
two or more chemical components. The surface
pressure at drop detachment of the mixture
increased proportionately as the concentration of
Brij®35 increased, By blending the steady-state
concentration of 2 mM SDS as an injection plug
rone with Brif®35, & concentration gradient zone
in the concentration range 0-200 ppm is created.
The kinetic surface pressure behavior of SDS
mixed with various concentrations of Brij®15 js
observed in Fig. 3B. The kinetic surface activity
signal due to Brij®35 can be clearly delineated in
the three-dimensional plot in Fig. 3B. The kinetic
signal of Brif®35 becomes more pronounced when
the comcentration of Brif®35 in the mixture is
increased. This behavior and the degree of inter-
action between SDS and Brij®35 can be explained
from the compatibility of their molecular struc-
tures. SDS and Brif®35 both contain the same
dodecyl hydrophobic chain, As the molecules align
at the surface of the liquid-air interface, this
hydrophobic region allows them to pack similarly
alongside each other. In addition, the electrostatic
repulsion forces between the anionic head groups
of dodecyl sulfate at the drop liquid-air interface
are minimized by the presence of the uncharged
Brij®35 polar regions.

4.2. Kinetic surface pressure behavior of PEG 1470
with a Brif®35 concentrarion gradient

Using the same procedure and conception as the
experiment of Brif®35 with SDS, the interfacial

I—_
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properties of Brij®35 with PEG 1470 were studied.
The signal profile results of Brif®35 concentration
gradient blending with the PEG 1470 steady-state
plug zone are shown in Fig. 4A and B. In Fig. 4A,
the overlay plots are shown of surface pressure
signal of baseline water, 50 ppm PEG 1470 alone,
100 ppm Brij®35 alone, PEG 1470 blending with
the Brif®35 concentration gradient, and the signal
addition of the individual Brij®35 and PEG 1470
signals. In this experiment, during the Brij®3s
gradient that occured during the 320-600 s time
period, the surface tension at drop detachment
shows a competition effect betwesn Brijf®15 and
PEG 1470. The signal for the mixture follows that
of PEG 1470 alone until the point in time where
the Brij®35 signal alone exceeds the PEG 1470
signal alone. At this point, the mixture signal
follows that of Brif¥35. The competition effect can
be explained by molecular strocture [3], since both
hydrophobic chain groups are derived from the
same PEG. Thus, when Brij®35 is mixed with
PEG 1470 together in the system, the hydrophobic
chain of Brij®35 (lawryl group) orients at the
surface of drops. The kinetic surface pressure
behavior of the mixture is shown in the three-
dimensional plot in Fig 4B, The increase in
surface pressure during cach growing drop shows
the kinetic behavior of Brij®35 due to the dilation
rate of the drop surface area being faster than the
transportation rate of the Brij®35 maolecule from
the bulk solution to the surface of the drop. The
kinetic surface pressure behavior effect of Brif®335
cin be further evaluated by raising the concentra-
tion of Brij®35, These results are not shown for
brevity.

4.3, Kinetic surface pressure behavior of SDS with
TBA concentration gradien:

The surface pressure plot results from the
interfacial properties” study of SDS and TBA
solations are shown in Fig. 5A and B. A 400 ul,
10 mM TBA solution was defivered into the
system o make the concentration gradient, and
00 pl of 1.0 mM SDS was injected to blend with
TBA concentration gradient zone. By blending the

two zomes, the high throughput experiment region
of various concentrations of TBA in 1.0 mM SDS

was achicved. TBA alone is essentially non-surface
active, as shown in Fig. SA, and the counter-ion of
TBA is hydroxide. SDS is an anionic surfactant,
with the dodecyl sulfate (DS) acting as anionic
group. When the TBA solution is mixed with the
SDS solution in the system, DS and TBA can
exhibit a kinetic surface pressure behavior, since

Fig. 4. The dynamic surfsce pressure pots of & 400 ul, 100 ppm

comceniration gradieat mized with a 300 gl 30 ppm
PEG 1470 injection plisg. (A) The overlay plots of the SIA plots
for the avernge parfiscs pressure ot |LE-20 v in the drop profile:
baseline —dymamic surface presure of waler baseline signal:

o

(B
Three-dimensional dynamic surface pressure plot of Brif®)
eoneeniration gredient miced with PEG 1470 injection.
Mmqmummpﬂhmmmhm

M
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i
Drap Time, seconds

Fig. 5. Dhymamic stirface pressure plots of a 200 pi, 2.0 mM
TEBA conczniraiion gradient mized with a 500 pl, 1.0 mM 5DE
injection phig. {A) The overlay plots of the SIA plois for the
averape Earface pressure 6l [E-2.0 8 in the drop profile
baseline —dymamic suwrface pressare of water as baseline Hignal;
TBA gredies|—dynemic mrfece presiesns of THA gradiest
SD5 snjpection —dynamic sarface pressure of SDS injectian; and
mixture—dynamic surfoce presgsure of SDE injection mived
with TBA pradiesi. (B) Dynamie surface pressure plots for
vangus efution fimss of S5 injection mized with TBA gradiomi
shawn in (A, for clution limes ap 200, 30K, 400, 430, 500, and
LI ES

an ion-pair of DS can form with TBA, similar to
the other coordination surfactsnt systems. The
enhancement of the surface activity of SDS by
TBA was shown, in the time period between 350
undﬁﬂﬂl.inFig.ih-A:rh:TﬂAmn:numi&n
increases in 1.0 mM SDS solution, the surface
pressure of each drop increases considerably. The
change in the signal as the TBA concentration
increases is shown i Fig. 5B. The SDS alone does

not show the kinetic signal. The mixture of SDS
and TBA does give 4 kinetic signal The kinetic
signal of the mixture is seen in the time window as
the DSTD drop grows because of the higher
packing of surfactant, DS, with TBA at the
surface. Higher packing of SDS when TBA &
present 8 indicated by the increase in surface
pressure at drop detschment. Because the equili-
brium surface concentration is higher when TBA i
present, it takes longer to reach the equilibrium
surface pressure [5]. The enhancement effect can be
increased when the concentration of TBA i
md|mqundn with time, as shown in both Fig SA

4.4, Kinetic surface pressure behavior of SDS with
a §-CD concentration gradient

Fig. 6 illustrates the surface pressure profiles of
SDS alone, &n on-line blending of SDS with
concentration gradient of f-CD, and the refractive
index response of the j-CD concentration gradient
alone. Since ﬁ-ﬂ)hunnnufnmm,

wai present with SDS, the nﬂmu complex
formed remaing in the bulk drop solution, Thus,
some fraction of the surfactant was essentiaily
removed from the liquid-air interface. As seen in
Fig. 6, as the p-CD concentration increases, the
larger is the decrease in the surface activity of SDS
present in the bulk solution. The surfactant/f-CD
inclusion complex has been described in previous
work [15-21] It is well known that B-CD casily
complexes with dodecyl sulfate, binding with a 1:1
mole matio. p-CD i a cyclic oligosaccharide
consisting of seven glucose umits, and has a
lipophilic cavity. When the surfactant binds with
f-CD, methylene groups of a fully extended
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Fig. 6. The surfuce pressare overlay plots of & 400 pl, 3.0 mM
P-CD comcemiration gradien) mised with a 500 i, 3.0 mbl 505
Enpectbon plag. The serfece pressee sigesl from QST & shown
2 & w0l Bne and the refrecinve index respanss fram & refractive
index detecior ia shown g3 & dashed line. The owerlay plots of
ibe DETD dais e for tha sverage marfece pressacs o | 8-2.0 4
in the drop profile; SD5—msince pressure of 5105 injection; f-
CO—reflractive nidex reapomses of J-C0 gradisat; and §-CT -+
S0 mintuse—eurfnce pressure of 508 imjection mimed with fi
CD gradizni

hydrocarbon chain of surfactant are included in
the cavity [19], thus, masking its surface hydro-
phobic character from exhibiting surfactant prop-
erties. From data, as shown in Fig. 6, one can
readily extract the binding constant for the chem-
istry involved. In this case, the binding constant
with dodecyl suifate and B-CD was determined to
be approximately 2500 M ', This method can be
used in & general way to do drug binding studies
with analytes such as proteins. Studies such as
these are underway in our laboratory.

5. Conclusions

The study of interfacial properties of SDS in a
Brij®35 gradient, PEG 1470 in a Brij®35 gradient,
SDS in & TBA gradient, and SDS in a p-CD
gradient was demonstrated experimentally with
the SDS sample and a Brij®35 reagent gradient. A
competition effect was observed with a PEG 1470
sample and a Brif®35 reagent gradient. An en-

hancement effect was observed with an SDS
sample combined with a TBA reagent gradient.
Finally, a bulk phase binding effect was observed
with an SDS sample and 8 B-CD reagent gradient.
SIA/DSTD introduces a high throughput, fast
analysis method that does not require individual
injections for each concentration of mixture sam-
ples. In this system, only a single concentration of
sample and reagent was used to study the effect of
sample in different concentrations of reagent.
Thus, it consumed less reagent, produced less
waste, and required significantly less analysis
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Abstract

A flow injection (FTj-reduced volume column rystem was developed for hemoglobin (Hb) typing to be used as an
mitial screcning method for thalassemia. The column was packed with 140 pl dicthylaminoethy] (DEAE)-Sephaden A-
50 ion exchange beads Hb can be separaied using Tris-HC! buffer solution with pH gradient 8.5-6.5 and then
monitored spectrophotometrically at 415 nm. The bemolysate of 40 blood snmples from packed red cells were screened
fior thalassemis by determining the amount of HbA; and HbE present. The proposed system was able to predict pogitive
test results from those samples with B, E-trait and EE homozygous thalassemia, Hb types that were independently
identified following the conventional method &t the hospital laboratory. Advantages of the proposed system over the
conventional column technique include low amount of reagents and blood sample nesded, short anakysiz time and low
cost. Bach anslysis required only 80 pl of 50 times diluted packed calls, which is equivalent to 1.6 pl undihuted packed
cells, and it can be completed in only 35 min. This simple Fl-reduced volume column system was demeonstrated to be an
economic alicrnative system for Hb typing to initinlly screen some types of thalsssemia such s B-trait, E-trait and EE-
bomozygous which are commonly found m Thailand.

3 2003 Elsevier BV, All rights reserved,

Keywords: Flow ingection; Hemoglobin ryping: Feduced volume cobamn

1. Infroduction commonly found [1.2]. People with thalassemis

trait are generally without health problems. How-

Mutations of protein structure of the hemoglo-
bin (Hb) ate inherited through ancestor genes and
cause many blood-related disorders such as Sickle
Cell Anemia, and thalsssemia, In Southeast Asia,
Africa and Middle East, thalassemia trait is

* Cornesponding wuthor, Fax: +-86-3-332-2768.
E-mall edireir krodiasiyahoo.com (5.5 Hamwell),

ever, il both parents have Hb varamis (ie.
thalassemia trail), there is 25% chance thai the
baby will have homozygous variant (i.e. thalasse-
mia disorder) [3),

Techniques commonly employed in the hospital
to indicate the existence of thalassemia in patients
are cellulose electrophoresis, micro-column chro-
matography and HPLC [4,5). Electrophoresis can

D091 400053 - see frond maiter (£ 2003 Elsevier BLY, Al righis ressrved
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qualitate but cannot conveniently quantitate for
different types of Hb, It is used to find out the
exact type of thalassemia after the mdication of
having thalassemis was found, On the other hand,
HPLC technique can be used to qualitatively and
quantitatively amalyze Hb but it requires an
expensive instrumentation. Separation of Hb using
DEAE-Sephadex column is well established and it
is normally done to screen for thalassemia before
performing further examinations, However, the
conventional column technique involves analyzing
many fractions of clusie collected batch-wise
leading to long time, high amount of reagents
and sample consumption. This work attempls o
develop a simple, low cost and fast system to
perform Hb typing.

In the proposed system, flow imjection (FI}
analysis coupled with a reduced volume chroms-
tographic column for Hb separation has been
developed. A flow based-sysicm dramatically de-
creases the analysis time and can be automated
[6.7. Iudnudml:mmnmdmth:mmhmy
of sample contamination [8.9]. Hb typing is
achicved ozimg a reduced volume micro-DEAE-
Sephadex ion exchange column that requires very
small volume of diluted blood, which in turn
generates only small amount of biological hazar-
dous waste, The amount of Hb can be speciro-
photometrically monitored at 415 om. The
technigque is used to screen for some types of
thalassemin based on abnormally high ratio of
HbA; and HBE relatively compared with total
amount of Hb as percentage. Comparison of the
resuliz with those obtained from the larger con-
ventional column technique, indicates the possibi-
lity of applying the proposed system to initially
screen for some types of thalassemiz such as -
trait, E-trait and EE-homozygous before further
conducting more expensive and conclusive testing.

£, Experimenial

2.1. Combination of methods for thalassemia
diagmosis

In regions where routine thalassemin testing is
most nesded due to s prevalence in the popula-

tions, such as in Southeast Asia and Africa, it is
often also the case that economic restrictions on
the medical systems prevent the use of the latest
technologies that exist. In the laboratories that are
not well equipped with more technically compli-
cated instrumentation such as HPLC, diagnosis of
Hb type is normally :n:mplnhdhjmndnmnl
severnl different tests in  combination, namely
Osmotic Fragility Test (OFT), DEAE-column
separation, HbE screening test (E-screen) and
Polymerase Chain Reasction (PCR). OFT i n
preliminary test based on the slower rupture rate
of red blood cells of patients with thalassemia
(positive) in hypotonic sall solution as compared
with normal red blood cells (negative). DEAE-
column separation can estimate percentage of
HbA;+HbE (positive when higher than 3.5%)
E-screen is similar to the DEAE-column technique
but the working badfer has precise pH that s more
specific for HbE separation. Normal blood hes less
than 10% HbE (negative). Blood samples that have
25-30% HbE are considered as having HbE trait
{positive) while those that have 70-90% HbE are
identified as EE homozygous (positive), PCR-
fluorescence spectrophotometry is used to indicate
a-thalassemia gene in the patients who have
The relationship between results of each test and
the diagnosis of Hb type is summarized ss shown
in Table 1.

2.2, Muaterials and apparatus

All pump tubings were tygon tubings (Saini-
the Mow lines were assembled from PTFE tubings
(Cole Parmer, USA). A peristaitic pump (FIA-lab,
USA) was used to deliver buffer solutions. A
reduced volume micro-column was made of acrylic
piece into the dimension of 3 mm id. and 2 cm
long. This dimension is much smaller than con-
ventional column, which is about 1 cm i.d. and 5
om long. It was packed with 140 pl of 40-120 pm
DEAE-Sephadex A-50 beads (Phamasia Biotech,
Sweden) which was about 20 times less than the
amount of beads needed lor packing a larger
conventional column, Both sides of the column
were sealed with colton wool. Samples were
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Tahble 1
Sumrmmrizslion of e eulis wwh diagnosic of Hb pype

OFT HbAy (convenmonsl micro colsmn) E-acroem PCR Hb type

+ - - - Ay monmai

+ + = 3.9%) = = p-trmit

+ + { = 60%) + (T0-30%) - EE homorygous
+ + {355 + [5-30%) = E-trmit

+ - - + T

miroduced by means of & six port injection valve
with an 80 yl sample loop, The flow through cell
(HELLMA, Germany) with 1 cm path length was
placed in the Spectronic 21 (Spectromic Instru-
ment, UISA). The detection of Hb was done at 415
nm. The absorbance data were converted to
voltage and recorded with a compuier software
(Metex Corp., USA) installed in a personal
computer (Compaq Presaric 423). These data
Excel (Microsoft Corp., USA),

2.3 Reagents

Tris-HCl 0.05 M buffer solutions of different
pH values were prepared by dissolving 6.057 g Tris
{(hydroxymethyl) aminomethane (UBS, USA) and
0.1 g KCN {Riedel-De Haen Ag Seelze-Hannover,
Germany) in 1000 mi distilled water and adjusted
to the desired pH of 8.5, 7.5 and 6.5 with HCI
(Merck, Germany). These three differsnt pH
bulfers were used to create the pH gradient
between 8.5 and 6.5.

2.4. Samples

Total of 40 blood samples (packed cells) were
obtained from the Thalassemia Research Labora-
tories, Maharaj Nakorn Chiang Mai Hospital,
Chisng Mai University where all subjects were
routinely checked up. Each blood sample was
hemolysed and diluted 50 times with Tris buffer
pH 8.5 prior to use. The result from each sample
was compared with the diagnosis result by the
routine procedures of the hospital laboratory, The
analytical procedures were independently run.

2.5 Manifold and operation steps

The diagram of a simple manifold used is shown
in Fig. 1. Buffer solution pH 8.5 was pumped
through the unloaded column to condition the
column at & flow rate of 0.8 ml min~'. Blood
sample (B0 ul) was injected into the system through
u six port injection valve (V2). After the first peak
ufm-ﬂu‘ﬂdﬂhﬁ:mﬂﬁlﬂlppﬂmd,thpﬂﬁj
buffer solution was replaced with pH 7.5 buffer
solution by switching the valve 1. In between the
gradient of pH 8.5 and 7.5, the HbA was eluted,
Via the valve V1 then the buffer solution was again
changed to pH 65 to elue out HbF, As s
precaution the valve V3 can be used 1o drive off
any observed air bubbles before they can get into
the column.
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Tris pH 8.5

Tris p 7.8

O ®

Tris pH 6.3

=11
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compuier  (———| Spactranic

Fi |

ok

Fig. |, Dingram of the smple Fl mamilold for Hb typing. V1, d-ways vabve; V1, sin poet injection vabve; V3, Sways vabe; P, peristahic

pmp.

Examples of elution profiles of normal blood
sample and that of EE-homozygous thalassemia
patient oblained from the proposed system are
illustrated in Fig. 2a and b, respectively, It should
be noted that the ¥-axis s in voltage that relates to
transmittance and, therefore, peak height de-
creases with increasing of absorhbance. The pat-
terna of both eclution profiles are similar bt
diffsrent in ratio of peak arcas. Thalassemia
patients have HbE that i3 coelited with HbA,
and, therefore, an abnormal blood sample shows
larger first peak as compared with a normal blood
sample,

3.2, Ratio of HbA; and HBE

Composition of Hb types in blood can vary
depending on patient’s age. Normal adult blood
has been known to contain approximately 95-98%
HbA, 2-3% HbA;, and 0.8-2% HbF [12]. An
individual with fi-thalassemnia trait usually has an
clevated level of HbA,, HBE and sometimes HbhF
along with the evidence of micTocytosis and
dntmm:nhnmmﬂfumlfmﬂn[z,l-] Patients
have HbA; and the sume level as normal people
have. Therefore, ratio of HbA; and HbE to total
Hb cannot pinpoint what type of thalassemia the
patient has without further examination

From the elution profiles of blood samples,
areas under each peak were intepraled and the sum
ol those areas was counted as total Hb., The
peroentage of HbAy+HbE was calculated from
the ratio of area under HbA;+HbE peak to the

Thme (5)

Fig. L Fl-slution profiles of Hb in Bood samples from {a) &
wrmal adubi and (b} an EE-bomorygous thalass=mia patient,

total area. Examples of calculation sre also
summarized in Fig 2a and b. Even though ratio
of HbA;+HBE to total Hb cannot predict exactly
what type of thalassemia the patieni has, it can
help indicate the existence of some types of
thalassemia (i.c. B, EE homozygous, E trait types),
The gim here is to utilize the benefits of the flow
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system combining with 8 DEAE-column technigoe
and to show that the proposed Fl-reduced volume
column systern can be used o initially screen lor
patients with some types of Thalassemia.

1.3 Evaluation of the proposed Fi-system

In this work 40 adult blood samples (packed red
cells) with positive OFT were examined without
the prior knowledge of the type of Hb of each
sample. Related to the hospital diagnostic results
which were independently run, the correlation plot
beiween the two systems, R=03917], waz ob-
tained as shown in Fig. 3. The calculated percen-
tages of HbA;+HbE obtained from the proposed
Fl-reduced volumes column system along with the
resulis from a conventional column, E-screen and
PCR are shown in Table 2{a) with & summary in
Table 2(b). Two szmples (one f-trait (18.4%) and
one a-trait (17%)) were statistically eliminated
Ffrom Table 2 because they pawve resulis much

higher than their standard ranges (P-trait 4-8%,
a-thal-1-trait 2.5-3.5%) that are normally ob-
tained using the HPLC, Because of the differences
in the system characteristios and column size, the
avernges of HbAy+HbLE amounts obtained from
different cases of thalassemin using the proposed
system are lower than those obtained when using
the conventional system, especially for the cases of
E-trait and EE homozygous. The cause of devia-
tion 1s currently under further investigation. How-
ever, the proposed system can differentiste normal
and o-thal-trait samples (HbA;<+HbE < 3.5%)
from abnormal samples ( > 3.5%%) and was still
eble to yield acourate positive test resulis. The level
of HbA;+HbE in EE homozygous samples was
higher than in E-trait and p-trait snmples, respec-
tively, the same trends as indicaied in the conven-
tional column results.

For other types of Hb such as HbS, no testing
could be conducted as there were no samples
available in Thailand. However, according to a

g m * B-thal-trait
E & & A-Thal-1-trait
; 20 = A 2-normal
g “ * E-trait
'E " = EE-homo
IE - % = mx
5 =
Nk .
] i L} 4 o il

Fl-reduced volume column {(YaHbAZ snd HbE)
Fig. }. Correlation plat between percemisges of HhAg 4+ HbE obinined from the proposed Fl-redussd volams column syxem and ihose

ohéained from the conveniional colimn system.
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Table 2

Comparizon of caloulszd perceniages of HbAg+ HbE peak aress from the proposed Fl-redeced volume cobums system® snd from the
comventlonal column fyaam®

Sanaple Perventages by + HbE E-screen® PCR® Hb iype
Flored ¥ col Conventional Raaio, Flred V:
amn® coduma® convenlion
i}
Al 15 19 1:1.1 - - Ay Mormal
B& L1 22 I:L? - - Ag-Mormal
Bl 22 14 I:4.3 - - ArMonmal
Bi3 L9 15 i:1.3 - - Ag-Hormal
BIS 16 14 1.3 - - Ay Mormal
Bl 17 34 k1.3 - - Ag-Mormal
3 19 25 3 - - Agp-Mormal
c2 8 18 [H K] - - Az-Mormal
D17 ; | 2] 1.2 - - Ar-Normal
E& 14 14 (Kl - - Ag-Mormal
EX 23 1 L - = A Normal
FI¥ 2.4 23 [HE - - Az Mozl
H 9 7 109 - - Ag-Marml
3 14 43 1:1.3 - - B-Thal-trait
o3 54 48 102 - - - Thal-trai
iy 4§ 4.7 1 = - P Thal-trait
iR 73 18.4 1:25 - - B-Thal-trait
EM 4% 4.4 110 - - B-Thad-4ruit
Ag 1% 19 1:1.8 - + &-Thal-1-iradt
AL | 55 1.8 - + o= Thad= J=irnit
Adt ] 5 113 - + o-Thal- 1-trait
Bz i3 1.5 (BN | - + - Thal-1-tril
ci 1.3 1.1 1:08 - + e-Thal- I-tradt
ClHi 1.4 1 114 - + ti-Thai- 1-trait
Ci2 12 2.2 1:8 - + -Thal-1-trait
CI& 17 14 108 - + -Thal- I-trait
D2 i3 il | LT - + o-Thal- 1-qradt
B L4 P | 1:E.1 - + o-Thal-1-trait
ElD i 19 L0 = +* m=Thal- |-irait
E20 8.5 7 1:24 - + - T hal- 1 -tradr
Al 53 113 Iae + - E-trait
A £ 21 126 - - E-trait
Bd £4 [ %) I22 + - B-trair
Ci13 ] X4 I8 + - Eetrait
DX 1.1 15 121 + - E-trailt
El? 835 b | [ FE N + = - brmit
L o] T4 2.7 11 + - E-trait
Ay 125 E1.2 163 + - EE-+homa
24 1.7 TH.2 16T + - EE-homo
ALT W7 1A 1:4.5 + - EE-hama
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Takle 1 [ Conrinurs)

Hb rype

HbA; + HBE percentage
Floredueed volame colusmn® Conveniional larger colwma® Standard mnge
{HFLCP™
Range Average + 5.0 Fange Averuge
{b)
Apynormal (13)° 1.3-29 L3400 11-34 17 1.5-3.5
a-thalk-train 12-11 1LE40] L1-24 Fa. 25=3.3
my
fi-thal tral (4" 14-54 41462 4 54 % 4.4 A.0=80
E-trait (7)* 35-110 B0 4.1 18.7-26.1 n: =
EE-bomo (31"  101.7-2007 43409 TH1-938 B =0

12} Rewulty from sach samples are showm along wilh the resalis from E-scréen®, PCR-Mucrestence spectrometry® and Hb Type
dmummmwmmmmwmmunmmmwﬂq
{+ is pomtive resull acd — & negative resull). (b) Summarization of renges of Hibl;+ HbE pescentuges and average values abtamed
when using the proposed und conventional column rystem, *Indepeadenily run. Note: there were no 5.13. dats for the resuls obeaised

from the conwentiomal oolumn.
* Mumber of samples for each Hb type,

previcus study by Dozy et al [5), the DEAE
column can separate Hb by descending pH gra-
dient between 8.5 and 7.0. The order of Hb eluted
from the column were HbA, HbS, HbA and
finally HbF, respectively, in that study. Similariy,
in this proposed study, HbA,, HbA and HbF were
cluted in the same order based on a similar pH
range. Therefore, this proposed method should be
able to screen for HbS if it is contained within the
sample.

Reproducibility of the system was tested by
running seven replicates of three samples (normal,
P-trait and E-trait) each of which represented
different levels of HbE. RS.D. of the method
Wi found to be 3.4% for normal sample and 4.6%
for both P-trait and E-trait samples.

34, Advartages and disadvantages

The DEAE column technigue has two main
disadvaniages. Neither the proposed nor the con-
\fmliﬂnalmiumntjuhummpnimnutpuﬁ.mll
with a-thalsssemia due to non-differentiated level
of HbA;+ HbE from normal people, in which case
PCR result is nesded. Also, both the
reduced volume column and the conventional
column systems have another similar inconveni-
enice in that they have to be repacked after each

run due 1o comstriction of the flow caused by
coagulation of some matrices in  blood.
However, using a fresh column cach time will
climinate the carry over effect from the previous
run

In the proposed Fl-reduced volume column
gystem, the improvement comes from the reduc-
tion in the amount of beads used and the time it
takes for column packing, both of which are
minimized as compared with those of the conven-
tional column. The proposed system offers other
advantages such as ease of operation, low cost,
small amount of sample, and fast analysis time.
The analysis time using the Fl-reduced volume
mhmnhlhumlﬁmhpnmpkumpnﬁ
with 4 h using & conventional column, Amount of
tmpl:rmu:hmmnliukn!nplurﬁﬂ
times diluted sample, a major improvement as
compared with the 2 ml of undiluted packed cell
that is needed for 2 conventional column techni-
que,

typing was developed. The system was used as an
initial screening for some types of thalassemia such
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a3 f-thal-trait, E-trait and EE-homozygous which
are commonly found in Thailand. It was demon-
struied that the proposed system could differenti-
ate normal blood samples from abnormal ones.
Although the cause of deviation between resulis
from the proposed system and those from the
larger conventional column technique normally
performed in the hospiml needs further investiga-
tion, the proposed system was still able to predict
positive test results. This preliminary study shows
that the proposed system offers some advantages
over the conventional column technique, including
a simpler instrumentation with ease of operation,
shorter analysis time and lower amounts of sample
and reagents pocded. Thesze bencfits will help
reduce the overall analysis cost and should be
useful as an economic alternative technique for
routine thalassemia screening involving a large
number of blood samples.
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Abstract

A flow injection mathod with pulsed amperometnic detection (PAD) was proposed for the determination of tetracycline
in pharmaceutical formulations. Tetrucycline was slso studied ot & gold rowmting disk electrode with cyclic volammetry as
& function of the pH of supporting electrolyte solutson. The well-defined cyclic voltammogram, providing the highest peak
current gt 115 ¥ versus AgfAgCl, was obinined when using potassium dihydrogen phosphate solution af pH 2. The optimized
pulsed samperometric detection conditions were 11 50m'Y {versas Ag/AgCl) detection potential (E ) for 600 ma {500 ms delay
e and 100 ms mtegration time), 1600 mY (versus Ag'AgCl) oxidation potentinl (E.a) for 150 ms oxidation tme (1) and
100 mV {versus Ag/AgCl reference electrode) reduction potential {Emg) for 300 ms reactivation time {fued). The optimized PAD
waveform was applicd 1o the determination of tetmcycline standard solution snd isiracycline in pharmsceuticnl formulations
The sensitivity of this method was foond tobe 13.7 pAdmb. The delermination of 1etracycling in commercially availabie tsblet

dosage forma by the proposed method (2543 & 9.3 mg per capmale) was companble to those Iabelad (250 mg per capsule),
© 2003 Elsevier B.W. All righis reserved.

Keywondy: Tetracycline; Gobd electrode; Polsed ampemensiric defection; Flow Injection analyss

1. Imtrodwcton

Tetracycling ks an antibiotic with a broad spectrum
of activity againgt bacteria. It is used for many dif-
urethritls and severe scne. It also has o role in the
treatment of muoliidreg resistant malania.  Adverse
dysfunction, hepalotoxicity, raised intracramial pres-
sure and gkin infections, such as rosaces and perioral
dermatitis. Variouss methods have been used for the

* Comesponiding ssthor. Tel - 4-66-2-218-T615;
fak: +6h-2-T50-1 300,

E-mudl addeess: corwmoni@ehulesc.ih (0. Chailspaiul),

determination of this compound. Spectrophotometric
[1.2], flucrimetric [3~7), chemiliminometric [E—10],
microbiological [11-13] and alectrochemical [14-19)
methods have been sugpested. Electrochemical meth-
ods are of more interest than the others dus to sim-
plicity, less time analysis and low cost. Flow injection
analysis can be applicable 1o electrochemical method,
such as flow injection amperometric detection based
on jon transfer across water-solidified mtrobenzene
interface to determine tetracycline [18]. The resulis
showed very low detection limit of 20 ng and the linear
ponceniration range of 0.002-0.2 mM. Polarographic
methods offer high sensitivity but their dmwback is
the use of mercury snd they may not be practical for
many applications, including fliow imjection. Although

0003-267003 — pew Front matior © 303 Elevier BV All rights sl

ol | 00 G000 5 - 26T O WS4 8-



L] £ Polabharn s al, / dmalptles Chlisics dcts 409 (2000) 101197

vollmmmetry and smperometry also offer high sensi-
tivities, their major disadvantage is deposition of the
detection products and/or solution impurities on the
electrode surface. Thus mechanical polishing 18 wsed
io resctivate electrode surface and this is known o
temporarily alter the response of a working electrode,
often requiring 60-90 min before & stable baseline is
obiained [20]. Therefore, pulsed amperaometric detec-
tion (PAD) st & nobie metal electrods which combines
smperometric detection with allernated anodic and
cathodic polarization to clean and reactivate the elec-
trode surfce, hna besn introduced o overcome this
problem [21-24]. In comirsst to simple amperomet-
ric detection, PAD offers the possibility o clean and
regencraie the slectoode surface effectively afier sach
mieasuring cycle without the need for mechanical pol-
ishing, In ihe simplest implemenistion of PAD, the
potential of the working electrode i stepped between
the potentials for detection, By, cleaning, Egyy, and
reastivation, Epgd. The cleaning and reactivating pulsss
mainiain constant responsivity from injection 1o injec-
tion, All three variants of PAD require the following:
{8) the analytes are oxidized during the detection step;
(b} the cxidation products are removed from the elec-
trode surface 8t Eqag; (c) the oxide film, which inhibits
the oxidation of analvies, v reduced st Eny [25].
Pulsed amperometric detection at gold or platimum
electrodes has been used for the sensitive detection of
numerous polar compounds [26-34] end metal species
[35). The difficultics resulting from clectrode foul-
ing are also avoided. To obtain fast and reproducible
regults, mamy glso introduced flow injection
analysis for the determination of tetmacycline [36,37].

The goal of this work is optimization of the PAD
waveform for the determination of tetracycline
pharmaceutical formulations. Furthermore, flow in-
jection analyais, which provides fast, tepetitive and
reproducible analysis, has been combined with PAD
to reduce the analysis time and to obtain a lower
detection limit,

2. Experimental

2.1, Chemicals and reagenis

All chemicals were analytical grade and all solu-
tions were prepared by using deionized water, Phos-

phate golutions for (for pH 2, 2.5, 3, 1.5, 4, 4.5) wer
prepared from 0.1 M potassium dibydrogen phosphate
{Merck) and adjusted to the desired pH using 85%
phosphoric acid (J.T. Baker) solution in 0.1 M sodium
hydromide solution (for pH 5, 5.5, 6, 6.5, 7, 8,9, 10).
Standard tetracycline hydrochloride (Sigms—Aldrich)
solutions were freshly propared in 0.1 M potassium
dihydrogen phosphale solulion prior to use,

A stock solution containing 481 pgmi~" {1 mM) of
tetmeycline hydrochloride in 0.1 M potassiom dihy-
drogen phosphate solation (pH 2) was used to prepare
standards in four 10ml volumetric flasks. The final
concentrations of the standerd solutions were 24.1,
48.1, 96.1, and 144.3 pgmi—", respectively.

All solutions were protected from exposure to light
with sluminium foil and stored 8t <4 °C in an ice
bath,

2.1, Sample preparation

Tetracycline hydrochloride capsules (250mg
TC-mycin, Vesgo, USA) were used in this study,
The powder from 10 capsules was dissolved in
0.1 M potassium dibydrogen phoesphate solution (pH
2) in a 1000ml volumetric fask snd then filtered
through a 0.45 pM nylon membrane syringe filter.
The filtrate was forther diluted with 0.1 M potassium
dilyrdrogen orthophosphate solution (pH 2) to ob-
tain & final concentration of 0.2 mM (calculated from
the label valug). Thiz sample preparation has been
repeated for five times,

2.1 Electrode

The gold rowmting disk electrode (Au RDE,
Metrobm, Switzeriand) and gold disk electrode (Bio-
smalytical System, West Lafayete IN, USA) were pre-
treated by polishing with 0.05 pm of slumine‘water
slurries on a felt pad, followed by rinsing with ultra
AIrE WEEST prior io wse.

2.4 Rotating dixk vollammetry

Electrochemical messwements were carried out
in & single compantment thiee electrode glass cell
The rotation speed was held at 250 rpm. A AglagCl
cleotmde and & plstioum slectrode were used a3
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the reference and suxiliary electrodes, respectively.
Cyclic voltammetry was performed with an Autolab
Potentiostat 100 (Metrohm, Switzerland),

2.5, Flow infection analysis with pulred
amperometric detection

a thin-layer flow-through electrochemical cell (Bio-
analytical System, Inc.), an injoctor port (Rheodyne
TI25) with & 20 ] snmple loop, a peristaltic pump
(BIO-RAD) snd an electrochemical detectow (PG
100), The carrier solution, 0.1 M potassium dihy-
drogen phosphste, was regulated at a2 flow mte of
1.0mimin~'. The thin-layer flow, through electro-
chemical cell consisted of a silicone rubber gasket
28 & spacer, 8 gold disk clectrode as the working
clectrode, & Ag/AgCl electrode as the reference
electrode and 2 stainless stoel tbe as the auxil-
inry electrode and the outlet from the flow cell.
The experiments were performed in a Faraday cage
o reduce the clectrical moise. The PAD waveform
used to obtain the FI-PAD response is depicted
in Fig. 1.

The FI-PAD response was monitored for indepen-
dent variation of all potential and time parametcrs.
The slectrode was conditioned in & sohtion of 0.1 M
potzagimm dihydrogen phosphate solution and pumped
through the flow system &t a congant flow rate of
1.0 mlmin~! with the selscted PAD waveform ontil a
stable baseline was catablished. The sample was then
injected into the flow injection system via an injection
valve equipped with a fixed sample loop of 20 ul and

the resulting peaks were recorded.
Y Eopis tomd
Pokomtial B
tas T
ot b
>
Time

Fig. 1. Typleal FAD wavelorm

1. Resalts and discussion

3.1. pH dependence study

The electrochemical behavior of tetracycline was
stuclied st the Au RDE in 0.1 M potassiom dihydro-
gen orthophosphate solution of pH 2, 2.5, 3, 3.5, 4,
45,5 55 6,65 7, 8, 9and 10. It was found that
the best-resolved anodic sigoal for oxidstion of tetra-
cycline was obtained st pH 2. Therefors, this pH was
used for the rest of the expenments.

3.2, Cyelic voltammetry

The cyclic voltmmmetric (~E) response is shown in
Fig. 2 for the Au RDE in 0.1 M potassium dilydro-
gen orthophosphate solution with and withoul 1 mbd
tetracycline. The background response for the support-
ing electrolyte exhibits an modic wave on the posi-
five scan in the region of ca, +0.8 o 4-1.2'V versus
Ag/AgCl (wave A). This background response corre-
spunds to charging of the interfacial double layer and
formation of a small amoant of surface oxide. The ca-
thodic pesk obtained on the negative scan in the re-
gion of ca. +0.7 to +0.4 V versus Ag/AgCl (wave B)
cormesponds to dissolution of the surface axide formed
on the positive scan. In the presence of tetmeycline,
the rwo-step anodic signal for oxidation of tetracy-
clino was observed on the positive scan beginning at
ca 0.6V versus AgfApCl. The first and second steps
was occurred in the region of ca. +0.6 1o +0.9V ver-
pus AgrAgCl (wave C) and 4+-0.95 to +1.15V versus
AplAp(C] (wave D), respectively, The anodic responss
habited by the onset of surface oxide formation &t po-
tentials greater than ca. 412V versus Ag/AgCl. The
decrease of signal on the subsequent negative scan in
the region of ca. +1.25 to +0.8 'V versus Ag/AgCl in-
dicates the reduction of activity for the axide covered
gold surface.

3.3, PAD woveform opiimization

The PAD waveform used in this experiment is de-
seribed in Fig, 1. Eg is the detection potentlal ap-
plied for the time period fae (lam = ldet + fim), and
the electrode current is sampled by electronic integra-
tion over the time petiod Gy following a delay of f
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o allow the charging current to diminish to a negli-
gible value. A positive cleaning potential (Egyyy) that
removes the oxidizable contamminant on the electrode
surface is applied for the time period iy following
Eger. A negative reactivating potential (Emes) that dis-
solves the inert oxide product on the electrode surface
is applied for the time period feg following Egg. The
eptimization of cach wavefrm parameter carried out
in the FI system was studied while the other parmm-
cters were held constant. The average peak curments
for each parameter were plotied versus the varied pa-
rameter. Observations of esch parameter are discussad
later,

14, Optimization of E g, and ty,

Fig. 3a shows the FI-PAD response variations for
I mM tetracycline according to Eg; variation in the
range +0.8 to +1.2V versus Ag/AgCl in intervals of
0.5 V. The potential range used for By optimization
was chosen from the potentisl region in the eyalic
voltammogram (Fig. 2) where oxidation of ietracy-
cline occurred. Clearly, the maximum current response
i3 obtained &t Egy = 1.15V versus Ag/AgC] and ap-
plication of this value in the PAD waveform was used,
For this value, only a small contribution from sarface
oxide formation exists.

Fig. 3b shows the response for | mM tetracycline
with f4 variation. It can be seen that the corrent is
increased from 100 to 500 ms of delay time and the re-
sponse decays beyond 500 ms. The 14y value of 500 ms
is recommended as the optimal valoe.

Fig. 3¢ shows the FI-PAD response for 1 mM tetra-
cycline with variation of #y from 40 to 140ms in
intervals of 20ms. On the basis of these results, &

value of fyy = 100ms was chosen as the optimal
value.

3.5, Optimization of B and fagg

Fig. 3d shows the FI-PAD response for | mM
tetracycline 45 a result of the variation of 7,4 from
30 to 180 ms at intervals of 30ms for several valnes
of Egng in the mnge +1.2 1o +1.6 V versus Ag/AgCl
m intervals of 0.1V. The clean electrode becomes
progressively fouled by the detection products during
application of Egy and Egyy was applied to clean the
surface of electrode. For the values of By shown,
the value of tzq = 150ms is sulficient for the oxida-
tive cleaning of the elecirode surface. For cach value
of tyq4, the highest current signals were obtained at
Egag = 16V versus Ag/AgCl. Hence, the valoes for
Eoud = 1.6V versus Ag/AgCl and toq = 150 ms are
recommended a3 optimal.
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L&, Oprimization of Exg and feed

The formation of surface oxide st the electrode sur-
face, which reduced the electrode surface activity, oc-
curred during the application of Eey. Therefore, it is
essential that the values of Epg and fey are chosen to
achieve complete reductive dissolution of the surface
oxide, Fig. 3e shows the FI-PAD response of | mM
ictracycline with vanation of feg from 100 to 600 ms
in intervals of 100 ms for several velues of Enq in the
range +0.1 o +0.5V versus Ag/AgCl in intervals of
0.1V, For the values of Emg shown, the highest current

o),

signals were obtained at the value of tey = 300 ms.
For cach value of g +0.1 V is chosen as the optimum
value for Epy. Therefore, the values of Egg = 0.1V
versus Ag/AgCl and fey = 300 ms are recommended
a5 the chosen values for the PAD waveform.

3.7, Lingar vange and the detection limit

Fig- 4 showy a series of repetitive 20 jul injections of
tetracycline in 0. | M potassium dihydrogen orthophos-
phate solution pH 2 under the optimizad PAD wave-
form parameters described above. Well-defined signals
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were obiained at all concentration from 5 juM o 2 mM.
The current signal increased with inercase in concen-
tration. The calibration curve for tetracycline standard
solutions was obtained from the pulsed amperometric
responses. A finear response range between 5 pM and
(.6 mM retracycling with sensitivity of 13.7 pA mM~!
and & correlation coefficient of 0.993 was obtained.
The regression equation was ¥ = 13.71X 4 0.23,
where [ is the currend response (juA) and X the con-
centration (mM). Interestingly, the detection with 2
/N > 3 was obtained ot a concentration of 1 pM of
ibctracycling,

18 Repeatebility

The BL.S.D. value was used to define the repeata-
bility. Under the optimal PAD waveform parameters,
8 0.5mM of ewracycline solution in 0.1 M potassium
hydrogen phosphate was injected 10 times at a fow
rate of | mimin~!. The %R.5.D., from the results was
15%.

1.9, Dvug amalysis of tetracycling copsulas

The proposed PAD method for tetracycline was ap-
plied io the determination of tetracycline capsules, Us-
ing the regression equation (in linear range and the
detection limil section) for the calibration plot, the
amount of tetracycline hydrochloride was obtained to
be & value of 254.3-+9.3 mg per capsule (n = 5). Good
agreement was obfained between the valoe obtined
by the PAD method and the labeled value (250 mg per
capsule). The anodic detection of tetracycline com-
pound is concomitant with the anodic formation of
oxide at the Au electrode and so could cause some
error from interference products during the oxidative
step. However, pulsed amperometric detection of tetra-
cycline with FI still gives a low detection limit and a
wide dynamic linear range.

4, Conclusion

This is the first investigation of tstracycline nsing
pulsed amperometry spplied to & flow injection sys-
tem., The optimized conditions, such as pH and the var-
ious potentials were examined. The results show thal
FI-PAD with the optimized conditions can be wsed o

determing tetracycline in the concentrstion range of
0.005-0.6mM with & slope of 13.7 pA/mM. FI-PAD
provided very low detection limit (10 ng). In compar-
ison 1o the other amperometric method reported in
the literature [18], this proposed method gives lower
detection limit, wider working concentration tange.
The proposed method is simple and time saving be-
cause the cleaning step occurs simultaneousty during
the messurerment. The determination of tetracycline in
commercially available tablet dosage forms indicates
that this proposed method ks precise and accurate.
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Abstract

Sequentinl injection (51) with bead injection (BI) and lab-on-valve (L-0-V) was exploited for determination of tmee lead

ueing alectrothermal atomic

abdarption spectrometry (ETAAS). A renewable microcolumn incorporated within the L-0-V

system was investignied by aning Sephadex G-13 impregnated by dithizone, Lead solution was passed through the impregnated
beads. The beads were directly propelied into s graphite tube where they were pyrolyzed and lesd jons wers

stomizes. Conditions of the ETAAS measuremant were ssudied including chemical modifiers (palladium, molybdemm and
tniaric acid). The 31 system for trapping of bead on the beads in the L-0-V could be operated in parallel to the ETAAS operation,

€ 203 Blsevier B.Y. All rights reserved,

Keywords: Sequential injecison; Besd infeetion; Lead; Eloranthemuil atomic steorphios specanmesry

1. Imtroduction

Electrothermal stomic absorption  spectrometry
(ETAAS) is conventionally emploved for trace metal
analysis. Lead has been assayed in application to var-
ious types of samples, such as wine [1], sugars (2],
fish samples (3], and blood [4,5). Effects due to the
mutrix of samples must usually be eliminated. Besides
addition of matrix modifiers, sample-pretreatment us-
ing column technigues has been widely used. Flow
mjection-ETAAS has been achieved for determination

* Commsponding muthor. Tel= +§-206-543- | &1%;
B o |- 2OG-SR5-34TH,

E-maif addrens: christisn@cbern. washingion. e (0.0, Cheistian).

of lead in many kinds of samples, such a5 estunrine
water and fertilizers [6], blood samples [7], and some
high-purity reagents [8].

F1 minicolumng (in-valve or in-line) are nseful, but
factors such as column back-pressure, sfficiency of
eheent, eluent volume, and elution lime must be dealt
quential injection (SI) was first introduced to reduce
reagent consumption and perform operations readily
with sutomation via 8 computer [9],

5l with a bead injection (BI) renewable micro-
column for preconcentration and pre-separation has
been used for determination of copper [10]. The mea-
surement is carried out after the mmalyte is sorbed
onto beads, and then the used beads are discarded. A

CO03-36T0FF — see fromd nmafler © 2003 Elsevier B.Y. Al rights reserved.

dhal; L0001 6).pea, 2007 08030
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renewsable microcolumn loaded with SP Sephadex
C-25 cation exchange resin was used for on-line pre-
concentration and separation before determination of
nickel by ETAAS [11,12). The ion sorbed beads [11)
or the cluate from the beads [12] could be transferred
mio the graphile stomizer. A similar system was ap-
plied for the determinastion of trace bismuth in urine
and river sedmment [13].

In this paper, attempis were made to exploit S
with Bl and the lab-on-valve (L-0-V) [14] for sample-
pretreatment for tmce lead determination using beads
(Sephadex G-25 impregnated with dithizone) as re-
newable camrier. The bead sorbed lead was directly
transported into the graphite stomizer,

1. Experimcnial
2.1, Instrumentation

A Peckin-Elmer Model 5100 PC atomic absorption
spectrometer equipped with Zeeman background cor-
rection {Perkin-Elmer, Norwalk, CT, USA) with an
AS-60 autosampler and HGA-600 graphite fumace
were employed. Measurements were performed using
a hollow cathode lamp operated st & wavelength of
283.3nm, with & bandwidth of 0.7 nm and & current
of 14mA. A pymolytic graphite platform was used
for stomization. Argon served ss the inen gas mt

300 mimin~', except in the stomization step during
which the flow was halted,

The ETAAS was coupled with an 51 system
{FlAlab-3500, FlAlab [Instruments, Meding, WA,
USA) consisting of s syringe pump {1000 ju! volume),
& six-port selsction valve, and a wnidirectional peri-
staltic mini-pump. The six-port selection valve was
moumnted with an L-0-V, which served as an integrated
microsystem for this application (s2e Fig. 1).

The L-0-V was designed to match a siz-port valve,
This unit wes made of Perspex (diameter S0mm,
thickness |0mm), having five ports and one-fow-
through port, in addition to in and owt pors for
loading the sample. Two of the channels served
as microcolumns (referred to a8 C1 and C2 in
Fig. | and Table 1), The outlets of these chan-
nels were inserted with rods, small pieces of rigid
PEEK tubing, id 0.0635mm (Upchurch, part num-
ber 1360), in order to entrap beads into the channel
but to allow liquid through. (See Refs. [11-13] and
hitp/fwww. flowinjection.com for further details of
the L-0-V and BI system.)

1.2 Chemicals and reagents

All reagents were of analytical grade. A se-
riunfludﬁnlhdnhﬂmwmﬂﬁm
1000 pgmi~! lead standard, AAS grade (Merck, Ger-
many). Beads were of Sephadex G-25, 50-150 um

Fig. 1. 50 sysieen with L-0-V device mounted oo the s=lection walve,
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(SIGMA, USA) Dithiophenylcarbazone (Menck,
Germany) was prepared in pH 12 solution (Table 4).

3. Procedure

The sequence for the S1-BI-L-0-V system was per-
formed using a software “Program A", as summarized
in Table 1. A mini-motor stirrer was used to assist
hemogenizing the bead suspension (1:20) during the
bead introduction inio the system. The conditions and
temperatures program of the ETAAS messurement are
shown in Tehle 2.

Table 3
The geaphite fumece program for determmation of lesd with
Sephsdex G-25 beads

Sep Tempoerature  Ramg Hold Argem
{*C} thea {a) tome (5] fow iz
(mbmim~1)
Prehemting M 5 ia 300
Dirying-1 1240 i 5] 30
Dirying-2 30 o L 30
Pyrobyals 1204} 1 40 ki i
Cooling 0 [ 15 00
Ainmization 1800 ¢} 5 @
Clenning 2600 I 3 o0

The cycle was set so that when the beads with the
uhdhﬂmmmmﬁmmby
the SI gystem was started in parallel to the ETAAS
detection process.

3. Resulis and discussion

3.1. Optimization of conditions

Because the lead sorbed on Sephadex is to be de-
tected by ETAAS, lead messurement with the beads as
matrix was investigated, During the atomization step,
the beads should be sufficiently decomposed, to de-
crease the background signal due to the beads.

The effect of the pyrolysis temperature was stud-
ied by starting at a temperatore of 850 °C and using
Mp(NO:); and NH4H2PO4 25 chemical modifiers,
which are recommended by the manufscturer for a
sumple with organic matier. The resulis (in Fig. 2)
indicated that 1050°C should be used, but high
background was still observed, The temperature of
1200°C would be preferred, but the lead is lost. The
effect of pyrolysis time was then investigated for the
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temperature of 1050 °C. The results (Fig. 3) indicated
that prolonged pyrolysis time resulted in loss of lead

Various chemical modifiers (Table 3) were then con-
sidered, to suppress loss of lead, employing a pyrolysis
time of 40 5. This time assured adequate pyrolysis and
recovery under the optimum conditions. While we did
not explore shorter pyrofysis times, it is possible py-
rolysis can be achieved with somewhat shorter times,
Under pyrolysis at 850 °C using magnesium chloride
and ammonium dihydrogen phosphaie a5 modifiers
{lower temperature conditions) it was observed that
carbonaceous residue built up on the graphite mbe.
For the lower temperature conditions, the lifetime of
& graphite tmbe was sbout 20 mums whereas it was
roughty 40 runs for the higher temperature conditions
(1200 °C with modifiers usad). It was found that & mix-

tare of palladium chloride, ammonium heptamolyb-
date and sodium tartrate (3 ug:20 ug:400 pg) should
be the most appropeiate, as it resubted in the lowest
background, the least loss, and longer lifetime of the
graphite tube. With this, the recovery of 2ng lead was
£5% and the net background signal was 0.012 com-
pared to 0.1 for the lead. The HyOp and HNO, mix-
ture, which wis suitable to determination of Pb in
honey [15], was not satisfactory here. Pd has been
employed in lead determination in honey [15], blood
and urine [16], and geologicsl samples [17,18], but
Pd nlone was not sxitable here sither. Meither was itz
mixture with HzOx.

The effects of Inading flow rate and the flow rate
for loading mey cause beads 1o cacape from the cell

time (&)

Fig. 3. Effect of pyrodysis tima (pyrolysis tempensture of 1050 °C): (5) 2ng Pb socbod on beads; (b heeds slons,



B dAmpon et al, / Asafytion Chinven Acia 409 (23 ER- 472 i

Thbd= 3
mﬂuﬂﬂmmm beads i the: presssce of varom modifiery
Modifiers fin 10l Foyrolyaia Hackground L Reduifve
bempernturs (*C) sigmal {Abs-g) found (ng) oas. (%)
Mpihy)y (01 mg) 4 MHyHsPO, (0.2 mp) LR 0035 F] ]
Hzly (%, v} BE0 L i 50
HzO3 (3%, viv] + FNG, (1%, wiv) B30 .01 i 45
MMy (001 meg) 4 NH H PO, LR fupae2 [ 1]
(B3mg) & Myl (3%, vl
POl (3 ug) 1200 pLozs I.& 10
PACE; (3 gl + HaOy (%, wiv) 1200 o019 LY £
PACly (3 i) + (NHLlsMarOae (20 pg) 1200 0012 19 3
+ CyHlaMag Oy (400 ug)
PaClz (3 mg) + (NH MOy (20 pg) L2001 o057 (K] {1]
+ CyHaMugDy (400 pg) + Hz0p
3%, vv)

{microcolumm) via the very small space between a
eclumn plug and the inner wall of the channel of the
L-0-¥ [14]. Mo significant difference was found for n
loading flow rate of 1-20 wis™! (step 4(b) in Table 1),
The fiow rate for transferring beads from the cell {cal-
umn 1) of the L-0-V to the ETAAS was 200 s~
followed by 50 wls—' as they reached the atomizer
The choice of buffer and effect of pH of the carrler
were studied Tartrate buffer should not be used be-
cause tartrate is one of the chemical modifiers used,
and the amount of tartrate would affect the signal
obtained, Potassium hydrogen phthalate (KHP) was
employed in this work by using a carrier with various
compositions for pH 3-5 as described in Table 4. It
was found that pH of the carrier was critical. A carrier
of phthalaie buffer with pH 5 gave the highest signal
(orange color of beads was observed) (Fig. 4). By us-

Table &

Pwuﬁuufhﬁnmﬁﬁmﬂiﬂhnhrnﬁu
#ilutions A and B [15)

Mml wf 0.1 M KHy POy
S0l of 0.1 M EHyPOy
Simi of 0L1 M KH; POy
50ml of 0025 M bomx
50l of GE250 borx
S0ml of 003 M HesiPOy
Mml of 02M EOY

S6ml of 0.1 M MaOH
29, 1'md of 0.1 Wl MalH
A6 | ml of 0.1 M NaDFH
4.6ml af 02 M HCI

18 3mdl of 0.1 M MNeDEH
4,1 ml of 0.1 M HNeOH
6.0ml of 0.2 M MaOH

fH  Soluion A Solmion B

| Hmiof02MEQ §7.0ml of 0.2M AC)
1 2%mlef 0.2M ECI 6.5mi of 0.2 M HCI

3 S0miof 0,1 M KHP 223wl of 0.1 W HCI
4 S0mlof 0.1M EHP 0.0'md of 0.1M HCI

5 SOmiof 0.1 M KHP 22.6ml of 0.1 M NeGH
[-]

T

g

]

ir;gh:ﬂ’erpﬂdum.fhuip.hmjy
dﬂn—hrmdfpwpi:mhrnfbud:wnhm:d}m
the signals decreased when using buffer pH =5 as
camier (with an observed diminishing of the omnpe
color of the beads). Therefore the phihalate buffer pH
5 was selected.

A smdy on the effect of pH of the standard solution
(prepared m the buffers listed in Table 4) was made.
No significant effect of pH of the standard solution
{pH 3-#) was found when using the phthalate buffer
at pH 5 a% carrier.

Dithizone was sclected as the chelating agent for
concentrating lead since it is 2 common reagent for the
mhmumcﬁmuflndflil-hpumﬁdldmmp
of using & chelating agent in lieu of cation exchange is
huumunfhi;hmmﬁumnfndumm“q
sodium, on the equilibrium. The effect of dithizone
concentration was investigated. Sephadex G-25 beads
were soaked in dithizone at pH 12, then cquilibeated

LR

g 017
0,08

4 & 8 0 12
pH of camier

Fip, 4. EMect of pH of carber




172 P dmpan et al. / Amsiytics Chimis deta 499 [2000) 67— 77

&t ambient kemperature &nd kept in & photo-protected
area for 30min. The impregnated beads had o be
freshly propared. A svitable concentration of dithizone
was 0L01% (wiv). The lead responses obtained from
using various concentrations of dithizone (0,004, 001,
0.03, and 0.05%, wi'v) were not significantly different.
At 0.01% dithizone, it was easily sorbed in & reason-
able time and the intensity of the dye was not oo pale,
assuring by visual inspection that an adequate amount
had been sorbed.

12 Calibvation

Using the proposed conditions of the ETAAS and
Sl system, a single standard calibration graph (plot of
ng ve peak arca) was obtained by loading 10 ugi-' Pb
in pH 5 buffer with different loading times (100, 200,
400 ul; ¥ = 0.082X — 0.047; B = 0.992). Loading
2000l of | and 2 pg 1! yielded the ssme results as
loading 10 pug |~ for the same amount of Pb {ng). The
linear regression line was: ¥ = 0.080X —0.052; & =
0.991. The relative standard deviation for 2ng was
1.9% (n = 3), The detection limit was estimated at
03 ng (signal three times the standord deviation of
the blank). The measured working range was 1-4ng,
which can be adjusted by the volume of sample loaded,
The enrichment factor was 39, The detection limit is
about an order of magnitude higher than the 0.02ng
obtained by Wang and Hansen [11] for nicksl with
an enrichment factor of 72. The difference was prob-
ably due to differences in backgrounds as well as in
enrichment factors for the different elements.

4, Conclusion

A SI-BI-L-0-V system was exploited to deter-
mine trace lead by sorbing the lead on to microbeads
for ETAAS measurement. Dithizone impregnsted
Sephadex G-25 beads were employed in a renswable
microcolumn in the L-0-V system. The Ph-sorbed
beads were directly transferred from the L-O-V
into a graphite tube of the ETAAS where beads
were pyrolyzed and lead ions were atomized subse-
quently, using a pyrolysis temperature of 1200°C for
403, with chemical modifiers (Pd, Mo, and tartaric
ncid),

The SI-BI-L-0-V process for lead somption ento
the beads could be run in parallel to the ETAAS
npu'ltim.mhd:mnuﬁnmphdrw
(12 determinations h—1), This eysiem should allow
rapid scparation and preconcentration of lead from
sampies with high matrix background.
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Introduction

Light-scattering detection has been applied in fiow amalysis for
gither the determination of sz or mass concentration of
perticles!  Multiangle light-scattering defectors cam  be
combined with panticle ssparation techniques, such as feld-flow
fractionation (FFFY and size-enclusion chromatograpiry (SEC),?
for size charscterzation, The mass concentration of particlea
can be determined by either mulisngle or simple wninnghe
detnctors,
The determination of a single analyse by uniangle Fight-
scattering detection in flow injection (F1) and sequential
mjection (SI) analysis has been widely investigoted, Either
mephalometric (detection of scattered Hght ot an angle of 90° 1
the incident beam) or tarbidimetric (detection at 0°) methods are
esusslly wsed. Althoagh narbidity can be casily messured using @
, other phesomena (e.g. light shsorption or
light diffraction) may interfere. Mephelometric measurements
ire also more semssiive tham turbidimetric measitements,
An Sl sysiem for the determination of chloride based on
precipitation with silver ions has been proposed®  Phosphate
can be desermined by an 51 urbidimesrie method based on
calcion phosphate precipitation.® A stopped F1 nurbidimetric
immunoessay wsng the imersction of comcanavelin A
{amtibody) and yeast mannan (antigen) has been investigated *
Fl sysiems based on precipitation resctions have also been
widaly applied for the determination of drugs. such s
thinmine,! ine" amitriptylime * and chiorhexidine. ™
The determination of sulfte using barium chloride as a
precipitating agent has previowsly been applied in both FT'-W
and 51" gystems. A liquid-drop windowless optbeal cell has
been devaloped for Fl  turbidimemic o mephelometric

1 To whom comespondence should be addreasad
B-enuil- soijjemmi@chisngmaiac th

dezarmination of sulfate by precipitation with bariem ion,'"

In this work, & simple and low-cou flow-throngh fight
wcatiering dotoction sywtem for determiining the particle mass
concentration was developed. 11 is besed on nephelometric
detoction, using & flmser pointer as & light sowrce and 8
photodiods IC as a lght semsor, The detector was utilized for
the flow injection dewsrmination of sulfate by precipitation es
barfum salfaie.

Experimentsal

Chemicaiy
Mmmwﬁhﬂﬁm]mwm
All reageniy were of analytical grade, unless otherwise siated.
Sodimm sulfute (Merck) was ured bo prepare & sandard sulfae
#iock solstion of 1000 mg SOML  Solutions of 1.2% wiv
BaCl: and 0.1% wiv polyvinyl aleohol (FYA) i 0.05 M HCI
were  prepared  from  chemicals from Menck,
Ethylenedismminescirancetic acid disodimm sall (NmEDTA,
Merck) was used o prepare 0.2% wiv EDTA. A palystyrens
latex bead muspenmion (particle diameser 0144 pm) was
obtained from Semdyn (TN, USA).

Flow imfeciion spparais

The Row-injection system used for the determination of
wulfaie |s flusrwied in Fig 1 The system was assembied using
1 peristaltic pamp (FLAlsb Instruments, USA), 2 6-part injection
valve (Upchurch Scientific, USA), = 100 om mizing ¢oil and a
flow-through light-scatiaring cell with o bome-bulli detection
eyitem. All connections were made with 0.8 mm Ld. PTFE
rubing

Lighr seuttering detecior
A cross-section of the cell is shown in Fig 2. A perspex
plastic block was drilled in order 1o insen & straight plass tibe
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Fig. | Flow-imjection rephelomelric syssem for the determination
of sulfse. Salutions were 0.2% wiv EDTA (or 0.0060 M) and 1.2%
wiv BaCl (or 0LOSB M) plus 0.1% wiv PYA in 0.05 M HCL

V& OHD

Egral

Fig 2 Schematic dingrum af the Tow-through 1ght scattenng cel],

(2 mm i.d.) with o-ting sealing, A light sensor (described
below) was mounted &t right anghes o the tabs &xis, a3 shown,
A jglass microacope cover slide, sttached o the block wming
epoxy ghue, acted as n window and sealed the fiow-through cell.
The block was painted black to minimize sny mmy Hpht
Finally, the flow cell, the light source and the desector were
placed ingide a blsck box
The detection system is depicted in Fig. 3. A red laser dinde
pointer (580 nm) was used as & light source. A 1.5V AAA sze
alkaline battery was sufficient 1o power the laser diode for &t
beast 3 b The optical sensor which converts lght intensity to
voitage was &n OFTI0TW (Bumr-Brown Comporstion), which
has an active area of 2.3 % 2.3 mm and & peak spectral response
nt B30 nm, whese the responaivity was (6 APW, The useable
working range of this detector was 300 nm ta 1 pm.

The OPTIOIW s housed in & S-pin, single, in-line packsge
(51F) containing an imegral phoiodiode and current amplifier.
Theee extermsl resistors, comnecied in & “tec”™ metwork, were
wided, as shown in Fig. 3, This configurstion™ results in an
effective feedback resistance exceeding 300 MW, giving an
effective gain of 3 x 10F WA, While the frequency response of
the detector is significantly reduced when operating st much a
high gain, we estimate its valise 19 be sl 40 - 50 He, which is
mare than adequate for the experiments desoribed here, The
outpuat of the OPT101W appesrs as a voltage em pin 3, which
Wi messured by & digital multimeser (Dick Smith Electronics,
Australia) interfaced to & computer (Compag, USA)

Orwing io the bigh circuit gain the mput offeet current of the
OPFTIDIW®s internal op-nmp produces a small, constant offaet
W]m{ilmm\'ﬂhtmnihmwm:hnﬁuﬂpﬂlilm
experiments reporied here
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Fig. 3 Light-scadiering detector cirewil. B1, B2 and {3 A resiEL
of 1.3 il 10 M2, |00 kil respectively,
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Fig. 4 Calibestion plot of the detector voltage versur ihe
Mmmlmﬂw-;q.lﬂmh—mmmwmmu-
sirnight ling throwgh the origin.

A3 shown in Fig, 2, the 2.3 mm square detector is positioned §
mm from the cemier of the glass tube through which samples
flow. Thit geometry resuliz in the collection of Hght scotiered
through the mnge 90 + 40°. Experiments performed using &
mch smaller spermre (2 mm) immedintely fn front of the
detector resulied in much wesker signals  The use of & higher
powered light source would sllow the collection angle to be
bester defined while maintaining a useful scanering signal.

Procedure for filfate aaplsis

A stamclard o ssmple (100 L) was injecied into & stream of
0.2% wiv EDTA pumped at 1.5 mL‘min using o pesistaliic
pump (see Fig. 1), which then paseed through 8 mixing coil to
merge with s stream of 1.2% wiv BaCl and 0.1% wiv palyvimyl
abcabod (FVA) in 0.05 b HCI befire entering the flow-through
cell. Light scattering caused by the barium sulfate precipitase
wad monitored by the detector and recorded on & compuier. An
FlAgmm (a plot of output voltage (linearly propartional to the
hight scafiering intemsity} wr, time) wes obtsined for each
injection. Data for & series of standard sulfate solutions were
ploted (peak hedght versur muifste concentration), and the
resulting calibration grph wes used o determine  the
concentration of yulfae in the unknown water samples.

Resulis and Discussion

Testimg of FI-LED insirumen

A senies of 0,144 um palystyrene (PS) latex suspentions with
conconirations in the range of 2 - 10 mg'L were injected indo the
FI systen and allowed w0 flow-through the LS detector. The
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Fig. § {A) FlAgmms obtamed with the FIA-LS sysiem shown in
Fig. | wsing 100 uL injections of sulfate of various comcentraiions,
m:mummnfmmmhpmhm
mmu.wmm-qﬂmh
the text. = gum of squares of deviations of the points froem the line,
Fﬂnﬂiﬁmhﬂnﬂlﬂﬂﬂlﬂhmﬂp&hn
expecied o lie within ke hand.

mazimunt  differonce  berween  meplicates of the resalting
FlAgrams (detector valtage versus time) was 10%. The pooked
sunderd devistion betwesn replicates was | mV ar 2% st the
mid-range of the dats, The resuliant calibration line is plotted in
Fig. 4. The das demonstrate the lincarity of the detection
gystem. The encertainty in the gope of the line (the standard
error ay determined by a least-squares fitting procedurs), was
=] %

Flow-infeciion nephelametric determination of sulfate

Using the FI manifold shown in Fig. |, the effects of various
measurement conditions, concentrations of reapenss (EDTA,
BaCls, polyvinyl alcobol), flow mes, injection volume snd
mixing coil length were stdied. From this information the mm
conditions HhﬂhﬂmﬂhﬂﬂTﬁmﬂhﬂ.ﬁM}
or (0060 M, BaCly conceniration |.2% (wiv) or 0,058 M, PVA
concentration OL1% (w/v), sample injection volume 100 pL,
mizing coil length 100 cm and flow mte for each line )5
mlLinxim,

The carrier stream of alkaline EDTA acts g8 & wask salution
i well as binding some metal lans in fhe ssmple Sulfate
reacts with the excess barfum ions io form a precipatate befiore
reaching the light-scattering cell. The polyviny! alcohal would
kelp 1o stabilize the precipitste by forming » protective layer on
the particles.

mmmmqlmmmmwm
[f-!}mﬂtﬁhemtpluhll;iﬂu?wlﬂﬂﬂmii-m
mmhhmmmhmmmurn
mnhhd,whddmiddﬁmhmmiunlmﬂ
Mhnphu:dhmg.sﬂudnchﬂymh;. In
ﬁhﬂﬂmrwﬁmmﬁﬁrhﬁuhm—
ﬁuﬁu.mﬁmﬁm{mww}
mmhﬂ:ﬁq&mhmmlphﬂjhm
B imerpolation fanction.  The simplest Funetfon thm
mummhﬂwuumudnm
F= kIl + E3x3 + Brd, {n
The fitted curve s shown in Fig, 5B tgether with the
pﬁuﬁ-hﬂ:ﬁmm'mHthfmmﬂmm
expecied o liewithin the band,
mwmmﬂﬂuﬁﬁmdhmnﬂﬁti
some pstural weler sampier.  The reproducibility i similar to
that of the sulfate standards: the maximum difference hetwoes
replicates was 0.1 V or 17% and the pooled standard devintion
over all the snmples was 0.05 V (f=T).

Using the quartic calibration curve obixined with the sulfate
standards, the concentration of sulfite in each naium! witer was
estimated. The resalta are given in Table | together with the
95% confidence limits, determined na follows.

5% confidence limit = 0.5 the width of the B5% prediction
band/{mumber of repliemes)'®  (2)

Conclusion

Aithw-mwmghﬂmmm'nu
developed for use in FI systems, whers precipitsies  are
genernted and the resulting turbidity is wsed s the basis for
chemical snalyxis. The detectar emplayed & readily svailable
wmu-mmmmmn-m
sensof. The detector was tested using polystyrene lntex beada
un found 1o be quite sepsitive nod relishle.

hmumuwﬁunrhmm&
Him-ummudlnnumPIme:hwuiﬁpudu
measure the sulfare concentrations using an approach based on
the standerd tarbidimetric method of barism  sulfae
F:ﬂuﬂmﬁunuﬂ:rmhmuhuhdmdﬂ:iugﬂu
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known limitations of this method, which result from variations
in the particle size of the presipitaie. We believe that this
mhudhummudumwhvmmnﬂmih
ﬂlﬁu#ﬂdﬁuuiﬁﬂmhnbﬂiﬂtdlqﬁm.
Whmwurmm-MMmﬂm:
by optimiring the precipitation conditions o obtain mare
precise comtrol of the particle size. Work ie oagoing i our
umaunm-mmmaﬁwuumnmu
mare precise and cifficient than the commonly used basch
mrbidimetric procedire.
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Flow injection spectrophotometric determination of As(IIT) and As(V) using
molybdate reagent with solid phase extraction in-valve column

K Grudpan's, HMWM’.WM.MM'JL
Gary D Christias®

‘I’Hmﬂutmahﬁm;l.ulhhﬂlﬂfﬁmn-;hﬂmw
’mhnrhuhﬂnmmm[cﬁ.mmqmmm
of Chemistry, Uriversicy of Washingtoo, Bew 351700, Seartie, WA SRI95- 1700 LA,

Recetved |0 Devember 7007

Flow Injestion (FI) for ion Of As{II) and AsiV') liss been Asiil) in & mixmre of
Mﬂ:‘ﬂm‘mmummmmm*hmmﬂ-;m
MHEWMUMh?th“T‘Em
packing wit sorbed As-cosngdex is ebeted and comtinnonsly monitored by an colorimeter. The signal
mnd:nmum‘-dm‘.ﬁmwmmmwindhm”d-nm
mintere, Opiissisation for e canditions has Been & Single mandand As(Y) oalllestion is posslbie, Application s
& sumple firee from phosphate such as winer leachaies of zing ores has bovn demossiraned,

Amenic compounds wre used in agriculture as mmlyumlhum-ﬂmm
insccticides, herbicides and also I veterinary also possibility for single standard calibrativg ™, 1y
medicine. Arsenic acid is nsed as desiccant for the  also offers such s Fe(TIVFe(I™ and
mﬂmmﬂhmmﬁﬁqdh W

the preparation of wood preservative salts. Arsanilic
-uidiuuudulfmitﬂdhiy:hpmﬂmﬂmh hmmmmmmmm
alloyed with slominium, galliom or indium forms M- sn FI system  comprising simple and  low-ocost
V somiconductors for integrated clreuit, diode. components with C18 solid phase extraction in-valve
infrared detector and laser technology. The waleity of for preconcentration snd separstion snd for spectation
arsenic depends oo it chemical state, Trivalemt ﬂrﬁiﬂmuﬂmi]brmhlm

Wit rporied for sequential detsrination of AsOy wes [ovestigated. Single standard calibration wes

and AsO) for 0.6-187 =d 19475 mgd  siudied Application in waier lsschate of Hinc ores hes
respectively. It is based on the resotion of AsQy™ with  been demonstrated.
ammonium molybdate o form  melybdosrsenate

which is then reduced 1o the "molybdenum blue™.  Materials snd Methods

Oxidation with KI0; for conversion of As(IlI) to As Aﬂﬁmhhmnhﬂ:ﬂmmw

(V) is for the-determination of total msenic™. An FI  where otherwise stated, and de-jomised water was
system with & column packed with 8 resin provides  ysed
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A stock standard As(Ill) (1000 mgA) sobution was

molybdaie [0,20% (w'v)] in sulphuric acid solution
(025 M) wes prepared by disolving
(NHjyMowOype AHO (BDH) (2.0 g) in sulphuric acid
(0.25 M, 1 litre) and kept in a palyethylene bottle
prevent introdoction of silica Ascorbic scid sohstion

The laborstory made microcolumn similar to that
previousky reported™ was & eylindrical Perspex drilled
for 25 mm X 3 mm id. The column was [Glied with

Fi mamifold
Figure | depicts the fow syalem used. A foar
chunoel peristalfic pump (Tsmatec, MC-MS/CA 4/6)

i

8
g
§
iE

Temperature
injection valve (V) (F1Alab-2000, USA), having
in-valve column (C18) ss described sbove. When
swiiching the valve o the loading position, an eluemt
was pamped by another peristsltic pamp (P1) (Eyels,
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Japun) to elute the sorbed As-complex from the
calumn and pass it through the mixing coil, RC4,
before entering into & Aow-through cell (Hellma, |
cm, Suprasil [ window) in a

sequential  determinarion  of
As(TT) and As(V)

A(V) alone in the miziure wus determined firss by
merging the sumple with & waler stream eontrolled by
with the seam  RZ. The blue
molybdoarsenic scid complex was retained on the
CI2 microcolumn end eloted by changing ihe position
of the column on the Injection vahve W2, and the
cluted product flowed further throagh RC4 1o the
detector (§20 nm).

As{IIT) in the mixture was determined by switchi
ihree way valve, V1, so thet the EIQy sohmtion
1) flowed to merge with the sample containing
mnd As(lll). The total As(V) [the original
coninined in the sample plus the oxidized
was merged with ammonium motybedste end
acid (R2), The sum of As(V) and As{II[) was
obtnined from the signal.

2F

i3

ERIE

“’tf- .-

I
B

Fig. \—Flow dingram symmn for spocistion of As{Ill) and As(\)
[F1, P2 = perstalfic pamps, V] = three-way valve, § = sumpls,
E = glomt. RI = oxidizieg agess {(KIdy) K2 = smmoniom
malybdee in sold solusion, 3 = sscorbie seld, RC = resciion
cail, W1 = roiary isgeetion wnlve, Cyy = in-vilm microiemn on
VI W = wasia].
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Besulis an. Discussion
Optimization of the FI manifold

Th:pumm:tmw-ma:mmm,,ﬂ.ui
M) B2 [ssmmomium molybdate (0.10% (wh)] in
H50, (025 M); B3 (ascorbic acld (6.0% (wv))];
El{ﬂﬂﬂ;ﬂﬂ!tﬂuwﬂ;ﬂﬂﬂﬂlm}:m{?ﬁ
em); fow rates of B 1, B2, B3 and the
wml.Enﬁnin;:hﬂlWﬂH,ﬂ.mH'}wim:ﬂﬂ
mte of 3.5 ml/min; and & water bath (emperature of
S52°C. The effect of  wmmwshan sl ybilaie
conceatration i 0.25 M H,50,, presented in Fig. 2,
indicates thal il the concentration of mmmondism
malybdate wes too high the net peak height dus 1o
As(Y) decremsed with increase in the contribution
from the blank. An ammocniom molybdare
concentration of (L20% (wiv) was chosen.

The acid concentration must be controlled. If the
cidity 4 o low, silicate or even malybdate alone
will give a blue colour, and if it Is too high, the colour
dise to arsenic ks decreased in . & sories of
calibration graphs [0.10-0.25 mpd As(V)] was
obizined using 0.20, 0.25, 030, (.40 and 0.50 M
He30. y=236x+44, y=230x45, y=24Tx-45,
y=192x~1.3, y=165x+0.1 with /* values of 0.9791,
0.9994, 0.9900, 0.9892, and 0996 rospectively. The
resulis indicated that maximom slope was obtained in
ths presence of 030 M H504 but the commelstion
coefficien! was pooser than that obtsined in the
presence ol 023 M HySOy. A concentration of 0,25 M
Hi50y wes chosen. At this concentration, a linear
calibration was obtnined pasaing chove 1o the origin

When concentrations of ascorbic acid were varlsd
from 2.0-100% (wh), an incressa [n the
conceniration of ascorbic acid cansed sn increass in

210

o2z BEE

Posk height (=)

oie Q@0 o030 0do
Ammaonlum molybdete canc. (% wi)

P 3—&ect of wsseedem molybdyis consemaation [{1) blank,
(B 025 mgd AV und () comrecsed for blank]
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shope of the calibration graph up to 8 concentration of
E.M{M}.bminmudmmm
Mdiﬁmﬂm‘hﬂm:iﬂﬂﬂmwmﬂhﬁr
cconomical ressons, 6.0% (wA) mcorbic scid was
salected

Iupdhmwmm,#-mnhmuhﬂnﬁu
mmhﬂumummwam
mnd sodiom  hydroxtide (0,10 M) solution, were
exantined for sultshility. The effect of concentration
nfﬂnmh:ﬁmid:mhvﬂiphdhrmlu
cancentration batween 0.05-0.50 M MaOH. It was
found that 0.20 M sodium hydroxide sabution was
suitable for farther studies,

The effect of eloent flow rate was alsa studied. I
hﬁnﬂﬂhﬁghnrlhﬂﬂnwrﬂ,lhﬁ;hum
pealc The fow raie of 4.4 mifmin was chossn as
compromise between pesk height and rate of sample
injection. This mte is within a region where small
variations in flow rate does not alter the peake haight
significamiy,

The effect of flow rate of reagents and sample
indicated that peak height mcressed with incresse in
flow raie up 1o u rate of &t lesst 1.8 mifmin. Tt was
noted that sbove & flow e of 2.2 mlmin
fram coanections oocurred. A, flow rate of 1.8 mb‘min
wihs therefore chosen.

Peak heights were practically constant for the RC2
{10-B0 em), #o 10 cm of RC2 should be used. The
optimum RC) length &5 100 em. The peak height
docreated with increaze In the RC4 lengths (15-100
cm}, 30 & length of 15 om should be suitable.

When incressing the KIOw conconmwdon, the
percent axidation wis increased but peak heighes were
decreased (Table 1), And if KIO, concentmtion was
higher than 0:05 M, lodine ‘recipitated in Teflon
tubing. An optimom concentration of 0,05 M of KI0,
wit chosen,

Table |—REfect of K10, concsniaios

Peak

Ky Corecied for Coevected for

One, Hlamk hilank of Blankol Owidetion®
M) 02Y mah G5 mgil %)

AulVHe)  AsiIT (b
gilid] 4 5 ] EE
0.0% 5 £ » 5]
0.06 n il M B
007 il b 1 kv &
(.08 B x5 - | 1
{L10 FL 23 4] [14]
% axidafion = (i) & 100
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The effect of water bath icmperansre on peak beight
indicated that peak height incressed with kncrease in
iEmpeErature up o 33°C. 17 the icmpomiure excesded
65°C, air bubbles interfered. Water bath temperature
should be muintained a2 55°C.

Loading time for Ax(V) preconcentration

The loading time for 0U01-0.25 mg As(V) was
*aried from 30 to 180 5 and with incresss in loading
time, the slope of the calibration incressed. Bul jong
loading times decreased the rate of mample through-
poi. The Joading time of 6 5 should be i

mgA As(Y), 0.04 mgl As(V) and 0.03 mgh As(l),
respectively (a, b, c). Relaive standsed deviations
fior As(V) and As(IIT) were 3.6 and 7.4% [ = 11, 0]
both As(V) and As{TT}] respectively

TMDHAN § OIS, SEC A, DECHMWEES 20

Tabile 3—Comditionm for the ssqumiial dairmision of

AnIEARY)
Rcagem K1 003 & KID,
Heagest B2 CL20% () mmmemium
mokybdme n 0,29 M Hy80,
Rergest 71 6.0 ) ascurbic acid
Elusp 30 i M
Flow rme of smgdes, K1, B2 §.8 mUmin
[ L
Flera raag il whuemt .4 mlimin
RC| dimemsion Bl e 0Ll avum G4
RC2 dfimennion o0 o 0. o
R dimension 100 em 0. mmm Ll
R4 dimension 15 cm (LB oo 14
Temporature of waier bt 5543 o
gy oolumn dimension 5 em X 0mm i
Lowding tisse 6l s
LED enlowr ed
Sersivity of rocorder 200 @Y
Chaal spood of recooder L5 cmmis

Simgle standard solution calibration for As(V)
dereralmation

Standard solufions contaimng 0.01, 0.05, 0.10, 0.20
nmd 025 mg] As(Y) were loaded ol @ constent flow
nnufl.?nh'hhw'lxﬂllmhmmi‘
the: preconcentration ilmes & each contentration. The
peak heights of esch tme were recorded. The resulis
kel bo five conventinnal calibestions (a3 phot of peak
beight vs pg/ml As), onc for each preconcentoation
time. A phot of jig of As(V) sgainst penk height yields
a single lne: g As(Visflow mie (1.7 mbfmin) x
[A=(V}] {pgiml) = precomsemiration time {min). Thia
indicates that & single sindasd ealibeation is Gnesr up
o 0.85 pg As (y=1532+0.74; P=0.062).

desermine As(TIT) and As(V) in mixtares, The signals
obized when wsing n waier siresm were dise o
As{V) oaly; when the oxidizing ageat (0.05 M KIOy)
stroam wes used the signals were due to the sum of
As(lll} smd As(Y). Percemtspe mecoveries wens
cvalmated. The regabls are dizplayed In Tabls 3. 1t was
found that the recoveries were 96 to 110 and 80 o
lmpTqumﬂﬂﬂl}.mmwﬂr.

Evaluatiah of aréemic concentration
Arzenie{V)}—Aa(V) consentration, x,, can be dirsctly
evalizated from the expression:
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‘Tabila 3—Detormination of As{Ti) sad As{V) H.ﬂm.{“ﬁﬂﬂm]nhﬁ-]

o, -
i present &h} Cone. Busceivery
AV Wemx  Cuadising 'EWE' As{i) 'Wm_uﬁr
v Hrmam

i it ] o no i =

3 020 o &40 2.0 a2 g ﬁ

] o 008 o 160 o 0.08 . 100

4 0 o3 0 mo [ Qs . 00

1 010 a0 70 0 it .08 1o B

8 013 003 0 4.0 0.1% o 106 Bl

7 10 s /0 o0 CRT 1o 100

B o 0o 4.0 an ] o, .

L] 0,18 g 20 o i, oo 107 BE

w 0 025 0 a0 [ 034 %
—“Caloubution desrribed |n the o,
=y by - (@ Table 4—Lnmparsaive Sicmination of arssaic i ey hacking
of X = (yr- )y wenger ggsles by propovsd eeibod and HG- 445
where y, = sample pesk height, o; = u constant, and b, e, R 1 _ |
= the pesk height of the blank. W e
Arsenic{Tl[}—The concentrations of As(V), 3. and 1 EILESE - O R o
sream from the el ™ ol

axpressions: :- aTSHOM 08 MD 08

sk o LXzam 13 HD 152
¥y = 3y + By B (171 * NI = pot-deteoied

g

I As{V=0, [ASII f=y={yrtaMas

M As{V) = 0, [As{III}] can be calcolated from Egs (H)
and (BT} ns follows:

Peak height due o total As, b= +1
syt by el xpthy)

=(gy | As(Vi by [As(TIT By}

benee, [As(ll}}={bea; [As(ViFr-inllay ... (V)

FProamn the calibrationy we obiainsd:

¥ o= 352x) + L14L, p = 21830w) + 05747,
and yy e 1T340n) + 1445

For samplene. 1 in Table 3
As(V) is calenlated from y, = 3152(x,) + 1.141

Fi=HOmV hence, 3.0 = 315.2[As(V)] + 1.141
[As(¥)] =010 mpA

For mmple no. 3, yy = 16,0 mY (peak height uring
wader stream = (1)

[As(lII}] is caloudated from yy=173 4[As(III)}+1 445

hence, [As{TI)] = (16.0-1445V/173.4=0.08 mg/l

For mmple no. 5, y= Y1.0 mV
mnel & {pesk height naing KIQy srream) = 390 mV

[As{V)] = (37.0-1141)3152 =011 mgA
[As()jm{39.0-218.2(0.1 1 -0 574T=1.445 )71 73.4
=008 mp

Determination of As/IIT) and As{V) in waser sqmpiles
The recommendsd conditlons [Teble 2) wee used

wm:mmm.-mm
from & =inc ore dump. The resulis are

Tabils 4. ﬁmmnfﬁiﬁ'}ﬂ
HG-AAS was aleo camrled ool The differences
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between the memns obtained from the proposed Rﬁuum

method and the mference method (HG-AAS) wer
evalunted by & 1-i281. The calculated (-test valoe of the
proposed-FIA and HG-AAS methods b5 0.89, The
critical value of t-tast is 2.13 (4 degrees of fresdom) at
the confidence interval of 90N, indicating that the
results obtained by the recommended method are
vomparable o those obimined by the reference

A flow injection system with in-valve C18 SPE
for apecistion

heteropoly seld with meolybde im mid
B ¥ rEagenl in
solution snd subsequent reduction of Mo(VD) to
Mo(V)(molydenum bluee), is As(IIT) in a
mixture of AsD; and AsO,” is merged with an
salution(KI0,) and thersby converted
i Hﬂm}ummn
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Flow-Injection and Sequential-Injection Determinations of
Paracetamol in Pharmaceutical Preparations Using Nitrosation
Reaction

Rodjana BURAKHAM,* Sopunnee DUANGTHONG,* Lop PATIMAPORNLERT,* Narong LENGHOR,*
Suphaphorn Kasiwan,* Lalida Seivicsaal®* Somchai LAPANANTNOFPAKHUN, = #=
Jaroon JAKMUNEE,*** and Kate GRUDPAN***1

*Depariment of Chemisiry, Faculry of Science, Chiang Mai University, Chiang Mai 50200, Thatland
*“* Institute for Science and Technology Research and Development, Chiang Mai University,
Chiang Mai 50200, Thailand

A simple Fl and two different 51 aystems have been investignied for the deierminstion of parscetamal by empboving &
simple resgent for a nitrosation reaction. It is based on the om-line aitrosation of parscetansol with sodium nitrite in an
acalic medivm. The formed mitrodo dervative speches reacs furtser with sodium bydeoxdde o convert 1 8 6 more stable
compound. The yellow product is contimsously mositored al 430 nm. The F1 system ks very simple and cost effective for
fast manusl operntion (60 injections/ly; ¥ = 0.258x + 44.314, F = 0.9910 for 400 - 1000 mgfl and y = 0.1687x + 145.72, #
= (9970 for 1000 - 2500 mpT). The two 51 systems with different components and configurations are sutcmstzd and
optimized for the conditions for which po extra dilution i b be mequired lor ssmple handling: one with » syringe pumgp
and pwo selscton valves (60 samplesh; y = 0. 1468 = 4 T297, /= 09944 for 400 - 1000 mef and ¥ = 00858 + 63,933,
7 = (L9849 for 1000 - 2500 mg); the other is simpler snd mors cost-afTective, with an sutcburctts and only oes s=lection
valve (15 sampleah; y = 0.00T2x + 11467, / = 0.9977 for 200 - 1000 mg and y = 0.0028x + 54689, r = 09579 for

VO = 2500 mgf). They have sll boen spplicd (o smay parscetamol in pharmacentical preparations. The obéamed resulis

mgree with those by the US Phormacopeia method

(Received August 21, 2003; Accepted December 3, 2003)

Introduction

Paracetamol is an extensive analgesic and antipyrefic drug,
Severl baich metbods have been repanied for the determination
of parscetsmyd in  pharmocewtical preparstions, sich &
specirapbotomsetry,’¥ refllectnnce near-infrared  spectroscopy,’
chemilaminescence® and liguld chromstography.? A mamber of

Mow-imjection (F1} methods have also been repovicd for the
determination - of parncetamol, such & Fl-specirophotomery,
using differemi on-line derivatization resctions.  However, the
conirol of  soch  reactioms  aedior  manifolds W el
complicaied. = Some methods, such as FI-FTIR' and FI with
 boroa-doped dismond thin film elecerode,¥ involve relatively
i ghier ene insmumssnis.

A further ganeration of FIA, SLA is o greay posential technique
fior chembcal analyels dwe i mach lesy rengent conseimption, in
simplicety and coavenbence with which manipulstron can be
mutomated, Sa far, &n 51 procedure for  parscetamal
desermination has been reported. [ s bagsd on o resction with
bexacymoferrue(il}, followed by & macton with phesol st
alavaisd Emperaiune in aqueoas nmmonia. !

Simple ond insxpemsive spectrophotomeine fow-imjection
and sequentinl-imjection systems for the determinstion of
pamcetamcl  using smple reagems bassd on  preliminary

¥ To whom comespomdence should be sddressed
E-munil; kniz@ chisngrmui.uc.ih

conceply imimodiced af the DCFIA 30| Conference'® wre
presented. The procedures empioy the resction of parsostamol
with mitroes scid ol room iempemtee, prodecing s derivative,

Experimental

Chemicals and reagents

All of the respenis used were of onalytics]l reagewt prade,
Despnized water was used throughowt the experiments. A siock
solution (5000 mgl) of 4-scetsminopbenol —siandand
{parmeemmol, Plukn, Switreeiand), which wes msyed nsing the
USF method,™ was prepared by dissclving 05146 g of the
sunderd in water ond dileting o the mark in o 100 m
volumetric flask. Waorking, standards were: freshly preparsd by
diluting the siock scletion with waber 10 obisin spproprisie
concesiration.

Eunpkpmptwhn
Some locally commercial pharmacesticsl prepanstions were

tnken &s somples o be assayed, For tabler samples, 20 mbles
were accurmiely weighed and finely powdersd, An amount of
the powder equivalent to & wablet was dissolved in woter, After
stirring for 15 min &t & wmparature of 60 - T0°C, the volume
wis made 1o 250 mlL  The solidon was then [hersd before
anakygis. Farher appropasie dilstions foar FlA procedures were
made uslng waler, For & symap sample, &  aliguod
comsiponding 1o 200 mg of parscetamol was dilnsed w 100 ml

_




Flg. | Schemmie diagmma of FUEI sysems for determmastion of
parscetamal: {a) FIA, (b) SIA-1 and {c) SIA-IL P, pumg; €, camier;
HC, holding coll; MIC, mixing coil; IV, mjection valve; ¥, scleetion
walve; [, detecior, B, recorder; W, wle.

and thea fltensd.

FI ryetewm

The Fl sysiem, eimilerly o the previoualy repomed one,'™
which ie more almpbe than thnt deseribed by Knochen o all
constsied of & peristabtic pump (lemetes, Switzerland), 8 six-port
injectinn valve (V-45], Uipchusch), & reaction ooil, s colorimats
(Cole Parmer, USA) with a fow thwough oell (Hellmas,
Germany) of | cm light path and & recorder (Philips P 8351,
Hollend), as shown in Fig. lis), Through an injsction valve, &
pobution contaiming parscetwmol was injoctsd o a HCI canrer
abd merged with NaNO; @ form the nitroso desivative, which
whis subsequestly Mabiized with MelXH. The sbsorbance of the
formed product was continoously recorded st a wovslength of
30 nm, snd the peak helght was vsed for an eveluston,

51 svriemis

Two Sl sysemd were investigsied. Both sysems wers simed
for pperation with minimam stepe in ampls bandling. sech as
no requinernent for further dilstion of the ssmpls siock salation.
The first one (SIA-I) was & SI Analyser (Labbrasosy mnde,
Turku Cemer for Biosechnology, University of Turks and Abo
Aknderni University, Finland) consisting of o 2500 jil syringe
pump (Cavrg), two six-pon sslection valves (Cavro), o holding
eoil (200 cm 0.6 mm L), & resection codl {100 em x (LG mm
i) and using » Spectomic 21 (Bausch & Lomb, USA) a8 &
detector with o Oow-through cefl (Hellma, Germany) of 1 cm
light path, s shown in Fig. 1(b}. A persoaal compuier was el
for instrumental control, dats sequisition and evaluation wia o
Lsi PC+ imterface card (Mationsl Instruments) snd en AnalyS1A
program [ The Biosense Team).

The s=coed 51 system (S1A-11) used is schomatically depicted
in Fig. bich. W conssied of an sawburste Dosimal 765
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Fig. 2 Schemstic
parse@mo '

dingram of he nirosation  meaction  of

(Metrohm, Switserlnnd) equipped with 8 10 ml exchange umit,

for & pumping system, and connected to & parsanal compuier v
an REIIIC imerface, & | 0-position sebection valve VI with m
microekecine sty (Walco  (mstrumente, USA) mnd =
Spectronic2] (Bamsch & Lomb, USA) detector with & MNow-
through' cell (Hellms, Oermanyd of 1 cm light path.  Tie
ausphispems was connecied b0 the center of the sebection valve by
means of @ holding coil (250 cm * 1.27 mm Ld. Tygon aibing).
A mixing coil (30 cm x 0.7% mm j.d. FTFE whing) was placed
betwesn the seloction valve and the detecior, Both instrumental
comiral and dats scquislien swere mamipilsed wo sofreare
using LabVWIEW, developed in-house snd using & CYDAS ULV
imerfacing board (CyberPlesearch, WSA)Y  This softwame
prorviced controd of the volume o be dispensed o aspirated by
the sutoburette, flow mie, selection of the differsnt valve
wis compuied by uaing MATLAB,

The 51 operation seps were a8 Follows: firsly, cthe menifold
limes wete washed whth water, and afl of the reagenats wers filled
inte the ports of the sslection valves, Then, siteble volumes of
the reagenis wers sequentially sspirsied snd siacked s zones in
# bolding coil. Fimally, ihess zones were propelied through a
reacticn coil. A fone penstration ocourred,  The wheorbancs of
8 product 2eme s comtinnoosly mondtored &t 8 wavelenpth of
430 nm,

Results and Discussion

The FIA

The flow sysiem and chemical variables wers investigabed.
Optimizsiion wudbes wore cared owi for each imdividuonl
variable and optimam valves wers selecied. The effect of the
mixing coll leagth, which influemced both the sensitivity (1.4
slope of & plot of concentrmation (mg) of pamcctamol vr. peak
height) of the methad and the sampling fregeency, was studied,
The leagihs of mixing coils betwesn 50 - 280 om were
examansd. A lomger mixing ooil resulied i incressing the
sensitivily &s & resull of promoting better mixing of the sample
and reagent. A mixing oodl of 300 em was selecied far further
experiments doe 1o (e Hoeanity and seusitivity,

By fxing the fow-system variables {mixing coil length, 200
cm flow rae. 2.0 mbmin mnd ssmple wolame, 70 pf), the
inflsance of the chemical variables was studied by varying the
concemtrations: MaOH (0.03 - (LL0 moly, HO 003 - 0.15
mol) and MaNOy (001 - 014 mol), The conditions were
selected to be OL10, 007 ond 0,07 moll for NeOH, HCl amd
HaMi, respectively.,

The 5IA-1

By wsing the SIA-] system, the sequence onder of sspiration
was firstly optimized to ensure good mixing of the smple mne
with all of the rexgeais involved, Seveml sequence onder wer
examined snd § sultsble one thal provided a good peak shape
and high semsitivily {beller response) was selecied. The selected

o




ANALYTICAL SCIENCES MAY 2004, VOL. 20

Table | Selecwed condifioms of the S1A-I system For (he
determanmtice of paracetanod

B39

Table 2 thﬁﬁmnfdhﬂunillﬂlnhﬂ:
determinmion of peraceinmel

Sequence Valvemo, Positiom  Walmmedl Diescrigiion

B Asplewie 0.05 malil
HCY fnna HC
Aspirue 0.1 mob!
MHaM(k inso HT
Aspirme samgsle
o HC
Aspirsie 0,15 mol
MaiOH it HC
Aspirste 0.05 molf)
HCT imin HC
Puumgp 10 desector
with firer itz of
% mlimim

2 1 & 75

1«5 i

1o
50
L0

sequence of the sample and the reagent Tones was created by
first aspirmting.

HC] imto & bolding coil, then, MaMO; amd the
were imseried b0 the scid zone (o increase mixing of the sampile
and the reagents. I this step, & nitroso dervative compoand
wis formed.  MoOH was finally sspirsted 1o siabilize the
product before desection of the sigmal.

Although some reported that e resction product was & niro
derivative,""™* there has been & report mentioning the product
beimg & nitroso derivative! A stisdy an the formuation of metal
chelates of mach o reaction product indicated that the Tormation
of & nitroso derivative of scetaminophen is more probable than
the mitro desivathve.|

According to the pitrosstion resctions’ of parscetamol, us
shown in Flg. 2, the mitroso derivatizstion of parsceamal and
NaNOy should taks plsce under an acidic condition. Thersfore,
the Nafilh zone should overlap with the sample and the HOY
zone (o ensure an acidic medium for efficlent forming of the
nitroso compound before being sabilized by the NoOH mooe o
conven {8 o apother species, (o be momitored for sbsorbanes.
b was foand that the best sequence was to sandwich the sample
and the NaNO: zoses with twoe HCl moses.

The concentrations of the three reagents (MaMOy, HCl and
MaOH) lnvobied in the mactions were optimized. A series of
concentmtions of & singls reagent was varied, while the others
were kept constant.  The reagest concentrafions glvisg high
eengifivity and pood linsarity were sclecied by consbdering a
regrassion equation (Le. slope and Aovalue) for a plot of the
concentmtion of the paracetamnd vr. peak mrea. The trends of
the reagent concentrutions were quite similar o those obiained
froms the Fl system. Howeves, il s sot couvenient to work with
high concentrations of MeDH, since the Schilieren effect would
hiviz & grast inflsence,

The effects of the reagent and sample volumes were evalunted
by varylng the volumes of MaOH {100 - 300 p1), HCY (100 - 350
i), NalNDy (50 - 200 pl) and the somple (5 - 50 pl). An
incresse in the veagest and sample volumes resulied in
incressed senaitivity, However, o poor seasitlvity was obtsined
by using & very high volume, probably due 1o less 2one overlap.

In addition, the flow mie was optimized to schieve u good
analytical signal und sensitivity, The selected conditions me
summarized in Tablz 1.

StA-i1
Alibough the 51A-1 system could be succesafully applied w
ke determinstion of parscetamol, amother S1A sst-up with mere

Vilwe ¥
Sequence . Mode  Volmmedul Diescripicn
| 5 Pl 300 Aspirate 005 mal
HC b BT
2 & Dis 1o Disgease HOY
i 2 PIF nn Azpirme 0. 10 moll
WMy im0 HO
4 3-4,7-% PP ] Aspimaie smmglc
inko HC
4 & HF o Re-axpirms HCY
(seqmence 1)
& 10 FiF 0 Aspirese (.20 mol
MaOH o HC
7 L oDsC 5000 Dspensa 1o
detecics wigh Now
iz of 3 mlimin
i, Fipelting.
b Cusmilative dispeesing,

Table 3 Analytical charscteristics of the proposed methods

Parsmigter Fia SiA-1 LA
Linear mmge {mpMh, & #00- 1000, 400- 1000, 200 - 1000,
0.99a] (LS46 09977
1000 - 2500, 1000 - 2500, 1000 - 250,
0.4w70 D9R4D 03879
RS0 (nw [ 1) b k. o e
Dietection limit (mgh) 45 T L]
Sampling freqoency (b7} 60 60 13
o At KN mp,

b. Wishoot extrn dilation for samyle handling.

oost effective comiderations was investigaied. lnwiead of &
syringe pump, an autcbaretie was used, =nd only one [0-port

selection valve was employed. Optimizarion was stadisd. The
optimum conditons sne described in Tabibe 2

Analyticel choracierittics

An cvaluaton of the wnslyocal charscweristcs of all ithe
proposed procedures was carried owt by sisdying the linesr
mnge, precision, detection limit and ssmple frequency, as

The precision of cach proposed procedure was sudied, 'When
using & standard (2000 mgA), the RED;s for SIA procedires with
oo didistion for sample handling were less than 4% RSDs of
hﬁmlihnwﬁnﬂummﬁhﬂdﬂhm
eome conditions, which should be useful for the routine quatity
control of o particular formuls of pharmacestical prepasasion.
The precision of such & procedure was tesed daily for § days. It
wei found that the REDs were also within 4%.

By using the F1 method, the effect of foreign compoumds that
can be found in phamacewstical preparmtions costaining
parsceiamal was also stedied. Chlorphenramine madeats with a
conceatration of ug o 80 m/l was tesed for the determinstion
of purncetamol (2000 mpd). The resslts showed thai ihe
peeience of chiorphenrumine &d ot ineerfere with ihe
dettrmination of parscemmol.

Tumrdﬂnpmpmdmlum:dhy
enalyzing resl esmples.  The resulis agread with those obinined




Tabke 4 Determinadion  of  parsceiamol  n some
h ond :
Sasngle Type of
preparation o glag SIA Sllmlu:
I Takilet W ] w7 7]
2 Tukilet ] o ] m
3 Tablet im0 1o 4
4 Tatlet 95 100 g Lk
5 Tahilet oo 104 o 96
& Tablet I b 1] a8
T Tablei 1] b1 o 9]
i Tablet 1o oy ki) a4
¥ Tuhlet ] k] 10 !
1 Suspession |08 102 g5 ]
i Synup 105 oz o1 n

by the standerd method (Table 4.

Appilicaripn i sampiles

The three proposed sysiems (Fl. S1A-l and S1A-T1) wers
applied to the determination of parscsamal i pharmacestical
prepambon samples. Each sample wos prepansd o obisin
#olutions having coocentratbons of coo TO0 and 2000 mgd of
parmcstamol.  For SIA procedores, no temple dilution was
made, The obisimed resulis are summarized in Toble 4. The
evilunting by & i-tesn o1 the 95% canfidence level indicates that
thers lx no signdficant differance in the resulis oblained by the
proposed and standerd methods,
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Abstract This work caploited the well-known indine-
atarch resction for development of & simple flow-injection
(F1) methed for determination of iodide in pharmaceutical
samples. lodide in an injected zone was oxidized to iodine,
A gas diffusion unit enables selective permeation of fodine
through a hydrophobic membrane. Detection was made very
selective for elemental fodine by employing formation of
the l;—starch complex. The detection limit (3S/V) of the
system was | mgIL~. For a liquid patent medicine used
for asthma treatment we suggested modification of the sys-
tem. Direct injection of this sample, which contains a partic-
ularly high concentration level of iodide (ca. 9000 mg TL-1),
can be achieved by coupling s dialysis unit 1o the FI
system. This has increasad the working range 1o 6000-
10,000 mg [L~ withoui employing complicated nanoliter
inmjection.

Keywords Flow injection - Gas diffusion - Dialysis -
Iodide - [odine—starch

introduction

lodine compounds are often used in pharmaceutical prod-
ucts. Jodine in the form of tri-iodide is an antiseptic and
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disinfectant and potassium iodide is thought 1w act as an
mmlupuhunmilhhrpnﬁruﬁhnhﬂhnﬁﬂy
inhibits the synthesis of thyroid hormones. In some coun-
ui:upulnnhmiudﬂ:uﬂmnmldhmmfw
thyroid prodection in the event of nuclear emergency, How-
ever, iodide should be used with extreme caution when
paticnis are markedly sensitive o the element [1]. There-
fore iz is essential to have an sccurate and precise method
availahbe to determine the iodine content of phurmscexti-
cal i

Several methods are available for determination of io-
dide at different levels. For determination of microgram
and nanogrum amounts of lodide, the most frequently
used method is chromatography [2, 3, 4, 5] lodide can be
determined by spectrometric [6], catalytic Epectromelnic
[7, 8], and potentiometric [9, 10] methods, However, most
:nihh{unmh]nﬁmuduhhﬁurmlmmhufhdida[!.
3.4,5,6, 78]

Mixt Stramonium Co. is a liquid patent medicine some-
times used in patients from asthemaf[i1]). The
level of iodide in this drug is quite high, ca. 9000mg 1L,
Apart from potassium jodide 12 g, other ingredients are
present in one liter: hyoscyamus tinctare 134 mL, stramo-
nium tincture 20ml., and liquorice liquid extract 34 mL.
The liquid medicine has 8 very dark brown color. It would
be quite difficult to measure the iodide content using s
common colorimetric method.

Usually & gas diffusion (GD) unit, sz applied 1o flow
knjection snalysis, is a form of an on-line clean-up system.
Volatile analyles can be ssparated from interference in the
sample by permeation across a hydrophobic membrane.
This process is fairly selective, because few species are
tumed into gaseous form at room temperature [12]. Em-
ploymeni of & GD unit ensbles colored Sampled, OF Eam-
ples which differ in refractive index from the reagent, to
be analyzed withoul optical interference. Motomizu and
his group reported a number of GD i in Mow
injection (FI) analysis[12, 13, 14, 15, 16, 17] including
application o iodide and other halogens [15). In 1997,
Hakedal and Egeberg [18] proposed an FI sysiem for de-
vermination of iodide in brine. This system employed =



GD unit fited with a PTFE membrane. lodine (1), from
oxidation of the idide analyte permested through the
membrane inlo & stream of iodide. Absorbance of tri-io-
dide (Iy") was measured in the UV region for calibration.

In this work we incorporated a GD unit into 2 colori-
metric Fl system. Detection is by simple measursment of
the absorbance of the I;—starch complex, recenily pre-
sented by our group [ 19]. The system was primarily em-
ployed to analyze pharmaceuatical products containing bo-
dide, for exmmple Kl isblets. These samples were dis-
solved in water and the jodide content of filtered samples
could be determined directly by use of our sysiem. How-
ever, for Mixt, Stramontum Co. the sampls much be di-
luted before analysis. Staden et al. recently dialy-
#is for simultaneous dilution of & sample [20]. For our work
on Mixt. Stramonivm Co. a dialysit unit was coupled to
the G unit and was used as an on-line dilutor, The use of
# GD unit with detection based on I;"—starch has made the
yuiam very selective and simple. The sensitivity in the
visible mnge is twice that of the spectrometric detection
of k- in the UV region [18].

Experimental
Beagents and sobutions
Fliw infechion

All chemicals were analytical reagent prade. Deicnizsd—dascilled
waler wis msed for chemical preparation. A @ock solibon of son.

B

dmf_iulid:{n. 20,000 mg 1 L1y 'lnmp.nd by dissolving ap-
proximately 26,06 (sccoamiz weight) potassien iodide
(Merck, Oermany) in | L water, Working solutions of iodide wars
obtaicsd by dilution with waser.

The oxident was prepered by dissolving 3 g potsssinm dichmo-
mate (Univar, Australin in 1 L of 10% {wh) sulfursc acid (Lab-
scan. Treland)

The sccepor siream was @ sodmibon of 0.006 mol L= potassium
iodide and 0.1% [wv) starch, This mixture was firs: made by mix-
ing 1 g starch (Merck) with o few millilicers of water 1o form »
sharry. The slumry wae added 1o 1 L boiling water, This resulted in
s starch sodution of 0.1% {w/v). Potassiam odide (2.6 g was then
dissolved in this starch solution. This mixed solution was slways
prepared daily, becanss of deterioration of ssarch molecale

Thiosutlste selution (0.1 mol L'} wes prepared by dissolving
2.3 g sodium thiosulfsie peninbydraie (Merck) in 100mL water, This
solution was diluted with 0.1% (wv) starch to give 2300~ med L
ntmmrue.mwmwuummmmm
ar indine residues depoaited o6 twbe walls,

Poigniiameiric amatysis

Potaselian iodide sandards for calibration sere prepared from the
sanie sinck jodide sclution prepaned for FT anakysis (30,000mg TL-9).
Sodivm nimree {3molL-'), the jonic strengsh sdjusior, was pre-
TI-I'HI by dissalving 42.5 g crywtalline sodiven nizrmie (Flika, Switzer.
and) i [00mL water.

Samples

Commercial polassinm iodide mblers were used for method vali-
dation., NO-RAD (65 mg K1 per wblen) i a prodect of Body Gald,
USA. IOSAT {130mg K1 per ablet) is distribused by Anbex (NY,
UISAN, These sample wblets were dissolved in debonined-dieilsd

Fig.1 The flow-injection sys- () Bywtem &
et st ek e v
EerminmiEgn A 20
tor, 0016 mod L~ KI in 0.1% e W
geamoEed  t=l—() %
of different concentrtlons (2, b e < o G it
4,6, B and 10%, whi oxidam  Cudanta 13 @
b, 0.01 mol L~ KCry0, in " \
1% {wv) Hy50,. C.  conflu- W
ence point: V), sample injec- ¥ 130 em
tion part {under the Waier | 1.5 |
muﬂmuzr.v,-u ' 250 1L
injection of eleaning solution
ﬂxlﬂ"‘nﬂb‘}ha’o,ln il min t
0.1% {15y} searchly W, wasis 304
(b} System B
"“’EE‘EE T
() —~ e
W 1S @ e
C '_ﬂh-—..w
Waer | |5 : 130 cm
v
Witer | 1.0 @ ! I |ﬁl‘ -
mimin =




wanr, Suspendion wis elimmated by filtwion through Whatman
filter pagper Mo, | before injection inm the F1

The medicinal sample Mial. Sramomium Co. is produced
It s & dask-brown lguid.

Pl apparati

Figure | depicts two Pl gyviema, A snd B, which were used for
method development, Each manifold employed an [smasec peri-
stablic pump (model 15 7610, Switzeriand) for propelling reagenis.
Three REepdyme vaalves (model 5030, USA) were usad,
A Memolm gas som it (model T54, Swiizeriand), fined in-
gidhe with » circuler PFTFE membrane (47 mm id. with pore size
045 pimy; Sarorbes, Ceermasny ), was employed. The unit consiss of
iwo Pempos blocks, each with & concentric spirml groove (2 mame
M o2 2 v, il e Sysiem A, shown in R la
was nsed in the anndbes. The gystesn wis later modified
s ghown in Fig, 16 (Sysoem B), by incorporating a diakysis unit for
an-lime dilutlon of ewmpbes comtzining high levels of iodide.,

The dialysis unil wsed in System B b eon-
sisted of fwo hald- hlocks. Bsch block bhsd & groove
1.5 oo | b ] mamy, widib=lengihoodepah). A celiuboss scepie
membrane { E) mm wide with malecular weight cwt-off from 12,000
1o 14,000 Dalion; Thomas Sclence, USA) was placed inside the
dinlyais umit.

A Jemvay specoophotomensr (model 6805, UK), fited with a
Philips flow cell of (.01 ml valume, was msed for monsoring the
whaorbance st 590um FTFE whing of id. (.5 mm was ueed for
constriction of the two FT sysiems. An Alliech chan recorder
(mode] LR 93025, USA) was employed for recording the signal,

Tiibde | i the summary of the operating st=ps of the FI systema
shown in Fig. 1.

Poientinmetnic method

Sample solweon (300 mL, sccursely measured) was transferred
imbo & 50-ml beakes. To this sample sodimn nitrate sodution {5 mol
o e el o s e el S
tion was Boros
Oirion (LIRA) 15E Q453) and en Orion safrated
calomel elecurods, A digital Orion Tonamalyzer (mods] G0EAY was
issed for this medsirement. The operation of this Wil
performed in scoopdance with the nsmaction measal {21].

tiom was camried oot with standard solutlons (1 @ 1000mg L")
prepared from polassium iodide stock solution (20,000 mg T L)
According 10 ification, the linewrity of the iodide electrods
is From 100 ko 10F mg 1L,

Tahile L qfﬂnnp:ﬂn{mpl for ibe F1 manifolds
-lllh:mi.n [ mnd 1b (Imjections: V|, sampbe: Y3 amd Wy, clean-
Stag Valve position Dmirmticn (1)

"i". ..I: "|||'| Fll.I‘l' H-B-“"
i Injexa Load Lo 45 11
2 Load inject Inject 15 75
*Analysis ime per injection rn is 43475 5,=2 min
bAnalyals ilme per injection rum is 110475 5,=3 min

Resifts and discussisn
Manifold design
GD-FT syitem

First, the manifold of the gas-diffusion flow injection (GD-FT)
system, shown in Fig. Ia, was examined. Introduction of a
liquid sample was camried out via injection through V. In
this manifold, iodide m sample plugs is oxidized after
mixing with the stresm of oxidant, acidic potassium
dichromnse. Libersted iodine (1), which diffuses through
uuPTTEmh-uu,ﬁmmd':uim—nmhm
in the acceptor stream., Detection of the blue complex zone
and calibration are similar to previons work with iodized
salt [19].

Sysem cleaning

When measuring the tri-iodide—starch complex, a problem
ofien arises from deposition of the complex on tube walls
and the fMlow-cell, Injection of pure thiosulfate solution 10
remove the adsorbed starch complex [19] was found ef-
fective oaly for the acceptor stream (Fig. 1a). The species
in the donor streamn expected 1o be adsorbed on the mani-
fold walls are I, andfor 1,7, However, the solution found
suitable for removing the in thiz stream is & mix-
ture of thipsulfate and starch (210 mol L~ Na,8,0, in
QL 1%(wv) starch). Addition of starch into the previously
employed cleaning solution[19] is necessary. It was ob-
served that reduction of iodine by $,0,* was easler (or
more rapid) for the iodine complex than for the non-com-
plex form. However, this was wrue for deposits on tube
wialls and is different from what is normally used and ob-
served in titration [22].

The cleaning solution wis injected at two positions (V,
and Vy) as shown in Fig. la. The cleaning steps and sam-
ple injections suitable for this manifold are summarized in
Tabke 1,

Appropriate concentration of silfaric acid in the oxidanr

For oxidation of iodide in & homogeneous system, H*
must be present &t sufficient concentration [18). The sys-
tem employed is based on non-homogeneous mixing and
spectrometric detection was nod 8l reaction equilibrium.
For such a sysiem concentrations of chemicals must be
optimizad. For the system in Fig. 1a different concentra-
tions of salfuric acid in the oxidant (2 to0 10%, viv) were
investigated for the concentration of potassium dichro-
maie selocied, 0.01 mol L,

To optimize the acid concentration a standard odide
sofution of 300 mg [ L-' was chosen. By repeated injection
of this iodide solution it was shown that shsorbance in-
creased dramatically with increasing concentration of sul-
Furic acid from 2 io 6% (v/v) before approaching a plakesu at
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Fig.2 Effect on smalytlcal sagani (dismonds) and soalysis tme
nl::-iﬂmh{t}-nﬁl {herween C, snd GD

umit) in Sysem A (Fig. 1a) and (b) sccepior fow mie

8% {w/v). The highest concentration of sulfuric acid (10%,
v/¥) was chosen as the optimum.

System A

Optimization

injection {n=5) of 200 mg I L~ standard iodide solution, 1o
study two aspecis of the manifold in Fig. la. The chjective
was o gel & compromise between analytical signal and
analysis time, “ Analysis time" is defined s the time taken

Teble 2 Analytical performance of GD-FI sysiem

from injection of sample until the cycle of system opera-
tion is complete (for a run of | injection).

Mixing coil of different lengtha, from 0 o 240cm,
milumdhﬂmmllmmﬂluunu:mim{l:}mdﬂt
Gﬂiﬂlﬁ'm.lﬂ,&mdhghﬂum]I:MH;.h;ﬂigm
difference in the signals was observed with variation of
cuoil length. The shortest analysis time was achieved when
no mixing coil was used. Thus, this condition was chosen.

Thnfhwmuufﬂnﬂmm-mmiﬁg.la] WRE VET-
ted from 1 1o 5 mL min-'. As expected, the shsorbance de-
creased as the flow rate increased (Fig. 2b). This was be-
cmnfﬂndmuuinm:ﬁulduf:h:m:ﬂmhmlm
tri-iodide and starch. At an aceeptor flow rate of | mL min-!
I:muhuruuddmwammwnmmiﬁﬂrwamﬂu
containing high iodine concentrations (>300 mg IL~). How-
evier, oo mpid & flow mte would lead to high consumpticn
of reagent. We chose o set the flow rate at 2mL min-.
The analysis time of 2 min per injection was obtained m
this Mow rete.

Analytical features and applications
af the GO-FI manifold (The System A)

To conclude, the conditions for System A em-
ploy 10%{wv}) H,50, us the oxidant and an scceptor
stream flow rate of 2 mL min~!. System characteristics ane
summanzed in Table 2.

Three samples were analyzed for iodide content. The
results were compared with values obtained by using an jon-
selective electrode (Table ), The indide content as deter-
mined by the two methods agreed significantly with each
other and with the nominal values. A paired r-test wis em-
ployed to compare the results in terms of the concentra-
tion {mg L) of the injected liquid sampies. Mo signifi-
cant difference was found between the two analyticsl
methods (P=0.01). This good agreement demonstrates
that the (GD-FI manifold in Fig. In) iz suitsble for these
samples. No evidence was found that these pharmaceuti-
cal products cause interference.

Symem B
The GD-FI system with on-line dilution by dialysis
The level of iodide present in the liquid Mixt. Sramonium

Co. medicine is particularly high (ca. 9,000 mgIL~') com-
pared with K1 tablets. Dissolation of a tablet in 500 mL of

Analytical fessre

OD-F1 {Syseen A, Fig. 1a)

GD-FT with an-line dilution (System B, Fig 1b)

1. Working range (mg I L-') 50 w0 300
2. Sumdard equation

1, Precision (RED)

4. Sample throughput {injections h-')
5, Limit of deection (mg IL"'; 15M) 1

PH=3.4 10719, 1x10H; A=01.909
L27% (for 100mg I L, s=10)
0

G000 ta 10,000

PH=2 3=10-[1 =L 310 A= f09
L44%: {for 9000 mg 1L, et

20

200

PH: peak height (sbsorbamocs)
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Table 3 Determination of jodide in

mwmhwmumsmmmmmwm.

phanmaceutical
mmﬂmmliﬂﬂm—mhﬂﬁmwﬁt

Traite nome Sample type Concemration unit Indide contem

Lsibatbeal GD-FT (Fig. la)  15E
i NORAD K1 wbslet mig | per tabieq 8.7 S1.627.3 579471
L [OEAT K1 tabslet mg | per takble "5 1012434 1028456
3. Mixt. Seramoninm Co, Liguid pasent medicine mg | £ 2,081 262170 93124325

Table 4 Resuls obinined use of different injection wolumes
when working on the ystem coupled with w dialysis wmin
ﬁmﬂ,ﬁ.lh}.%mﬁﬁnﬂmw 10,000mg 1.1

Injection  Signal mege Seandard equation® e
vohime  (mu)

(aL}

250 0.106-0.279 PH=4 31017 =1 510 0959
330 01590350 PH=3 3= 107 [["}=1 s 0959
SO0 0.249-0.603 PH=8 51 0F[1 =2 =10 0,993
150 03610723 PH=2. Ix10r[1-]-1. 9= 10 (547

PH: peak beight {sbsorbance)
odide sandards were 6,000, 8,000 and 10,000 mg 1L,

wter will brh;dumm-immammimudy 100
or 200mg I L', much lower than in Mixt. Stramondum Co.
For this medicine prior dilotion with water (1:100) was
necessary before the analysis using System A,

On-line dilution in fow-injection analysis is wsudly
by merging and mixing the sample zone with 1
suitable carrier. This ique is pot always applicable
i is required, unless a special mecha-

When dialysis [23, 24] is applied to flow mjection for
pretreaiment, analyte concentration is often quite dilute af-
ter diffusion through the membrane. Although in our work
Elmﬂmm&.]ﬂmlmm

|

1Qooo -

go0ag ™

1000 = T

LA 52

HWFimeihod (Fig, 1b})

mﬂﬂimmwmﬂnﬂmm“
employed dialysis for the purpose of dilution by using
System B (Fig. 1b),

To obeain the optimized conditions, summarized in
Fig. b, the effect of injection volume was first studied.
A suitgble volume shoald give 8 signal meading between
0.2 and 0.8 a.u, for the desired calibration range of G000
W 10.000mgIL-!. Replicate injections of iodide stan-
dards were performed using the manifold shown in Sys-
tem B. Results in Table 4 show thar absorbance was not
w-::mmapuimmlmzwhdmrﬂmm.
Thmﬁ%lﬂdﬁmﬂw;imﬁ:iqhﬂimwlv
umﬂﬂfﬁmmmulmbnm“ﬁmﬂumﬂ.
because small volumes arc simpler to handle, 8 volume of
300 UL was selected for further study.

Performance and application of the Fi rystem
with oa-line dilution

Figmnlhdmi:nﬂlammﬁfnlddwﬁqmdﬁ:rrmll eppli-
mmmmmmmmmmmmmimm
the liquid medicine directly into the system without a need
furuﬂ'vlinedih.ﬂim,.ﬂ.mnflh:mnlyﬂ:ﬂhm
is shown in Table 2. On-line ditution via dialysis has made
ﬂummmﬂ:af“hgulm:hhi;lmum
than previously (up to 6000 to 10,000 mg I L),

Oise

51 54 55 58 5T 5w £ E190

Sample code of M 1. Sirnmosium Cao.




The on-line dilution manifold was wsed 10 determine
bodide in Mixt. Stramoniom Co. using direct imjection with-
oul prior dilution, The resulis were with those
determined by use of the iodide-ISE (Fig. 3). A paired r-test
showed there was no significant disagreement at 99%
confidence (1,,....=2.82; Feriiens= 3. 25

Becovery

Recovery was studied for all ypes of sample, for both Fl
manifolds. The results showed recovery was safisfactory -
from 93.8 1o 104%, This implies the samples coniain no
analytical interferences under the conditions employed for
both sysiems.

Advantage of the proposed methods

me:[ﬂﬂ,whmunp:uhdmh:.ilummhlmgur
than | min to obiain a stable reading. Electrode washing
1o ensure o cross-contamination between samples re-
quires 5 to 6min at least. One should also allow for the
time: required for ransfer of sample. Thus the dominant
advaniage of oor method is probably the throughput of
Hmplh.ﬂtlﬂﬁnmdmﬂmlhlnnmlyﬁl.ufm-
mately eight samples per hour wheress our methods en-
able throughpot of 30 and 20 samples per hour for mani-
folds A and B, respectively,

For liquid samples containing 6500 to 9500 mgIL-!
System B has a good potential for integration into the
process for manufacture of the prepars-
tion. Maintenance should be simpler than using an jodide-
selactive clectrode.

Coupling of the dialyzer for analysis of the Mixt. Stra-
monium Co. sample is useful for two reasons. Dialysis en-
ables on-line dilution of the analyte, which is convendent
and enables direct injection of the medicine, Sample ma-
trix is also diluted through the dinlyzer membrane. Mix,
Stramonium Co. contalns 109% (wh) ethanol. Dilution of
this alcohol will help maintain proper function of the hy-
drophobic membrane (PTFE) in the GD unit.

Conclusions

We have developed two flow-injection systems, both em-
ploying a gas-diffusion unit, for selective detection of io-
dide. The principle of detection is very simple, based on
formation of the Iy —gtarch complex. However, this com-
plex is sparingly soluble in water and one must be careful
mm:mdhimupﬁmwmﬂmmmrm
of iodide, otherwise clogging of the inside of the tube or
deviation from Beer's law will occur. The first system

a2

{System A) is recommended for determination of KI tahlets.
The samiple, after dissolution and normal filtration, can be
analyzed directly. Use of this FI system for more concen-
trated samples requires dilution. For our lquid medicine
that contains ca. 2000mg I L', System B is more suitabls.
Aﬂurdhminjmim.ﬂmmmhhmqnmnhlhrdﬂmd
and analyzed for iodide content. In fact, the Jamer &

ean be adapted for monkering iodhide content in the man-
ufacturing process of the medicine.

search Progrim in Chemisry. The opherdns
im A austhors woald like b0 thank As-
socine Professor Prapin Wilsirar for editing dis paper.
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Editorial

The 1lth International Conference on Flow
Injection  Analysis (ICFIA 2001) was held in
Chiang Mai, Thailand, December 1620, 2001.
This conference started informally in the USA in
1987, organized by Gary Christian, Gil Pacey and
Jarda Ruzicka The Conference grew and attracted
numerous international participants and was
changed to the ICFIA in 1995. At the same time,
the Japancse Association for Flow Injection Ana-
lysis (JAFIA) was invited to join the Conference
and they have held their semi-anmual meeting
jointly with ICFIA since. ICFIA 2001 was hekd
jointly with the 38th Semi-annual meeting of
JAFIA. An international steering committes is
chaired by Gary Christian and includes Jose Luis
Burguera (Venezuela), Kate Grudpan (Thailand),
Bernard Lend| (Austria), lan McKelvie (Austra-
lia), Shoji Motomizu (Japan, JAFIA), Jarda
Ruzicka (USA), Tadao Sakai (Japan, J. Flow
Injection Anal.), Rolf Sara (Finland), and Koos
van Staden (South Africa), with Sue Christian as
Advisor.

ICFIA 2001 was hosted by Chiang Mai Uni-
versity and organized by a team in the Department
of Chemistry. The Conference was sponsored and
supported by Chiang Mai University, Thailand,
the JAFIA, the British Councl, the Chemical
Society of Thailand, the Post-graduste Education
and Rescarch Program in Chemistry (PERCH),
the Science Society of Thailand (Chemistry and
Morthern Divisions), the Thai Ministry of Uni-
versity Affmirs, the Thailand Research Fund
(TRF), Constellation Technology, Corp., FIAlab
Instruments, Inc., Foss Tecator, Metrohm Siam

Co., Lud, Perkin Elmer, Inc., and Thai Unique

» Lad, (Lachat),

There were 120 participants from 21 countries,
ﬂptﬂhuthtwnfm-ummmmhym
Mﬂmﬂﬂrﬁnlﬂlﬁnnl_hythemlgf
Chisng Mai University, and was followed by
tenditional dancing and & drum show. Social
programs included a wonderful Thai culture
cvening with a Khan Toke dinner, Traditional
HarthanThniMminandhiﬂn-jhedl.mng;' and
an afternoon touring and sightseeing with all the
plﬂidmuknﬁmdmmﬂephlﬂﬂmuﬂm
Queen Sirikit Botanic Qarden, followed by an
evening with refreshments at the Chiang Mai
University, Science Faculty .

The Conference was devoted exclusively to flow
hjmﬁmlnﬂjﬁmdrdﬂediﬁuiqmﬂm}'
six papers and 72 posters were presented over three
mdnhnlrdm.ﬂﬂﬂlbnmﬁumMmm
searchers and users of such techniques exit in—
and across—various geographical parts of the
globe. Some of the collaborations were initiated
fmﬂupmﬂmulmﬁmﬂmﬁhmﬁhm-
ing of the collaborative activities has besa ob-
served,

This special issue of Talanta includes manu-
scripts from the conference, representing state-of-
the-art research and application from academic,
government and industrial laboratories.

The Steering Committee has selected the next
venue for the 12th TCF1A (ICFIA 2003) to be Los
Andes University in Merida, Veneruela. Pioneer-
mg FIA colleagues Joes Luis Burguera and
Marcells Burguera have graciously agreed to
organize and host the conference. Professors J.F.

0039-51 NS - see fromt manser ) 2002 Elsevier Science B.Y, All righta reserved.

FIES0039-9040002100447-2
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(Koos) van Staden and Raluca-loana Stefan from
the Liniversity of Pretoria will be co-arganizers, in
charge of the technical program. The scheduled
date is 7-11 December, 2003, u very pleasant time
of the year in thiz beautiful sub-tropical country.
Information is posted at Www. up.ac.eafacademicy
nhm!mﬂﬁiula‘ﬁmLpdl‘. ind may be accessed at
www.llowinjection.com. Direct conlacts are bur-
Bueraf@ciens ula.ve and koos. vanstaden@che.
m.up.ra

Those who shared in the contributions to the
success of ICFIA 20001 are here thanked,

Edirarigl

e e i
in honor o Tudpan, in recognition
'gmnmdtheﬂumandhgﬂﬁuﬁudhfm
mTh-imfmmm.m:ﬂmu-hn-mpm
hlltorgufth:aﬂrdﬂutitmlhm_hl.ﬁmﬂl
from outside Bangkok. —GDC and JMEK.
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Kate Grodpan
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Moares  University, UK. 19834 Pnn&num-:nltel]nﬁruiyuf
Karlsuhe/Kartouhe  Resesrch Center, Geormany, 1991.2: Alaxander von

Humboldt Ressarch Fellow 1545 Ouistanding Researcher Award of Thailand,
2000-present: Member Editarial Advisory Board, Talants, 2001; Senior Researah
Edmliﬁwndafduﬂ:ﬂudhmﬂaﬁuﬂ.lmtﬁmmﬂdtqhdm

Award of Thailand, 2002-pressot member. International Advisory Board, JFIA

Development of Cost-Performance Flow-Based
Chemical Analysis Systems

Various shermatives for instrumentation with
pary/components are summarized  Some  recent
developments are briefed. They include uses of cost-
effective reapents, FI, BT 51, LOV. LAV a2 well 2z 8
new concept for ow-based analysis using a stopped
FI analyzer

L.Instrumentation/parts'components of '
beginner andior & person with budget constrain,
Verious altematives for cost porformance have been
proposed for FLA snd relative iechniques soch s
pumping system [I-4], imjection devices [1-4],
mixing devices [2,4,17), detection systems [1-17],
md some oo-line sample  separation/restment
devices [4-7,10,16,18,19)

LHyphenated techmiques/detection systems. FIA
and relsted techniques have been hyphenated andioe
cannected to other techniques and devices such ss &
simple colorimeter [3,9-11,18,30-35], radiometry
[1.2). chemiluminescence [11], NIR [36], Raman
spectmscopy  [37),  conduciometry  [9,10],

amperometry [38]. voltammetry [15], IC [13] wod
DSTD[i8, 19].

3.Cost-effective reagents.  Unstsble  reagents
[711.22] can be employedeg —permangansts,
mmrexide,

4Seme recent developments, Size-based specintion
using FFF has been reported [17]. Bead mjection
(BT} was hﬂ::liﬂ:ﬂmtunqiudmﬂ[“,lﬂj,ﬂ
systemns  have been proposed: with  modified
sutoburet for reversal flow [12], titration [11]: 1
with sandsnd addition-voltummetry, Lab-on-Valve
(LOY) sysems molading micro-titration has been
proposed.  Novel 51 with “Lab-at-Vilve (LAV)"
systems are besng mvestgaied New comcept for
flow-based analysis using s slopped-F1 snalyzer for
various amalytes withowt changing any hardware
parameters 15 introduced,

S.Applications have been simed for various fields
including environmental snalysia [5,14,18,21],
clinicalimedical snalysis [19-21,25], pharmaceutical
[7,11,26),and agro-industry/agriculturs (8, 11],
6.Networking. Some of the developments hrve been
under sctive collsborstion in verious geographicsl
wreas [27],
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Tide: Simple Flow lnjection System for Colorimetric Determinstion of Jodaie in ndized Sah

Joumal' Talana, 58, 1195-120] {2003

Summary

.

for  the
ton with potussium lodide [14], A fow
(FT) method was presssited for saits, which are
indized with potssshem iodste The Fl1 methed
detection provided a

mosily

contdition, the calibration |
linear in the mnge of 5.0 x 10* 10 4.0 x 10" M. absorbance =

25, JI10y] = 0.082, 7
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Report an the 2* Annual Symposinm on TRF Senior Research Scholar on Flow-based Anslysis,
Chiang Mal, Thailasd, & Seplember 2003

A-onc-day symposium was orgamzed
with objectives: (1) to report research progress in
the past years, especially the las year of the grant
on the Thailand Research Fund (TRF) Semior
Research Scholar (Kate Grudpan) on
“Deveiopment of Flow-based Analysis™ and (2)
to open opporunities for discussion/exchange
ideas and information in the research ficld among
those who are in-and outside the group of the
TRF Senior Research Scholar Grani

The symposium invited 2 plonary
lectures:s  “Flow  injection amalysis  for
determination of trace air pollutants™ by Prof. Dr.
Tedao Sakei, Editor-in-chief, JAFIA, Aich
Institute of Technology and ““Ultratrace and trace
determination with fow-based techniques™ by
ﬂl:t:,ml.lmvuﬂty There were 70 participants
including faculty members, researchers and
students from 10 universities with 30
contrnibution papers which were presented in
poster format. Some of the authors were invited
to present omlly for brief concepts. This was
mimed for mone discussion and interaction among
those who are in the same interestz o meei
maximum benefit at posters.

Some of the presentations were given by
gradimie students {master and doctorsl)  Some
recent waorks on clinical analysis were reponed,
for examples, flow based ion exchange micro-
column system for screening of thalassemia and
hemoglobinopaihies, a Mow-based sysiem 1o
aseay specific protenglycans. Some
developments on instnomantation were discussed
They included swtometed  systems  for
paracetamod; bead imjection combining with Mlow
injection sysiem , an economical aliermnahive for
determination of some trace metals, boron doped
«diamond thin film electrode in Fl system;
pervaporation for high speed GC for volatile
organic compounds, and dynamic surfsce tension
detector for flow analysis. Vanous applications
were involved such as release of metal ions from
contaminated soil in mining area to environment
by humic acid colloids; phosphate contents in
fertilizer amd soil by stopped Fl-Analyzer,
iodidefiodine comfents in wvarious types of
samples.

The enjoying and easy environment with
good academic atmosphere encouraged the
interaction among students, newer and older
penerations leading o build up relationship for
the young end more senior researchers.
Kiite Grudpan

Flow-based Analysis Research Group
Chiang Mai, Thailand
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Flow-injection in-line complexation for ion-pair reversed
phase high performance liquid chromatography of some
metal-4-(2-pyridylazo) resorcinol chelates

Supalax Srjaranai “* , Saiphon Chanpaka °*,
Chutima Kukusamude * and Kate Grudpan"

*Department of Chemistry, Faculty of Science, Khon Kaen University, 40002, Thailand
*Department of Chemiziry, Faculty of Science, Chaing Mai University, 50002, Thatland,
Abstract

Flow injection (F1) was coupled to ion-pair reversed phase high performance liquid
chromatography (IP-RPHPLC) for the simultancous analysis of some metal-4-(2-
pyridylazo) resorcinol {(PAR) chelates, The reverse flow injection (rFI) was used as
an in-line complexation of metal-PAR chelates prior 1o their separation by ion pair
reversed phase HPLC. The lab made rFl was coupled to HPLC via switching valve
and the performance of the system was fully manually operated. The rFl conditions
were injection volume of PAR 85 pL., flow rate of metal stream 4.5 mLmin”,
concentration of PAR 1.8x10™ molL" and the mixing coil length of 150 cm,
[P-RPHPLC was carried out using a Cys pBondapak column with the mobile phase
containing 37% acetonitrile, 3.0 mmolL" acetate buffer pH 6.0 and 6.2 mmolL"
tetrabutylammonium bromide (TBABr) at a flow rate of 1.0 mLmin™ and visible
detection at 530 and 440 nm. The analysizs cycle including in-line complexation and
separation by IP-RPHPLC was 16 minutes which able to separate Cr(V1) and the PAR
chelates of Co(I1), Ni{IT) and Cu(I1).

Keywords: Flow injection; In-line complexation; lon pair reversed phase high
performance liquid chromatography; Metal-PAR chelates

* Corresponding author, Tel: +66-43-202222/41x2243; fax: +66-43-202373.
E-mail address: supalax@kku.ac.th (8. Srijaranai).



L. Iniroduction

Liquid chromatography has been widely recognized as one of the methods for
multi-element and sensitive analysis of trace metals. Various modes of liquid
chromatography have been used, including normal phase [1-3], reversed phase and
ion exchange chromatography [4-10]. Since the introduction of ion-pair reversed
phase high performance liquid chromatography (IP-RPHPLC) [11-12] for the
separation of charged solutes. IP-RPHPLC has gained wide acceptance as an
altemative method to ion exchange chromatography (IEC) for charged analytes,
including metal ions. IP-RPHPLC offers multi-element detection capacity, selectivity
and sensitivity of analysis. Moreover, the reversed-phase stationary phase has the
benefit of lower cost compared to the [EC stationary phase.

Most of the reports on IP-RPHPLC for metal analysis [13-16] are based on the
separation as their chelate ions. Pre-complexation of metal ions with appropriate
ligands has many advantages such as increasing selectivity between metal ions, the
ability to determine speciation, and, for chelates with high absorptivity, increasing
sensitivity. Among the many ligands successfully used for IP-RPHPLC separation of
metal ions, the azo dye, 4-{2-pyridylazo) resorcinol (PAR) is one of the most widely
used ligands for the spectrometric determination of over 40 different metals [17].
PAR forms ionic complexes with large absorptivity (~ 10° L.em™ mol™) [18] at about
500 nm. It has been shown to be an effective reagent for the determination of metals
using HPLC with either pre-column [19] or post column complexation techniques
[20-21].

Typically, complexation of metals is performed by batch or extemnal to the
chromatopraphic system before injection. External complexation is time consuming
and the large amounts of chemicals used mean more waste to discharge. It is prone to
contamination, especially for trace level determinations. Nowadays, the main
consideration include automation of the method, low operating costs, less waste as
well as high sample throughput.

Flow injection (F1) has been known with features of a simple operational basis,
using inexpensive hardware, straightforward thus leading to convenient operation,
high sample throughput, cost effective performance and versatility. Fl has been

I——



widely used as an analytical ool and also as a complement to the other analytical
techniques.

Flow injection (FI) coupled with HPLC systems, reviewed by Luque de Casiro
M.D. and Valcacel M.[22], is usually imtended 1o improve general features of the
analytical process such as sensitivity, precision, rapidity, cost, etc. FI coupled with
HPLC is used in two different modes i.e., pre- or post-column arrangements. For the
pre-column arrangement, as in the present study, the FI system is placed before the
HPLC. The specific objectives of pre-column coupling are automation of sample
clean-up and/or preconcentration steps, automatic implementation of derivatization
reactions and saving reagents. Two methods have been used to couple FI as
precolumn of HPLC. The first method, the sample plug is injected through the FI
valve and then passed through HPLC loop. In the second method, the sample from
the FI system is retained in & precolumn placed in HPLC loop.

Previous work in this laboratory has involved metal analysis by IP-RPHPLC via
batch complexation with PAR [23], In the work described here, a simple FI system
was developed as the in-line precolumn for complexation of some metal-PAR
chelates before being analysed by IP-RPHPLC. The FI part is operated in the
“reverse mode™ that is a metal solution is the flowing stream and the PAR reagent
solution is injected into it. A portion of the PAR-metal mixture zone is then sampled
with the HPLC injection valve for subsequent separation and further detection.

2. Experimental

2.1, Chemicals and Reagents

All the reagents used were of analytical reagent (AR) grade, 4-(2-pyridylazo)
resorcinol and tetrabutylammonium bromide (TBABr) were purchased from Fluka
(Switzerland),  2-diethylaminocthanol was obtsined from Merck (Germany).
Methanol and acetonitrile were of HPLC grade and were obtained from Lab-Scan
(Thailand), The atomic absorption standard solutions (1000 mgL™) of Cu(If), Cd(II),
Co(ll), Hg(Il), Zn(ll), Fe(lll) and Pb(l) were obisined from Ajax Finechem
(Australia) whereas Ni(Il) was purchased from BDH (England). Cr (VI) oxide was
obtained from Merck (Germany). Aqueous solutions were prepared with deionized



water obtained from RiOs™ type | simplicity 185 (Millipore Waters, USA)
throughout the experiment.

2.2, Instruments

A schematic represeniation of the reverse flow coupled with the high
performance liquid chromatographic system is shown in Figure 1.

The configuration of the injection for the reverse flow injection system, using a
505s S05LA peristaltic pump (Watson Marlow, England). PFA Teflon tubes (1.5 mm
id.) were employed for the reaction coils and were connected to a six-port low
pressure injection valve, four way switching valve (Upchurch, USA) was used to
allow the metal-chelates flow to HPLC system. A stop watch (Casio, Japan) was used
for time control.

The chromatographic set-up consisted of a Waters 6000A Dual Pump, a
Rheodyne injector with 20 pL sample loop and a Waters 484 Tunable Absorbance
Detector (Waters, USA) equipped with Waters 740 Data Module Integrator (Waters,
USA), A 996 photodiode array (Waters, USA) and the Millinium 32 Software data
aquisition system was also used for the study of interferences. A Cjy-pBondapak
(3.9 x 300 mm id.) coupled to a guard column (Waters, USA) was used ss the
stationary phase.

The spectra of the metal chelates in batchwise experiments were obtained with a
Agilent 8453 (USA) UV-visible spectrophotometer equipped with & 1 em quartz cell,
The pH measurements were performed on a SP-701 pH meter (Suntex, Taiwan).
Micropipette Nichiyo 500 DG (Nichiye, Japan) and Disposable syrige (1 mL) (Nipro,
Thailand) were used.
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Figure 1 Flow diagram of FI-HPLC in-line derivatization system : P = peristaltic
pump ; RC = reaction coil ; V1 = three way valve ; V2 = low pressure
injection valve ; V3 = switching valve ; V4 = high pressure injection
valve; C = analytical column ; M.P = mobile phase ; D = UV-visible
detector/photodiode array detector ; D.P. = data processor ; W = waste

2.3 Procedure
2.3.1. Preparation of standard metal solurion
Standard solutions of metal ions were prepared daily by stepwise dilution of 1000
mgL" stock solutions by deionized water.
Standard solution of Cr{VI) 1000 mgL"' was prepared from chromium oxide.

2.3.2. Preparation of PAR solution

Stock standard solution (0.001 molL™) of PAR was prepared by dissolving an
accurately weighed amount of 4-(2-pyridylazojresorcinol in deionized water and
stored in dark bottle. Working solution was prepared daily with deionized water and
appropriate volume of 2-diethylaminoethanol was added to make the concentration of
2.5 % 10 molL"" in PAR solution.



2.3.3. Optimization of the reverse flow infecrion (rEl)

Factorial design was used to investigate the influence of the reverse flow injection
(rFI) system on the peak height (absorbance), The four variables studied were flow
rate of metal ions stream, injection volume of PAR, length of the mixing coils and
concentration of PAR. A factorial design for four variables at two levels (2*
resolution, 16 experiments) was performed. According to the results obtained from
the factorial design, the chosen parameters to be optimized were the concentration of
PAR, injection volume of PAR solution and flow rate of metal stream. The variable
size simplex was then employed for optimization. The mixing coil length of 150 cm
was used throughout the experiment.

3. Results and Discussion

3.1. Coupling of rFi to IP-RPHPLC

In-line complexation of metal-PAR chelates was performed using the rF1 which the
optimum conditions were mixing coil length of 150 cm, injection volume of PAR 85
uL, flow rate of metal stream 4.5 mLmin"' and concentration of PAR 1.8 x10™! molL",
The PAR chelates were then separated via [P-RPHPLC. The rF1 was chosen instead
of normal FI because of its low background noise for HPLC baseline as well as lower
reagent consumption for the expensive ligand, PAR. The rFI was coupled to the
HPLC by switching valve (V3) shown in the diagram in Figure 1.

Synchronization of the Fl manifold and the HPLC is very important to achieve
good performance of the coupling system. The time intervals and valve positions of
the tFI-HPLC were investigated using the results obtained from the study of the
optimization of the reverse flow injection . Manual operation of the tFI-HPLC system
was sufficient for good precision. Each step was performed using a stopwatch as the
timer control.

Once the baseline of the HPLC was steady, a complete cycle (4 steps) of the rFl-
HPLC manifold was started. The 4 steps include prefill, complexation, separation and
washing. In the first (prefill) step, the aqueous solution containing metal ions was
pumped through the tFl manifold for 30 s, this period was long enough to fill the



transmission line with metal solution. The HPLC was in the load mode throughout
this step to maintain a steady baseline of solvent

During the prefill step, an aliquot of PAR was filled into the loop connected to V2
(at LOAD position),

Step 2, the complexation step, was started by switching V2 to INJECT position.
The metal jons merged with PAR and complexation occurred during their passage
through the reaction coil (RC). To avoid a dilution edges of the zone and to allow
only the middle zone of the PAR chelates to pass into the HPLC-loop, the valve V3
was switched after 8 seconds of injection of PAR. The subsequent time period of 2 s,
was enough to rinse and fill the HPLC-loop (20 pL).

Then, step 3 (separation step), was initiated via HPLC-valve. The PAR-chelates
were introduced and then separated in the HPLC systemn.

Finally, step 4 (washing step), was to wash the rFl and HPLC-loop for the next
analysis. While separation was taking place on the HPLC column.

The complete cycle of rFI coupling to [P-RPHPLC was 120 seconds, where as the
analysis time of the HPLC was 14 minutes. Operating periods and valve position for
rF1 -IPRPHPLC ere summarized in Table | and Figure 2.

Table 1 Valves positions and operating times for tFIA -I[PRPHPLC

Valve position e mqflmlinn
Step Timne ) wmun:
® v ow v g e g
pump uperation
Sample 1
I 30 ToV: Load Towaste Load Metals Prefill
2 38 ToVi  Inject To Vi Load Metals Complexation
3 40 ToV2 Inject ToV4 Inject Metals Separation
a 120 ToV2 Load To V4 Load Water Washing
Sample 2




I. Fl valve
Injection position

Landing position

| Sumple | ——————————ti g Sample ] ————

(= 4 ol b e o}

2. HPLC valve e
Loading position

a = prefill step (30 5)

b = complexation siep (8 5)

¢ = transporation o HFLC valve (2 5)
d = washing step (80 s)

£ = separation time { 14 min)

Figure 2 Schematic diagram of timing control for operation of valves in the
FI-HPLC system.

3.2 IP-RPHFPLC of metal-PAR chelates

In IP-RPHPLC, the metal chelates which are successfully separated have to be
stable and kinetically inert [24]. Typically, PAR forms anionic chelates with metals
at the metal to ligand ratio of 1:2 [25]. It is known that the retention behavior of
chelates in IP-RPHPLC depends strongly on complex composition (metal:ligand)
which is govemed by the nature of the central metal ion. The mobile phase
composition is also govern the separation. The principal parameters of interest in the
mobile phase are pH, buffer (type and concentration), organic modifier and ion
pairing agent (long-chain alkyl ions with a charge opposite that of analytes). There
are several mechanisms [26-28] explaining the retention behavior of IP-RPHPLC,
such as the jon-exchange mechanism, the solvophobic theory and dynamic

mupﬁmummnhilcphu:uhﬂmdh?nﬁghﬂy&djmingﬁmmuhﬁmdhm
previous work [23]. The mobile phase composition was 37% acetonitrile, 6.2 mmolL™
TBABr and 3.0 mmolL" acetate buffer pH 6.0.



Baseline separation of four metal-PAR chelates was achieved within |4 minutes,
with the elution order of Co(Il}-PAR. Ni{lI)-PAR and Cu{ll}-PAR. The excess PAR
was detected ai the retention time of 9.6 minutes. The chromatogram is shown in
Figure 3,

Surprisingly that under the condition used and the detection at 440 nm, Cr{(V1) was
retained shortly (4.9 min) after unretained peak (at 3.3 min), as shown in Figure 4.
The spectrochromatogram corresponding to Figure 4 is shown in Figure 5. Although,
CrV1) does not form complex with PAR but it oxyanion (HCr0y) could interacted
with ion pairing agent in the same manner to the anionic chelates. The peak at 4.9
minutes which was identified as Cr{VI) gives the absorption spectrum (as shown in
Figure 6.) identical to the spectrum of Cr{VI) detected by UV-vis spectrometer. The
resolutions between pairs were as follow: 1.4 for Cr(VI) and Co{ll}-PAR, 1.0 for
Co{ll}-PAR and Ni(II)-PAR, 2.4 for Ni(Il}-PAR and excess PAR, and 1.3 for excess
PAR and Cu(Il)}-PAR.

Cad T}

Ml
Culll)

‘ 4 PAR
[ FJ "
[ 1] ie i 1] v (LN] 1L 14.00 [EN]

Time / min
Fig. 3. Chromatogram of metal-PAR chelates : condition ; Cix column, mobile
phase 37 % acetonitrile, 6.2 mmolL" TBABr and 3.0 mmolL" acetate buffer
pH 6.0, flow rate of mobile phase 1.0 mLmin"' visible detection at 530 nm:

peak ; 0.10 pgmL™ CofIl), 0.20 pgmL "Ni(1l), excess PAR and 0.80 pgmL"™ CufIl)
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Figure 4. Chromatogram for Cr{VI) and metal-PAR chelates : peak ; 5.0 pgmL™
Cr{VI), 0.10 pgmL"' Co(II), 0.10 pgmL"' Ni(II), excess PAR and 0.40 pgmL™" Cu(ll)
(condition as described in Figure 3, except visible detection at 440 nm)
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Figure 5. 3D plot of Cr(VI) and metal-PAR chelates of chromatogram in Figure 4.
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Figure 6. The absorption spectra of chromatogram in Figure 4.

3.3. Performance of rFI-IP-RPHPLC

Quantitative features including linearity and reproducibility for retention time and
mkmwm:ﬂﬂinduﬂngh%muﬂiﬁmﬂaﬂhaﬁmgnﬁnm
prepared by plotting the concentration of each metal ion (jgmL™") against the peak
area Thﬁmﬂufdﬂmﬁm{!ﬂﬂ}wud:duwdhauﬂmi&nmufhﬂimﬁm
The calibration equation, coefficient of correlation (), recovery, reproducibility and
LOD are summarized in Table 2.

Table 2
The quantitative features of rfFIA-HPLC
Linear R.5.D*
Concenirtion Eunﬂ.muq 08 LMD {3 L
helates i IIIL'II- Bquations Coefficsem (=11} L Sy
Y=AX+C i) i Area e

Cr(¥T) 100 - 600 ATISIX=01T 099614 01 o4 10 13
NI} FAR 000-020 34166X-473 099835 207 09 0015 B4
Colll) -PAR DO0-040 S47.21X -6l 099516 056 097 L0 Db
Cu{ll} PAR 0.05 ~060 201B0Xs 549 099864 243 am 0150 a2

* concentration of each metal was described in Figure 4
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3.4 Interferences

Thﬂeﬁmmnfinmrfmmmmcchrmnmwhynfmml-PﬁRdﬂnm“m
investigated. The chosen ions are the ions able 1o form chelate with PAR including
Cd(In), Cr(lll), Hg(T), Mn{l1), Fe(ll), Pb(Il) and Zn(Il). These metal ions were
individually injected into the rFI-HPLC. All of the studied ions could not formed
chelates with PAR under the condition used. Only peak which was identified as PAR
(9.6 min) was observed,

The study on tolerance level of the metal ions which could not form chelates with
PAR was studied by individually spiking the metal ions et difference amounts
(ranging from 0.5-10.0 pgmL") into the mixture of 0,10 jpgmL" Co(II), 0.20 pgmL"
Ni(T) and 0.40 pgmL™'Cu(ll), It was found that the presence of the foreign ions did
not affect the retention time of the PAR chelates of Co(ll), Ni(i) and CufIl).
However, the quantitative signals (both peak height and peak area) were affected by
the addition of the foreign jons. Cu(ll}-PAR was strongly influenced when the
concentrations of the foreign ion increase to 2.5 times resulted in either decreased or
increased of peak height and peak area. The effect on Ni([l)-PAR was observed when
the foreign ion increase 1o 5 times greater than Ni(ll), resulted in the decreasing of
peak height and peak area. This effect was also observed for Co(ll) when the
concentration of the foreign ion was 10 times to Co(lI). The peak area of Cr(VI) was
not affected by the addition of the foreign ion. However, the obtained spectra and the
3-D plots (results not shown) revealed that neither PAR chelates of the foreign ions
nor the temary complexes was formed. According to the obtained results indicating
that PAR was enough for all of metal ions. Furthermore, to ensure the excess amount
of PAR, ten times higher concentration of PAR ie. 1.0 x 10° molL" was used.
Similar results were obtained and large peak of excess PAR overlapped the analyte
peaks. The effect of interference on the present method was obviously seen when
compared to the previous work on precomplexation of metal-PAR chelates by batch
method prior to the analysis by [P-RPHPLC. This may attribute to the nature of the
flow system which a short time that siream of reagents are reacted. Neither physical
equilibrium nor chemical equilibrium (i.e. the completeness of reaction) has been
atmined by the time it was detected.
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3.3. Analysis of real sample
According to the study it is possible to analyse Cr{ V1) simultaneously with Ni(II).
The present mﬁmwmlpgﬂindmthcanﬂyﬁsufchrumcplmingmm. The

mplmmmUmud&umchmn:phﬁngphminKhmhmmdmmﬂm
after dilution, pH adjustment and filtration through 0.45 pm membrane. Data

obtained are list in Table 3 which were in gnodagmem:mwithumﬁ:mm.

Table 3
Result of analysis of chrome plating waste water
N Concenration {jug mL™)
Sample | Sample 2
Cr(VI) 9845 + 6.48" 69.3 % 10.74*
Co(TI) ND* N.D*
NifTT) 15746 + 10250 1214 + 742*
Cu(lr) ND* ND*

* Not detected, ' S.D. (n=3)

3. Conclusion

In the present study, a simple combination of reverse flow injection and HPLC
mmﬂtndlnnp&wcrﬁﬂtndmiqu:fnrahnmanﬂyﬁ:ufm] ion as their PAR
chelates, ﬂmmﬂnwﬁmim[rmmmuplﬂmﬁmmtﬂ
pﬂﬁmmmnfﬁ:arﬂmmﬁﬂlymumﬂyupﬂmad. Using the developed rF1 for
in-limmmpltxaﬁﬂngimhmﬁluﬂtmhhkmnsumpdmhumﬂyﬁ:&mnmd
less waste disposed comparison to the batch derivatization. The analysis cycle was 16
minutmm:hﬂingm-ﬁmmpimﬁm[mznﬁmﬂcs}mdmmﬁmbymm
(14 minutes). The method was successfully applied for the separation of Co(ll),
Ni(Il) and Cu(IT) as their PAR chelates.
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Determination of Linear Alkylbenzene Sulfonates in Water Samples by
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Abstract

A high performance liquid chromatography (HPLC) method was developed for the
separation and determination of individual (Cyq — Cy3) linear alkylbenzene sulfonates (LAS).
A new set of conditions has been established for routine analysis of individual chemical
forms of four LAS surfactants, i.e. Cyg - Cj3 LAS. The mobile phase containing 1.5 mM
ammaonium acetate in methanol/water mixture of 78 to 22 (v/v) was used. Under the optimum
condition, detection limits obtained were in the range 1.43 pg ! (for Cjq LAS) to 11.35 pg
ul™ (for Ci3 LAS). This method offers the advantages of significant improvement in
resolution, short separation time and using less amount of common salt under isocratic
condition. In addition, the use of simple mobile phase containing a simple low amount of salt
cannot deposit at the entrance of mass spectrometric detector. The method is applicable to the
simultaneous determination of LAS surfactants in various water samples. LAS surfactants
presented in these samples were also successfully confirmed by using electrospray mass
Spectrometry.,

Keywords: anionic surfactant, linecar alkylbenzene sulfonates, HPLC, mass spectrometry,
water
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L. Introduction

Linear alkylbenzene sulfonates (LLAS), synthetic anionic surfactants, have been used
in household laundry and dishwashing detergents [1]. The commercial product is a mixture
of homologues containing carbon atoms between 10 and 13 atoms. Each of these homologues
consists of positional isomers resulting from the attachment of the phenyl ring to the carbon
atoms of the linear alkyl chain (Fig. 1) [2, 3]. They are rapidly biodegraded under aerchic
conditions. LAS-containing detergents are used in large quantities and are therefore released
in the environment. LAS homologues with alkyl chain lengths from C,y to Ci; have been
found in municipal wastewaters and sediments at the ppm levels [4-6]. It has been reported
that LAS and their degradation products can affect membrane permeability, enzyme and
lysosomal activity [7, 8]. The toxicity of the LAS containing 13 carbon atoms to the
microalgae namely Chaetoceros gracitis was found to be greater than that of the C;) LAS [9].
For these reasons, the identification and quantification of individual LAS species are
invaluable for estimating the environmental impact and potential health effects of LAS
Species.

The standard methylene blue method has long been used for determining total
amounts of sulfonate and sulfate based anionic surfactants in wastewater [10]. The method
cannot differentiate individual amionic surfactant. The method is sensitive, It is time
consuming and is often interfered by sample matrix, i. ¢. organic sulfonates, sulfates,
carboxylates and phenol. This method also requires a large quantity of the toxic solvent for
extraction such as chloroform.

A number of methods have been developed for identifying and quantifying individual
chemical forms of anionic surfactants. Chromatographic techniques like gas chromatography
(GC) [4, 11-15], electrophoresis [1] and high performance liquid chromatography (HPLC)
[16-18] are efficient separation methods for the analysis of LAS mixture. Due to their low
volatility and anionic form, derivatization of these compounds is necessary when GC-based
method is used [19].

HPLC is currently a suitable method for the determination of LAS. Reversed-phase
HPLC provides a good separation of LAS mixture when using various chromatographic
detectors, . g. ultraviolet (UV) [16-18], fluorescence [2, 20, 21] and mass spectrometry (M3)
[22-24]. However, most existing methods and procedures are still far from being considered
suitable for the routine determination of individual chemical forms of LAS. Most HPLC

methods with UV detector require the mobile phase containing either sodium perchlorate [22]




or additive mixture such as triethylamine and acetic acid [23, 24), trifluoroacetic acid (TFA)
and tetrabutylammonium dihydrogenphosphate (TBA-H,PO,) [25] or
cetylrimethylammonium (CTMA") ions [26] in order to resolve LAS homologues under
gradient conditions. In practical application of the mobile phase containing high amount of
those compounds, particularly sodium perchlorate (10 g I'') can shorten the column life and
can also clog the capillary when mass spectrometric detector is used. In addition, the
complicated mass spectra of LAS homologues would be obtained, This makes the
identification of individual LAS in environmental samples so difficult.

As reported earlier by other workers, LAS compounds containing 10 to 13 carbon
atoms are used in large amounts and are therefore released in the environment [1, 4-6]. The
toxicity of surfactant to aquatic organisms increases with increasing of carbon atom [9].

The main purpose of this study was to develop HPLC method that would allow for
routine analysis of LAS mixture, particularly in respeet to reducing analysis time, improving
separation efficiency for all the four LAS surfactants, precision and accuracy under isocratic
condition. As mentioned earlier, several publications have been reported to use complicated
mixtures as mobile phase under gradient conditions for separating some LAS surfactants.
These approaclies can also cause either capillary blockage or additional spectral interferences
when a mass spectrometric detector is used for confirmation results, Therefore, common
salts, i. e. sodium chloride, sodium acetate and ammonium acetate added into mobile phase
were chosen because of their suitability of identifying LAS in water samples using mass
spectrometric detection.

2. Experimental

2.1 Chemicals

Linear alkylbenzene sulfonates in the forms of sodium salts were obtained from
Henkel (Germany). HPLC grade methanol was purchased from BDH (Poole, England).
Sodium chloride, sodium acetate and ammonium acetate were AnalaR grade and purchased
from Carlo Erba (Barcelona, Spain). Milli-Q water was used in this study,

2.2 Instrumeniation

A HP 1100 high performance liquid chromatograph (Agilent Corp., Wilmington,
USA) consisting of an Agilent 1100 quaternary pump and an Agilent 1100 UV detector (224
nm) was employed. An inlet frit with 2 pm pore size was placed between the injector and




HPLC column. A Zorbax Eclipse XDB C; column (Agilent Corp., USA), 15 cm x 4.6 mm
i. d., containing 5 pm diameter packing material was used.

Samples were injected onto this column via an injection valve filled with 20 pl loop.
The mobile phase system was the mixture of methanol/water containing various amounts of
sodium chloride, sodium acetate or ammonium acetate at flow rate 1.0 m! min™. All
chromatographic elutions were isocratic and carried out at room temperature,

A HP 1100 series mass-selective detector single quadrupole instrument equipped with
the orthogonal spray-ESI (Agilent, USA) interface was used for these investigations. The
fragmentar voltage, nebulizer pressure, drying gas flow rate, drying gas temperature and
capillary voltage were set to 150 volts, 20 psi, 10 | min™, 350 °C and 3.500 volts,
respectively,

2.3 Sample preparation

Prior to HPLC analysis, water samples were subjected to purification and
preconcentration on the Sep-Pak C;y cartridge (Waters, USA), The cartridge was
preconditioned with 7 m! methanol, followed by 7 ml ufdninnim:lwamrm&ﬂmdmmln
was passed through the cartridge. The cantridge was washed with 6 m] of the mixture of
MeOH-H0 (30:70, v/v) and was eluted with 3 ml of methanal.

3. Results and discussion

The optimization of LAS separation using reversed-phase high performance liquid
chromatography (RP-HPLC) widinﬂminnatMnmwasa:hiwad,emphﬁngEdipu
XDB Cy column with 15 cm x 4.6 mm dimension and 5 jum film thickness. Optimum
separation of LAS homologues containing 10-13 carbon atoms was obtained by appropriately
adjusting the composition of mobile phase, type and the concentration of salt. The emphasis
was placed on the use of common salis (sodium chloride, sodium acetate and ammonium
aceiate), instead of using sodium perchlorate, in order o avoid capillary blockage and high
background signal when using mass spectrometric detection.




3.1 Effect of mobile phase composition

Mobile phase compositions in the range of 70-80% (v/v) methanol in water were
investigated. Separation of a mixture of Cyp LAS, C; LAS, Cs LAS and Ci1 LAS was
carried out as depicted in Fig. 2. LAS compounds were separated using 70% methanol in
water as mobile phase. However, most peaks obtained were broad, particularly C;; LAS. It
was also observed that the LAS compounds containing 10 and 11 carbon atoms were not
resolved completely when using 75% methanol. No separation was observed when using the
amounts of methanol exceeding 80%. 1t is evident from these chromatograms that the
composition of mobile phase affects peak resolution and peak shape significantly. It was
noticed that peak resolution deteriorated with increasing methanol content. This could be
explained that surfactants are hydrophobic in nature. The hydrophobic characteristic of long
chain surfactants is suppressed by increasing methanol resulting in reducing retention time
[27].

1.2 Effect of type and concentration of salt

Preliminary experiments were undertaken in an attempt to find suitable salt adding
into mobile phase for improving LAS separation. Sodium chloride was common salt used for
separations of LAS mixture as shown in Fig. 3. Four LAS compounds were successfully
resolved within 6 min when usingth:ﬁﬂﬂﬂ{va}mixu:mnfmnmmnlmdmtumnt:imng
3.5 mM NaCl. When using the 75/25 (v/v) mixture of methanol and water containing 3.5 mM
NaCl the same four LAS compounds were separated in over 12 min. It was also observed that
Cio LAS and Cj; LAS were partially resolved when using the amounts of methanol exceeding
85%. The mixture of methanol/water (80/20, v/v) was therefore selected for further method

As demonstrated earlier, the selection of a suitable common salt is a eritical factor in
obtaining optimum resolution and short separation times. Three types of common salts, i, e,
sodium chloride, sodium acetate and ammonium acetate were investigated at the
concentrations ranging from 1 to 10 mM adding into the mixture of methanol/water (80/20,
v/v) & long with a mobile phase flow rate 1.0 mLmin"'. It was observed that the resolution and
their refention time increased with the concentration of salt (Figs. 4-6). The minimum
concentrations of sodium chloride, sodium acetate and ammonium acetate that could be used
lo separate the four LAS compounds (resolution 2 1.5) in approximately 5 min under
1socratic condition were 1, 2 and 1.5 mM, respectively. In comparing the data obtained in this
study to the data reporied elsewhere [28] indicated that the developed method provided a




significantly improved resolution, peak shape, particularly C); LAS, short analysis time and
simple approach for confirmation results by mass spectrometric detector.

3.3 Linearity, accuracy and detection limir

All experiments were carried out under the optimum mobile phase containing 80%
methanol and 1.5 mM ammonium acetate in water. Linearity, accuracy and detection limit for
individual LAS compounds are summarized in Table 1. The accuracy expressed in terms of
percentage recovery was done by spiking various amounts of LAS standard (1 ng ul™') into
the water samples collected from wastewater in Chiang Mai and Utraradit, Thailand. The
percentage recoveries of this method for Cip LAS, C} LAS, Cj2 LAS and Cpy LAS wers
found to be between 91-101 (n = 3), 92-99 (n = 3), 95-99 (n = 3) and 94-102 (n = 3),
respectively. Satisfactory recovery was obtained. The Cjg LAS had the lowest detection limit
of 1.43 pg ul"'. The Cy3 LAS, which is the last compound to elute under the conditions
employed, had the highest detection limit value of 11.35 pg pl*'. From the observation, the
peak shape of C3 LAS is rather broader than that of C;y LAS,

3.4 Analysis of LAS surfactant in real water samples using HPLC-UV

In order to demonstrate that the method developed in this study is suitable for LAS
mpmaﬁmh‘&aﬂ”mlmmwmmﬂmmwm“ﬁ:wm
depicted in Fig. 6(b), an increase of methanol from 75 to 80% is expected to cause Cy LAS
and Cy; LAS to elute close to some interferences present in sample extracts (Fig. 7). The
mobile phase containing 1.5 mM ammonium acetate in methanol/water mixture of 78 10 22
(v/v), instead of the ratio of 80 to 20 (v/v) methanol/water, was used in order to avoid matrix
effects arising from the water extracts. These effects cause a 2 minute increase in the
upmlinnﬁm:nfuﬂcunmuunds.ﬂndﬂr&mpmmmdmndiﬁmmmw
concentrations in various water samples determined using a Zorbax Eclipse XDB Cj column
in combination with the methanol/water mixture containing ammonium acetate, were
reported in Table 2.

3.5 Identification of LAS surfactants in water extract using LC-ES-MS

It is well known that the identification of LAS compounds using chromatographic
techniques is based solely on retention time matching. As a consequence, errors can result
from using this approach, especially in the case of co-eluting compounds. Also of particular




interest is the numerous unknown anionie surfactants that have been found in environmental
samples when analysing them using HPLC-UV [17-19].

To overcome such problems, the negative-ion electrospray (ES) — mass spectrometry
was used for confirmation of LAS compounds in water samples, The mass spectra of water
extracts (Fig. 8) show the m/z 183 ion common to LAS compounds. In addition, the high
intensity of the molecular ions observed at m/z 297, 311, 325 and 339 originating from the
water extracts are similar to those originating from the LAS standards (Fig. 9). These ions
correspond to Cyg LAS, Cy; LAS, C;; LAS and Cis LAS, respectively,

4. Conclusion
Th:mﬂmmﬂhuduﬁHEHlpHinﬂfﬂmﬂhﬂmﬂtﬂisﬁm,i:.ﬂﬂimplﬂ
method, significant improvement in resolution (R > 1.5, indicating a complete separation),
short analysis time (7 min} and using less amount of common salt (1.5 mM ammonium
acetate) under isocratic condition. With this regard, it is easy to use this method with a mass
spectrometric detector without any blockage of MS capillary, In addition, the use of low
amounts of salt also increases the column’s life and only requires very short re-equilibration
time between each injection. Overall, these features demonstrate that the method is suitable to
bnmdfnrmﬂincmalysisfmhmhiheidmﬁﬁcaﬁunundqmnﬁﬁuﬁﬁuﬂfinﬂiﬁdMaufﬂm
-cummmmmﬂmlm
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Table 1 Analytical merits of the proposed method (linearity, accuracy and detection limit)

Compound Concentration range  R? Linearity cut-off %Recovery Detection limit*

(pg i) (pg pi")x10° (pg ul™)
CinLAS 6-310 0.9984 4] 91-10 1.43
Cun LAS 20-1030 0.9997 137 92-99 7.92
Ciz LAS 20-1070 0.9994 143 95-99 1.07
Ci LAS 10-5%90 0.9979 78 94-102 11.35

*Calculation based on three times the background standard deviation,




Type of water Concentration (pg ui™)
Cio LAS Cy LAS Ciz LAS Cia LAS
Wi H53£27 3032479  |g44+350 819422
w2 30003 11734446 114504 129 4244 +50
W3 5001 234405 265211 211+15
W4 n.d. n.d. 13.0+09 148+05
W5 nd. n.d. nd. nd
W6 344007 128+09 15.1%1.3 16.7+1.6
W7 MIE19 12001555 69 +48 66452
W8 n.d. n.d. n.d. n.d.
W9 nd. n.d. n.d. n.d.
w10 BE£03" 309+07 3B5:17  252%17
Wil 145408 480+24 469+35 289123
Wiz 65+04  278+19 30342 226413

W2. Wastewater from Center of Medical Sciences, Ministry of Public Health.
W3: Wastewater from Khuy Hospital, Utraradit Province.

W4: Domestic wastewater released into Thorn canal, Utraradit Province

WS3: Natural water in Mae-Ping River, Chiang Mai Provinge.

W7: Wastewater in Mae-Kha canal, Chiang Mai Province,

W8: Natural water in Ang-Kaew reservoir, Chiang Mai University.

W9: Water in Chiang Mai Moat, Chiang Mai Province,

W6 and W10 — W13: Natural water from inigaliununaLChinngMaivainm,
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Fig. 2 Chromatograms of mixture of four LAS compounds obtained using various
mobile phase compositions of MeOH-H;0: (a) 70-30, (b) 75-25 and (c) 80-20.
Peak identification: (1) Cy LAS, (2) Cyy LAS, (3) Cj3 LAS and (4) Cy3 LAS,
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Fig. 3 Chromatograms of mixture of four LAS compounds obtsined using various
mobile phase compositions in the presence of 3.5 mM NaCl and MeOH-H;0: (a)
75-25, (b) 80-20 and (c) 85-15. Peak identification: (1) Cys LAS, (2) Cy; LAS, 3)
Cyz LAS and (4) Cj; LAS,
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Fig. 4 Chromatograms of mixture of four LAS compounds obtained using 80% (viv)

methanol in water contsining various concentrations of sodium chloride: (a) 1,
(b) 2, (c) 4, (d) 6, (e) 8 and () 10 mM. Peak identification: (1) Cyy LAS, (2) Cy
LAS, (3) Cy; LAS and (4) Cj3 LAS.
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methanol in water containing various concentrations of sodium scetate: (a) 2, (b)
4, (€) 8, and (d) 10 mM. Peak identification: (1) Cyg LAS, (2) Cyy LAS, (3) Cy;
LAS and (4) Cy3 LAS.
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Fig. 6 Chromatograms of mixture of four LAS compounds obtained using 80% (viv)
methanol in water containing various concentrations of ammonium acetate: (2)
1, (b) L5, (c) 2, (d) 4, (¢} 6 and () 8 mM. Peak identification: (1) Cio LAS, (2) Cyy
LAS, (3) Cy; LAS and (4) Cy3 LAS.
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Fig. 7 Chromatograms of mixture of four LAS compounds in standard solution and
water extracts obtained using 78% (v/v) methanol in water coniaining 1.5 mM

ammonium acetate. Peak identification: (1) Cyy LAS, (2) Cy LAS, (3) Cyz LAS and (4)
Cis LAS,
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Going with the flow

Gary D. Christian*

Department of Chemisty, University of Washington, Box 351700, Seattle, WA 98195-1700, USA

11th International Conference on Flow Injection Analysis (ICFIA 2001), Chian Mai,
Thailand, December 16-20, 2001. (] E:ujﬁr Science B.\E'. All rights ]remrvacﬁ

Since 1998, the conference venue has been

"Tel: +1 (208) 543.1635; Fex= +1 (206) 6853478
E-mall: ehristtunifichem washingson.edu

D5 PUMNIES - sot dross rewfics
P11 S0000-0000400)00-

{'I'hdh::d},mﬂmd Lendl (Austris), Isn
McKelvie (Australia), Shoji Motomizu

JAFIA), Jarda Ruzicka (USA), Tll:huuﬁ
{Japan, |. Flow Injection Anal), Rolf Sara (Fin-
Il.nd},md!{nuimﬂu:lm{&:um.ﬁfﬂuj.wim
&mmmummwm
mittee is charged with selecting international
venues and dates for the conference.,

ICFIA 2001 was hosted by Chisng Mai Uni-
vensity in Northern Thailand, and was sbly
otganized by Professor Kate Grudpan and his
ndhgmminﬂtﬂtpum:nfﬂhaﬂmj,
There were 120 partici

m:lnd:umthtm.Thu-n:m&n:n::mpm-
dlih:ﬂ:lhhumtufﬁnuﬁﬂﬂpm_hmmgi-
tion of his being named the Oumstanding
Scientst of the Year in Thailand for 2001, the
hrst tme in the 19-year history of the award
that it was piven to a scientist from outside
Bangkok.
The technical program consisted of 36 oml
presentations over threc-and-z-half days and
72 posters. This repont summarizes the oral
presenmations. A copy of the entire list of ol
and poster presentations can be obtined by
contacting Gary Cheistian at christan{@chem.
i The E-mail addresses of
authors can also be provided, if senders wish
o obtain further information about & specific
paper.

i 2002 Pebdished by Ehevier Scnor BV, All ghts sescrved.




TRAC 282 Dot st

2. Instrumentation

The opening lecture, “Microsequential Inj
tond A Versatile Approach m fﬂiﬂ}l:hml_ﬂ_
Assays Using Lab-on-valve Sysem”, by |,
Ruzicks (University of Washington, USA), was
well presented by E.H. Hansen (The Technical
University of Denmark), since Professor
Eu:thwmnﬂ:mumm:ppﬂuhniq
of the kb-on-valve SYSiEm  was  presented,
including use with bead injection.

5. Motomizu (Okayama Univers ity,
and President of the _IAFM} [gpufnjjzﬁ
P?tuhhmhuﬂwmmupnhhufl:nmpﬂ
tillion detection  Hmits {(10—% M spectro.
photometry, 10~ M fluorometry) ss a result of
hitving & very stble pump system. Flow chan.
rﬂsmﬂiimmdt;mmpmnh:hlEuLud
the flow cell is 8 pl.

P. Worsfald (University of Plymouth, UK)
d-tf:ﬁhu:llpﬂtﬂﬂtmmmﬂﬂidhm:ﬂu-

minescence detection for shipboard monitoring

Mo pages 5, DT D= 401
Fernban 795

Erends im amalytical chemistzy, vol. 21, mo. 3, {2002)

developed,

Cu{m-ﬂtpdﬂ'l}innﬂrmw_

3. Sequential injection analysis (SIA)

_I-F.vatndmﬂJnivuqi:yanmnq'u.,Smd-.
ﬁ-ﬁﬂb&ﬂcdhndﬂmmuﬁgmﬂnmnfﬁl
and FI w achieve multi-component analyses.
H-:uu:ISL'tEnﬂ::ﬂmium“dmim.
tion or specistion of metsl jons, inorganic
anions, and arganic compounds,

A. Tvaska mmmunm:,,%d}
determined Fe(ll) and Fe(ITl) in pickle baths
oeing sutomated SIA.

J. Jakmunee (Chisng M University, Thai-

simultaneous determination of Cd*, Cul*,
Pb**, and Zn®*,

4. Atomic spectroscopy/mass spectro-
metry

The separation and pre-concentration of trace
metals was used by several investigators prior to
Messurement.

M. Burguers (Los Andes University, Vene-
zocla) determined total and scluble silica in
silica followed by precipitation with ammonium
chlotide and collection on the walls of 2 knitted
coil and then dissolution 1o determine soluble
silica.
j,LBurgueu.{LnlﬂnduUtdvﬂdqr,Vm:—
zuels) developed on-line FIA microwave
ted mineralization and on-ine precipittion for
determination of 3 ppb Mo in 05 ml serum.
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The enrichment in the knotted coil was 3.5-fold
with a detection limit of 0.1 ppb in the ]

Y. Zolowoy Moscow Stare Upi.
versity, Russia) used on-line combinaton of F]

with emphasis on the use of FIA for process
metry.

5. Electrochemistry

B. Deotre (Yamaguchi Uﬂﬁﬂlﬂ}’._m
:q:u:mdnn:mph-pnhelmpﬂmm "
tion of underivatized amino acids at s poly.
pyrrole modified copper electrode. The partially
overoxidized film allowed measure-
ments in acid mobile phase, rather than the
N. Wangfuengkanagul (Chulalongkorn Uni-
versity, Bangkok, Thailand) described the
determination of penicillamine using 4 boron-
doped diamond (BDD) thin-flm electrode in an
FIA system. The BDD electrode provides a
much larger response compared with a glassy
carbon electrode.

Ne pages 5. OTD= LN
Fersion 1518

a

R.-I.Stnﬁn{ljsivaur;' of Pretoria, South
AE:iu}_ dm:ln;?a;l i hi 5

5. Nakano (Totmr University, j.npnn;u deter-
mhﬂi?ﬂ'?]mdmulﬁmdjumbyﬂchmi-
h:mn'mhuadmﬂulj“nfﬂ:nniuum

7. A applications
Several variations of FI were used for specific
applications.
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D. Nacapncha (Mahidui University, Banghok
Thailand) determined total iodine using a kanetic
approach, based on the canalyoe effect of iodide
on the Ce(TV)/As(lIl) reaction In-line reduc-
gon of lodate was

J. Iroh (Kitami Institute of Technology, Japan)
utilized the inhibition effects of some metals on
the ascorbic acd-copper-porphyrin  reaction
mm&tmzmzﬂv:km:md:mumgr
Co(VD, FeI, V(V), and Hgf@).

N, Teshima (Aichi lnsdtute of Technolagy,
_:Inpm} determined copper and iron photo-
metrically in serum using long-path absorption
cells, with damper coils placed before detection
o provide a smooth baseline.

L McKelvie (Monash University, ﬁmtuh]
disclosed @ number of new FI
study the squatic phosphorus cycle, by :I:n::

inotganic and crganic specics.

J. Simon (Free University of Berdin) used
chromatomembrane cells for sample pretreat-
ment for PAH and EOX monitodng in waste-
WakeL.

8. Separations

M-R. Fuh (Soochow University, Taipei, Tai-
wan) determined Free-form etamine in
rat's blood by in-vivo microdialysis and liquid
chromatography with Auorescence detecoon,
The pharmacokinetics of amphetamine was
examined.

FSuuiumrnH:{lhummUnmeang-
kok, Thailand) determined polyphosphates in
seafood by indirect spectrophotometric chro-
matography, using an anion-exchange eolumn

R Chantwas (Chiang Mai University, Thai-
land) reported on the use of gravitatonal field-
flow fractionation in combinaton with FIA for
sized-based speciation of silica particles. Iron on
the particles was monitored by reverse-flow
injection chemiluminescence or by ETAAS.

B. l(.m:ﬂ:-::g (Stockholm Um\rtrm-; Sweden)
described titration and extraction in CE capil-
laries, in a miniarurized, monosegmented fow
analysis system. Weak acids were ttrated and

No. pogpes 5, DT =4 1.}
Fersine 751
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pha

pH indicators and spectrophotometric detec-
tdon. A sample volume of less than 250 nl is
required. Octanol/water partidon cocfidens
wete screened with the system using 3 gl aqu-
mﬂlumwkuﬂliﬂnlnin@m:phm
The 72 posters presented numerous examples
of innovative Aow techniques and applications.
Tites may be found in the complete program,
which is available from Gary Chrdstdan on
fequest.

9. Social program

A wonderful Thai coltural evening was
enjoyed on Tuesday evening, with a Khan Toke
dinner, traditional Northern Thai musle and hill
tribe dancing by students from the Chiang Mai
College of Dramatic Arts.

Wednesday afternoon was free for touring
and sightseeing, with all participants invited o
en elephant camp, and the Queen Sirkit Bomnic
Garden, a true gem of the coontry. That eve-
ning, refreshments were enjoyed at the Chiang
Mai University Science Faculty Obscrvatory,
where we were able to stargaze, and plan for the
ncxt conference. Some participants were sdll

sceing swrs the next moming,

10. Publication

Manuscripts of presentations and posters
submitted by participants will be reviewed for
publication in a special issne of Talanta,

11. Sponsors and exhibitors

The conference was sponsored and supported
h:rﬂmngMuUmuﬂqr1th&, the Japa-
nese Assocation for Flow Analysis
(JAFLA), the British Council the Chemical
Society of Thailand, the Post-graduate Educa-
ton and Research Progmm in Chemistry
(PERCH), the Scence Society of Thailand

{Chemistry and Nocthern Divisions), the Thai
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Ministry of University Affairs, the Thailand
Rescarch Fund (TRF), Constelladon Technol-
ogy, Corp.,, FIAlab Instruments, Inc, Foss
Tecator, Metwohm Sam Co., Lud, Perkin
Elmer, Inc., and Thai Unique Co., Ltd, (Lachar).

12. 12th ICAA
The Sweering Commirtes has seleced the next

venue for the ICFIA to be Los Andes Uni-
versity in Mérida, Venezuela. Pioneering FIA

¥, papes 5, DT D =d 1.}
Feraien TS 1e

3

colleagues José luis Burguers and Marcells
Burguera have graciously agreed to organize and
host the conference. Professors |. F. (Koos) van
Staden and Raluci-loans Stefan from The Uni-
versity of Pretoris will be co-orgeanizers, in
chasge of the technical program. The wmnmiive
date is T-11 December 2003, a very pleasant
time of year in this beaudful sub-tropical
country. Information will be posted at www.
fAowinjection.com, and direct conwmcts are
burguers@ciensulave and koosvanstaden(
chem.up.ac.za
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Pioneers host success high in the Andes
Report on 12" International Conference on Flow Injection Analysis

(ICFIA 2003), Mérida, Venezuela, 7-

Gary D. Christian®

1. Introduction

Following the 11" ICFLA held in Chiang Mal, Thailand,
in December 2001. the 12 ICFIA was hosted by Pro-
fessors Jose Luis Burguera (Co-organizer) and Marcels
Burguera {Co-secretariat) from Los Andes University
(Universidad de los Andes), Mérida, Venesuela, The
local organising committee also Included P. Carrero,
M. Gallignan), ¥. Petit, C. Rondon and M.R. Brunnsto,
with able assistance from their students, The con-
ference was held jointly with the |apanese Association
for Flow Injection Analysis (JAFIA). Thers were
18 countries from five continents represented.

2. Bocial events

Opening ceremonies were held on Sundsy evening
{7 December 2003) at the University’s Aula Magna
(Great Hall). Rector Genryl Vargas formaily welcomed
particlpants. and Dean of the Faculty of Sciences
Fatricia Rosenzwelg expressed her mppreciation and
suppart for the conference. As Chair of the conference
International Steering Committes, | oxpressed the
appropriateness of holding the conference in Venesuela,
since the Burgueras are pioneers In the early develop-
ment of flow injection analysis (FIA). Jose Luis
Burgoera welcomed all to the conference and the city of
Meérida. The participants were then treated to a firing
quintet concert before adjourning for s fine reception.

On Monday evening, we were treated to & show of
Venezualan dancers with colorful costumes.

On Wednesday, all participants went on i fascinating
tour to the high country in the Andes, which at 4100 m,
literally took oar breath away.

A gals banquet was held Thursday evening. It began
with u demonstration of Latin American dances and
concluded with participants dancing to Mexican and
Venezuelan music late into the evening.

dem.mmuwwmmm
WA SRR, LUSA
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3. JAFIA's 20% Anniversary and Awards

The JAFIA celebrated itz 20 anniversary in 2003,
Shojl Motomizu, President of JAFIA, and Tadao Sakal,
Hﬂmﬂm:]mmthnmm
{JF14) presented & pictorial history and acoonnt of the
Association lndlmpunlutnunt-rﬁhumuﬂu

The oocasion of the ICFIA was osed as the venue
for presenting the annual JAFIA awards {for 2003).
Professor Kate Grudpan, Chisng Mai University, was
awarded the JAFIA Scientific Award medsl snd
Professor Duangjal Nacapricha, Mahidol University,
received mmmmmammw.pw
in [FIA. Professors Elo Hansen, Jacobns (Koos) van
Staden, Jose Luls Burguera and 1 wers preatly honored
to recelve the JAFIA Sclentific Honor Award medal
and certificate, which JAFIA and the Division of the
Japan Society for Analytical Chemistry (JSAC)
grant only every Rve years, and Sue Christisn was
speclally honored with the JAFIA Special Gold Medal
for her years of contributions and devotion to the
Conference, These awards wers particulary spectal as
20" anniversary recognitions.

4. Scientific program

4.1. Flenary lectores
Professor Jacobus (Koos) F. van Staden (Co-organiser)
and Raluca-lona Stefan (Co-secretariat) of the
Unwmum-wmmuﬁ:m
that began ou Hnndngmmlnganﬂmnduﬁudmﬂay
afternoon.
[twﬂ-pmd.hiﬂ:ﬂuﬂntnﬂiﬂmlwimmm.
h]ﬂ.ﬂmmﬁmhmmuntmqiﬂmmlﬂ}-hn
spoke on the impact of FIA on modern analysis.
Plenary lectures throoghout the week Included
pregentaiions on:

# the compact disc analyzer, by J.F. van Staden;

¢ development of flow-blo-detection amperometric
unmrnthu&mﬂmmuumljm.bj
M.L Karayyannis (University of lonnina):

- mulurpumplngﬂnuqnmrnrmmm.hj
I L. F. Costa Lims (Universidade do Porto): mnd,

V65U S - e Fromt mstis bk DL W S RS- S OS5




tmmmu-,rﬁmnumf.vnlmmz,m

* ﬁﬂemﬂnﬂnnntmimmmuulnﬂtupunﬂ:d
walers and chemicals at parts per trillion
levels by flow-based analysis, by 5. Motomisu
(Okayama University).

M. Burguera presented a comprehensive, Informative
lecture on analytical applications of organized media
for on-line spectrometric determinations of parts per
trillion metal jons: T. Sakai (Aichi Institute of Technol-
ogy) described the development of new devices for Fi
detection for environmental and bological analysis. A,
Ivaska (Abo Akademi University) presented a sophisti-
cated mathematical modeling of fliow-injection systems
in straight tubes, including sequential Injection
analysis; and, | traced the origing of analytical ehem-
Istry and the development of analytical methods and
textbooks that led up to the development of FLA-based

|. van Staden presented Ralcua-Tone Stefan's Plenary
Lacture in her absence; it was on the use of electro-
chemical sensors for multi-component analyses in fow
systems, particularly for measuring enantiomers.
V. Cerda (Universitat de les Iles Balears) described &
Bexible multi-syrings, multivariats system for muld-
commuted FIA (MCFIA), along with sophisticated
Windows-based software for instrument control and
data acquisition. K. Grudpan deseribed novel, low-cost,
How-based systems, Including the “Lab-at-Valva"
concept. In which a detection device is attached to ons
port of a conventional mult-position selection valve,
E, Zagatto {Universidade de Sic Paulo, Piracicaba)
emphasized the importance of explolting prior assays
for reducing the number of analyses needed, For
example, low molybdenum content in plants results
in low nitrogen fixation, Analyzing for maolybdenum
only for plants with low nitrogen (an easier analysis)
increases the efficiency of the laboratory,

The Plenary Lectures concluded with a Comprehen-
slve presentation of the use and power of FTIR (Fourber-
transform infrared spectroscopy) in flow analysis, by
M. Gallignan! (University of Los Andes),

4.1. Oral presentations

There were 25 lectures covering various aspects of flow
analysis, Including novel developments in Instrumen-
tation. and spectrophotometric, luminsscence, atomie
ipectrometric, and electrochemical appilcations.

4.2.1. Spectrophotometry. Optical methods continue
o represent the majority of FlA-based applications.
B. Karlberg (Stockholm University) described how IR
detection in microflow systems, including capillary
electrophoresis, achieved picogram detection.

F. Suliman {Sultan Qaboos University) reported on
an optical sensor for micro-sequential bead injection
analysis, with 9 ppb detection for aluminum.

Masting repons

Simultaneous determination and speciation of heavy
metals in waters was presented by V. Cerdi. nsing
on-line UV oxidation of organic matter,

Multivariate analysis was used to snbtract free ligand
contributions, |. van Staden used SIA {sequential
Injection analysis) for metal jon, Inorganic anlon, and
organic compound speciation.

M. Almelds (Universidads Catélics Portuguesa)
speciated phosphorus  species In environmental
samples, using microwave oven digestion for total
phosphorus determination,

5. Meneses (Unlversidade de S50 Paulo, Piraciceba}
determined sulfate in soil extracts at the pg/L lavel,
based on reaction with the barium-dimethyisulfanazn
(1T} complex.

K. Oguma (Chibe University) reported an the deter-
mlulﬂunulhtunlteln:lhdll:hj'ﬂ:ﬂdlﬁm of the
iron{ll}-1.10-phenanthroline complex. Bromide and
lodide were diferentiated by reaction with chiorite at
selected pH walues,

M. Zenki (Okayama University of Science) described
the repetitive determination of aseorbic acid In the
presence of oxidants osing a novel clrculatory fiow
injection system and an inhibitor 300 repetitive
determinations could be made with & 30 mL reservoir,

J. Prior {Universidade do Porto) determined anti-
thyrolds by reaction with Pd(II), with UV detection,
or by the Inhibitory effect on the PA(I) catalyzed
reaction between pyronine G and hypophosphite lons,
monitorsd at 548 nm,

H. Ukeda (Koichl University) determined the anti-
oxidant capmcity of compounds in food based on
scavenging of the ABTS radical cation (ABTS=
I.I-IHnnhIlH-ﬂhrlbmﬂhhmhn-ﬁ-lnﬂhnm]}.

I Lin (Kitami Institute of Technology) described the
hnm:dtmmumufnllﬂuﬂnithhhhmﬂmthﬂr
mtllpﬂnul’aﬂ.unlh:mndﬂmumm
15.10.15, 20-tetrakis[4-{N-trimethylammaonia) phenyi])
porphyrin with copper ions.

A, Cdceres (La Universidad del Zulia) described the
on-line analysis of linear alcohols uging microwave-
assisted derivatization.

4.2.2. Luminescence, Y. lida [Kanagawa Instiiute of
Tochnology) determined ures in alcoholic bever-
ages using an acld-urease column and fuorometric
detection of isolndole derivative from the smmonis
produced.

D, Mecaprichs (Mahidol University) usad gas-
difusion FI for the selective determination of lodide in
pharmaceutical products, uging the loedine-lumingl
reaction for detection.

Taipfeew o comfocaiaitias XV
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T. Imato (Kyushu University) nsed magnetic micro-
beads and chemiluminescence detection for the

immunoassay of the endocrine dizruptor, vitellogenin,
im Aak,

4.2.3. Atomic spectrometry. P, Carrero (University of
Los Andes) determined bismuth in urine by successive
retention of Bi{[IT) and tetrahydroborate(Ill) on an
anion exchange resin for hydride generation AAS,

|- Chirinos (Universidad Cemtral de Venesuela)
described fast. on-line determination of selenium by
hydride generation and ICP-OBS (inductively coupled
p]mnumdmmnmw}mmmt.

4.2.4. Electrochemistry, . Jakmunee (Chiang Mai
University) reported on an on-line standard addition
sequential injecon method for the simultaneous
determination of four metai lons using anodic stripping
voltammetry.

T. Nagaoka (Osaka Prefecture University) used a
boron-doped, diamond-coatad electrode, coated with
A molecularly imprinted polymer, for the selective
voltammetric determination of aming acilds et +2.0V
ve ApfAgCl,

0. Challapakul (Chulalongkorn University) used an
anodized. boron-doped, diamond thin-film electrode to
determine tetracycline antibiotics, with 8 10-nM dstec-
ton limit. The diamond electrodes exhibit low back-
ground and enhanced stability, as well as wider
potential range, comparsd with glassy carbon electrodes.

K. Vytras (University of Pardubice) reported on the
development of biosensors based on carbon-paste gub-
mtumuﬂﬂndwllhlmpnu:diuﬂd:pundu
medlator for detecting H;0; in ensymatic reactions,
Disposable screen-printed electrodes can be prepared,
with enzyme entrapped in Nafion,

L Zatoh (Kanagawas Insiltute of Technology) descri-
Hmﬂmhmlﬂlm'ﬂlﬂﬂunmﬁﬁm
immobiliged alkaline phosphatase; injection of a sample
containing sinc lons regeneratad the engyme activity,
andrhur:vmihl:pmﬂmnumndfnrﬂ::dﬂﬁnmv
ation of nanomolar concentrations of gine ions. with
spectrophotometric detection.

H. Tanaks [Tokushims University) described a new
concept: feedback-based fow ratlomsiry io delermine

4.2.5. Amalytical Sciences Digital Library. | introduced
participants to the US National Science Foundation-

XV s whseer comilockaira

Tmuhhﬂuumluiﬂwmmy.vm.n.hh.z.m

spansored Analytical Sciences Digital Library (ASDL), &
new website database of URLs dealing with all Bspects

of analytical chemistry. The websites re peer reviewsd
hrmbmtmdrﬂu!lnﬂ::mcjr cover categories such as

pedagogy, laboratory experimen

4.3. Poster preseniations

Thers were over 60 Pposter presentations by participants
form Brasl, Greece, Japan, Oman, The Philippines,
South Alrica, Spain, Turkey, Thailand, Uruguay, USA,

4.3.1. Best Poster Awards Certificates for the most
outstanding posters for sach of the threr sessions ware
awarded to;

* Mirvet Volkan (Middle Hast Technical
University, Ankara, Torkey):

* Muaisés Knochen (Universidad de la Republica,
Hﬂmﬂdm,ﬂrunujr}:md.

¢ Ricardo Rives (Universidad Centro Occidental
Lisandro Alvarado, Barquisimeto, Venezuela).

d.4. Pulrﬂrﬂjm-m"ﬂul’muum
Papers st the conference will be submitted for a Special
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The 1" Annual Symposium on TRF Senior Research Scholar on

Department of Chemistry, Faculty of Science

B30 - 9.00
2.00 - 9.15

9.15 - 10.15

10.15 - 10.45

10.45 ~11.15

11.15 - 11.35

1135 - 11.55

12.00 -13.00

13.00- 13.20

13.20 - 13.40

14,00 -1530
15.30 - 16.00

Flow-Based Analysis

At Buaru—l{:mthung Room,

Chiang Mai University

Registration

Opening session

- “Symposium Objectives” by Assoc. Prof. Dr. Kate Grudpan, TRF Senior
Scholar

= Welcoming address by Head of Chemistry

- Address by Dean, Faculty of Science

- Address by Director, Institute for Science and Technology Research and
Development

= Address by Director, Basic Research Division, TRF

= Opening address by Director, TRF

Plenary lecture

“Advanced Chemical Analyses Using Flow-Based Techniques™ by Prof. Dr.

Shoji Motomizy, Department of Chemistry, Faculty of Science, Okayama

University and President, The Japanese Association for Flow Injection Analysis

{JAFIA), JAPAN.

Break

“Some Recent Development on Flow-Based Analysis in Thailand : Examples

ﬁmutTﬁFﬁﬂﬁurRmm&hullrﬂmnr‘ by Assoc. Prof. Dr. Kate

Grudpan

“Simply Tri-lodide Starch Chemistry in Flow Injection™ by Assist. Prof. Dr.

Duangjai Nacapricha

“Flow Injection Voltammetric Systems with Repeated Use of Mercury Film for

Simultaneous Determination of Cd Cu Pb and 7n® by Dr. Jaroon Jakmunee

Lunch

“Electrochemical Determination of Tetracycline Antibiotics by Pulsed

Amperometric Detection Applied to Flow Injection System™ by Assist. Prof.

Dr. Orawon Chailapaloul

“Flow Based-Reduced Volume Column System for Thalassemia Screening” by

Dr. Supaporn Kardtap Hartwell
Poster session / Break

Discussion / Comments
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The 2™ Annual Symposium on TRF Senior
Research Scholar on Flow-Based Analysis




The 2" Annual Symposium on TRF Senior Research Scholar on

B.15 - 830
8.30 - 845

8.43 - 0.05

0.05- 925

9.25-9.45
0.45-9.35
9.55-10.05
10.05-10.15
10.15-10.25
10.25-10.35
10.35-10.45
10.55-11.05
11.05-11.15
11.15-11.25
11.25-12.30
12.30-13.30
13.30-14.30
14.30-16.00

“Flow-based Analysis”
At Seminar Room S¢B 2

Faculty of Science, Chiang Mai University

6™ September 2003

Registration
Opening session
- “Symposium Objectives” and
“Progress on Development of Flow-based Analytical Technigues under the
TRF Senior Research Scholar Project” by Assoc. Prof. Dr. Kate Grudpan,
TRF Senior Research Scholar
= Opening address by the Director, TRF (Prof. Dr. Piyawat Boon-long)
= Address by the Director, Academic Division, TRF

(Prof. Dr. Vichai Boonsaeng)
“Flow Injection Analysis for Determination of Trace Air Pollutants”
by Prof. Dr. Tadao Sakai, Aichi Institute of Technology, JAPAN
“Ultratrace and Trace Determination with Flow-based Technigues™
by Prof. Dr. Shoji Motomizu, Department of Chemistry,
Faculty of Science, Okayama University, JAPAN
Break
Oral Presentation | (for poster nos. | - 3) Dr. Supapom Kradiap Hartwell
Oral Presentation 2 (for poster no, 20)  Miss Maliwan Amatatongehai
Oral Presentation 3 (for poster no. 21) Miss Teeraporn Charoenraks
Oral Presentation 4 (for poster no. 16)  Dr. Jaroon Jakmunee
Oral Presentation 5 (for poster no. 22)  Asst. Prof. Dr. Supalax Srijiranai
Oral Presentation 6 (for poster no. 10)  Dr. Winita Punyodom
Oral Presentation 7 (for posterno. 7)  Miss Siripat Suteerapataranon
Oral Presentation 8 (for poster nos. 11-12) Miss Lalida Srivichai
Oral Presentation 9 (for poster no. 9) Mr. Narong Lenghor
Discussion at Posters
Lunch
Discussion at Posters (Continued)
Discussion in overall

* Note Oral preseniations:

(1) Some from the all posters presented
(2} Should be within 3 slides
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Research Scholar on Flow-Based Analysis




The 3™ Annual Symposinm on TRF Senior Research Scholar on

B.00-830

B.30-8.50

8.50-9.20

2.20 - 945

9.45-10.10

10.10 - 10,35

10.35- 10.50

10,50 - 11.00
11.00-11.10
1L.10-11.20
11.20- 11.30
11.30- 11 40
1140 - 11.50
11.50 - 12,00
12.00-12.10
12.10-12.20
1220 - 1230

1230 - 14.00
14.00- [5.15
i15.15-1530

15.30 - 16.00

Flow-Based Analysis

At Semuinar Room ScB. 2
Faculty nfBﬂi;n::,ﬂﬂmgMaiUrﬁvmil}r
23" September 2004

Registration

Opening session

- “Symposium Objectives” and “Progress on Development of
Flow-based Analytical Techniques under the TRF Senior Schalar
Praject” by Assoc. Prof. Dr. Kate Grudpan, TRF Senior Scholar
= Opening address by The Director, Academic Division, TRF

mhm;afnm mmmumt:hmmw
. Dr. Elo Harald Hansen, Department of Chemistry
Technical University of Denmark, DENMARK '

“Flow Injection Solvent Extraction for Some Water Maonitoring™
by Prof. Dr. Tadao Sakai, Aichi Instimte of Technology, JAPAN

“Some Flow-Based Analyses for Air Monitoring”

by Prof. Dr. Shoji Motomizu, Department of Chemi » Faculty of
Science, Okayama University, JAPAN G

“Macronotrient Mapping in Estuarine and Marine Waters™
by Fiow Analysis™ by Assoc. Prof. Dr. Inn McKelvie,
Monash University, AUSTRALLA

Cofee Break

*Oral Presentation 1{for P01, Dr. H. Tisbashi)
*Oral Presentation 2 (for P-02, Dr, HL Lleesls )
*Oral Presentation 3 (for P03, Dr, K. Higuchi)
:ﬁl’:mﬁnn ;ﬁhl'-m.l.hmmhm]
Presentation 5 (for P-05, M. Amutatongchai
*Oral Presentation 6 (for P-06, T. Charoenraks) :
*Oral Presentation 7 (for P-O7-08, O. Tue-ngeun)
*Oral Presentation 8 (for P09, 5, Sommam)
*Oral Presentation 9 (for P-10-12, R Burakham)
*Oral Presentation 10 (for P- 13, Dr. J. Jakmunes)

Lunch
Discussion st Posters
Caoffee Break

Dizcussion in overall

*Note: Some from the all pasiers presented and should be within 3 slides
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