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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,
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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
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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
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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
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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
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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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&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.

Acknowledgemenis

Finmncial supporis from ihe Thailand Research Fusd end the
Pm&hu-imudkmﬂaﬁmmiﬁm-t
apprecisted

References

L. J. T Dumn, DD newsbeter, 1993, ¥, 5 Accessed 26%
Jammary 1999, from
hetp:avery.ined, virgima edu~jdficcidd idddoes/idd | 96k

m.
2, WHMFBHL Winsauer, Anal Chim, Actx, 1985, 1,
T

3 L Odink 5, L F.Hqtmk,.dt-l.m.l. Chromatogr,,
1988, 43/, 309

4. 1 Rendl, & Seybold, and W. Borer, Clin. Chem., 1944, 40,

Eﬁ

F M. C. R Demy, F. Vaisberg, F. Depasse, R

Mm:. J. Y. Hustem snd P. Aymard, J Chromatoge. 5,
567, 69,

6. Y. Yabu, K. Miysi, 5. Haynshizaki, Y. Endo, N, Hain, ¥,

Tjima, nnd R. Fushimi, Endocringl, Japon, 1986, 13

Haldimann, B, Zimmerli, C. Als, snd H, Gerber, Clin,
. 1908 44 257,
E T.Mms.ﬂtumurm.ulum
Trends in Anal. Chem., 1997, 16, 132,
B, Sandall and L M. Ealthaff, L4 O, 1934, 56,1426
A Redriguer and H. L. Pardie, Aol Chew., 1969, 4/,

£ Tepaka, | Sanemmsn, snd H, Mogai, H.

Brumeskc] Eagaloy, 1983, 32, 23,

: Mushtakevs, L F. Kovhina, L M. vanow, A K

Hﬂﬁumuhkmimm..ﬂﬂ,ﬁ.ﬂ{

and ). C. Tressol, Aratis, 1986, 717, 841,

Musmgksew, I Shiowatena snd [
mmmwmmnn

15. 1.T. Dunn, H. E. Cratchfield, & Gutelomst and A, D. Dusn,
Thyraid, 1953, 3, 119,




17, W. M,D.MEE-M.P.M&“G.HML
Clin. Chem., 36, BGS,
I8, K. Troda,

20. Z Yaping, ¥. Dongring € Jixiang. L. Tiasshin and €
Hﬂlﬁ.m Cham., 1996, 42, 2021,

ANALYTICAL SCIENCES 2001, VOL |7 SUPPLEMENT

21. J.hﬁ&:ﬂﬂ““mﬂwhﬁﬁmdmﬂdﬁn“ﬁh’.
Mew Yark, Ind edn., 1984

Fir D.Nlnpiuh.ilﬂmw,uﬂmmml.
ﬁm:ﬂhmamml.fﬁ. 121,

13, N, Cheungehan and D. unpublished work,

4. B.Eulmmr.“ﬁhﬂ-di‘ﬁmw,wwm
work




HNBIIUIDY N6




ELSEVIER

Talanta

wuw slsevier, comTocaief tslanta

Talanta 57 (2001) |87-192

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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Chemiluminescance
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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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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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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.
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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



LEE ] N Choempotum of of [ Tiolwa 38 (603 [ 195-1200

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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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



