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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
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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
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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
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Tris pH 6.3
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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.



I 68 B Srisaweng of ol J Talora 80 (3002) 1183118

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-
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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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Carrent (A}
=

Fig 1 Cyolic voltsmmetric respomms for | mM - tetmeyefine in 6.1

., L
Patential [V vs Ag/AgCT)

1.2

M possssinm dilnydrogen orthopbosphate soluman (pH ) st e As RDE

(08T em”). Condition: 250 rpm mﬂﬂn?r'mm.mhﬂpﬁmhtﬂmﬂup:miuhh[ﬂﬂqi.

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.
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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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Fig. 2, Effeci of pyrolyss mperanee (pymlysis e of 408} (8} 2ng Phaorbed on besds; (b besds nlose

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,
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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
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&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




49

L
EDTA ] 1 Hixey LE
oall  Dwimcior
Bacs . Wiaria
wizzhel i HEI |
Py

Noumger L ospote

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




2940

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,

INDIAN F CHEM, SBC A, DECEMBER 2003

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]

204

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




2044

INTRIAN 1 CHEM, 58C &, DECEMBER 3003

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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