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Abstract

A very simple flow injection amperometric system for determination of iodate has been developed. Cyclic voltammetry
was used (o study reactions of iodate, iodide and iodine on a glassy carbon electrode. A single line manifold of the flow
system consists of a pulse-free reagent propulsion using a simple Mariotte bottle, a home-made injection valve, and a cross
flow electrochemical cell with a potentiostat for control a potential of glassy carbon working electrode at 4200 mV versus
| Ag/AgCl electrode. Using a solution of 1.0% w/v NaCl, 0.02% w/v KI and 0.1 M HCl as a reagent and a flow rate of 2 ml/min,
a linear calibration up to 25 mg/l 103~ with a detection limit of 0.5 mg/1 103~ was obtained. Relative standard deviation
for 10 injections of 10mg/l 103~ solution was 1.7%. A sample throughput of 35 injections per hour was achieved. The
system was successfully applied for determination of iodate in iodized table salts, validating by the AQAC titrimetric method.

© 2001 Elsevier Science B.V. All rights reserved.

Kevwords: lodate; Flow injection analysis, Amperometry; Voltammetry; lodized sah

1. Introduction

Iodine is an essential micronutrient, which is an
essenuial part of the thyroid hormones that play an
important role in the development of brain function
and cell growth. Deficiency of iodine can result in a
serious delay in neurologic development. Otherwise,
an excess of iodine or iodide can produce goitre and
hypothyroidism as well as hyperthyroidism [1]. Iodine
is absorbed from foods, drugs and water. Iodate is
added to an iodized table salts as a source of iodine for

* Presented a1 the Flow Analysis VI Conference, 24—29 June
2000, Warsaw, Poland.

* Comresponding author. Tel.: +66-53-943345;
fax: +66-53-222268.

E-mail address: scijjkmn@chiangmai.ac.th (J, Jakmunee).

preventing of iodine deficiency disorders in population
of Thailand [2].

Several techniques have been applied for the deter-
mination of iodate. The spectrophotometry utilizing
the reaction of iodate with excess iodide to form triio-
dide which absorbs strongly at about 350 nm is widely
uscd (3,4]. Other spectrophotometric methods employ
the oxidation of iodate to periodate which was forming
a suitable ion-pair compounds and extracted into or-
ganic solvent before detection [5,6]. Iodate and other
halogen anions were determined by ion chromatog-
raphy with snectrophotometry [7.8] or mass spec-
trometry [9,10] detection. Trace amounts of iodine,
iodide and iodate in drinking -vater were determined
by gas chromatography—-mass spectrometry after
pre-derivatization into 4-iodo-2,6-dimethylphenol and
extracted with diethyl ether [11]. Chemiluminescence

0003-2670/01/% - see front mauer © 2001 Elsevier Science B.V. All rights reserved.
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determination of iodate was based on the reaction
with excess of iodide in acidic solution. gas extrac-
tion of the iodine formed and detection in the stream
of carrier gas by alkaline luminol solution [12]. Flow
injection amperometric determination of iodate was
made by electroreduction of iodate al a molybdenum
oxide modified electrode [13].

In this work, we developed a very simple flow

flinjection amperometric system for the determination

todate using a Mariotle bottle as a solution propulsion
device. The iodate reacts with excess iodide in acidic
jmedium to produce iodine which is subsequently
reduced at a glassy carbon electrode. The reactions
of iodate, iodide and iodine at GCE were studied
by cyclic voltammetry. The proposed method was
applied for iodized table salts.

2. Experimental

2.1. Chemicals

Al chemicals used were of analytical-reagent grade
and deionized water was used throughout. An iodate
standard stock solution (1000 mg/) was made by us-
ing KIO3 (BDH, Poole, UK). The working standard
solutions were obtained by dilution of the stock solu-
tion with deionized water. Sodium chloride (Merck,
Darmstadt, Germany) and hydrochloric acid (Merck,
Darmstadt, Germany) were used to prepare an elec-
trolyte solution for voltammetric studies. Reagent for
fiow injection amperometry was made by dissolving
NaCl and KI (Merck, Darmstadt, Germany) in 0.1 M
HCL

2.2, Instrumemtation

A computerized voltammetric analyzer BAS
CV-50W (Bioanalytical System (BAS) ™, USA)
was used for all voltammetric and amperometric
experiments. A C2 cell stand (BAS, IN, USA) com-
prising a glassy carbon disc electrode (GCE) of 3mm
diameter as a working electrode, a platinum wire aux-
ihiary electrode and a Ag/AgCl reference electrode
was used for cyclic voltammetric studies.

Flow injection systern was constructed using a sim-
p_le home-made Mariotte bottle as a solution propul-
sion device, a home-made injection valve [14] and a
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Fig. |. Flow injection amperometric system for iodate: {(a) manifold
and (b) cross flow cell diagram (AE: auxiliary electrode. WE:
working electrode, RE: reference electrode).

cross flow electrochemical cell, MF-2400 (BAS, IN,
USA) consisting of a glassy carbon cross flow work-
ing electrode (5 mm diameter), an auxiliary electrode
(stainless steel flow cell body) and a Ag/AgCl refer-
ence electrode (see Fig. 1(b)).

2.3. Flow injection manifold

The diagram of flow Injection amperometry is de-
picted in Fig. 1. A reagent solutuon consisting of 1.0%
wiv NaCl, 0.02% w/v KI and 0.1 M HCl was put in
a home-made Mariotte bottle which was built from
an empty dnnking water bottle. The boitle provided a
pulse-free constant flow rate of a solution at 2 ml/min.
A standard or sample sojution was injected into the
svstem via a home-made two-loop injection valve [14].
The iodate reacts with todide in acidic medium pro-
ducing iodine which further reduces to iodide at a GCE
working electrode with a potential of +200 mV versus
Ag/AgCl. The reduction current was monitored by a
voltammmetric analyzer and recorded by a software of
the instruinent.

2.4. Determination of iodate in iodized table salt
lodized table salt samples were purchased from lo-
cal market. A sample was weighed and dissolved with

deionized water. Each resulted solution was analyzed
by the above flow injection amperometric sysiem, a



flow injection spectrophotometric method [15] and a
litimetric method {16},

3. Results and discussion

3.1. Study of the reaction of iodate iodide and iodine
at electrode by cyelic voltummetry

Cyclic vollammetry was used to study the reaction
of iodate, iodide and iodine (convent from iodate by
addition of excess iodide) on GCE in 1.0% (w/v) NaCl
and 0.1 M HCI electrolyte solution. The potential of
GCE (versus Ag/AgCl) was scanned from +1000 to
OmV and then back to +1000mV, with a scan rate
of I00mV/s in both direction. The voltammograms
obtained are shown in Fig. 2. It indicates that reduc-

tion of iodate takes place at a potential more negative
than +200 mV. Jodide has an oxidation pecak poten-
tial at +584 mV. Reduction of iodine occurs at peak
potential of +270 mV, with higher peak current than
that of the iodate reduction. Potential of the GCE
was fixed at +200mV for amperometric monitoning
in the flow injection system which no reaction of ei-
| ther iodale or iodide takes place. Due to no interfer-

| ing from oxygen, it is then not necessary to degas the

" solution.

+120
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3.2. Solution propulsion device

A home-made Marioute bottle assembled by using
an empty drinking water bottie was used as a solution
propulsion device. An air inlet and a solution outlet
wbings were inserted on a bottle cap. The liquid dis-
charge rate from the Mariotie bottle remains constant
until the fluid level drops below the air inlet tube
{17]. The flow rate is dependent on a cross section
area of a solution outlet tube, which can be adjusted
by a restriction c¢lip placing on a flexible outlet tube.
The bottle provided a pulse-free constant flow rate
of a solution at about 2ml/min for at least 350 min
as depicted in Fig. 3. The reagent solution should be
filtered before use in order to get rid of particles that
may block the aperture of the outlet tube and may
lead to change in flow rate.

3.3. Oprimization of flow injection amperometric
system

A mula-variation procedure was applied for param-
eters optimization. A senies of iodate standacd solu-
tions (0—25mg/ 1037 ) ora 25 mg/t [O3~ solution was
injected into the system. By considening for a higher
value of either a slope of a calibration graph or of a
blank corrected peak height of 25 mg/l 1027 solution,

+90 1
+60

+30+

o]

Current,uA

—*)

-30 T
+10

+da

E = +378.2mV i = +5.492a-005A

-66

T T ~

Potential, VvV

Fig. 2. Cyclic voltammograms of (a) electrolyte (1.0% w/v NaCl and 0.1 M HCl), (b) 0.01% w/v K1, (c) 100mg/l 105, and (d) 0.01%
wiv Kl and 100mg/i 103~ in electrolyte solution (initial potential (init E£) = +1000mV. high £ = +i000mV. low E = OmV, scan
rae = 100 mV/s, scan direction: negative, sensitivity = 100 p ASV).
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Fig. 3. Discharge of water from a Mariotte bottle with a flow rate of (a) 9.6; (b) 7.2; (¢} 5.6; (d} 3.8 and (e) }.7mlfmin (the values
obtained from the slopes).
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Fig. 4. Effect of (a) HCl and (b) KI concentration in the carrier solution on blank corrected peak height of 25 mg/l 103,



‘able |
Yptimum condition of the flow injection amperometric system for

odate

Yarameter Condition
Studied range Optimum
{I concentration (% w/v) 0.005-0.030 0.020
NaCl concemtration {% w/v) 0.1-10.0 1.0
HCl concentration (M) 0.05-0.20 0.10
“low rate (mbfmin) (.5-5 2
Lisample volume (ul) 50-150 100
ixing coil length (cm) 0200 100
Measurement mode® - Time base
Electrode? - GCE 3mm
diameter
Electrode potential® - +200mV
VErsus
Ag/AgCl
gensilivity (LA/VY - 10
* Vollammetric analyzer.
condition for each parameter was selected. Effect of
hydrochloric acid and potassium iodide concentrations
in the reagent solutions represented in Fig. 4. The stud-
lied range and optimum conditions are summarized in
Table 1.

|

’3.4. Calibration and determination of iodate in
liodized salts

Using the optimum conditions, a series of iodate
'standard solutions of different concentrations (0, 5,
10, 15, 20 and 25 mg/l 103~ ) were injected into the
|system. A linear calibration graph obtained repre-
| sents by an equation y = 1.42x 4 2.63; correlation
1 coefficient r = 0.995, where y and x are peak height
“(MA) and iodate concentration (mg/l), respectively.
The detection limit (3a) was 0.5 mg/l I03~ and rel-
ative standard deviation was 1.7% for 10 replicate
iniections of 10mg/l 103~ standard solution. A sam-
ple solution was injected under the same condition
- as that of the standards. An iodate concentration was
calculated from a calibration equation using the peak

. height obtained. The results obtained by the proposed
!'ncthod agree well with the ones obtained from flow
injection spectrophotometric method [15] and AOAC
titimetric method [16] as summarized in Table 2. It
should be noted that the results obtained by the three
methods exhibit no trends in correlation to each other.

J. Jakmunee, K. Grudpan/Analvtica Chimica Acta 438 (2001) 299-304 303

Table 2
Iodale found in indized table salt samples by different methods

Sample [odate found by different methods (mg/kg)*
Fl-amp Fl-spec Tirration
| 64.9 (LT 66.4 (0.3) 76.0 (1.6}
2 50.6 (1.4) 48.5 (0.8) 54.0 (0.8)
3 427 (1.7 35.1 (0.0) 36.5 (1.3)
4 504 (1.0) 64.5 (0.0) 53.7 (1.0)
] 52.6 (0.2) 51.5 (0.7) 54.7 {0.0)
6 70.7 (3.0) 635 (0.3) 69.6 (0.1)
7 983 (1.7) 93.6 (0.8) 101.7 (0.6)
8 2144 (3.1) 208.2 (0.2) 206.9 (0.1}

2 Fl-amp: Row injection amperometry, Fl-spec: flow injection
spectrophotometr;.
® Values in parentheses are relative standard deviations.

This could be due to the inhomogeneily in a solid
sample. A (-test was performed at 95% confidence
level [18]. Calculated ¢-values for the results obtained
by flow injection amperometry versus the ones by
flow injection spectrophotometry and versus the ones
by titration are 0.661 and 0.504, respectively, while
the value in table i1s 2.365 for d.f. of 7.

4. Conclusion

A very simple flow injection amperometric system
with a simple solution propulsion device based on
the principle of a Mariotte bottle for the determina-
tion todate is developed. The method uvtilized the reac-
tion of iodate with excess iodide in acidic medium to
produce iodine which is subsequently can be reduced
at a GCE, so no complex modified electrode is re-
quired. The reactions of i1odate, iodide and iodine on
a GCE or platinum electrode were studied by cyclic
voltammetry, Tue proposed method was successfully
applied to iodized table salts.
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Simple Automatic Titration System for Teaching »

Department of Chemistry, Faculty of Science, Chiang Mai Universily, Chiang Mai 50200.

A simple automatic titration system was developed. A * mariotte bottle”

as used as a device for providing a constant rate delivery titrant. The titration
system for acid-base was constructed utilising a pH-meter for detection and a
recorder for titration curve plotting. The system shortens an analysis time and
provides more important informations. It can be used for teaching a analytical

'chemistry laboratory course, in companison with manual titration that using an
indicator for end point detection.
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Abstract:

Flow analysis with voltammetric system for determination of cadmium, copper, lead and zinc has been

developed. Mércury film working electrode (MFE)} was prepared by on-line mercury deposition on a glassy carbon

electrode (GCE). Cadmium, copper, lead and zinc were monitored simultaneously by anodic stripping voltammetry (ASV)

afier a sample was flowed through the electrochemical cell for deposition of the metals on mercury film. The detection

limit for cadmium, copper, lead and zinc were 4, 7, 1 and 15 ppb. respectively, for deposition time of 20 s. Linear range of

calibration graph for all metals was up to 100 ppb. The precision (%RSD, n=11) for 25 ppb of the metals was 2-6%. The

system has been applied to determine the trace metals in drinking water and wastewater samples.

(Received on August 9, 2001, Accepted on...... }

" Trace heavy metals are very important in the environment due
L their serious toxicity although presenting at very low
ancentrations and their capable of accumulation in a food chain.
qe development of new methods for quantifying trace metals is
«quired and clallenged. Most of the sensitive and selective
{ethods recently available such as ICP-MS, ICP-AES and GF-
|AS are 100 expensive and are not practically applied in a
l'eveloping country, i.e. Thailand. Altemative cost-effective
iethods based on combination of flow techniques for sample
rfreatment e.g.  preconcentration/separation with some
pectrometric detecticn systems have been proposed.'™
Voltammetry, especially anodic stripping voltammetry is a
“romising technique for the determination of trace elements.* It
S relatively low-cost but provides high sensitivity and can be
simultaneous determination of multi-elements. However, batch
Voltammetry consists of a time consuming and a tedious analysis
procedure. Flow techniques have been applied to improve the
performance of voltammetry.® For example, lead in blood was
t determined by hydrodynamic voltammetry in flow system which
tan be automated and easy to use.” Trace copper in water has
been determined in a flow system after on-line extraction as its
‘gdiethyldithiocarbamate into toluene.?
In-t.his work. attemplt has been made to develop a flow anodic
pping voltammetry for the simultaneous determination of
cadmium, copper, lead and zinc. The optimum conditions of the
System were investigated. Several advantages were gained such
as better sensitivity and peak resolution, lesser sample and
|reagent consumplion, and faster than batch method. Mercury
film electrode can be repeatedly used more than 80 times. The
proposcd method has been applied to determine the trace metals
i n drinkine water and wastewater samples.

Experimental

Chemicals

All chemicals were of analytical reagent grade and Milli Q
water (millipore) was used throughout for preparing of solutions.
Acetate buffer (1 M) was prepared by dissolving 68.04 g of
sodium acetate trihydrate {Merck, darmstadt, Germany) in water
and glacial acetic acid (Merck) was added until pH of solution
was 4.6, then diluting to 500 ml with Milli Q water. The
solution was made up to 1000 ml with water.  Other
concentrations of buffer solutions were prepared by diluting 1 M
buffer with Milli  water. Mercuric nitrate (Merck) was used to
prepare a plating solution. Oxvgen free nitrogen gas (99.9995 %
N,) was used for purging of dissolved oxygen from a solution.
A 100 ppm mixed standard stock solution of cadmium. copper.
lead and zinc were prepared from a 1000 ppm standard solutions
for AAS of each ion (Merck). Other concentrations of mixed
standard solutions were prepared by appropriate diluting of a
stock solution. Bottled drinking water samples were purchased
from locally department stores.

Flow manifold

Two lines manifold was designed as shown in Fig. 1. Sample
and acctate buffer solution were pumped with the same flow rate
to merge together and flowed further to a mixing coil and a flow
through electrochemical cell. Three electrodes cross flow cell
(BAS, Indiana, USA) was employed. A voltammograph (BAS
CV-50W. BAS) was used for square wave anodic stripping
voltammetric analysis. All potentials were measured with
respect to a Ag/AgCl reference electrode. A potential of
working electrode, mercury thin film coated on a glassy carbon



trode was set at —~1100 mV for a specified (deposition) time
le the sample was flowing through the clectrochemical cell.
n the flow was stopped and the working clectrode was
lied by a square wave potential waveform that was swept
n —-1100 mV 1o +280 mV, while the current was measured.
voltammogram was recorded. The flow was started apain to
m the electrode and the line, and to prepare for the next
ple.  For electrochemical cleaning, the potential of the
ing was set to O mV for 20 s.

Buffer —

Croms Slow
call

e "[c"""q

D—WA-

L Miixing coll

Waste

g | Flow diagram of flow voltammetric system: {a) flow
wifold and (b) details of flow cell; AE = auxiliary electrode,
£ = working electrode and RE = reference electrode.

salysis of samples
The drinking water samples were degassing by purging with
yeen free nitrogen gas before subjecting to analyze by the
‘oposed system. The samples were also analyzed by graphite
jmace atomic absorption spectrometry (GF-AAS) as a standard
“icthod for comparison. The recommended conditions for GF-
AS were employed.” Wastewater samples were digested
 kfore taking to analyze by the above methods. UV digestion
‘as carried out by adding hydrogen peroxide (30%w/v/} to the
ple and irradiating in a home-made UV digestion unit for 6
. 1 The digested solution was put in a 50 ml volumetric flask and
liluted to the mark with Milli Q water.

ults and discussion

Freparation of mercury film electrode

* Mercury film coated on a glassy carbon electrode (GCE) was
tlseq as a working electrode (WE). Coating of Hg on a GCE was
Cﬂmod out by applying potential of -800 mV to GCE while
flowing a plating solution (500 ppm Hg?* in a 0.1 M HNO;)
trough the flow cell. The resulted WE was tested for the
determination of 100 ppb Cd standard solution. The WE could
be repeatedly used for at least 80 analysis cycles, without the
deviation of the peak height obtained more than 2% as shown in
Fig. 2. The clectrochemical cleaning of WE by applying a
Potential of O mV for 20 s after each analysis run was necessary
for preventing of cross contamination of the metals.

Optimization
Flow rate. Fiow rate of buffer and sample solutions were equal.
Total flow rate of the system was optimized in order to get
- higher peak currents and good reproducibility. 1t was found that
the higher flow rate provided the higher sensitivity and sample
gh put, but for flow rate of more than 0.5 ml min™', the
oration of mercury film was observed and leading to low
reproducibility of the results. Totatl flow rate of 0.5 mi min~' was

for further studies.

Concentration of buffer solution. Acetate buffer concentrations
(0.2-1.0 M) were studied. The effect of buffer concentration on
peak current of 70 ppm Cd and Pb was shown in Fig. 3. 051
Acetate buffer was chosen because the higher sensitivity and
reproducibility of peak heights were obtained.

Peak current {uA)
[ 8]
&

Fig. 2 Peak current of 100 ppb Cd for several analysis runs
using the same mercury film.
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Fig. 3 Effect of buffer concentration on peak current of: (a) Cd
and (b) Pb.

Mixing coil length. Mixing coils of 0, 50, 100 and 150 cm long
have been tried. The length of mixing ceil did not much affect
the peak height, but did affect the precision of analysis. The
mixing coil of 100 cm long was chosen due to the lowest %RSD
of peak heights for all metals and rapid analysis were obtained.

The optimum conditions for fiow anodic
voltammetry were summarized in Table 1.

stripping

Table | Optimum conditions for flow voltammetric system for
the determination of Cd, Cu, Pb, and Zn.

500 ppm Hg(I1); -800 mV;10 min
0.5 M Acetate buffer pH 4.6

Mercury plating
Electrolyte

Flow rate (total) 0.5 ml min™

Mixing coil length 100 cm

Electrolysis potential -1100 mV vs Ag/AgCl
Stripping -1100 to 280 mV
(sweep) potential

Sweep mode Square wave

Sweep rate 75 mV s’

Calibration graph and precision
Using conditions in table 1, a scries of mixed standard
solutions of cadmium, copper, lead and zinc (5, 20, 50, 70 and



00 ppb) was analyzed. The voltammograms obtaincd are
spicted in Fig. 4. A calibration graph of each metal was
mstructed by plotting peak current (pA) as y-axis versus
Nmoenlration (ppb) as x-axis. The linear ranges, calibration

03 01 +01 +0S8

. . . PotentalV
lquations, R? and detection limits (30) are presented in Table 2.

o r——— - 7~
4+ o8 07 08

Fig. 4 voltammograms obtained from flow-ASV system; 5, 20,
50, 70 and 100 ppb each clement.

Table 2 Calibration data for various elements.

Element Linear Equation R? Detection
range limit (ppb)
Cd 5-100 y=0.032x +0.05 0.9956 4
Cu 10-100 yv=0.043x +0.50 0.9982 7
Pb 5-100 y=0.017x+0.02 09986 1
Zn 20-100 y=0.007x+1.20 0.9440 15

Precision of the method was evaluated by 11 replicate
determinations of 25 ppb each element in a mixed metals
standard solution. The relative standard deviation of Cd, Cu, Pb
and Zn were found to be 3.8, 6.2, 3.6, 3.0, respectively.

Analysis of samples

The results of analysis of drinking water samples are shown in
Table 3. Concentrations of the metals in bottled drinking water
samples were less than detection limits, except Zn in Mont Fleur
drinking water. The recovery of all metals is in range of 95-105
% for the standard addition of 25 ppb each element into an aura
sampie.

Table 3 Analysis results of drinking water samples.

Sample Concentration found (ppb)

Cd Cu Pb Zn
Cooly fresh - - - -

Aura - - - -

Polaris - - - -
Mont Fleur - - - 112
Hawiian - - - -
Minere - - - -
Vittel - - - -
Perrier - - - -
S. Pellegrino - - - -

- = below detection limits.

Concentrations of Cd and Pb in digested wastewater samples
are shown in Table 4. The results obtained agreed with those
obtained from GF-AAS method.

Table 4 Concentrations of Cd and Pb in digested wastewater
samples.

Sar_nplc Concentration found (ppb) by method
GF-AAS Flow-ASV Yedifferent

Cadmium

Y| 25 26 4

S2 50 54

S3 7 4 -42

Lead

Si 100 92 -8

S2 200 196 -2

S3 20 28 40

A flow voltammetric system was developed. Under suitable
conditions. the system could be applied for the simultaneous
determination of trace cadmium, copper, lead and zinc using
anodic stripping voltammetric mode. The sensitivity and
selectivity (peak resolution) were improved from the
conventional batch volltammetric system because a large area
and thin mercury film clectrode was employed.  The same
mercury film could be repeatedly used for at least 80 analysis
runs. The proposed procedure consumed less sample and
reagent, and was faster than a batch method. The system
provided opportunity for automation and incorporation of on-line
sample pretreatments.
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Abstract

A study on sample pretreatment by UV-digestion for determination of some
metals (Zn, Cd, Pb and Cu) in wastewater using anodic stripping voltammetry
(ASV) was performed. An UV-digester was home-made. A model sample of treated

wastewater from a chemistry laboratory (Department of Chemistry, Chiang Mai

University) was mixed with HO; and was UV irradiated. Effect of irradiation time
was studied. Samples before and after digestion were analysed by using square
wave ASV (SWASV) with hanging mercury drop electrode (HMDE) as a working
electrode (WE), Ag/AgCl (in 3 M KCl) as a reference electrode (RE) and platinum

wire as a counter electrode (CE). The electrolyte solution was acetate buffer (pH
4.6).
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Abstract: Efficiency in reducing of arscnate (As’") to arsenite (As’") by sodium thiosulphate had been studied.
Arscnate contents before and afier the reduction were determined by spectrophotometry using molybdate as a
coloning agent The absorbance of molybdoarsenate was measured at 886 nm [t was found that arsenate in
concentration range of 10 — 50 ppm can be completely reduced using 2 4 x10* M sodium thiosulphate.

Methodology: The siandard solutions of arsenate (10, 20, 30, 40 and 50 ppm) sn 0.3 M sulphunc acid and 2 4
x10™* M sodium thiosulphate were prepared. Aficr standing the solution for 5 min al the room temperature, 0.01
M hydrochlonc acid and 0.001% (w/v) molybdate solution were added Then the mixed solution was allowed
for color development for 4 hours. The absorbance of molybdoarsenate was measured at 886 nm A calibration
graph for arsenate in concentration range of 0 20 - 1 00 ppm was canstructed by perforiming the expenment as
above, except without addition of sodium thiosulphate

Results, Discussion, snd Couaclusion: A calibration graph of arsenate over the range of 0.2 - 1 00 ppm was
established (as shown in Figure 1} The detection limut was 0 04 ppm As’" {1 was found that the soluuon of 10 -
SO ppm arscnate treated with 24 x10™ M sodium thiosulphate gave the agbsorbanc~ at 886 nm less than the
detecton limit of the method. Thercfore the procedure was very effective 1o reduce arsenate 1n concentration
range of 10 - 50 ppm.
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Figure 1 Calibration graph of arsenate (As™")
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FABRICATION AND PERFORMANCE TEST OF A SIMPLE VOLTAMMOGRAPH FOR
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Abstract: A simple voltammograph was designed and fabricated using materials available
in Thailand. The instrument can sweep the potential in form of DC ramp, so it can be used
for GC polarcgraphy, linear scan voltammetry, cyclic voltammetry and amperometry. The
performance tests of the instrument by using a dummy cell and studying of cyclic
voltammetry of ferricyanide solution were performed. The developed instrument was used
in electroanalysis laboratory for students’ exercises.

Methodology: A three electrode system voltammograph was fabricated using electronic
parts locally available (e.g. operational amplifier, resistors, switches, etc.). It consisted of
different circuits such as a DC ramp generator, a potentiostat and a current measurement.
The instrument was tested using a dummy cell (1000 Q resister) or solutions of K3Fe (CN)
s in 1 M KNO; by scanning a potential of working electrode (WE, Pt disc) from +650 to 0
and back to +650 mV vs Ag/AgCl, against Pt wire auxiliary electrode. The potential of WE

(Ewe) and current passing across the WE (Iwg) was monitored by a multimeter and
recorded on a x-t recorder during the scanning.

Results, Discussion, and Conclusion: From the cyclic voltammetry test using a dumm
cell, a graph between Ewe or Iwg versus time was a triangular shape. A scar rate (mVs™)
and a gain of the current measuring circuit was evaluated from the graphs. The cyclic
voltammograms of K3 Fe (CN)s are shown in Fig. 1. The peak currents for cathodic and-
anodic scanning were resulted from the reduction and oxidation of following reaction:

Fe'" (CN)e" +e& = Fe (CN) ¢+

The peak current increased linearly with the concentration of K3 Fe (CN)¢ and the scan
rate.
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Figure 1 cyclic voltammogram of potassium ferricyanide obtained from (a) x-t recorder
and (b) after further processing; (2 mM K3 Fe (CN)gin 1 M KNO;3, scan rate 10 mV sh.
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