CHAFTER II

EXPERIMENTS

Infarmations concerniny chemical speciation are relied on the

quantity of anions and cations of interest. In this case the dissolved

; R 2¥ 2 2% \
cations in question are Cd”~, Pb , Cu , and the anions present in

abundance i.e. soi",c1', HCOZ, COéu and OH ., Moreover, since in the
7

study of speciation, ionic strengtn is used instead of an individual
ion concentration, the concentration of other cations other than
mentioned above but also/present i.e. Na+, K+, Ca2+ and Mg2+ had to be
known. In chis work sever;l analytical techniques were employed for the
determination of each of the ions of interest. They were the well known
methods and were used without complications with the exception of the
differential pulse anodic stripping voltammetry which was employed in
the analyses of cadmium, lead and copper ioms in the sample. The operation
is adequately simple but the interpretation of the results was found to
be rather subjective. One of the reasons of introducing this technique
in this work was that it has a reputation cof being one of the sensitive
instrumental techniques but has never been introduced in Thailand for
the purpose of trace element analyses in sea water while neither of the
widely known techniques such as atomic absorption spectrophotcmetry and
negtvon activationanalysis was provided to yield satisfactory resuilts.

The principle of DPASV was described in the following section.

I 17392926
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2.1 Principle of Differential Pulse Anodic Stripping Voltammetry (DPASV)

Voltammetry is concerned with the study of voltage-current-time
relationships during electrolysis carried out in a cell where one
electrode is of relatively large surface area, and the other (the working
electrode) has a very small surface area and is often referred to as a
micro-electrode. The micro-electrode is usually constructed of some
inert, conducting material such as gold, platinum or carbon.

In anodic stripping'vo}tgmmetry, the material to be analyzed is

>

first pre~concentrated into_a stationary mercury electrode by the
>

4
application of a controlled potertial more negative than the reduction

/

potentials of all variouSVSbgcies determined. This process causes the
species to be reduced at théielectrodes, from the ionic state in which
they are present in the soluti;n'to the metallic form, and these metals
atoms amalgamate with the'méfcury. At the end of a suitable length of
time, determined prelimin;fy by the concentration of material in the
solution, a wave form consisting of a positive-going linear ramp with
amplitude pulse of 50mv superimposed with the process is applied to
this mercury electrode. As the potential is made more positive, the
various metals present in the amalgam are oxidized, each beginning the
oxidation process at its own redox potential and redissolved in the
solution as ions. Current is generated due to this reaction, and the
amount of current depends on the concentration of each of the material
being oxidized at any given point, hence current measurement was used

as the means for the quantitative determination of the ion concerned.
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The basic stripping technique which empoloyed a simple d.c. scan
(for the stripping process) has been known for wany years. It has long
been acknowledged thatthis technique is very sensitive. but it is equaily
well Inown that the technique suffers from a number of severe practical
limitations, arising from tie problems encountered ihgn very long
deposition times are employed to increase sensitivity. One cannot amplify
the signal by an excessively large amount sinuce one also amplifies all
the contributing noise factors, co that excessive deposition times must
be used for adequate sensitivity. However, by employing the pulse
modulation and by obraiming two ecnrrent samples, one just before the puise
and a second during the ldst pertion of ihe pulse, which will be referred
to as current sampling later, the nowmal dc. stripping wave forn can be
differentiated. From the sampling tecbnique 2 number of the noise sources
can be minimized.or effectively eliminated; and the resultant extracted
gignal can then be amplified to a much-greater degree.

An additional advantage of the method is that as the potential is
pulse through that at which stripping occurs, the analyte is oxidized
from the electrode during the pulse but does not have time to diffuse
away from the proximity of the electrode before the pulse ends. As the
pulse is removed, the potential returns to a level at which reduction
occurs. Consequently, a significant portion of the analyte stripped
during the pulse ic replated during the rect period betwcen pulses as
long as that period is cathodic of the reduction potential. As a result,
the same amalyte nmay make repetitive contributions to the current measurad

while it can contribute any once in a linear scan operation. Differantial
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pulse stripping offers sensitivity enhancements of one to sevaral orders
of magnitude and appears to offer the highest signal-to-noise of any
stripping technique (37,38). The differential pulse stripping wave forn
is shpwn an Figi2.1,

It is desirable to perform quantitative measurement by a method
of standard addition to compensate for matrix difference. The ﬁethod is
used when the peak height is proportional to the concentration of the
substance being determined, The concentration of the urknown solution
can be achieved by calculations (32). If V is the volume of the unknown
solution in cm3, Cx its concentration, i1 its peak height at the peak
potential; and if 12 is the peak height resulted after the adding Vv cm3

of a standard solution whose concentration is C_, one has
=4

i = kC

1 %
- 37
and 12 k (JCX == vcs)
V +His
therefore C “ Vi
X 1 S
12 v + (12—11) v

2.2 Collection and Preparation of Samples

The samples were collected on October, 12, and December, 18, 1979
at four stations from the Tha Chin River alcng the estuary in Samut
Sakhorn Province (Fig 2.2). Station 1 represented sample at the river
mouth, station 2 in front of Wat Kamphra, station 3 south of Khlong Maha
Chai, and station 4 north of Phra FPuthalertlar bridge. Surface and

subsurface water, at one metre below, were collected and filtered, as
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Figure 2.2 Sampling stations in the Tha Chin River estuary.
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soon as received, through 0.45~um Millipose Filter to separate particulate
matter. The filtrates were stored in polyethylene bottles which had been
cleaned with nitric{Vijacidrinsed with double deionized water and finally

with the samples (40).
2.3 Experimental

In this study, double deionized water and A.R. grade of reagents

were used throughout except otherwise mentioned.
2.3.1 Anions Analyses

The method of spectrophotometrv was empolyed in the determination of

_Soi- while potentiometric method was chosen for the détermination of Cl-,

CO§_ and HC03. For the determination of OH, unfortunately however that
there was no existing suitable analytical method, the determination was
therefore carried out by calculation using known values of pH and Kw of

the samples.
2.3.1.1 Determination of Sulphate Ion by Spectrophotometric Method

Usually sulphate solution is colourless hence cannot be
detected spectrophotometrically and an indirect method is needed whereby
colourless solution is changed by chemical reactions to a colouredé oné (41).
Using a series of chemical processes Iwasaki et al. (42) have developed
a "recipe" which was suitable for the determination of a small amount
of sulphate ions in water sample and was adopted in this work. The principle

is described below.
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SOZ- in the sample are allowed to replace Cr " in

2
2%
BaCr207v solution which is added in excess at and acid pli. At this stage

9.
all of SO4 are converted to BaSO4 and is precipitated. As a result, the

! = - .
eupernatant liquid contains all of the added Cr207 with the counter
. % .
ions being the rest of the added Ba“" as well as the cations that used
to be counter ions cf the sulphate ions. The latter will be represented

xt,

X+ . ' 4 :
by "A" ". The quantity of A can be used to determine the amount of
sulphate ion.

Next, the pH of the above mixture is raised and the following

reactions take place,

Cr,02”+20h" AV 2 croTi+ HO AN ¢ )
 daoe ] o2 4 2
2+ . . 2= :
Ba~ + CrO4 — BaCr04 ! ois @ s sval e O2)
A= 4 el — "A.(Cr0,)” (soluble) ... ... (3)
(' v_—' 2 4}; - e o ¢ o0 .

ow, the rest of Ba2+ are in the form of the precipitate of
BaCrO4 leave behind the soluble chromate formed by the reaction (3) in
the solution which becomes yellow in celour and is suitable for the
spectrophotometric measurement. This work measured the intensity of the
colour of the resulting solution at 370 my wavelength (42,43) using a
Varian Techtron Spectrophotometer model €35 equipped with a Varian Techtrbn

Recorder model 7G40 A.
a). Preparation of Reagents

-Suspended barium chromate solution
5 Pp— G . 3
2.5 ¢ of barium chromate ' (VI) were dissolived in 200 cm

of acetic acid-hydrochloric acid mixture. The mixture was prepared by
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taking 2.0 cm3 of conc. HC1 and 2.S cm” of cong, Ci,COCH and adjusting

3
to 200 cm3 with water.
-Ammonia solution containing calcium ion
1.85 G of CaClz- 2 HZO were dissolved in 500 cm3 of 25
percent ammonia solution. The resulting solution was stored in a
polyethylene bottle.
~Standard sulphate solution
A stock solution’containing 1.00 mg SOZ‘,icn;3 was prepared

by dissolving 0.1315 g of dried KX, 50, in double deionized water and

2

dilute to the make of a 100.0 cm3 volumetric flask.
b). Procedure

Exactly 058 cm3 of sample was transferred to a 50.0 cm
volumetric flask followed by the addition of 3.0 cm3 of well shaken
suspended bariun chromatelVI} sclution The content was mixed thoroughly and
settle for 2 minutes after which 1.00 cm3 of the clear supernatant of
ammonia solution containing calcium ions was gently added using a dropping
pipette. - 10.0"Cm3 ¢f “ethanol were added and the mixture was diluted
to the marked line and shaken for 1 minute, allowed to settle for 10
minutes. The solution was filtered thrcugh whatman Mo 42 filter paper and
the absorbance of the filtrate was measured at 370 my with reagent blank
as reference. The content of the sulphate ion was obtained from the
calibration curve which constructed from the results of an identical

experiment as above using standard sulphate ion solutioms containing 0.30,

O.v6_o )'Q-Q.Oe.}l-zo’ 1.50_&0;] 1480 m‘ Qﬁ:aulphate,




2.3.1.2 Determination of Chloride ion by Potentiometric Titratiom.

Chloride ion was determined by precipitation titration
with silver nitrate. "Ethanol was added to reduce the sclubility
of the precipitate and thus increase the potential.change at the
equivalence point {44). because the precipitate occurred could also
adsorb other ions, tiie adsorption wae decrcased upon the addition of
KN03. It was found that Ey acidifying the solution with nitric acid, the

compleiation of 50 and-CO?‘with Ag+ ion became insignificant and the

4 3
chloride determination was more roliable (45).

The potertial measurcments were obtained with a pii-meter
manufactured by Radiometer, Copemhagen type PHM 28. Silver and saturated

calcael electrodes were used as an indicator electrode and a reference

electrode respectively.
a). Preparation of Reagents

~-Standard silver nitrate solution
25.4835 G of reagent grade silver nitrate were dissolved
and diluted in a 500.0 cm3 volumetric flask. The solution was standardized
with sodium chloride solution (46).
~Acidic potassium nitrate
5.0555G of potassium nitrate were dissolved in water,
3.1z2 cm3qf nitridV}gcid were added and diluted to 1000.U cm3 in a

volunetric flask.
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b). Procedure

13.0 cm3 of sample were diluted with 50.0 cm3 of acidic
potassium nitrate szolution and then with 50.0 cm3 ethanol. -~
The solution was titrated with standard silver nitrate (44).
Thé\equivalence point of the titration was obtained by

Gran's plot (47) (Appendix I and Fig 3.2).

2.3.1.3 Determination of Carbonate and Hydrogencasionate Ions by

Potentiometric Method.

Sea water contains several protolytric species e.g.
borate, carbonateetc. inm various ctages of protonation. The concentration
of protolytric species are characterized by the total alkalinity (At)

and pﬁ. The total alkalinity is defined as
At = fE(OH), [+ 2 [ﬂoz' J# [mco; J+[ oW ] -[ H'
¢ e — 3 ] [
2
3

]

and thie carbonate alkalinity is 2 [CO w] 4 [HCOS] with slightly carbonic
acid and carbon dioxide (26, 48).
If sea water is titrated with acid, two equivalence points

will be obtained and the difference of them gives tlie carbonate and

hydrogencarbanete :eontent.

Rty o e x-Icog

co

HCO 4 B == H,CO

2773

W ! wN

The amount of hydrogemcarbonate forican be'deétérmired by adding
sodium hydroxide to convert hydropoencérboénatenicn. to..carbdnate ion and

precipitate the carbonate as barium carbonate, rhe emount of sodium
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hydroxide used indicates the amount of hydrogeacarbonatc in the solution (46).

o4 » - ey
HCO, + OH == C0; + i,

A2 2k .
(,O3 + Ba o Bab03

The pl measurents between the titrations were performed
with a ph-meter (Radiometer Copenhagen Type PiiM 28), coupled with a glass

electrode and saturated calumel electrode pair.
a). Preparation of Reagents

quut 0.05 mol.d&3 of standard hydrochloric acid and
carbonate~free sodium hydroxiée selution were prepared according to
Vogel (46). Standard hydrochloric acid was standardized with anhydrous
sodium carbonate whereas carbonate-frec sodium hydroxide underwent the

standardized process with standard hydrochloric acid.

b). Procedure

\

100.0 Cm3of sample were titrated with standard hydrochloric acid
td give the amount O£ carbtonate ahd: hydwegencaibiohate dicns. . To another
aliquot of sample, 5.0 cm3 of carbonate-free sodium hydroxide was added
and carbonate as barium carbonate precipitated. The exess of carbonate-
free sodium hydroxide was immediately determined by the titration with
standard hydrochloric acid.

he equivalence pointswere obtained by Gran's Plot (47)

(Appendix II and Fig 3.3).
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2.3.i.4 Calculation for Activity of Hydrexide Ton.
As has been mentioned previously that it was not practical
to determine the concertration of O experimentally, instead the activity
of Cii" was calculated from pii and the ionic product of water, Kw, by the

following relationships.

at+ = 107P¢
ey
and a+ + B . IGKV
therefore A o1 o-PH
(651 o

Generally, the /Kw value of the dilute solution was assumed
to be 14.0 but for sea water it is lincarly dencndence on salinity (49)
where five salinities of /20~ 25, 303, 35 and 40% was studied and shown in
Fig 2.3 . In this study, values of Kw of samples which had salinity

less than 20% were determined by extrapolating the graph.

2.3.2 Cations Anzlyses

tiere, sodium and potassium icus were determined by the flame
photometric method while calcium, and magnesium ions were determined by
the atomic absorption spectrophotometric method, These methods were
specific and sensitive fcr the purpose.

Trace quantities of calcium, lead and copper ions were
simultaneously determined by the differential pulse ancdic stripping
voltammetry, the principle of which was described in section Z.1. This
method was suitable for the work on the accounts that no interference

from major ions such ac alkaline earth had to be considered (50) and the
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Figure 2.3 Linear dependence of Kw on salinity
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technique was highly sensitive, unlike other analytical methods, the

reason being that the preconcentration step was unnecessary therefore
minimizing a quantity loss. iloreover, the addition of supporting electrolyte
was no need since in each sample sodium chloride was already present in

a considerable amount (38).

2.3.2.1 Determination of Sodium andPotassium ion by Flame Photometric

Method.

Flame photometiic;ﬁethod has been applied to the analyses
7))
of a wide variety of ma?f;ig;é;"TLe most important applications are for
the determination of alkgli,metals. For the determination of sodium in

natural water by the flamé/php}ometric method, the co-existing ions

/

&
especially potassium, calciufand magnesium interfere with the determination.

=

Likewise, the determination of potassium by this method was found to be

distributed by the presé?ﬁe of sodium, caleium and magnesium. Some

"y
correction procedure is needed to minimized the errors. This is accomplished

with a so-called radiation buffer, which ig added to the sample as well
as to the standards employed for the calibration. Radiation buffers are
solutions that have been saturated with 2ll elements likely to be present
in the sample other than the one being determined. The amounts of the
various elements added in this way are ordinarily large relative to the
quantities originally present in the sample; thus, a uniform level of
concentration is established in both standards and samples (51, 52).

In sodium and potassium determination, the relative intensity
were obtained with a EEL (Evans Electroselenium Ltd.) model 100 Flame

Photometer, equipped with a EEL 230 Air Compressor.



30

a). Preparation of Reagents.

-Standard scdium ion solution
A stock solution containing 1.001ﬁgNa.cm-3 was praepared
by dissolving 0.2542 g of NaCl in water and adjusting to 100.0 cm3 in
volumetric flask. The 100 ug Ha d:ﬁ3 solution was prepared by diluting
the stock sclution.
-Standard potassium ion sclution
A stock solution containing 1.00 mg K-c&3 was prepared by
dissolving 0.1907 g of K€l and diluting with water to the mark of 100.90 cm3
volumetric flask.
-Radiation Buffer
Radiation buffer for determination of sodium ion was
obtained by saturating water with CaClZ, KCl, and MgCl2 while radiation

buffer for determination of potassium ion NaCl, CaCl2 and MgCl2 were

used instead.
b). Procedure
~Determination of Sodium Ion

The calibration graph was prepared by introducing 1.50 cm3
of sodium radiation buffer to a series of 25.0 cm3 volumetric flasks.
A series of the 100 ug‘Cm'-3 standard sodium solution of volume 0.50, 1.00,
1950, 2400 ;nd 2.50 cm3 were added at a time to the radiation buffer and
diluted to the mark. The emission intensity was measured against sodium

filter by using the highest concentration of standard sodium ion solution
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to set 2 maximum intensity, then the lower concentrations were measured
as a relative intensity.

The amount of sodium ion in a sample was obtained by
carrying out the identical experiment as described above and by using
the calibration graph to convert the relative intensity to concentratiom.

~Determinaticn of Potassium Ion

The calibration graph was prepared by introducing 1.50 cm3
of poctassium radiation buffer to a series of 25.0 cm3 volumetric flasks

-3
centaining 0.25, 0.50, 0.75, %.00 and 1.25 cm3 of 1.00 mg X.cm
standard potassium ion solutions and diluted to the mark. The emission
intensity was measured by the game procedure as sodium but the potassium
filter were used instead.

The amount of potassium ion in the sample was also

determined from the c¢alibration graph.

2.3.2.2 Determination of Calcium and Magnesium ion by Atomic

Absorption Spectrophotometric Mathod (AAS).

Atomic absorption spectrophotometry is usually used for the
detcrmination of alkali earth metals i.e., calcium, magnesium. The greatest
advantage is due to its specificity of determinacion so that the mixtures
of twe or more of these elemcnts which are a problem in emission flame
photometry, may c2asily be analyzed. From the point of view of atomic
absorpticn, magnesium differs somewhat from the rest, its determination
is one of the most sensitive; much higher than the sensitivity of the

others. Magnesium has its main resonance line in the ultraviclet region,



the others in the visible regicn so that modulated light sources must
be used with acetylenc-air flames. For determination of calcium, the

-
sensitivity ofO.l,mgycﬁ3islower than that of emission flame photometry

but its.main advantage is higher in gpecificity (53,54).
a). Reagents

-Calcium nitrate stand2rd solution for AAS, (BDH) with
following specification
3 - : -3
1 cem™ = 1.0C mg =245 /m nol.dn
~-Magnesium nitrate standard solution for AAS, (BDH) with the
following specification

~

lem” = 1.00 mg =411 m mol.dm_3
b). Procedure
~Determination of Czalcium Ion

A calibration graph for calcium ion determination was
prepared by diluting a series of .50, 1.00, 1.50, 2.00, 2.50, 3.00 ang -3, 50 en’
of l@Oug,cﬁs of standard calcium ion solution in 235.0 cm3 volumetric flask.
The content of calcium ion in samples was obtained from the calibration
graph.

-Determination of Magnesium Ion

A calibraticn graph was prepared by diluting a series of

10 ug.cm—%~staudard¢magne§iﬁmwion:sdlﬁ&;on of 0.20, 0.40, 0.60,.0.80, 1.00

3 : . <
and 1.29 cm™ in 25.0 cm3 volumetric flasks. The z2mount of magnesium ion
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in samples was also obtained from the caiibration graph.

In calcium and magnesium determination, the absorbances
were obtained with Atomic Absorption Spectrophotometer, Varian Techtron,
model AA 5 with calcium and magnesium hallow cathode lamp. Other operating

conditions were shcown below.

Table 2.1 Operating conditions for AAS analyses of calcium and

magnesium ions.

Ion |Wavelength | slit %idth lamp current
o ! fl
(mam) () (ma) e
5 e .
Ca 422.7 130 5 air-acetylene
Hg2+ 283.2 100 3 air-acetylene

2.3.2.3 Determination of Cadmium, Lead and Copper Ions by Differential

Pulse Anodic Stripping Volfémmetry (DPASV).

In this study, the DPASV was used to determine cadmium,lead
and copper both at natural pH and at 0.16 mol.c.!m-3 HNOS' At natural pH
free metal ions and some electroactive labile metal complexes are detected.
For the determination cof total concentration of metals ions, the sample's
pil has to be very low, Batley and Florence (55) found that the optimum
condition being that should be acidified to 0.16 wolidn 3 HHO ;.

Voltammograms were obtained with a PAR (Princeton Applied
Research Inc.) model 174A Folarographic Analyzer, equipped with a PAR

model 315 Automate Electro~Analysis Controller and a Hewlett-Packard

7040A x-y Recorder.
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The cell employed in all DPASV is a convéntional Li~type with
two compartments (Fig 2.4), ome compartment served as the saturated
calomel electrode and the cther served ac the container for the test
solution. The two compartments are separated by a cross member filled
with 4 agar-saturated potassium chloride gel, which is held in position
by a sintered glass disc E. The three electrodes used were a plassy carbon
electrode (GCE) as a werking electrode, saturated calomel electrode (SCE)

as a reference electrode and a platinum wire as an auxillary electrode.
a). Preparation of Electrodes and solutions

—Preparatiéﬁ 6f a’ Reference Electrode.

Salt bridge was prepared first by adding 0.4g of agar-agar
to ca. 10 cm3 of saturated potassium chloride sclution and the mixture
was warmed on a hot plate with stirring. The clean and dry cell was clamped
so that the cross member was vertical, the agar gel was transferred into
the cross member by means of a dropper. The cell was allowed to stand
undisturbed until the gel had set. No air bubkblz should be presecant in the
KCl-agar salt bridge. When the I cell is not in used, the test solution
compartment should be kept filled with the double deionized watar to
prevent the agar plug from drying out.

To set up the SCE electrode, a saturated solution of KCl and
and Hg2C12 was first prepared. Pure mercury was placed in the bottom of
the dry electrode compartment of the ¥ cell for a depth of u.5 ém.
The mercury was then covered with a layer of calomel paste. The latter

was prepared by rubbing pure HgﬁCIZ, mercury and saturated KCl solution
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Figure 2.4 The H cell'used in DPASV analysis. The labelling letters
are A,-purified NZ’ B~ a sample solution C- the GCE working
electrdde, D~ platinum wire auxillary elechode, E- sintered
glass disc, F- agar plug,G- the SCE reference electrode,

ii- an aqua saturated with KCl and HgZCl29 and I- Hg coated

with calomel paste and solid XCl.
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in a2 clean beaker with a clean dry glass rod. The electrode compartment
was filled with a saturated solution of K1 which was also saturated with
Hg2C12, and the rubber bung carrying the glass tube associated with
electrical conmection was then inserted. (43)
-Preparation of a Working Flectrode
A piece of 10 mm. glassy carbon rod (Vitreous Carbon rod
3mm.dia., from Ringsdorff, Bonn. Germany) was glued in a 4-mm (ID) soft
glass tube with Aradite epoxy (Ciba-Geigy Limited, Basle, Switzerland).
A fresh glassy carbon surface was prepared by polishing with a piece of
silicon carbide paper them washed with deionized water and gently rubbed
with a piece of filter paper to get fid of dust and moisture. (56)
~Standard Metal Ion Solution
Stock solutions containing 1.00 mg¢cﬁ3 of each metal were
prepared by dissolving the appropiate amount of the nitrate salt of the
corresponding metal with déuble deionized water,
Standard solutions containing 0.10-1.0C ugnc£3 were prepared
by suc;essivedilution from the stock solutions.
-Preparation of Sample Solutions.
The test solution for determination of cadmium, lead and
copper ions at matural pH could te directly pipetted from the sample.
But for the determination of total metals ions 25.0 cm3 of a zample were
pipetted into a beaker and 0.25 cm3 of concentrated nitric acid was added.
The sclution was boiled 5 minutes and cooled to room temperature., This

solution was made to 25.0 cm3 in a volumectric fiask with deionized water.



b). Procedure
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To obtain a velitammogram cf the test solution, the

instrument was sct as fcllowed:

potential scan rate
scan direction
potential range
initial pectential
moduliation «mplitude
operatioi mode
display direction
pulse repetition time
current range
déposition time
coudition time
nitrogen purge time

equilibrium time

5 mV/s

0.9

50 mV

diff. pulse.
n_n

G.5 s

as needed
3-~15 min

min

Q3

10 min

2

30 s

vefore iatroducing any test solution into the cell; the

A . -3 ;
test solution compartment was washed with ca. 3 mol.dm HNC,, rinsed
3

with double deionized water for several times and finally with the test

solution. 10.C cm3 of test scolution and 0.(5 cm3 of $.008 mol.dm3 of

mercuric nitrate soluticn were added to the cell (57). The purified

nitrogen gas bubbled through the solution for 1 minutes, then was tlanketed

over the solution. The eligetrsie was conditicned for-.3rminutes and- deposit at

-0.9 V for an appropicte period of time. Allow 3u seconds waiting period

at the end of each deposition time, then start to record the anodic
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stripping voltammogram while the potential was scanned to 0 V with a

scan rate of 0.5 mV.S-l. For the addition method, standard solution of
cadmium, lead and copper ion were subsequently added by means of a pipette
to the cell. Again, the purified nitrogen gas was bubbled through the
solution for 1 minute and blanketed over the solution and the voltammogram

was recorded as before.
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