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o _ ABSTRACT -
Selenium as a nonmetallic chemical element has received high attention of biolegists because of
its dual role as an essential trace nutrient and a toxic element. This interest has created a need for
reliable analvtical methods for determination of selenium In this investigation determuination of
selenium by differenual pulse cathodic stnipping veltammetry and the inlluence of various
paramelers such as deposition petentials, deposition time, Cu™ concentration, pH, elc. on
selenium peak in voltammogram are described. Determination of selenium was accomplished in
mixture ol acetic acid, hvdrochloric acd and sodium chloride bufter (pH=1) with a scan rate of
60 my/s and a pulse height of 100 mv by hanging mercury drop electrode (HMDE) as working
electrode. The solution was stirred during pre-electrolysis at 350 myv (vs. SCE) for 30 s and the
potential was scanned between —350 mv and —800 mv. The determination limit of the method
was 0.005 mg/kg for the sample. The calibration curves were linear n the range of 0-30 na/L
(R*=0.996, p=0.001). Repeatability of the method at concentrations of 30 and 0.5 pg/L were 2.5

aned 10.3% respectively.

INTRODUCTION

Selenmm a: a nonmetallic element 15 widely
emploved in the semiconductor industry and in
the production of pholosensitive elements, ink. elc
(1.2 Imterest in analvtical  methods  Tor
determination of sclenum was initially concerned
with its toxicity but it has been established that
selenium s also an essential micromutrient (2-3).

Selenium 1s an clement that exists in at least two
and perhaps as many as foor oxdation states
(1,67, It has received much attention of biologists
because of its dual role both as a lrace nutrient
and a toxic compound (3,71 This m part has
demanded for rebable analviical methods  for
determination ol seleniwm (8%} Currently, only a
few  methods  could  provide  the  necessary
reproducibility  and  sensitnvity reguired  for
determination of selenium in biological materials
at trace and ultra trace levels (2). The hugh
sensitvily of  neatron activation methods  has
made them appealing. but the special skill, ume
and cost essential required for these techniques
are major drawbacks (7100, A few studics have
emploved  atomic  absarption,  ultraviolel  or
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fluorometrie  spectrophotometry approaches bt
these  techmigques  ofien require prior chemical
separation  of  selemum n order w0 eliminate
terlerences in analyses (3.4 Far example. preat
care must be taken to avoild nterferences Trom
metals such as Fe, which interact with selenum to
prevent its volatilization i AAS hydride generation
techmoue  (H111 Electrochemical  technigues,
cspecially differential pulse vollammetry provides
simple,  relatively  cheap  and  highly  sensitive
approach  Tor determination of selenium in maost
matrices  (7.12) Many  rescarchers reported
interference of copper with sclenmium peak height in
voligmmetric methods (8 and we ook advantage of
this phencmenon in determination of sclenium, In
this study the influznce of vanous parameters such
as selenium potentials, deposition time, and pH on
Scopeaks in differential pulse cathodic stripping
voltammetry methads has been investigated.

MATERIALS AND METHOD
Apparatis
YVoltammograms were preparcd by use of a Trace
Analvzer model Moo 746 (Metrohm  AG Lid.,
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Switzerland). The polarographic cell was made of
barosilicate glass and had a working volwne of 5-
50 ml, The cell was a three-electrode system with
a saturated calomel electrode. a hanging mercury
drop clectrode and a platinum  electrode,  as
reference electrode,  working  electrede and
auxiliary electrode, respectively.

Reapgents and solutions

The selenium dicxide. acetic acid, sodium acetate,
copper nitrate, sodium chloride, hydrochleric acid
and nitric acid were pro-analysis grade from
Merck Co. (Germany). The metal stock solutions
{1 g/L) were prepared in 0.003M nitric acid.

Crlasyware

All glassware were soaked in 2M nutric acid for at
least 7 days, washed three times with disulled
deionized water, soaked first in distilled deionized
water and then m 0 1M hydrochlorie acid uncl
ready for use.

Voltanmmetric determinaiion

Buffer selution prepared by mixing different parts
af zodiom acetate—sodium chloride (0.2 M) and
acetic acid-hvdrochloric acid (0.2 M). Five ml of
the buffer (0.2 M) of pH was pipetted into the
voltammetric cell, then 0.5 ml of the Cu'' salution
and 0.3 ml of the selenium solution were added.
The solution was deoxygenated for 120 s by high-
purified nitrogen, whilst stirring the solution. A
fresh mercury drop was extruded as working
clectrode (HMDE), and electrolyzes was carried
out with stirring. The stirrer was stopped and the
scan was initiated with a rate of 60 mW/is, 10 5
after the solution became quisscent,

RESULTS AND DISCUSSION
Several experiments were performed 1o determing
the optimum conditions for the best sensitivity,
robustiness and accuracy in working with trace
quantitics  of  selenium,  All experiments  were
performed in differential pulse mode using the
bulTer as a supporting electrolyie.

Fiieet af Cn' " concentration

CS5V of Se(lv) without addition of Cu
produced a peak at =540 mV, duc o the formation
of the mercury(l 1y selenide during the deposition
step according 1o the following equation (5-7, 127
H-Se()s + 4H + He + de” — HeSe + 3H.0 (1)
This peak became suppressed and a new peak
appeared in a more negative potential when Cu'
was added In the presence of Co™ o ilons an
intermetallic compound is formed (3,7

H-%e0: = 4H = Cu' 4+ Hg = He — CulHg)iSe +
3IH-0 (2). The peak potential varied with Cu™
concentration and shifted in @ negative direction as
Cu concentration increased up to 90 mg/L (Figure
1,23, These changes are perhaps due 1o the
formation of stable insoluble complex CusSe or
CusiHgiSe on the electrode surface (61 A Cu
concentration of 90me/L was found to be oplimwm
for analyucal purposes,

Effect of pH

The supporting electrolvte was acetic acid-sodium
acetate-hydrochloric  acid-sodium  chloride  buffer
{01.2M). Selenium peak was shown to be strongly
pH-dependent. The peak potential shifted i a
positive dircction by decreasing the pH from 4 to O
{Figure 3). The peak height increased by decreasing
pH (Figure 4) and at higher pH, the sensitivity of
the determination  was lower.  The reaction
mechanism (Equation 23 explains that the formation
of Cu{Hg)Se is fuvored at a low pH {0).

Effect of the depusitiva poteniial

The conventional approach (or the TSV of selenium
without copper in acidic media 15 based on the use
of a deposition potential between +30 mV and 50
mV. Determination of selenium at these deposition
potentials is quite susceptible to interferences from
other melal s, which ollen suppress the siripping
peak (7).

Mevertheless, in the presence of copper. deposition
polentials become more negative than =200 mV and
cause an increase in the peak height. The peak
height decreased again with deposition potentials
more negative than —00 mY  (Figure 3. This
reduction may  be related o the charge on the
slectrode, which changes from positive to negative
at potentials less than ca, =300 mV in media
comtaining chlonids 1ons (6,14). The optimum
sensitivity for 5S¢ was  obtmned  at deposition
potential ca. —330 mV,

Figure 6 shows (hat the peak potential slowly
shified in a positive direction by increase in
depasition potential fram =200 mV 10 -300 mV,

Effect af the time

Depending on selenium  concentration, the peak
current increased by increased deposition time. For
selenium  concentrations  lower than 10 pg/l a
deposition time up to 240 s may be uszd, though a
deposition time of 30s provided more than %0% of
the maximum peak current (Figure 7). By the use of
a deposition tme of 30 s 1 was possible (o
determine selenium within o linear working range
of 0-30 pe/L and detection limit of (L0035 mg/Kp,
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The peak potential shifted in a negative direction
by increasing the deposition tme (Figure 8)
These results might be caused by saturation ol the
glectrode  surface and complex stabilization,
respectivelv.

Influence of pulse height

In particular, the chosen pulse height has a
considerable influence on the sensitivity and peak
height. Figure 9 shows the peak height increase by
increasing the pulse height. The peak potential
was then shifted to a posiive dircction by
increasing the pulse height (Figure 107,

Dietermination af selenium in infan! fovenla

1 g of commercial nfant formula samples and 3
ml of nitric acid (63%) were transferred into a
clean silica vessel, The samples were incubated at
room temperature overmight, and then were heated
for 45 min at 123C7 to complets the pre-digestion,
To digest the samples, they were removed from
the block and allewed o cool for 3 min. One ml
of perchloric acid was added and the volume was
adjusted to & ml with nitric acid if necessary. The
samples were then placed in the heating block and
slowly heated to 130 “C. Once this temperature
wis reached, the block was further heated to 210
°C. and the samples were kept at this temperature
for 15 min. The silica vessel were then removed
from the heating block and allowed to cool. To
reduce the sample size, 0.3 ml of concentrated
HCl was added to the vessels and they were
placed back in the heating block and their
temperature were raised to 150 °C and held 30
min at this temperature, For the assay, the samples
were removed from the block and allowed 1o cool
to room temperature. The volume was adjusted to
10 ml with diluted HCL (1:13. The samples were
analveed by the previously optimized method
Five ml of buffer (0.2 M, pH=1) was pipetied mto

the voltammetric cell. then .5 ml of the Cu”
solution (40 mg/Ly and 0. 3ml of the sample solution
were added. The solution was deoxygenated lor 120
5 by high-purified nitrogen, whilst stirming  the
solution. A fresh mercury drop was extruded  as
working clectrode  (HMDE), then  stiring  and
electrolyzing were carricd out for 20 5 at 250 mV
i(vs. SCE). The stirrer was stopped and the potential
wis scammed fom =330 mY 1o =800 wm% with a rate
of 60t mY/s and a pulse height of 100 mY. 11 s after
the solution  became  guiescent.  Under  these
conditions, recovery was 96.44% for Se oand the
detection limie of method was 0003 ma/p (o
sumple. The calibration curve was lingar over the
range 0-30 pg/L (R7=0.9%%, p=0.001). Repeatability
and infernal  reproductbility. of  method  were
expressed by relative standard deviation (14). The
data related o precision are shown in Table 1. The
sensitivity of method 15 cxpressed by the anguolar
cocilicient of the calibration curve (143, The
methed validation data arg shown in Table

CONCLUSION
Differentinl  pulse  cathedic sinpping vellammelry
(DPCSVY has proved 1o be a sensiive and accourate
methad Tor selemum  determnmaton, The proposed
method, based on DPCSY of CufHaiSe at a FIMDIE,
provades o sample and  sensitive approach o
determnution of selenium. In this nvestigation, he
experimental conditions for determination of sclenium
were optimized. Under these conditions,  detection
limit was 0003 mp/Ke and  repeatubuliy of the

method expros

1 by relatve stmdard deviaton fo

at 30 ped wnd 1005% ot 005 pad,

selemaim wus 2.3%
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g
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Table 1. Revovery, precision and sensitivity ol 1he methed

Recovery e
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Precision (R51%)
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Sample (0059 mg/ka)
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Figure 1. Influence of copper concentration on the
selemium peak potential. Se concentration, 3 pg'l;
operating  mode,  DPCSV, electrads,  HMDE;
supparting  electrolyte, acetic acid-sodium acstute-
nydrochlorie acid-sedium chloride buffer (0.2 M), pH,
|, deposition time, 30 5; depesition potential, -330 mV,
pulse height, -100 m¥.
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Figure 2. Influence ol copper concenlralion on the
selenium  pesk current. Se congentration, 3 pgl
operating  mode, DPCEV,  electrode, HMDE;
supporting  electrolyte, scetic acid-sodinm seetate-
hydrochloric acid-sodium chlorde buffer (020N, pll,
I, deposition time, 30 3, deposition petential, 2330 mV,
pulse height, - 100 mV,
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Figure 3. Bffect of varying the pH on the selenium
peak potential  Se concentrativn, § pgfl., cperating
mode, DPCSV:  cleclrode,  HMDE,  supporting
clectrolyte, acetic scid—sodium  acetate—hydrochloric
acid—sodium  chloride  wuffer (02K, copper
concentration, 90 mp/l, deposition time, 30§
depasition potential, =350 mV; pulse height, -100 mY.
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Figure 4. Effect of varying the pli on the selenivm
peak current. Se concentration, 3 pgfl, operaling
mede,  DPCSY,  electrode,  HMDE;  supporting
electrolvie, acvtic aad-sodium  acetate-hydrochlorie
acid—sodium  chloride  btuoffer  (02K0:  copper
congentration, 50 mp/l, deposition ume, 3§
deposition potential, 350 mV, pulse height, -100 m
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Figure 5. Effect ol varving the deposihon potential on
the selemum peak current. Se concentralion, 1.5 pefl:
operating  mode, [DPCSY:  electrode,  HMDE:
supporting  electrolvie, acetic acld—sodium  acelale—
hydrechlorie acid-sodnam chlonde buffer (0.20); pH,
1; eopper coneentration, 90 mg/L, depositton time, 30
g, pulse height, =100 m,
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Figure 6. Effect of varving the deposition potentaz] on
the selentum  pezk potential. Se¢ concentration, 1.3
pe/l;, operating mode, DPCSY, clectrode, HMDLE:
supparting  electrolyvle,  acetic acid—sodinm  acclate—
hydrochlore acpi-sodim chlonede butfer (028 pH,
1; copper concentration, 40 mgfL, deposition time, 30
s pulse heaghe, - 100 my,
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Figure 7. Effect of increasing the deposilion lme on
the selennun peak current. Se coneentration, 3 pedl;
cperating  mode,  DPOSVD electrode,  HMDE:
supparting  elevtrolvie, aeehic ool soalim ucetate

Tyvdrochloric scid—soduam chilonele butTer (0280, pll
1, copper coneentration, S0 mgdls depasition patential,
=350 mY; pulse height, <100y,
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Figure & Elleel ol meressing the deposition e on
the selenium peak polentinl Se congentration, 3 pefl:
operating  mode,  DPOSYD electyode,  TIMIDI,
supporting  electrolvle,  avetic acud-sodium acetule
for (028 pHL,
1, copper concentration, S0 mgdl., deposition potenteal,
=350 mA L palse heaght, =100 my
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Figure 9. Effecl ol invreasiog the pulse height on the Figure 100 ElTect of incrensing the pulse height on the
selenium pesk current Be concentration, 3 el selenium penk polentiul. Se concentration, 3 pgdl;
operating  mode,  DPCSY, electrode,  HMIDE, operaling  mode,  DPCSY. electrode,  HMDE;
supporting  electrelvie,  acebe acid—sodium  acetate- supporting  elecirolvie, acetic acid-sedium  acetate-
lydrechlore aetd—sodiun chloride buller (0201 pH, lydrochloric scid-sodim chlorde burfer (0258 pH,
I copper concentration, 90 mg'l: deposition potential, 1; copper coneeniralion, S0 mgfl, deposition potential,

S130 mY, deposition time, 30s =330 W deposition time, 30 s,
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