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Summary—In KIO;-NH,~NH,C] medium, the selenium complex Se(0)SO3~, resulted from the reaction
of selenite and sulphite in acid solution, gave a catalytic wave, which was applied to the determination
of selenium in fish by differential pulse polarography. The sample was decomposed using the
HNO,/H,S0,/H,0, digestion mixture in a closed PTFE digestion vessel with microwave heating. The
detection limit was 0.06 zg/dm?®. The calibration curve was linear up to 8 ug/dm’®. Selenate present was
reduced with hot hydrochloric acid to selenite. The recoveries of the selenite and selenate in two spiked
samples investigated ranged from 91 to 104%. The NIES CRM No. 6 mussel was analyzed and the results
obtained agreed well with the reference value (reference value: 1.5 ug/g; found: 1.43 1+ 0.05 ug/g). The
results obtained by differential pulse polarography were in good agreement with those found by hydride

generation atomic absorption spectrometry.

Selenium is an interesting element in biological
materials because of its dual role as both an
essential nutrient at low concentration levels
and a toxic substance at higher concentration
levels. The concentration range between sel-
enium as an essential nutrient and a toxic
substance is, moreover, rather narrow. This
interest has created a need for reliable analytical
methods for the determination of selenium in
various biological materials where sub-ug/dm?
levels are encountered. The accurate determi-
nation of selenium in biological materials, how-
ever, is still a major challenge for analysts.
The polarographic reduction wave of sel-
enium was first studied many years ago by
Schwaer and Suchy,' later by Lingane and
Niedrach? and, by Christian et al.’> As recently
as the late 1980s, many studies*’ have applied
polarographic reduction wave of Se(IV) in
acidic medium for the determination of sel-
enium in a variety of matrices. However, these
methods were limited by detection limit or
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troublesome separation technique. In a number
of the most recent publications,*® a polaro-
graphic method using the catalytic wave of
Se(0)S0?~—KIO, in NH,~NH,Cl medium was
described. The method is relatively simple,
rapid, and highly sensitive for the determination
of selenium in biological materials. As in many
other analytical methods, the assay of selenium
in biological materials by polarographic method
requires the destruction of organic matrix.'"
However, in the polarographic determination of
selenium reported,*® the time-consuming con-
ventional wet digestion method was used. More-
over, perchloric acid was employed to destroy
the organic matrix in digestion step. The use of
perchloric acid has been known to result in an
explosion and/or fire during digestion if the
mixture, sample/perchloric acid, becomes dry."

Recently, there has been an increasing interest
in using microwave digestion method to speed
up the dissolution of a variety of biological
materials.'””'¢ The merits of pressurized acid
digestion in a closed PTFE vessel with micro-
wave heating, particularly the increased speed
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and reduced losses of volatile elements, are
widely recognized.'*'¢ Currently, several com-
mercial microwave systems are being marketed,
but their cost has limited their acquisition by
budget-constrained laboratories.

In recent years, the tendency in the wet
digestion method is to replace perchloric acid
with other acid mixtures.!"'"" The use of an
inexpensive domestic microwave oven instead of
a commercial microwave digestion system is
also becoming popular.’*® However, no similar
studies have been applied to the polarographic
determination of selenium in biological materials.

In this study, we propose a microwave diges-
tion method without perchloric acid, combined
with differential pulse polarography (DPP) for
determining selenium in fish tissue. An inexpen-
sive domestic microwave oven instead of a
commercial microwave digestion system was
used.

EXPERIMENTAL

Apparatus

Differential pulse polarography was per-
formed with an EG & G Princeton Applied
Research Polarographic Analyzer (PAR Modei
174A), equipped with a PAR Model 303
static mercury drop electrode (SMDE) and a
Graphtec wx 2400 xy recorder. The reference
electrode was Ag/AgCI-KCIl (satd.). The par-
ameters chosen for the determination are as
follows: (1) 174A polarographic analyzer: in-
itial potential, —0.5 V; scan-rate, 5 mV/sec;
scan direction, negative; scan-range, 1.5 V;
modulation amplitude, 50 mV; low-pass filter,
0.3 sec. (2) model 303 SMDE: mode, DME;
drop size, small; purge time, 4 min. (3) xy
recorder: x-axis, 0.1 V; y-axis, 1 V.

The hydride generation atomic absorption
spectrometric data were measured by an atomic
absorption spectrometer (Perkin-Elmer Modei
280) equipped with a selenium hollow cathode
lamp, in conjunction with a hydride vapour-
generation accessory (Perkin-Elmer MHS-10
system).

An unmodified Delonghi MW-155 domestic
microwave oven (made in Italy, purchased from
local department store) with 15-100% full
power (600W) capability in 15-25% increments
was used for digestion. Sample digestion was
carried out in closed PTFE vessels, which were
donated by Xiamen University, P. R. China. A
wide-mouthed plastic box with a lid was used as

it protects the microwave oven from the corros-
ive vapour released.

Reagents

All reagents used were of analytical grade,
unless otherwise stated. All-glass apparatus was
used to produce doubly distilled water, which
was used throughout the study.

Standard solutions. Stock selenium solution
(1000 pug/cm® Se, atomic absorption standard,
BDH) was diluted daily as required. Stock
selenate solution (1000 ug/cm?® Se) was prepared
by dissolving 0.2393 g of anhydrous sodium
selenate in 100 cm® of 1 mol/dm® hydrochloric
acid. Further standards were obtained by dilut-
ing this solution before use.

Buffer solution (pH 10.2) was prepared by
dissolving 40.2 g of ammonium chloride and 5
g of EDTA-2Na in 50 cm? of distilled water and
mixing with 150 cm?® of concentrated aqueous
ammonium solution.

Preparation of selenium-free sulphuric acid.
Concentrated hydrobromic acid (15 cm®) was
added to 100 cm? of sulphuric acid. The solution
was heated on an electric heater until fumes
appeared and then for 30 min longer, stored in
a glass bottle after cooling.

Mixed-acid digestion solution.  Se-free
H,SO,+ HNO, (1:3 v/v); sodium sulphite
solution (1.3 mol/dm’) was freshly prepared
within 1 week; potassium iodate solution (0.20
mol/dm®); gelatin solution (0.08% w/v).

Biological standard reference material. The
National Institute for Environmental Studies
(NIES, Japan) certified reference material
(CRE) No. 6 mussel, with a selenium reference
content of 1.5 ug/g, was used.

Digestion procedure

The microwave digestion of fish tissue or
reference material was carried out using four
replicates of about 100 mg of the dried samples
weighed into dried cleaned PTFE vessels. The
sample digestion procedures were also applied
to the blank determination.

A 5 cm? aliquot of mixed-acid digestion sol-
ution was added to each digestion vessel. Eight
tightly capped digestion vesseis, together with
one small plastic beaker filled with 30 cm® of
water, used to avoid damage to the magnetron,
were placed in a lidded plastic box, which was
then placed in the oven. The digestion pro-
gramme consisied of three heating stages as
follows. (1) The plastic box was heated for 6 min
at 330 W (55% power), and then removed from
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the microwave oven. After cooling to room
temperature, the PTFE vessels were opened to
release the pressure. (2) An aliquot of 0.2 cm® of
hydrogen peroxide (30%) was added to each of
the PTFE vessel, recapped tightly, and then
placed in a plastic box, followed by heating for
4 min at 450 W (75% power). Then, the cooling
and pressure release sequence were repeated as
in Step 1. (3) Another portion of 0.2 cm® of
hydrogen peroxide (30%) was added and the
content heated for another 4 min at the highest
power setting (600 W) of the oven.

Reduction of the selenate to selenite

The digest obtained from the procedure de-
scribed above was transferred into a glass tube,
2 cm® of 4 mol/dm® hydrochloric acid was added
and placed in a boiling water-bath for 20 min.
to reduce any selenate to selenite. After cooling
to room temperature, the solution was quanti-
tatively transferred into a 25 c¢m® volumetric
flask. For DPP method, the solution in which
was diluted with distilled water to the mark.
However, for HG-AAS technique, 2.5 cm® of
10% potassium ferricyanide was added and
made up to volume with 1 mol/dm* HCL

Determination of the selenium by DPP
Calibration. A series of known amounts of
standard selenite solutions were pipetted into 25
cm?® volumetric flasks, 0.50 cm’® of perchloric
acid (70%) and 3.0 cm’® of 1.3 mol/dm’ sodium
sulphite were added and mixed well and allowed
to stand for 20 min at room temperature. Then
5.0 cm’® of the buffer solution (pH 10.2), 2.0 cm?
of potassium iodate solution and 1.0 cm® of
gelatin  solution were added and mixed
thoroughly. The solution was diluted with dis-
tilled water to the mark for calibration without
the blank matrix. Oxygen was purged from the
solution by bubbling with pure nitrogen. The
cathodic sweeping differential pulse polarogram
was recorded from —0.50 to —0.84 V. The peak
potential of the catalytic wave was at —0.79 V
vs Ag/AgCI-KC(l (satd.). The calibration with
the blank matrix was made in the same manner
ag that described above but with the addition of
10 cm? of the blank matrix, which was prepared
by boiling the fish sample solution with hydro-
bromic acid according to the method described
by Yi er al? before the addition of known
amounts of standard selenite solutions.
Sample analysis. Sample analysis was done in
the same way as that described for the measure-
ment of calibration curve without the blank

matrix except that a 10 cm® aliquot of the
prepared sample solution instead of known
amount of standard selenite solution was used,
Quantification of selenium in the sample was
calculated by calibration curve with the blank
matrix or made by standard addition technique
within the linear region.

Determination of the selenium by HG—-AAS

A 10 cm® aliquot of the prepared sample
solution for HG-AAS technique was pipetted
into a reaction vessel connected to the MHS-10
system. An aliquot of the NaBH, solution was
added and the selenium hydride generated was
swept with argon into the quartz cuvette. The
selenium absorption signal was measured at
196.0 nm, with a 2 nm band pass.

RESULTS AND DISCUSSION

Polarographic determination

The components and preparation of the po-
larographic medium used in this study is essen-
tially the same as that reported by Hang et al.’
However, the following modification was ap-
plied: 0.50 cm® of perchloric acid (70%) was
added before the addition of sodium sulphite
and the solution allowed to stand for 20 min at
room temperature before the addition of the
buffer solution. It should be emphasized that the
above modification is very important. In our
study, tests demonstrated that there was no
catalytic polarographic wave in the absence of
perchloric acid. According to the processes re-
ported in the following equations:®

H,S¢0, + 3H,50, ——,

H,Se(0)SO, + 2H,S0, + H,0 (1)

{OH~}

Se(0)S0%- » Se*~ + 803~
{+ 2, electrode process)
2)
3Se*+380%- + 105
{OH-}
+ 3H,0 » I~

(Paraliel chemical reaction)
+ 60H~ + 3Se(0)SO2%- €))

Only in strong acid solution can selenite and
sulphite be transferred to selenious and sul-
phurous acid, the latter then react with each
other to form Se(O)SO?~ [equation (1)]. After
about 20 min the pH was adjusted to about 10
by the addition of the buffer solution, and then
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potassium iodate was added. Thereafter, reac-
tions described by equations (2) and (3) would
take place, and a very sensitive catalytic polaro-
graphic wave of selenium would be produced.
The peak potential of the catalytic wave was at
—0.79 V vs Ag/AgCl-KC(l (satd.).

The catalytic polarographic wave of selenium
was greatly influenced by the instrumental par-
ameters. The DPP peak current increased with
pulse amplitude, but the symmetry of the peak
was also affected. From the consideration of the
factors of peak current and peak symmetry, a
pulse amplitude of 50 mV was selected. The
peak current was found to be higher at lower
scan-rate. However, a comprised scan-rate of 5
mV/sec was selected, since decreasing the scan-
rate would lengthen the analysis time.

Microwave dissolution of sample

The microwave oven acid dissolution system
used in our study is similar to that used by
Mayer et al.'® with slight modification. It is
possible that biological samples produce more
gaseous degradation products which increase
the pressure in the system during heating.
Therefore, prior to placement in the microwave
oven, Mayer et al.'® pre-digested their samples
with digestion acid mixture at room tempera-
ture and in a water-bath at 90°C for about 2 hr.
However, our study showed that pre-digestion
was not required to decompose about 100 mg
fish tissue samples with 5 cm® digestion acid
mixture. Using the experimental condition de-
scribed in the digestion procedure, a clear diges-
tion solution was obtained. The procedure does
not seem to digest the fat portion of the tissue.
But, since the size of the sample is so small, 100
mg, that the small percentage of fat in the tissue
is not recognizable on the surface.

Kingston and Jassie reported an efficient
decomposition of zoological and botanical
samples in the microwave oven using only nitric
acid. In our study, a clear digestion solution was
also obtained with the nitric acid alone digestion
procedure, but, the data determined showed
that lower selenium contents was obtained
for the determination of the NIES CRM
No. 6 mussel [yielded a value of 0.88 +0.07
ug/(mean + S.D. n = 4) compared with the ref-
erence value of 1.5 ug/g]. Similarly, lower recov-
eries and poor precision have been previously
reported for the nitric acid only digestion with
conventional wet digestion technique and sub-
sequent determination by stripping voltammet-
ric method.!! However, the data obtained

showed that the decomposition with nitric and
sulphuric acids with hydrogen peroxide gave a
comparable concentration for the determination
of the NIES CRM No. 6 mussel [yielded a value
of 1.43+0.05 ug/g (mean + S.D. n =4) com-
pared with the reference value of 1.5 ug/g]. The
reason may be due to the higher boiling tem-
perature and stronger oxidizing power of the
sulphuric acid, resulting in complete destruction
of the organic matrix while maintaining the
selenium in an oxidizing state to prevent its loss
from volatilization. Also, hydrogen peroxide
can promote the digestion temperature. Adeloju
et al."! reported that complete destruction of
the organic matrix with nitric acid alone
may be somewhat limited by the boiling tem-
perature of this acid. On the other hand, many
selenium compounds are volatile and can be
lost during the process of converting the organ-
ically bound selenium into its ionic forms. It
is therefore necessary to maintain oxidizing
conditions at all stages of the decomposition
process.

Reduction of the selenate to selenite

After digestion, one must be sure that all the
selenium in the sample be converted into its
tetravalent state. This is the only form of sel-
enium that reacts with sulphite in acidic medium
and gives a Se(0)SO}~-KIOQ, catalytic polaro-
graphic wave in NH;-NH,Cl medium.?2 The
reduction is accomplished by reacting the di-
gested sample with hydrochloric acid. In
most cases, a large amount of hydrochloric
acid is used. This is not a problem in the
HG-AAS technique. However, in the DPP
method, the presence of large amount of acid
will pose a problem, that is, the buffer capacity
of 5 cm® of NH,-NH,Cl is not enough for
pH-adjustment to about 10. Therefore, the re-
duction should preferably be performed by a
moderate amount of hydrochloric acid. In this
study, it was found that 2 cm® of 4 mol/dm’®
hydrochloric acid placed in a boiling water-
bath for 20 min was sufficient to reduce any
selenate to selenite. The residual hydrochloric
acid did not effect pH-adjustment by the buffer
solution.

Calibration and analytical characteristics

In order to examine the effect of sample
matrix, a 10 cm?® aliquot of the blank matrix was
pipetted into test standard solutions for the
measurement of the calibration curve. A com-
parison between the calibration curve with the
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Table 1. Selenium recoveries obtained in the analysis of fish samples

Selenium Content (ug/g dry mass) Recovery
Sample Present Added Found (%)
Flower grouper
1.54 0.00 1.59 103
1.54 1.00* 242 95
1.54 2.00* 329 93
1.54 1.00+ 247 97
1.54 2.00t 3.21 91
Tilapia
0.70 0.00 0.68 97
0.70 0.50* 1.25 104
0.70 1.00* 1.63 96
0.70 0.50t 1.17 98
0.70 1.00t 1.56 92

*Standard selenite solutions were used for standard addition.
tStandard selenate solutions were used for standard addition.

blank matrix and that without the blank matrix
indicated that the slope of the former curve is
lower than that of the latter. In cther words,
sample matrix does suppress the selenium sig-
nal. Therefore, in the real sample analysis, the
calibration curve with the blank matrix or stan-
dard addition method should be used so as to
eliminate the effect of sample matrix and give
the same matrix concentration as for the sample
solutions.

For the instrumental conditions used in real
sample analyses, the calculated detection limit,
defined as the selenium concentration corre-
sponding to three times the standard deviation
of the blank, according to IUPAC recommen-
dations,” was 0.06 ug/dm’. The calibration
curve was linear up to 8 ug/dm’.

The accuracy of the method was tested on the
basis of recovery experiments, made by adding
the amounts of selenite and selenate indicated in
Table 1 before the treatment of the solid
samples. The results are given in Table 1.

Sample analysis

The muscle of eight of the common fish
species from local market was analyzed by DPP
and HG-AAS techniques, respectively. The re-
sults are shown in Table 2. The differences
between the results obtained by DPP and those
by HG-AAS was analyzed by Student’s ¢-test.
From the significance test values included in
Table 2, it can be seen that at the 95% confi-
dence level, results obtained by DPP are in good
agreement with those found by HG-AAS, ex-
cept the sample Trevally.

CONCLUSIONS

The microwave dissolution method can be
applied to the determination of selenium in fish
by differential pulse polarography. The diges-
tion procedure can be performed rapidly and
effectively with a simple domestic microwave
oven instead of an expensive commercial micro-
wave digestion system. Only a few modifications

Table 2. Contents of selenium in fish as determined by DPP and HG-AAS

Selenium content (ug/g dry mass)

Sample DPP* HG-AASt t° (cal.)
Black pomfret 2.76 £ 0.11 2.64 £ 0.07 1.921
Boon tong 1.68 4+ 0.09 1.76 + 0.13 1.162
Flower grouper 1.54 4+ 0.09 1.50 4+ 0.05 0.801
Red grouper 1.82 +£0.12 1.69 1 0.09 1.629
Sea bream 1.86 + 0.08 1.91 £ 0.05 1.102
Tilapia 0.70 £ 0.04 0.74 1+ 0.03 1.703
Trevally 3.09+0.14 2.90 1+ 0.08 2.437
Yellow tail 1.56 £+ 0.06 1.64 1 0.05 2.193

*Mean value + S.D. n =6.
tMean value £+ S.D. n =4.

1t (cal.) is the calculated significance test value.?* Value of ¢ is 2.306 at the 95%
confidence level and eight degrees of freedom.
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are required. The results obtained by differential
pulse polarography are in accord with those
found by hydride generation atomic absorption
spectrometry. However, the instrumental expen-
diture is much cheaper using DPP method.
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