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Abstract

Selenium is one of the inevitable elements in nature, which is required in the study
of gold mineralization law organisms also contain trace amounts of selenium, which
is harmful to humans when it is extremely high. It is found in soil and rocks, but it
is extremely low at 6x1077. Selenium is widely used in industry, and can be used to
make pigments, semiconductors, and some electronic equipment. With the gradual
acceleration of China's industrialization process, the discharge of industrial

wastewater will lead to the increase of selenium content in crops and affect people's
health, so it is of great significance to the determination of selenium content of
industrial wastewater. Among the most common is fluorescence spectrophotometry
and graphite furnace atomic absorption method. However, in the actual test, the
measurement results could not be accurately estimated due to the low selenium
content. In order to effectively measure the content of selenium in the sample, the
hydride-atomic fluorescence method was adopted, and various measurement con-
ditions were studied. In the experiment, ascorbic acid and thiourea were used to
reduce selenium and purify selenium. On the basis of reducing the cost and improv-
ing the efficiency, several effective methods are summarized.
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Introduction

Over the past 20 years, the importance of selenium in toxicology, physiology, and environmental science has been
increasingly recognized. Selenium is a trace element in aquatic sediments. Currently, the main methods for determin-
ing selenium both domestically and internationally include fluorescence spectrometry, neutron activation assay,
atomic absorption spectrometry, chromatography, and electrochemical methods. Among these methods, fluorescence
spectrometry offers good accuracy and high sensitivity, but its operation is cumbersome, the measurement speed is
slow, and it is easily affected by interference. Neutron activation assay offers high sensitivity and does not damage
the sample, but the required equipment is expensive. Chromatography and atomic absorption spectrometry offer high
sensitivity, but their precision is relatively poor. Electrochemical methods have developed rapidly in recent years,
and their sensitivity can meet requirements, but their disadvantages include slow measurement speed and poor repro-
ducibility. Hydride atomic fluorescence spectrometry is a highly sensitive analytical method for determining trace
selenium. It is simple to operate, and the required equipment is available in most laboratories. Its main problem is the
significant interference from some coexisting elements (such as Cu, Ag, and Sbh), which must be eliminated using
appropriate methods.
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1. Method for Determining Selenium in Aquatic Sediments
1.1 Atomic Absorption Spectroscopy

Atomic absorption spectrometry is an analytical method based on the absorption intensity of the corresponding atomic
resonance radiation lines in the ultraviolet and visible light range by the outer electrons of the ground-state atoms in
the gaseous state to quantify the content of the element being measured. It is a method of absorption of light radiation
by specific gaseous atoms. (Wang, 1983) Atomic absorption spectrometry is a new type of instrumental analysis
method that emerged and gradually developed in the mid-1950s. It has been widely used in metallurgy, machinery,
chemical industry, food and other fields. It is mainly suitable for the analysis of trace and ultra-trace components in
samples.

Atoms of each element can not only emit a series of characteristic spectral lines, but also absorb characteristic
spectral lines with the same wavelength as the emitted lines. When light of a certain characteristic wavelength emitted
by a light source passes through atomic vapor, that is, when the frequency of the incident radiation is equal to the
energy frequency required for an electron in the atom to transition from the ground state to a higher energy state
(usually the first excited state), the outer electrons in the atom will selectively absorb the characteristic spectral lines
emitted by its own element, thus weakening the incident light.

Because atomic energy levels are quantized, the absorption of radiation by atoms is selective in all cases. Due to
differences in atomic structure and outer electron configuration, elements absorb different amounts of energy when
transitioning from the ground state to the first excited state, resulting in different characteristics in the resonance
absorption lines of each element.

1.2 Atomic Emission Spectroscopy

Atomic emission spectrometry (AES) is a method for qualitative and quantitative analysis of elements based on the
characteristic electromagnetic radiation emitted by atoms or ions of various elements under thermal or electrical
excitation. It is one of the oldest branches of spectroscopy. The wavelengths of light emitted by an element can reveal
certain characteristics of that element. AES uses specific instruments and methods to obtain the element's spectrum,
analyzes the obtained spectrum, and draws conclusions. AES is a widely applicable method; it can directly analyze
both solid and liquid samples, and can simultaneously analyze and determine different elements within a single sam-

ple.

2. Experimental Section

2.1 Instruments

Atomic fluorescence spectrometer (Shenzhen Technology Co., Ltd.)
2.2 Reagents

Selenium standard stock solution: p(Se) = 80ug/ml.

Selenium working solution: Add different volumes of selenium standard stock solution to 100ml beakers, and add
40ml hydrochloric acid, 5ml perchloric acid, and 3ml of a 15g/L mixture of ascorbic acid and thiourea to each exper-
imental group. The hydrochloric acid and perchloric acid were of high purity, while the ascorbic acid, thiourea, KBH,
and KOH were of analytical grade, and the water was deionized water.

2.3 Instrument operating conditions (see Table 1).
3. Selection of Atomization Furnace Height and Carrier Gas Flow Rate

The height of the atomization furnace was appropriately adjusted and analyzed. Research showed that a higher fur-
nace height decreased sensitivity, while a lower height resulted in gas-phase interference. Both excessively high and
low furnace heights negatively impacted experimental results. The selected conditions for the experiment are shown
in Table 2 below.
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Table 1. Instrument Operating Conditions

project Select conditional parameters
Photomultiplier tube negative high voltage 220V
Atomization furnace height 10mm
Lamp current 100mA
Auxiliary cathode current 50mA
Carrier gas flow rate 500ml/min
Shielding airflow 600ml/min
Measurement method STD
Reading method Peak area
Delay time 0.5 seconds
Reading time 13 seconds
Injection volume 3ml

Table 2. High Selectivity Test of Atomization Furnace

Atomization furnace height Fluorescence value change
10mm >110%
8mm <3%
6mm >50%

4. Sample Collection and Analysis
4.1 Analysis and Testing

After the soil samples were air-dried and processed through a 20-mesh nylon sieve, the analysis and testing were
completed at the Nanchang Mineral Resources Supervision and Testing Center of the Ministry of Land and Resources.
The code insertion method was used to insert a certain number of primary soil standard materials (GBW series)
according to the number of analytical samples to monitor the test quality and ensure the accuracy and precision of
the sample analysis and testing (Wang, 1983). X-ray fluorescence spectrometry (XRF) was used to determine SiO2 ,
P, Pb, CaO, Cr, Zn, N, S, CI, Co, Cu, TFe203, MgO , Mn, Na20 , K20, and Ni; graphite furnace atomic absorption
spectrometry (GFAAS) was used to determine Cd; deep hole electrode spectrometry (ES) was used to determine B;
atomic fluorescence spectrometry (AFS) was used to determine Hg, As, and Se; spectrophotometry (COL) was used
to determine I; catalytic polarography (POL) was used to determine Mo; ion selective electrode method (ISE) was
used to determine F and pH; and redox capacity method (VO) was used to determine I. L) Determination of organic
matter. The national primary standard reference materials (GBW series) used for monitoring accuracy and precision
have a 100% pass rate for each element or indicator, an internal laboratory inspection pass rate >98%, a coded sample
sampling pass rate >90%, and an anomaly point inspection pass rate >85%.

4.2 Sample Preparation

First, accurately weigh 0.5000-0.75000¢ of the chemical sample and add it to a 100ml beaker. Pour in some deionized
water to moisten it, add about 20ml of HNO3 to dissolve it completely, and continue heating until the final solution
is 10ml. Remove the sample and add an appropriate amount of HNO3 to heat the solution to 5ml. Wait for the
temperature to drop to room temperature, rinse the inner wall of the beaker with a small amount of deionized water,
add 30ml of HCI, stir well, and pour it into a 100ml colorimetric tube. Add 5ml of the prepared ascorbic acid and
thiourea mixed solution and dilute with an appropriate amount of deionized water.
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5. Discussion of Results
5.1 Selection of Instrument Operating Conditions

5.1.1 Lamp current selection

The relationship between the fluorescence signal and the lamp current was obtained by changing the lamp current
(Figure 1). The experiment showed that the fluorescence intensity increased with the increase of lamp current, and
the RSD of selenium also improved. When the lamp current reached 80mA or more, the RSD was basically constant.
Therefore, 80mA was selected for this method.

5.1.2 Selection of atomization furnace height and carrier gas flow rate
(1) The furnace height was adjusted for measurement. Experiments showed that the furnace height had a significant
impact on the fluorescence signal. When the furnace height was too high, the sensitivity would decrease; when it was
too low, gas phase interference would occur, worsening the detection limit. The conditions selected in the experiment
are shown in Table 2.

It is evident that the fluorescence value reading is most stable when the height is 8mm, therefore 8mm is selected.

(2) We know that potassium borohydride only reacts with the analyte in the sample after the nascent hydrogen is
generated, and the resulting hydrogen selenide is transported to the atomization furnace by the carrier gas. Therefore,
the carrier gas flow rate is closely related to the fluorescence intensity. Experiments show that a lower carrier gas
flow rate can obtain a higher fluorescence intensity, but if the flow rate is too low, the hydride cannot quickly overflow
into the atomizer, resulting in a lower fluorescence intensity. If the carrier gas flow rate is too high, it will reduce the
concentration of selenium atom vapor in the dilute hydrogen-argon flame, causing a shorter residence time in the
optical path, making the hydrogen-argon flame unstable, increasing the noise level, and decreasing the fluorescence
intensity, reproducibility, and detection limit. Experiments have determined that a carrier gas flow rate of 450 ml/min
can obtain a better fluorescence value.

5.1.3 Selection of negative high voltage
(1) Experimental results show that as the negative high voltage increases, the fluorescence value increases. When the
negative high voltage is greater than 300V, the negative high voltage-to-fluorescence value curve is a straight line
with a large slope, as shown in Figure 2. Therefore, 300V is selected for this method.

(2) The effect of sample acidity

3, indicate that in the range of 0.1-5 mol/L H20... In Cl medium, acidity has little effect on the measurement results;
therefore, this method uses 0.6... mol/L.

(3) Relationship between selenium valence state and fluorescence intensity

Selenium exists in divalent, tetravalent, and hexavalent forms. It can only react with potassium borohydride to
form SeH when it exists as selenite (Se2). Therefore, when Se6 and Se + coexist in the sample, Se* needs to be
reduced to Se + before the hydrogenation reaction. If it is not reduced beforehand, the measured fluorescence intensity
will only be one-third of the fluorescence intensity measured after reduction.

(4) Dosage of KBH

The experimental results are shown in Figure 4. When the concentration of KBH is 8-20 g/L, there is a plateau in
the signal. This method uses a concentration of 15 g/L of KBH.

(5) Interference elimination

Cu?*, Ni**, and Co?' can interfere with the determination of selenium, requiring the addition of potassium ferricy-
anide for masking. However, the ascorbic acid and thiourea in the reducing agents used in this method can form
stable complexes with Cu?*, Ni?", and Co?" ions, thus masking them and greatly reducing interference. This method
can meet the analytical requirements for general aquatic sediments and geochemical samples.

(6) Method detection limit, precision and accuracy, linear range

of using 0.6 mol/L HCI for both sample and current carrying capacity, 15 g/L ascorbic acid and thiourea as reducing
agents, and KBH concentration of 15 g/L, selenium showed good linearity in the range of 0.0005-0.2 pg/mL, with r
= 0.9995. The limit of detection for selenium (standard deviation of three times the blank) was [value missing].

0.353 ng/ml; the relative standard deviation of the test using 0.1 ug/ml selenium standard solution was 1.96%
(n=11).

(7) Analytical results comparison and sample (RSD%) determination
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The results of the analysis of the sedimentary standard samples of the water system of the Ministry of Geology and

Mineral Resources using this method are listed in Table 3, and the test results of the sample (RSD%=12) are shown
in Table 4.
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Figure 3. KHB4 concentration (g/L).

Table 3. Comparison of Results of Standard Sediments in Stream Systems

sample The result of this method is (x10°°). Standard result (x10~°)
GSD-1 0.11 0.11
GSD-2 0.23 0.21
GSD-3 0.95 1.06
GSD-4 0.30 0.28
GSD-5 0.44 0.36
GSD-6 0.31 0.30
GSD-7 0.28 0.31
GSD-8 0.1 0.15

Table 4. Results of Sample Precision Measurement

sample RSD% (n=12)
GSD-3 3.12
GSD-6 4.27
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6. Conclusions

In this experiment, selenium was purified by reducing it with ascorbic acid and thiourea, a method simpler and more
convenient than the traditional method of heating concentrated hydrochloric acid with boiling water. This also avoids
interference from ions and eliminates the need for masking agents. It reduces costs and accelerates sample decompo-
sition. It meets the requirements for reagent determination, allowing for accurate calculation of the selenium content
in the sample. This method is of great significance for future selenium determination.
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