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ABSTRACT

Traditional studies on transforming selenate and selenite are often limited by static measurements and low spatial
resolution. They do not fully consider the impact of moisture content. This paper uses the DGT (diffusive gradients in
thin films) technique to deeply explore how moisture changes affect the transformation of selenate and selenite in the
environment (changes in properties over time). First, representative soil samples (loess) are prepared, and their moisture
content is adjusted. Fixed concentrations of selenate and selenite are added, and then the DGT device simulates their
migration in the natural environment. The experiment covers drought, moisture, and high moisture environments, and
the experiment is repeated under each condition to ensure the accuracy of the data. The sample quality is verified and
further analyzed by ion chromatography (IC) and atomic absorption spectroscopy (AAS). This article uses DGT technology
to study the influence of moisture content on the migration and transformation of selenate and selenite in soil. Results

indicate that increased moisture content leads to higher concentrations, diffusion rates, and DGT capture efficiency of both
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selenium species, highlighting the importance of moisture in their environmental behavior. When the moisture content

increased from 25% to 65%, the coefficient of variation of selenate and selenite increased. The DGT technique proved

effective in capturing spatial heterogeneity and providing high-precision measurements, offering robust data to advance

research on selenium behavior in soils.

Keywords: Diffusive Gradients in Thin Films; Selenate and Selenite; Transformation Effect Study; Moisture Content;

Device Deployment

1. Introduction

Monitoring and research on selenium, especially se-
lenate and selenite, have become critical as environmental
pollution is a growing problem. Selenium is a trace element
that is vital in many organisms and ecosystems. It is widely
present in soil and aquatic environments. As an environ-
mental pollutant, the presence of selenium poses a risk to
ecosystem health and human health. Among the various
chemical forms of selenium, selenate and selenite have been
identified as the ones to be focused on. Their environmental
dynamics, including behavior and transformation processes,
are affected by many factors, especially moisture content
and oxidation-reduction conditions, which can significantly
change their migration and bioavailability. Traditional se-
lenium research methods mainly focus on static analysis,
usually treating moisture content as a fixed variable and ig-
noring the impact of moisture changes on the behavior of
selenate and selenite. In particular, the lack of dynamic mon-
itoring and spatial resolution has led to important knowledge
gaps in the comprehensive understanding of selenium behav-
ior. Therefore, there is an urgent need for innovative research
methods, especially in studying how different moisture con-
tents affect the transformation, migration, and bioavailability
of selenate and selenite in soil environments.

The DGT (diffusive gradients in thin films) technique
has become an effective tool for dynamic measurement of
solute concentration and diffusion behavior. Compared with
traditional static techniques, DGT can provide higher spa-
tial resolution and more detailed temporal data, making it
very suitable for studying the migration and transformation
processes of selenite and selenite under different moisture
environments. The greatest advantage of the DGT technique
is the ability to simultaneously assess changes in selenide
concentrations under different moisture conditions, provid-

ing a new perspective on understanding the dynamic be-

havior of these chemical species in the environment and
ultimately supporting environmental management and re-
mediation strategies. The influence mechanism of moisture
conditions on selenium behavior can be used to optimize
selenium pollution remediation plans.

This paper aims to quantify the effect of different mois-
ture levels on selenate and selenite concentrations. It also
aims to determine the influence of moisture content on the
diffusion rates of selenate and selenite, and to evaluate the
performance of the DGT technique under varying moisture
conditions. The experiments are conducted to dynamically
monitor the concentration changes of selenate and selenite
and their chemical transformation processes by setting dif-
ferent moisture conditions to reveal the specific effects of
moisture changes on the transformation process of the two
selenium compounds. The main contribution of this paper is
the application of DGT technology to fill the gaps in tradi-
tional research in spatial resolution and time scale, providing
a new theoretical basis for the role of moisture content in

selenium pollution control.

2. Related Work

Selenium is an important trace element that has many
positive effects on human health and diseases!!!. There is an
exploration that pointed out that changes in moisture, espe-
cially in the high-frequency range, can significantly change
the structure’s frequency response. The increase in mois-
ture content increases the structure’s mass and reduces its
inherent vibration frequency, thereby causing changes in
the frequency spectrum characteristics?. At the same time,
with the increasingly prominent trend of refined agricultural
management, the precision and stability of soil moisture sen-
sors have also received increasing attention®). In addition,
although selenium is essential for plant growth, excessive

selenium may be toxic to crops® 3. Selenates and selen-
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ites, as selenium-containing compounds widely present in
the environment, are often found in soil and water[® 7!, In-
depth research on the transformation mechanism of these
compounds and their impact on the environment can help as-
sess the potential risks that selenium compounds may pose to
ecosystems[® 1. Therefore, it is urgent to research how mois-
ture content affects the transformation process of selenate
and selenite.

Existing studies are not fully aware of how water con-
tent affects the transformation process of selenates and selen-
ites and the dynamic changes of their environmental behavior.
However, DGT technology, with its high sensitivity and dy-
namic monitoring capability, provides an innovative means
to study this knowledge gap, which has important novelty and
application prospects. The DGT technique!'® ') has gained
widespread attention for its unique advantages in quantifying
elements and compounds in soil and aquatic environments
due to its high sensitivity, high spatial resolution, and strong
dynamic monitoring capabilities(!> 131, Wei et al.’s!!4] re-
search showed that DGT exhibited excellent sensitivity and
spatial resolution in assessing heavy metals, nutrients, and
organic pollutants. Bai et al’s['*) analysis showed that DGT
could represent the heavy metals absorbed by plants more
precisely, especially in the assessment of heavy metal pol-
lution. Pantoja and Garelick!'®! reviewed the potential of
DGT in environmental radionuclide monitoring and pointed
out that it has broad application prospects. Kodithuwakku
et al.l!7! considered that DGT could effectively capture the
dynamic changes of nitrate and ammonium in soil, providing
a new tool for soil nutrient management. Guan et al.['8] re-
viewed the application of DGT in soil nutrient and pollutant
analysis, bioavailability assessment, modeling, and mapping.
The DGT technique has broad application prospects in soil
environmental monitoring, which helps to deepen the under-
standing of the migration and transformation behavior of soil
pollutants. In summary, the effect of moisture content on
the transformation of selenate and selenite could be studied

using the DGT technique.

3. Monitoring Moisture Content and
Compound Behavior

3.1. Sample Preparation

Soil samples were chosen from representative experi-

mental sites. The sampling depths were 0—20 cm (active root

growth zone). Soil from 3 different positions was mixed at
each sampling point. The collected samples were put into a
clean plastic bag immediately to avoid exposure to air for
too long. The soil texture is silty with relatively little sand
and moderate clay content. The organic content is between
0.5% and 2%, the pH value is generally between 7.5 and 8.5,
and it is slightly alkaline.

The study selects high-precision sensors to monitor
soil moisture status in real-time. All soil samples collected
were sieved to remove particles larger than 2 mm and air-
dried to constant weight. During the air-drying process, high
temperatures or direct sunlight should be avoided.

The air-dried soil samples were re-moistened accord-
ing to the experimental requirements. Different volumes of
deionized water were added to control the moisture content.
The soil was stirred evenly before weighing to ensure mois-
ture was evenly distributed. Deionized water was produced
by a laboratory deionizer with an electrical conductivity of
less than 0.1 uS cm™!.

The dry weight of the soil was calculated using the
oven drying method (105 °C, 24 hours), and the moisture
content was calculated based on the ratio of wet soil weight

to dry soil weight. Figure 1 shows details.

©—Wet soil weight (g)

260
0240
5 220
=200
<180
160
Wi

=—Dry soil weight (g)

42.86%)

w2
Moisture gradient

W3

Figure 1. Moisture content calculation: (a) wet soil weight and dry
soil weight data; (b) moisture content data.

Figure 1 shows the wet soil and dry soil weights with
changes in moisture content. The horizontal axis of Figure
1a represents the moisture gradient (low moisture W1, mod-
erate moisture W2, and high moisture W3). The wet soil
weight increases with the increase of the moisture gradient.
The dry soil weight shows a downward trend, indicating
that the increase in moisture leads to an increase in the pro-
portion of moisture in the soil and a decrease in the dry
soil portion. In Figure 1b, the moisture content is 5.26%,
22.22%, and 42.86%, respectively, showing that the moisture
content of the soil increases significantly with the increase of
the moisture gradient. This indicates that the soil can better
retain moisture under higher moisture conditions and is more

conducive to plant growth. Overall, these data reveal the
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relationship between moisture and soil weight and moisture
content, providing an essential reference for soil moisture
management.

Under low moisture conditions, the soil moisture con-
tent is low, which affects the dissolution and migration of
nutrients in the soil. With the increase of water content, a
moderate water state helps to improve the water absorption
capacity of plant roots and promote the effective utilization
of nutrients. Under high moisture conditions, excessive mois-
ture may cause the soil permeability to decrease, affecting
the respiration of the root system.

Water samples were collected in glass containers (must
be uncontaminated deionized water) and then sealed and
stored in a refrigerator until the start of the experiment (stor-
age at4 °C). High-purity sodium selenate and sodium selenite
standard solutions were diluted to ensure the consistency of
the initial concentrations of selenate and selenite at different
moisture contents. The solution was prepared precisely using
an analytical balance with Formula (1)1

m

c=35 )

C refers to the solute concentration in the sample (mg L~1);
m refers to the mass of the solution (mg); V refers to the
volume of the solution (L).

The selenate and selenite solutions were added to the
soil evenly in batches and mixed thoroughly. For water sam-
ples, the addition steps of selenate and selenite were similar
to those of soil samples. A precise dosing pump was used to
add selenate and selenite solutions to water samples.

Treated soil samples were sealed and stored at room
temperature after humidification to maintain the original
moisture status of the samples. Treated water samples were
then kept at a constant temperature. All samples were left to
stand for at least 24 hours to ensure stability.

The quality of the samples was verified before and after
the experiment, and the concentrations of selenate and se-

lenite were determined using ion chromatography (IC)120 2]

22.23] techniques.

and atomic absorption spectroscopy (AAS)[
To ensure the accuracy and reliability of IC and AAS anal-
ysis, high-purity standard substances and multi-point cali-
bration were used to generate standard curves, ensuring the
quantitative capability of the instrument. Secondly, potential
interference was detected using blank samples, and the repro-
ducibility and precision of the data were evaluated through

repeated measurements of technology and samples.

3.2. Experimental Design

The moisture content gradient is used to simulate three
typical environments: drought, moisture, and high moisture.
Table 1 presents the experimental design and conditions.

Each experimental group must be tested three times or
more independently to ensure the results. The equipment and
containers used in the experiment must be strictly cleaned
and disinfected to avoid cross-contamination. The rationale
for choosing specific water content levels W1, W2, and W3
to represent drought, moisture, and high moisture is largely
based on studies of plant growth and soil water status.

In arid environments, plant roots tend to concentrate
in shallow active areas, so a W1 placement depth of 10 cm
is a reasonable location, which can effectively simulate the
absorption area of plant roots. In moist environments, soil
water is more evenly distributed, and nutrient availability
and migration ability are higher. Choosing a depth of 20
cm can better reflect the nutrient utilization of plant roots
in an environment with moderate water content. In exces-
sively wet environments, the upper layer of the soil may be
flooded or hypoxic, resulting in excessive nutrient solubility
or leaching to deeper layers. DGT is placed at a depth of
30 cm to monitor changes in nutrient availability as excess
water percolates downward.

The DGT device is buried in soil samples at different
depths to simulate the migration of selenate and selenite in
different soil layers. In water samples, the DGT device is
suspended in the center of the water body to ensure that
the water samples around the device can fully contact and
capture selenide through a diffusion mechanism.

The placement of the DGT device and the experimental
time in each sample are precisely recorded. The experimen-
tal duration is set to 7 days. Samples are collected at different
time points after the DGT device is deployed. The concentra-
tion changes of selenate and selenite are analyzed by IC and
AAS. The concentration data and the changes in moisture
content of each experimental group are compared to explore
the migration, transformation, and transformation process of
compounds under different moisture conditions.

Fick’s first law can be used to quantify the diffusion
flux of selenium from soil micropores to plant root surfaces,
thereby assessing the bioavailability of selenium. Fick’s first
diffusion law is used for the selenate and selenite concentra-

tion gradient data recorded by DGT to calculate the diffusion
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Table 1. Temperature, time, and equipment placement depth corresponding to different moisture contents.

Moisture Moisture Simulated Temperature DGT Experimental Repetitions
p p P
Gradient Content Environment (20+2°C) Placement Duration
Depth
W1 10% Drought 10 cm
w2 20% Moisture Yes 20 cm 7 days >3
W3 30% High moisture 30 cm
rate of the solute>* 231 growth or soil nutrient availability is inhibited under water
aC deficient conditions. The intercept is 5.25, indicating that in
T= _D& (2) " the extreme case of zero moisture content, the baseline value

D refers to the diffusion coefficient, and g—g refers to the
concentration gradient.
Combined with the technical characteristics of DGT, it

can be converted into through the formula 261

Am - A
p=20a8

T t-A-C 3)

Am is the change in solute mass; AG is the gel thickness;
t refers to the experimental time; A refers to the effective
cross-sectional area of the device.

The calculated data should be correlated with the
change in moisture content. Data fitting and regression anal-
ysis are performed using SPSS (Statistical Package for the
Social Sciences) statistical software[?”> 281, as shown in Fig-

ure 2.
8 [ Regression coefficient !
ER Illintercept
g 4 > 05
2
0 0
\\4! w2 w3 Wi w2 W3
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(©)
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Figure 2. Data fitting and regression results: (a) regression co-
efficient and intercept; (b) coefficient of determination data; (c¢)
relationship between regression coefficient and intercept; (d) rela-
tionship between regression coefficient and coefficient of determi-
nation.

Figure 2 shows the data fitting and regression results.
The p value of the regression coefficient was less than 0.05.
Figure 2a mainly displays the data of regression coefficients
and intercepts, while Figure 2¢ shows the corresponding
relationship between them. It can be observed that the re-
gression coefficient of W1 is —0.12, indicating that plant

of this indicator is 5.25. The regression coefficient of W2 is
—0.10. Compared with W1, this indicator has sligtly lower
sensitivity to changes in water content, as plant growth or
soil nutrient availability is relatively stable under moderate
water conditions. The intercept is 6.85, and the baseline
value has increased, indicating that the overall level of this
indicator is relatively high under moderate humidity condi-
tions. The regression coefficient of W3 is —0.08, indicating
that under high moisture conditions, the sensitivity of the
index to moisture changes further decreases. This is because
under high humidity conditions, plant growth or soil nutrient
availability approaches saturation. The intercept is 7.30, with
the highest baseline value, indicating that the overall level
of this indicator is highest under high humidity conditions.
Figure 2b shows the R? value, and Figure 2d shows
the relationship between regression coefficients and R? value.
Among them, the R? value of W1 is as high as 0.98, indi-
cating that the regression model has a high fit to low water
grouping data, and the model can explain 98% of the data
changes. The R?value of W3 is 0.93, which is lower than the
other two groups, indicating a slight decrease in the fitting
of the model to the high moisture group data, as there are
other factors affecting the indicators under high moisture

conditions.

3.3. DGT Device Deployment

The DGT device used in this paper is a standard thin-
film DGT device (composed of a polymer film, an adsorbent,

29,301 Since selenates and selenites are

and a diffusion layer)[
charged anions, the selection of a strong basic ion exchange
resin suitable for anion capture, with its high selectivity and
low baseline interference, ensures efficient capture of target

ions. Polyvinylidene fluoride is selected as the diffusion
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layer material, which helps the target ions to diffuse at a
controlled rate under simulated moisture conditions. The
dimensions of the DGT device (2—4 cm in diameter and
0.1-0.3 mm in diffusion layer thickness) are optimized to
provide adequate spatial resolution and sensitivity under dif-
ferent moisture conditions, while the design of the porosity
(about 20-30%) balances diffusion efficiency with mechani-
cal strength, ensuring measurement accuracy and long-term
stability. It is suitable to study the effect of water content on
the transformation process of selenium compounds.

In the soil sample, the DGT device should be carefully
inserted into the specific position of the soil sample during
deployment, with a depth of 5-10 cm in the soil surface, to
avoid direct contact with soil particles. The soil around the
DGT device should not be significantly compacted to ensure
that selenate and selenite can be evenly diffused into the film

area of the device.

During installation, the orientation and position of the
DGT device should be kept vertical to ensure that its diffu-
sion film uniformly captures the target compound.

After deployment, the soil samples are kept in a con-
stant moist state and placed in a temperature-controlled labo-
ratory environment. The key factors of dissolved oxygen, pH
(Pondus Hydrogenii), and temperature of the water sample
are kept consistent, and the DGT device is about 10 cm away
from the bottom of the water sample. In soil samples, high
moisture content can increase the migration of water, thereby
promoting the diffusion rate of selenate and selenite. It can
also increase the solubility of selenate and selenite, thereby
improving the efficiency of the DGT device in capturing
target compounds. In soils with low moisture content, the
limiting effect of moisture may lead to a slowdown in the
diffusion rate. Table 2 lists the details.

Table 2. Migration and transformation characteristics of selenate and selenite under different moisture conditions.

Moisture Moisture Selenate Selenite Diffusion Rate Capture
Gradient Content Concentration Concentration (molm—2s™1) Efficiency (%)
(mgL~1)
Wi 10% 5.0 2.0 1.5x10° 30
w2 20% 15.0 10.0 2.0 x 10 50
W3 30% 25.0 18.0 3.0x10°° 70

In Table 2, with the increase in moisture content, the
concentration, diffusion rate, and capture efficiency of sele-
nate and selenite all show a significant positive correlation,
reflecting the critical effect of moisture on the migration and
transformation of these compounds in the soil.

Under low water conditions, the dry state of the soil
may lead to limited ion interaction and migration, reducing
the diffusion rate and trapping ability, and thus affecting
the bioavailability of selenium in the soil. Therefore, in en-
vironmental monitoring and soil remediation applications,
maintaining the appropriate moisture content of the soil is
critical.

Seven days after the DGT device is deployed, it is care-
fully removed, and the captured selenate and selenite are
analyzed. When removing the device, it is necessary to en-
sure that the surface of the device is not damaged and to
clean it quickly to avoid residual sample material affecting

subsequent analysis. The recovered DGT device is immedi-

ately chemically analyzed within the scheduled analysis time.
If immediate analysis is not possible, the device should be
stored in a low temperature refrigerated environment (usually

4 °C) to slow the change or degradation of the compound.

4. Experimental Verification and

Analysis
4.1. Data Collection and Analysis

The water sample’s moisture content is measured us-
ing a conductivity meter to measure the concentration of
dissolved substances and then calculated using relevant for-
mulas. After the DGT device is deployed, real-time data
collection is performed through its built-in monitoring sys-
tem. The concentration changes of selenate and selenite are
recorded every 1 hour. After the experiment, the DGT device
is taken out to separate the gel membrane and absorbent. Sub-
sequently, the gel membrane is washed with deionized water
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and extracted according to standard operating procedures.
The extracted samples are analyzed using high performance

31,321 Before

liquid chromatography (HPLC) equipment!
analysis, the HPLC is calibrated using standard solutions of
known concentrations. The extracted samples are injected
into the HPLC system at appropriate dilutions to ensure that
the sample concentration is within the linear range of the
instrument. Each sample is repeated three times (a total of
10 samples). The retention time and corresponding peak
area of the detected selenate and selenite are recorded in real

time. The concentration of each compound in the sample is

calculated by comparing it with the standard curve.

The paper used an anion exchange column combined
with a carbonate buffer mobile phase, coupled with a UV de-
tector (210-230 nm), and set the flow rate to 1.0 mL min—!.
The concentration range of the calibration standard is be-
tween 0.01-0.1 mg L1, and the linear correlation coefficient
of the standard curve is 0.99 or above.

SPSS(Statistical Package for the Social Sciences) was
used to obtain descriptive statistics of selenate and selenite
concentrations under different moisture contents, as shown
in Table 3.

Table 3. Descriptive statistics of selenate and selenite concentrations at different moisture contents.

Selenate Concentration (mg L—1)

Selenite Concentration (mg L—1)

Moisture Content (%) Mean + Standard Coefficient of Mean + Standard Coefficient of
Deviation Variation (%) Deviation Variation (%)
25 505 10 30+3 10
35 45+ 4 8.9 28+2 7.1
45 40+3 7.5 25+£2 8
55 35+4 11.4 22+3 13.6
65 305 16.7 18+4 22.2

Table 3 shows the descriptive statistics of selenate and
selenite concentrations under different moisture content con-
ditions. As the moisture content increases, the concentrations
of selenate and selenite show a downward trend. This in-
dicates that the higher the moisture content, the lower the
solubility of selenate and selenite in the soil, which may
be because, under high moisture conditions, the soil pores
are filled with water, reducing the oxygen content, thereby
inhibiting the oxidation and dissolution of selenium.

The larger the coefficient of variation (CV), the greater
the data volatility3* 34, As the moisture content increases,
the CV of selenate and selenite concentrations tends to in-
crease. This indicates that the concentrations of selenate and
selenite show more significant variability under conditions
of increased moisture. This is due to the increased instability
within the soil matrix under excessive moisture conditions.
In short, moisture content affects the solubility of selenium
and its migration and transformation dynamics in the soil
environment.

The analysis of variance is applied to compare the ef-
fects of different moisture contents on selenate and selenite

concentrations and to identify whether there are significant

differences between the groups (p < 0.05)[3% 3% A Tukey
test is further carried out to determine the specific source of
difference if a significant difference is found. The differences
between the means of the groups are compared 37381,

The Tukey test statistic is calculated, and the corre-
sponding critical value is found. If the difference exceeds
the critical value, it is considered that there is a significant
difference between the two groups.

Regression analysis is used to explore the relationship
between moisture content and the migration rate of selenate
and selenite, and mathematical models: linear regression
model (M1), polynomial regression model (M2), exponen-
tial regression model (M3) are established to quantify the
effect of water on the behavior of the compounds. Linear
regression models are suitable for initial exploration and sim-
ple cases. Polynomial regression models are used to capture
nonlinear relationships. Exponential regression models are
suitable for exponential growth or decay trends. The R? of
the model is the largest and the RMSE is the smallest, so it
is considered that the model can more accurately reflect the
effect of water content on the selenide migration rate.

R? and root mean squared error (RMSE) are used to
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evaluate the model fit. The model with the best fit is selected

as the final model, as shown in Figure 3.

40

Value
L)
(=)

Ml M2
Model

(@
Figure 3. Evaluation results of model goodness of fit: (a) regres-

sion coefficient bar graph; (b) coefficient of determination and root
mean squared error bar graph.

M3

Figure 3 shows the model’s goodness of fit. 0, B1,
and P2 refer to different regression coefficients. Figure 3a
shows the specific data of the regression coefficients, with B0
being relatively highest at W2. Figure 3b shows the values
of R? and RMSE for different models. Based on these two
graphs, the following conclusion can be drawn: different wa-
ter contents have a significant impact on the concentrations
of selenate and selenite.

The polynomial regression model can better describe
the relationship between moisture content and migration rate
(the R? value of the model was 0.88), indicating that mois-
ture has an inhibitory effect on the migration behavior of

compounds.

4.2. Measurement Accuracy

Soil samples are collected from local agricultural areas
and divided into five different moisture content groups (5%,
10%, 15%, 20%, 25%). Three replicate samples are prepared
for each group. Each sample group is evenly mixed under
laboratory conditions to ensure the representativeness and
consistency of the samples.

Two samples are randomly selected from each sample
group to place the DGT device in this paper, and the other
sample is used as a control group. The device is taken out at
different time points (24 hours, 48 hours, and 72 hours) for
analysis.

After each extraction, IC analysis is performed to deter-
mine the concentration of selenate and selenite captured in
the DGT device. The concentration of selenate and selenite
captured in the DGT device at each time point is recorded
(mg L~1). The average concentration and standard deviation

are calculated for each moisture content group to ensure the

reliability of the statistical results.

The data measured by DGT are compared with the re-
sults of standard measurement to evaluate the accuracy of the
DGT technique. The correlation between DGT measurement
data and standard measurement data is calculated through
regression analysis to verify the effectiveness of the DGT
technique. Table 4 and Figure 4 present the details.

In Table 4, T1-1 and T1-2 refer to the DGT measure-
ment of selenate and selenite concentrations, respectively.
T2-1 and T2-2 refer to the standard measurement of selenate
and selenite concentrations, respectively. D-1 and D-2 refer
to the difference between the DGT measurements of selenate
and selenite concentrations and the standard measurements,
respectively. The data show that with the increase in mois-
ture content, the measured selenate concentrations show an

upward trend.

Moisture content (%) Measurement time (h) T1-1&T2-1(R%) TI-2&T2-2 (R%)

3 24 092 0.9
5 8 093 091
. 5 72 094 092

10 24 094 093

. 10 48 095 094
10 7 096 095

— 15 ] 0.95 094

15 48 096 095

15 72 097 0.96

20 24 0.93 092

20 48 094 093

0.9 20 7 0.95 0.94
092 093 084 095 09 25 24 092 091
TI1I&T2-1 (R 25 48 093 092
25 72 0.94 093

0.96 .

Figure 4. Correlation between DGT measurement data and stan-
dard measurement data.

The R? values in Figure 4 are all above 0.9, indicating a
good correlation between DGT and the standard selenate and
selenite measurement results. In summary, the DGT-based
measurement under different moisture content conditions can
accurately capture and reflect the concentration changes of

selenate and selenite, verifying its reliability and advantages.

4.3. Spatial Resolution

A rectangular water tank (100 cm long, 50 cm wide,
and 50 cm high) is used as the simulated environment. A
uniform fine sand layer with a thickness of 10 cm is laid at
the bottom of the water tank to simulate the soil environ-
ment. A gradient concentration area is set in the fine sand
layer to simulate spatial heterogeneity by adding different
concentrations of selenate and selenite solutions in specific
areas.

Ten DGT devices are evenly deployed in the water tank
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Table 4. Measurement accuracy of concentration-related data.

Moisture Measure- T1-1 T1-2 T2-1 T2-2 D-1 D-2
Content ment Time (mgL~!) (mgL~!) (mgL~!) (mgL™?%)
(%) (h)

5 24 1.2+0.1 0.5+ 0.05 1.1 0.45 0.1+0.1 0.05+0.05
5 48 1.3+0.12 0.55+0.06 1.2 0.48 0.1+£0.12 0.07 £0.06
5 72 1.4+0.15 0.6 £0.07 1.3 0.5 0.1 £0.15 0.1 £0.07
10 24 25+0.2 09+0.1 2.4 0.85 0.1+0.2 0.05+0.1
10 48 2.6+0.18 0.95+0.09 2.5 0.88 0.1+0.18 0.07 £0.09
10 72 2.7+£0.25 1.0+0.12 2.6 0.9 0.1+0.25 0.1+0.12
15 24 42+0.3 1.8+0.1 4.1 1.7 0.1+0.3 0.1+0.1
15 48 43+0.28 1.85+£0.15 4.2 1.75 0.1 £0.28 0.1 £0.15
15 72 45+0.35 1.9+0.2 4.3 1.8 0.2+0.35 0.1+0.2
20 24 5.6+04 23+0.2 5.5 2.2 0.1+04 0.1+0.2
20 48 5.8£0.35 24+0.15 5.7 2.25 0.1+0.35 0.15+0.15
20 72 6.0+0.5 2.5+0.25 5.9 2.3 0.1+0.5 0.2+0.25
25 24 6.8+0.5 2.8+0.3 6.7 2.6 0.1+£0.5 02+0.3
25 48 7.0+04 2.9+0.35 6.9 2.65 0.1+04 0.25+0.35
25 72 72+0.6 3.0£04 7.1 2.7 0.1+£0.6 03+04

along the length direction (positions increase from 10 cm
to 100 cm). One DGT device is deployed at each position,
ensuring the device is vertically inserted into the sand layer
with the adsorption layer facing downward. The DGT device
is deployed in a simulated environment with an exposure
time of 48 hours to capture selenate and selenite fully.

The multi-point sampling method of traditional mea-
surement is selected for comparison, and its measurement
position is the same as that of the DGT device. Soil samples
in the sand layer are collected using a sampling tube, and 3
replicates are collected at each position. The soil samples
are mixed evenly. 10 g of sample is taken, and 50 mL of
deionized water is added. The samples are extracted by os-
cillation for 30 minutes. The extract is filtered using a 0.22
um filter membrane to obtain the sample to be tested. The
concentrations of selenate and selenite are analyzed using
HPLC.

After 48 hours, the DGT device is removed. The ad-
sorbed gel is washed with deionized water to remove the
sample remaining on the surface. The adsorbed gel is placed
in a centrifuge tube, and 5 mL of hydrochloric acid solution
is added, shaking for 30 minutes to desorb the adsorbed sele-
nate and selenite. The extract is filtered with a 0.22 um filter
membrane to obtain the sample to be tested.

The coefficient of variation and Moran’s I index of DGT
measurements and multi-point sampling measurements are

compared to evaluate the advantage of DGT in capturing spa-

tial heterogeneity. Table 5 lists the DGT measurements and
multi-point sampling measurements, and Figure 5 presents
the coefficient of variation and Moran’s I index.

In Table 5, T3-1 and T3-2 refer to the measurements
of selenate and selenite by the multi-point sampling method.
The variation of DGT measurements at different positions is
more prominent, indicating a higher spatial resolution.

§ ——TI-1
ERU T1-2
d T3-1
>
——T3-2
0 n . " . A . . A )
10 20 30 40 50 60 70 8 90 100
Position (cm)
0.95 @
——
© ) S —o—Selenate
= 09 ) T Selenite
= =
——
0.85 - : - > ; - ; - ¢
10 20 30 40 50 60 70 80 90 100
Position (cm)
(b)

Figure 5. Coefficient of variation of measured values and Moran’s
I index: (a) coefficient of variation of measurement values; (b)
Moran’s I index of selenate and selenite.

In Figure 5, the analysis results of the coefficient of
variation and Moran’s I index further confirm the superiority
of DGT in capturing spatial heterogeneity. Figure 5a shows
the variation of the coefficient of variation between DGT and

multi-point sampling measurements at different positions.
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Table 5. DGT measurement values and multi-point sampling method measurement values.

Position (cm) T1-1 (mg L~ 1) T1-2 (mg L~1) T3-1 (mg L~ 1) T3-2 (mgL™1)
10 95+3 57+2 98 +5 55+3
20 90+2 54 +1 92 +4 52+2
30 85+3 51+2 87+3 49+ 2
40 80+2 48 £ 1 82+4 46 £2
50 75+3 45+2 78+ 5 43 +£3
60 25+2 12+1 23+3 11+2
70 201 10£0.5 18+2 9+1
80 15+1 8+£0.5 13+£2 7+1
90 10+£0.5 5+0.3 8+1 4+0.5
100 5+03 3+0.2 3+0.5 2+0.3

Figure 5b shows the Moran’s I index of selenate and selenite
at different positions.

The data in Figure 5a,b shows that the DGT technique
can more accurately reflect the spatial distribution of sele-
nate and selenite in the environment, providing more reliable
data support for environmental pollution control and water
quality protection.

5. Conclusions

In this paper, DGT technology was used to dynamically
monitor selenate and selenite. Experiments showed that its
sensitivity and accuracy were significantly superior to the
traditional multi-point sampling method in high-precision
measurement, spatial distribution analysis and low concen-
tration conditions, and it could provide more detailed spatial
distribution information of selenium and help optimize en-
vironmental monitoring strategies. However, the test scope
was limited to specific soil types and water conditions. The
universality of DGT technology needs to be verified, and
the adaptability of DGT technology under other environmen-
tal conditions has not been fully studied. In the future, we
can further study the impact of environmental factors on
selenium behavior, optimize experimental design, develop
automated analysis and data processing methods, improve
actual monitoring efficiency, study the dynamic distribution
mechanism of selenium under the interaction of multiple
environmental factors, and promote the application of DGT

in complex environmental monitoring.
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