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Abstract: To study the distribution characteristics of typical pollutants in soil aggregates using
different sieving methods, urban and arable soils were collected from Beijing and separated to
different sizes by dry and wet sieving methods, to analyze present concentrations of inorganic
chlorine and nine typical heavy metals (Cr, Mn, Co, Ni, Cu, Zn, Cd, As, and Pb). Results revealed
that the distribution of wet-sieved aggregates was biased towards microaggregates (<250 µm), while
the contrary result was found for the dry sieving method. Inorganic chlorine was more likely to be
enriched in <53 µm fractions attained by both sieving methods. However, the content of inorganic
chlorine in wet-sieved aggregates was significantly lower than in those that were dry sieved, which
means the water’s effect on soluble ions was more pronounced. Heavy metals in urban soils were
preferentially enriched in microaggregates no matter what kind of sieving method was applied. As
for Mn and As found in agricultural soils using the dry sieving method, they were preferentially
enriched in the fractions of 1000–2000 µm and 250–1000 µm, while the other seven heavy metals were
preferentially enriched in <53 µm fractions, indicating that Mn and As in agricultural soils were easily
transferred in aggregates with different particle sizes. Samples with particle sizes <53 µm showed
the highest distribution factors for all heavy metals when the wet sieving method was applied. The
dry sieving method resulted in a higher mass loading of heavy metals in coarser fractions and lower
proportions in finer fractions. Results of a potential ecological risk analysis showed that the ecological
risk (Ei

r) value of Cd found in aggregates by the different sieving methods was significantly different
(p < 0.05). The findings suggest that different sieving methods could result in different occurrence
patterns of pollutants in the soil aggregates of different land use types.

Keywords: soil aggregates; wet sieving; dry sieving; inorganic chlorine; heavy metals

1. Introduction

Aggregate is the basic structure of soil and affects many of its physicochemical proper-
ties [1]. The spatial heterogeneity of pollutants in soil microenvironments is controlled by
the distribution and transformation of soil aggregates. The composition and specific surface
area of soil aggregates at various particle sizes are different, and their binding modes and
amounts with heavy metals and water-soluble ions are also different. Moreover, previous
studies have shown that the adsorption characteristics of environmental pollutants in
various particle sizes of soil aggregates are also significantly different [2,3]. Therefore,
it is important to assess the distribution of contaminants in the soil environment at the
aggregate level.

Dry and wet sieving methods are two widely used methods to separate soil particles
into different aggregates [4–6]. Water-stable aggregates in soil reflect the soil’s potential

Processes 2022, 10, 216. https://doi.org/10.3390/pr10020216 https://www.mdpi.com/journal/processes

https://doi.org/10.3390/pr10020216
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/processes
https://www.mdpi.com
https://doi.org/10.3390/pr10020216
https://www.mdpi.com/journal/processes
https://www.mdpi.com/article/10.3390/pr10020216?type=check_update&version=1


Processes 2022, 10, 216 2 of 9

water erosion resistance. However, the wet sieving process could lead to the exclusion of
water-soluble compounds from aggregates, the potential destruction of microbial habitat
during wet sieving, and potential changes in microbial community composition, activity,
and abundance [7,8]. Since there is less damage to the transient and temporary organic
cementing materials in soils by dry sieving, the method was used to determine the contents
of mechanically stable aggregates in undisturbed soil, which may more accurately reflect
the distribution characteristics of soil aggregates in a natural state. The dry sieving method
was mainly used to obtain force-stable soil aggregates that were resistant to mechanical
dispersion and represented the state of soil aggregates disturbed by field tillage or other
mechanical forces. The water-stable aggregates with resistance to hydraulic dispersion
were obtained by a wet sieving method, which could represent the stable state of soil
aggregates under the action of precipitation, surface runoff and other water movement
and migration.

Previous studies have found that the adsorption and distribution of heavy metals
in soil particles with different particle sizes were significantly different, and heavy met-
als tended to accumulate in fine soil particles [9,10]. However, some researchers have
also found that heavy metals were more enriched in soil aggregates with larger particle
sizes [11,12]. This was caused by the different properties of the soils studied and the dif-
ferent fractionation and separation methods used. Open questions remain about whether
these fine, highly contaminated fractions were successfully separated by the dry sieving
methods used in those studies. The effects of aggregate separation methods on aggregate
composition and occurrence characteristics of pollutants in soils of different land use types
are also not well defined.

The environmental behavior of stable nuclide chlorine in soil has become a hot topic
of research in recent years with increasing interest in hazard assessment of the radionuclide
36Cl [13,14]. Chloride ion in soil coexists in soil solutions and is transported by water
flux due to its high solubility [15,16]. At a certain temperature, the diffusion coefficient
of chlorine increases with the incensement of soil moisture [17]. In fact, heavy metals
in general are converted into active and bioavailable ionic forms when environmental
conditions change, and heavy metal pollution is insidious, persistent and irreversible [18].
Furthermore, soil is the source and sink of metal pollutants in terrestrial environments,
even though anthropogenic heavy metals could be stabilized by soil through adsorption,
precipitation and complexation [19]. Microaggregates are easily transferred to the atmo-
sphere by cultivation and other factors. Additionally, they can migrate to deep soil and
groundwater with heavy metals. Therefore, this poses a strong environmental hazard and
must be given sufficient attention.

As an important part of the urban ecosystem, urban soil suffers the continuous ac-
cumulation of pollutants [20], especially toxic heavy metals. Urban and agricultural soils
have different land use patterns, and the structure and microbial carbon content of the
soils are significantly different. The heavy metal fugacity characteristics and turnover
patterns are affected by the main physicochemical properties of the two soil environments.
As a result, the distribution of trace metals in soils of different land use types is of great
significance to the risk assessment of soil pollution in those areas. It is assumed that the
soil sieving method may change the structure of soil aggregates and further affect the
occurrence characteristics of pollutants in the aggregates.

Urban road soils and agriculture arable soils in Beijing were collected and different
particle sizes of soil aggregates were separated by dry and wet sieving methods, respectively.
The influence of two different separation methods on the occurrence characteristics of two
kinds of typical pollutants, inorganic chlorine and heavy metals, were studied through the
distribution factors (DF), mass loading (GSF) and potential ecological risk index (RI). This
study provides a scientific basis for evaluating the effects of aggregate separation methods
on the occurrence characteristics of soil pollutants in different land use types and provides
a theoretical basis for the further use of appropriate environmental control measures to
manage soil pollutants.
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2. Materials and Methods
2.1. Study Area and Sampling

During a field investigation, surface soils were collected from urban road areas
(39◦54.4931′ N, 116◦14.8082′ E) as well as suburban farmlands (40◦05.5634′ N, 116◦11.5498′ E)
in Beijing. About 1 kg of surface soil samples (0–20 cm) were collected from each sampling
site. Soil samples were air-dried, and coarse roots and small stones were removed before
further treatment and analysis. The physicochemical properties of bulk soil samples from
the two sites were analyzed and the results are shown in Table 1.

Table 1. Physicochemical parameters of two bulk soil samples from two sites.

pH Moisture Content (%) TOC (g/kg)

Urban road soil 8.42 1.78 9.76

Agricultural soil 8.45 3.38 8.01
TOC: Total organic carbon.

2.2. Soil Particle Size Fractionation

Soil samples were fractionated into six aggregates (>2000 µm, 1000–2000 µm, 250–1000 µm,
53–250 µm, and <53 µm) by dry and wet sieving methods, respectively. Each aggregate
fraction was calculated as a percentage of the total soils used. For the dry sieving method,
about 100 g of soil sample was placed on a set of sieves with diameters of 2000, 1000,
250, and 53 µm. After this, aggregate fractions retained on each sieve were collected. Soil
samples were separated by wet sieving according to the proportion of aggregates in the dry
sieving method, through a series of five sieves in succession. The retained fractions were
rinsed with water until the percolating water was clear, and then soil aggregates retained
on the sieves were recovered by rinsing them into beakers. All soil aggregates of the five
size fractions were freeze-dried for further experimentation.

2.3. Inorganic Chloride Analysis

Soil samples of each particle size (accurate to 0.01 g) were accurately weighed into a
100 mL centrifuge tube with carbon dioxide free distilled water, at a soil to liquid ratio of
1:5. After oscillating in the oscillator for 5 min, the filtrate was immediately withdrawn.
The clarified filtrate (25 mL) was placed in a conical flask, and the pH was adjusted to
6.5–10.5. At the same time, 8 drops of potassium chromate indicator solution was added to
the sample solution. Under continuous agitation, the sample solution was titrated with a
silver nitrate standard solution until brick red precipitate appeared and did not disappear
for 30 s [21]. Blanks and parallel samples were also performed for quality assurance and
quality control. The relative standard deviation (RSD) between replicate samples was
within 10%.

2.4. Heavy Metals Content Analysis

For heavy metals (Cr, Mn, Co, Ni, Cu, Zn, Cd, As, and Pb) analysis, 150 mg of each
of the dried samples were digested with mixed acids of HNO3, HF, and HCl in airtight
Teflon vessels. The concentrations of Cr, Mn, Co, Ni, Cu, Zn, Cd, As, and Pb in the soil
were analyzed by inductively coupled plasma mass spectrometry (ICP-MS, Thermo-X7,
Thermo Fisher, Waltham, Massachusetts, USA). Standard reference materials, GBW-08302
obtained from the National Institute of Metrology in China, were also analyzed for quality
assurance and quality control. The results fit well with certified values and recoveries were
in the range of 85–115%. Three parallel samples were analyzed for all samples, and the
standard deviation was within 5%.
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2.5. Ecological Risk Assessment of Soil Heavy Metals

To standardize the heavy metal distribution in aggregate classes, the distribution
factors (DF) between the aggregate and the bulk soil heavy metal contents were calculated
to represent changes in heavy metal distribution of soil aggregates [9]:

DF =X f raction/Xbulk (1)

where X f raction and Xbulk are concentrations (mg/kg dry weight) of heavy metal in each
aggregate and bulk sample, respectively. If DF > 1, it means that the heavy metal is enriched
in the soil aggregate.

The metal mass loading method (GSF) was used to evaluate the contribution of heavy
metals in the soil aggregates at each particle size, by using the following expression [22]:

GSF =(Xi × GSi)/[
n

∑
i
(Xi × GSi)]× 100% (2)

where Xi is the concentration of heavy metal elements in the soil aggregates at each particle
size; and GSi is the mass fraction of the corresponding particle size, ranging from 1 to 100%.

This ecological risk model was proposed by researchers [23] to evaluate the pollution
level in soil, based on the toxicity of heavy metals and subsequent environmental responses.
In the current study, soil pollution has been assessed based on the total metal content of
selected heavy metals [24,25]:

RI =
n

∑
i

Ei
r (3)

Ei
r = Ti

n × (
Ci
Bi
) (4)

RI is defined as “the summation of all risk values of heavy metals in sediments/soils,”
where the sum of Ei

r. Ci is the contamination factor, Bi is the background value of the
study area, and Ti

n is the toxic/lethal response value (or factor). It calculates the potential
threat of heavy metal pollution by representing the lethality of a particular metal and the
sensitivity of the environment to the pollutant. The Ti

n values of Cr, Ni, Cu, Zn, Cd, Pb,
Mn, Co, and As are 2, 5, 5, 1, 30, 5, 1, 5, and 10, respectively [23,26]. Five pollution levels
were classified by Ei

r: Ei
r < 40 (low ecological risk), 40 ≤ Ei

r < 80 (moderate ecological
risk), 80 ≤ Ei

r < 160 (considerable ecological risk), 160 ≤ Ei
r < 320 (high ecological risk),

and Ei
r > 320 (very serious ecological risk). Similarly, RI was graded as RI < 150 (low

ecological risk), 150 < RI < 300 (moderate ecological risk), 300 < RI < 600 (considerable
ecological risk) and RI > 600 (very high ecological risk) [23].

3. Results and Discussion
3.1. Aggregate Distribution Analysis

As shown in Figure 1, the mechanically stable aggregates obtained by the dry siev-
ing method in both urban road soil and agricultural soil were mainly large aggregates
(>250 µm), and the proportion of >2000 µm aggregates in the agricultural soil was about
3.4 times higher than that of the urban road soil. The distribution of water-stable aggregates
by the wet sieving method was basically the same for both soils, i.e., the highest percentage
was in the 53–250 µm aggregate particle group (both above 41%). Previous studies [27,28]
have shown that the proportion of large macroaggregates (>250 µm) was reduced in the
wet sieving method. This was caused by the fact that large aggregates were broken down
into smaller ones under the highly destructive force of water. The dry sieving method, on
the contrary, produced friction only on the outside of the aggregate. Soil organic carbon
in agricultural fields may have a stronger cohesive effect, and soil aggregates are more
likely to clump together during air drying. Dry sieving methods could separate more large
aggregates than wet sieving methods, and water stable aggregates may be more able to
reflect the actual state of the field.
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Figure 1. Distribution patterns of soil aggregates separated by different sieving methods: (a) urban
road soil; (b) agricultural soil.

3.2. Inorganic Chlorine Analysis in Soil Aggregates

As illustrated in Figure 2, the inorganic chloride content in urban road soils and
agricultural soils showed a trend of decreasing and then increasing as the particle size
of the aggregates decreased. The maximum value was observed in the smallest particle
size fraction (<53 µm) in both dry and wet sieving methods. This may be caused by the
larger specific surface area of more micro-aggregate adsorption sites, which increases the
contact area and adsorption probability of target elements. The inorganic chlorine content
of each size of soil aggregate prepared by the wet screening method was lower than those
prepared by the dry sieving method, especially for the agricultural soils with a significance
level (p < 0.05). Previous studies have found that chloride ions are not conserved in soils
with certain retention and release constants [29]. The results indicated that the effect of
sieving methods on inorganic chlorine content within aggregates was obviously dependent
on soil fraction. Inorganic chlorine is a typical water-soluble ion with good fluidity in
soils [30], and the dry sieving method could give a better reflection of its concentration and
occurrence in soil aggregates.
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3.3. Heavy Metals Analysis in Soil Aggregates

As shown in Tables 2 and 3, except for Mn and As, the other seven heavy metals (Cr,
Co, Ni, Cu, Zn, Cd, and Pb) had similar distribution patterns. Regardless of the dry or wet
sieving method, most heavy metals were enriched as the size of the aggregate decreased.
The distribution factor in soil aggregates with size <53 µm was the highest. Using the
dry sieving method, the maximum distribution factors of Mn and As in agricultural
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soils were found in the particle size of 1000–2000 µm and 250–1000 µm, respectively.
Using the wet sieving method, both were found in <53 µm fractions. The contaminant
concentration under dry sieving may be overestimated in the coarser sieve fractions due
to the unnecessary attachment of heavily polluted fine particles. Under wet sieving, there
was a shift of metal concentration to the microaggregates. To enrich study of Mn and
As in different particle size aggregates of agricultural soils, understanding the aggregate
separation method is important.

Table 2. Concentration of heavy metals in soil aggregates separated by different sieving methods.

Soil Particle Size
(µm)

Sieving
Method

Concentration (mg/kg)

Cr Mn Co Ni Cu Zn As Cd Pb

Urban road soil

>2000
Dry

sieving

53.95 477.25 9.15 20.16 27.49 104.66 7.89 0.40 24.02
1000–2000 54.54 490.93 9.41 23.67 32.65 108.83 8.27 0.41 24.90
250–1000 56.76 504.51 8.97 26.21 38.87 118.88 8.28 0.50 23.57
53–250 70.76 591.03 10.83 26.76 38.71 113.89 9.59 0.46 28.60

<53 74.94 644.88 11.61 30.87 44.82 143.31 11.02 0.49 32.32

>2000
Wet

sieving

56.03 489.33 8.10 20.26 31.38 90.32 8.31 0.38 23.48
1000–2000 47.66 472.76 7.09 16.92 30.80 86.07 7.28 0.39 25.21
250–1000 63.59 560.92 9.63 24.01 37.81 104.62 9.41 0.44 27.66
53–250 53.55 548.84 10.62 22.80 39.02 117.46 8.23 0.50 23.81

<53 67.97 602.72 11.96 25.80 41.12 121.56 10.53 0.53 29.98

Agricultural soil

>2000
Dry

sieving

64.99 544.99 10.69 28.03 35.73 115.65 10.44 0.47 26.85
1000–2000 70.35 960.41 17.41 38.79 44.75 103.90 16.86 0.50 28.91
250–1000 65.78 923.34 16.06 37.04 43.53 97.56 16.00 0.49 30.67
53–250 58.38 617.31 13.37 32.98 37.73 118.34 11.59 0.43 27.10

<53 77.83 810.61 17.73 39.92 45.40 146.06 14.15 0.61 35.55

>2000
Wet

sieving

58.64 570.33 13.06 30.08 30.39 108.59 10.64 0.48 29.88
1000–2000 57.65 646.67 14.47 32.85 38.09 100.30 13.87 0.41 28.05
250–1000 64.34 617.87 12.36 29.96 34.21 122.65 9.42 0.52 25.83
53–250 70.47 707.26 15.50 37.90 29.78 136.04 10.73 0.45 33.36

<53 73.53 748.11 16.78 42.40 40.58 163.47 14.96 0.56 34.45

Table 3. Distribution factors of heavy metals in soil aggregates separated by different sieving methods.

Soil Particle Size
(µm)

Sieving
Method Cr Mn Co Ni Cu Zn As Cd Pb

Urban road soil

>2000
Dry

sieving

0.91 0.88 0.93 0.88 0.72 0.94 0.82 0.83 0.86
1000–2000 0.92 0.90 0.96 1.03 0.85 0.97 0.86 0.85 0.89
250–1000 0.96 0.93 0.91 1.14 1.01 1.06 0.86 1.04 0.85
53–250 1.20 1.09 1.10 1.16 1.01 1.02 0.96 0.95 1.03

<53 1.27 1.19 1.18 1.34 1.17 1.28 1.11 1.06 1.16

>2000
Wet

sieving

0.95 0.90 0.82 0.88 0.82 0.81 0.87 0.79 0.84
1000–2000 0.81 0.87 0.72 0.73 0.80 0.77 0.76 0.81 0.91
250–1000 1.08 1.03 0.88 1.04 0.99 0.94 0.98 0.93 0.99
53–250 0.91 1.01 1.08 0.99 1.02 1.05 1.17 1.04 0.86

<53 1.15 1.11 1.22 1.12 1.07 1.09 1.06 1.10 1.08

Agricultural
soil

>2000
Dry

sieving

0.94 0.78 0.71 0.78 0.98 0.93 0.79 0.95 0.82
1000–2000 1.02 1.37 1.16 1.08 1.23 0.83 1.07 1.01 0.89
250–1000 0.95 1.32 1.07 1.03 1.20 0.78 1.12 0.98 0.94
53–250 0.84 0.88 0.89 0.92 1.04 0.95 0.87 0.87 0.83

<53 1.12 1.16 1.18 1.11 1.25 1.17 1.06 1.21 1.09

>2000
Wet

sieving

0.85 0.82 0.87 0.84 0.83 0.87 0.80 0.96 0.91
1000–2000 0.83 0.93 0.96 0.91 1.05 0.80 1.04 0.81 0.86
250–1000 0.93 0.88 0.82 0.83 0.94 0.98 0.93 1.04 0.79
53–250 1.02 1.01 1.03 1.06 0.82 1.09 0.81 0.91 1.02

<53 1.06 1.07 1.11 1.18 1.11 1.31 1.09 1.12 1.05

In order to evaluate the metal contribution of soil aggregates within different particle
sizes, we calculated the heavy metal mass loading of each particle size fraction. As shown
in Table 4, the maximum contributions of heavy metals in the urban road soil aggregates
were all within the particle size of 250–1000 µm when we used the dry sieving method.
Except for Mn and As, the maximum contributions of all seven remaining heavy metals
found in the agricultural soil aggregates, were in >2000 µm fractions. Mn and As had
the maximum contributions in particle sizes ranging from 1000–2000 µm. Under the wet
screening conditions, the maximum contributions of heavy metals in urban road and
agricultural soils were found in particles sized 53–250 µm, accounting for 37.26–50.24%.
Previous studies have shown that Ag, Bi, Cu, Zn, Cd, As, Hg and Mo in urban road soils
are preferentially enriched in soil aggregates with particle sizes <45 µm. However, the
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mass loading of heavy metals in this particle fraction only accounted for 2.37–18.3%, which
was caused by the small mass of <45 µm fractions found by the dry sieving method [31].
Therefore, the method of aggregate separation was an important influencing factor in the
evaluation of the metal mass loading distribution.

Table 4. Heavy metal mass loading in soil aggregates separated by different sieving methods.

Soil Particle Size
(µm)

Sieving
Method

Mass Loading (%)

Cr Mn Co Ni Cu Zn As Cd Pb

Urban road soil

>2000
Dry

sieving

8.56 8.66 9.04 7.57 7.16 8.66 8.68 8.24 8.98
1000–2000 20.49 21.09 22.04 21.05 20.14 21.33 21.53 20.02 22.05
250–1000 37.44 38.06 36.86 40.92 42.09 40.91 37.83 42.90 36.66
53–250 27.51 26.28 26.24 24.62 24.71 23.10 25.84 23.27 26.21

<53 6.01 5.91 5.80 5.85 5.90 5.99 6.12 5.11 6.11

>2000
Wet

sieving

4.28 3.91 3.55 3.91 3.64 3.60 4.19 3.51 4.00
1000–2000 9.74 10.11 8.30 8.73 9.56 9.17 9.80 9.62 11.49
250–1000 29.20 26.95 25.33 27.84 26.37 25.04 28.47 24.81 28.32
53–250 43.95 47.12 49.92 47.24 48.64 50.24 44.49 49.70 43.57

<53 12.83 11.90 12.93 12.29 11.79 11.96 13.10 12.08 12.62

Agricultural soil

>2000
Dry

sieving

31.85 23.92 24.35 26.75 28.74 33.11 25.35 31.29 30.24
1000–2000 23.15 28.30 26.64 24.85 24.16 19.97 27.47 22.35 21.86
250–1000 17.13 21.53 19.44 18.77 18.60 14.83 20.63 17.25 18.35
53–250 17.57 16.64 18.69 19.32 18.63 20.80 17.26 17.61 18.73

<53 10.30 9.61 10.91 10.29 9.86 11.29 9.28 10.84 10.81

>2000
Wet

sieving

7.15 6.90 7.28 6.93 7.39 6.84 7.60 8.10 7.91
1000–2000 12.32 13.71 14.14 13.27 16.24 11.07 17.35 12.04 13.01
250–1000 22.70 21.62 19.93 19.98 24.08 22.35 19.46 25.53 19.78
53–250 44.19 44.00 44.44 44.93 37.26 44.07 39.38 39.41 45.42

<53 13.64 13.77 14.23 14.87 15.02 15.67 16.25 14.40 13.87

In both sieving methods, Cd was the main source of potential ecological risk index
(RI) in urban road and agricultural soil aggregates with different particle sizes showing
high ecological risk (Table 5). There was variability in the potential ecological risk of each
metal found in the aggregates prepared by the dry and wet sieving methods, with the Ei

r
value of Cd reaching the level of significant difference (p < 0.05). The spatial distribution of
the potential ecological risk index is shown in Figure 3. For both land use types of soils,
the RI values in <53 µm aggregates were the largest using both sieving methods and both
had moderate levels of ecological risk. However, there were some differences found in the
RI values of aggregates with different particle sizes across the two sieving methods. The
wet sieving method may affect surface soil heavy metal concentrations and ecological risk
assessment by changing the structure of soil aggregates.

Table 5. Ecological risk of heavy metals in soil aggregates separated by different sieving methods.

Soil Particle Size
(µm)

Sieving
Method Cr Mn Co Ni Cu Zn As Cd Pb

Urban road soil

>2000
Dry

sieving

1.63 0.68 2.93 3.58 5.95 1.02 8.40 171.00 4.73
1000–2000 1.65 0.70 3.02 4.20 7.07 1.06 8.80 175.26 4.90
250–1000 1.72 0.72 2.87 4.65 8.41 1.16 8.81 201.66 4.64
53–250 2.14 0.84 3.47 4.74 8.38 1.11 9.78 185.60 5.63

<53 2.27 0.91 3.72 5.47 9.70 1.40 11.30 205.87 6.36

>2000
Wet

sieving

1.70 0.69 2.60 3.59 6.79 0.88 8.84 162.96 4.62
1000–2000 1.44 0.67 2.27 3.00 6.67 0.84 7.75 166.94 4.96
250–1000 1.92 0.80 3.09 4.26 8.18 1.02 10.02 180.09 5.44
53–250 1.62 0.78 3.40 4.04 8.45 1.14 11.95 201.88 4.69

<53 2.06 0.85 3.83 4.57 8.90 1.18 10.78 213.30 5.90

Agricultural soil

>2000
Dry

sieving

1.97 0.77 3.43 4.97 7.73 1.13 11.11 191.83 5.29
1000–2000 2.13 1.36 5.58 6.88 9.69 1.01 15.17 204.09 5.69
250–1000 1.99 1.31 5.15 6.57 9.42 0.95 15.83 199.13 6.04
53–250 1.77 0.88 4.28 5.85 8.17 1.15 12.33 175.86 5.33

<53 2.36 1.15 5.68 7.08 9.83 1.42 15.05 246.19 7.00

>2000
Wet

sieving

1.77 0.81 4.18 5.33 6.58 1.06 11.32 194.20 5.88
1000–2000 1.74 0.92 4.64 5.82 8.24 0.98 14.75 164.57 5.52
250–1000 1.95 0.88 3.96 5.31 7.41 1.20 13.22 211.39 5.08
53–250 2.13 1.00 4.97 6.72 6.45 1.33 11.41 183.58 6.57

<53 2.22 1.06 5.38 7.52 8.78 1.59 15.49 226.72 6.78
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4. Conclusions

Sieving methods clearly influence the distribution patterns of inorganic chlorine con-
tent and heavy metal concentration in soil aggregates, and the results of this study indicate
the importance of selecting an ensemble separation method. The particle-size distribution
changed to a finer fraction under the wet sieving method, and the soil aggregates under
the dry sieving method were dominated by >250 µm macroaggregates. The dry sieving
method could have a better reflection on the actual content of contaminants in soil ag-
gregates when studying the distribution of water-soluble ions such as inorganic chloride.
Results show that the wet sieving method could affect the heavy metal concentrations and
ecological risk assessment of surface soils by altering the soil aggregate structure. Under
wet sieving conditions, the mass loading (GSF) was relatively higher in the fine fractions
and lower in the macroaggregates. Results of potential ecological risk analysis show that
the ecological risk (Ei

r) value of Cd in aggregates found by the different sieving methods
was significantly different (p < 0.05). These findings are helpful to enrich inorganic chlorine
and heavy metal soil occurrence theories, and to establish strategies that mitigate health
risks in the environment.
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