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Abstract. In order to effectively control the environmental behavior of cadmium in saline-alkaline soil, it
is imperative to understand its adsorption capacity. In this study, the kinetics, adsorption isotherm and
two environmental parameters (pH and addition of biochar) of the adsorption behavior of Cd (1) in three
saline-alkaline soil samples from western Jilin province, China were investigated. This study was an
optimal fit for the pseudo-second-order kinetics model, as well as Langmuir adsorption isotherm model.
The adsorption effect was the strongest at a pH of 7, the addition of biochar could increase Cd (II)
adsorption of the soil. The adsorption of Cd (I1) by saline-alkaline soil was a spontaneous, disordered and
heat-absorbing reaction. Compared with mildly and moderately saline-alkaline soil, the adsorption of Cd
(1) by severely saline-alkaline soil was the highest, and the adsorption was the best when the pH was
neutral. Moreover, the addition of biochar could increase the organic matter in the soil and improve the
adsorption capacity of Cd (lI1).
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Introduction

Saline-alkaline soil is a common soil type on Earth, accounting for about 7% of the
total soil area of the world. It is widely distributed in arid and semi-arid regions of Asia,
Australia, Africa and South America (Yang et al., 2018; Saifullah et al., 2018). China
ranks third in the world in terms of saline-alkaline soil area, mainly distributed in the
northeast, north China, northwest inland and coastal areas along the Yangtze River. In
the western region of Jilin province, there are 3.2 million hm? of saline-alkali soil,
which is one of the three most concentrated saline-alkali areas in the world (Shi et al.,
2018), which has brought serious harm to the development of agriculture and animal
husbandry in Songnen plain (Zhao et al., 2018; He et al., 2008).

With the rapid development of industrial and agricultural production, the sources of
heavy metals in soil, including the use of pesticides, excessive application of chemical
fertilizers, industrial wastewater, bio-fats and so on (Ashraf et al., 2019), especially
phosphate fertilizer containing relatively high concentrations of cadmium, which is
different deposits varies greatly, and the overall average concentration of cadmium in
sediments is 21 mg/kg, ranging from 1 to 150 mg/kg (Roberts, 2014). Soil cadmium
pollution is a serious problem in China and is the main cause of cadmium contaminated
rice (Wu et al., 2018). According to 2014 National Soil Pollution Survey data, 16.1% of
the soil pollution sites (including agriculture and industry) exceeded the allowable limit
of the second-level soil environmental quality standards, among which heavy metal
pollution sites accounted for 82.8%. Among them, cadmium exceeded the standard by
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7.0% (He et al., 2019), and heavy metal pollution events such as “cadmium rice”,
“blood lead” and “arsenic toxin” occurred frequently, which arouse people’s great
attention to it (Zhai et al., 2019; Hwang et al., 2019; Jain and Chandramani, 2018).
Cadmium is a non-essential element for plant and human growth and one of the most
toxic heavy metal elements (Sun et al., 2018).

Into the soil of the Cd (Il) in a dynamic balance of adsorption and desorption,
because of the heterogeneity of soil surface, there are different adsorption sites,
including the binding energy of the high level and the low level. When the lower initial
concentration of exogenous Cd (I1), Cd (II) was first adsorbed on the binding energy of
high level, giving priority to with obligate adsorption, adsorption speed faster, with the
increase of initial concentration of Cd (11), obligate adsorption points gradually reduced,
Cd (1) from predominantly obligate adsorption to give priority to with non-obligate
adsorption, adsorption speed slower (Naiya et al., 2009). In general, temperature, soil
type, organic matter, and clay minerals content type and amount, iron, manganese
oxide, and calcium carbonate content are different, all can lead to different adsorption
quantity of Cd (1) in soil, which greatly influenced by the pH (Liao, 2006; Sprynskyy et
al., 2011). The adsorption capacity of heavy metal increases with the increase of pH
value. Wang (Wang, 2012) investigated 18 kinds of typical soil in China, the study
found the temperature rising in different soil types on Cd (II) adsorption capacity
increased, but instead of desorption quantity was reduced, soil showed that under the
condition of high temperature on Cd (Il) stronger adsorption ability, and difficult to
desorption. A study conducted by Yuan et al. (2019) claimed that the addition of
organic matter can effectively immobilize soil Cd (Il) at an appropriate concentration in
the environment by stimulating the reduction of primary oxidation components of soil
by microorganisms. Li et al. (2007) studied Cd (Il) in the black soil, yellow-brown soil,
yellow soil, red soil of different graded composition of cadmium adsorption effect, four
kinds of soil adsorption Cd () capacities were in the form of clay > silt > fine
sand > coarse sand.

For adsorption of soil heavy metal and saline-alkaline soil restoration work have
been reported more. In this study, we objected of the adsorption characteristics of Cd
(1) in Jilin province three different saline-alkaline soil samples and the influence of
adding biochar adsorption behavior for Cd (I1), starting from the physical and chemical
properties of saline-alkaline soil itself directly, to study the adsorption of Cd (1) in soil
potential, in order to fully understand the degree of saline-alkaline of soil Cd (II)
adsorption ability. Moreover, we studied the different pH values and the addition of
biochar to saline-alkaline soil adsorption of Cd (Il), to seek effective measures to
control soil Cd (1) environment behavior, as well as to provide a theoretical basis for
Cd (I1) saline-alkaline soil restoration.

Materials and methods
Test samples

Sampling sites were located in Da ‘an Lesheng township west 10 km shop in Jilin
province, China (45°33°4” N, 123°45°58” E). Because of terrain elevation difference
and different slope direction, this place formed a natural depression “Disk depressions”,
which subtle differences in the terrain height caused soil surface salinity distribution
unevenly, formed a different saline-alkaline degree of soil in the micro-region (Wang et
al., 2009; Martin et al., 2019). The sampling terrain was shown in Figure 1. In the “Disc
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depression” in the micro-region, sampling sites were taken the surface soil in 0-20 cm
arranged according to different contour lines and removed off the sundries such as
gravel, root plants and straw from the soil samples, then air-dried through a 100-mesh
sieve, and stored in self-sealing bags for later use.

With the increase of terrain height in different micro-regions, pH value of soil,
conductivity and total salt content gradually increased. Three test samples were
determined in three separate contour lines, which were respectively: mildly saline-
alkaline soil, moderately saline-alkaline soil, and severely saline-alkaline soil. The basic
physical and chemical properties of the soil were given in Table 1 and the water-soluble
salt content in Table 2.

N

Sampling Contour ﬁb

Figure 1. Sampling point topographic map

Table 1. Basic physical and chemical properties of the tested soil

iti 0,
. Exchangeable Na | Conductivity | Organic matters | CEC cd (“)- Composition (%6)
Soil type PH | ™ mol-kgd) (S/m) (kg |(mol-kg?|“ONCEMrAION | o\ 1 silt [sand
(mg-kg?) y

Mildly saline- | g &g 0.34 17.8 105 142 007 | 291 |21.3|496
alkaline soil

Moderately saline- | g 0.57 196 1.34 186 0.08 29.7 [32.1 [ 382
alkaline soil

Severely saline- |, jq 0.75 25.3 191 215 0.08 34.8 | 39.7| 255
alkaline soil
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Table 2. Water soluble salt content in the tested soil (g/kg)

Soil type Na* K* Ca* | Mg? | COs* |HCOs | CI SO

Mildly saline-alkaline soil 5.7 1.17 0.09 0.15 3.57 0.32 0.09 0.29
Moderately saline-alkaline soil| 7.01 2.23 0.21 0.21 8.72 1.21 0.73 0.31
Severely saline-alkaline soil | 15.02 | 3.18 0.36 0.51 7.34 1.63 1.04 0.36

Test design
Different saline-alkaline soil of Cd (I1) adsorption kinetics test

Took the sample (0.5000 +0.0005) g in a centrifuge tube, added 25 mL Cd (II)
solution with concentration of 20 mg-L™? in the background solution of 0.01 mol-L*
NaNOs(Analytical purity), oscillated the sample for 1, 5, 10, 20, 30, 60, 120, 240, 360,
480, 600, 1440 min, centrifuged for 10 min in a high-speed tabletop centrifuge of
10000 r'min™ (TDL-40B from Agilent Company in America), and then filtered. The
concentration of Cd (Il) in the supernatant was determined by the atomic absorption
spectrophotometer (TAS-990 from Pursee Company in Beijing, China).

Different saline-alkaline soil of Cd (I1) adsorption isothermal test

The sample (0.5000 + 0.0005) g was placed in a centrifuge tube, and 25 mL Cd (I1)
solution with a concentration gradient of 10, 20, 30, 50, 100, 150, 200 and 300 mg-L*
solutions were added with 0.01 mol-L* NaNOs as the background solution. The
adsorption isotherm was determined by oscillating for 24 h at a constant temperature of
25 °C (adsorption Kinetics test confirmed that adsorption saturation had been reached
for 24 h). Repeat isothermal adsorption experiments were performed at temperatures of
15 °C, 25 °C and 35 °C, to study the effect of different temperatures on adsorption.

Different pH and added biochar in saline-alkaline soil of Cd (II) absorption test

The pH of the background solution was adjusted to 3.0, 5.0, 7.0, 9.0 and 11.0 with
1 mol-LTHCI (Analytical purity) and NaOH (Analytical purity) solution. Added 0.00%,
0.5%, 1%, 3%, 5% and 10% biochar [The tested biochar is made from corn stalks that
have passed through a 20 mesh sieve. Pyrolyzed in a muffle furnace (Jiangsu Zhengfei
Electric Furnace Factory) at 500 °C for 3 h, after the end of pyrolysis, cooled to room
temperature, passed through a 100 mesh sieve)]. Kept constant temperature and shocked
for 24 h at 25 °C, and determined the concentration of Cd (1) in the supernatant.

Data processing and calculation
All experiments were repeated three times. The obtained data were calculated and
plotted by Excel 2010 and Origin 8.5.

The adsorption capacity of the solution
Equation 1 was used to measure the adsorption capacity of the solution.

(Cp—Cp IV

q, = (Eq.1)

™m
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where g is the adsorption amount of Cd (11) (mg-kg™); Co is the initial concentration of
Cd (1) (mg-LY). Ctis used to measure the concentration of Cd (ll) in the supernatant
(mg-L™1). V is the volume of Cd (1) solution (mL); m is the mass of soil or soil plus
biochar (g).

Kinetic model
Pseudo-first-order kinetic model:

q, = Qa4 (1 —e™:F) (Eq.2)
Pseudo-second-order kinetics model:

_ Qiokgt
Qr -
1+Q, kot

(Nonlinear form) (Eq.3)

Elovich model:
q. = a + blnt (Eq.4)

where g is the adsorption amount of Cd (l) at time t (mg-g™); In Equation 2, Q., 1 and
ki represent the adsorption equilibrium quantity (mg-g?) and the adsorption rate

constant (g-mgt-min) of Cd (I1) respectively. In Equation 3, szand ko represent the
adsorption equilibrium quantity (mg-g™*) and adsorption rate constant (g-:mg™*-min™?) of
Cd (I1) respectively. In Equation 4, a is the adsorption constant related to the maximum

adsorption capacity, and b is the adsorption rate coefficient, which is a measure of how
fast the reaction rate decreases with the extension of time.

Isotherm model
Langmuir model:

_ KEpamC H
9= Tigc (Nonlinear form) (Eq.5)
Freundlich model:
q. = K-C>™ (Nonlinear form) (Eq.6)

where ge is the equilibrium adsorption amount of Cd (Il) (mg-g™); gm and K is
Langmuir model parameters, representing the maximum adsorption capacity (mg-g™)
and adsorption energy (L-mg™) of Cd (ll), respectively. Kr and n are Freundlich model
parameters, representing Cd (II) adsorption capacity (mg-g? (mg-LH)Y") and
adsorption strength, respectively.

The thermodynamic model parameter calculation

K, =LV (Eq.7)

Cpm
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_ASS AR
AG® = AH® — TAS® (Eq.9)

where AG® s the standard free energy change (kJ-mol™?), AH® s the standard enthalpy
change (kJ-mol?) and AS° is the standard entropy change (kJ-mol?), Kq is the
thermodynamic equilibrium constant (mL-g'), R is the ideal gas constant R
(8.314 J-mol-K1), T is the temperature (K), the value of AH°and AS® are the slope and
intercept of InKg-T-! diagram, respectively.

Correlation coefficient significance test

Find the correlation coefficient significance test table, and then determine the degree
of freedom (n-2), where n represents the number of samples; find the value
corresponding to a0.001, a0.005, a0.01 in the test table, and the fit will be obtained. The
correlation coefficient r value is compared with a to determine the level of significance.
For example, if r > a, it is extremely significant.

Results and discussion
Study on adsorption kinetics of Cd (11) in different saline-alkaline soils

The initial concentration of Cd (I1) was 20 mg-L™, and the adsorption capacity of Cd
(1) in mildly, moderately and severely saline-alkaline soil changed with time, as shown
in Figure 2.

800 |-

i al 4
LR

600 |-

400 |-

200

mildly saline-alkaline soil
—e— moderately saline-alkaline soil
—aA— severely saline-alkaline soil

The adsorption quantity (mg/kg)

0 240 480 720 960 1200 1440 1680

Time (min)
Figure 2. Adsorption kinetics of Cd (1) in sample soil with three different saline-alkaline
stresses

The adsorption process of Cd (Il) in the three tested soil samples can be divided into
three stages: fast adsorption, slow adsorption, and equilibrium adsorption (Figure 2).
Within 0~120 min was the rapid adsorption stage, the adsorption capacity of mildly,
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moderately and severely saline-alkaline soil accounted for 92.840%, 93.941% and
94.126% of the total adsorption capacity, respectively. The adsorption rate of Cd (I1) in
the three tested samples was: severely saline-alkaline soil > moderately saline-alkaline
soil > mildly saline-alkaline soil. At the initial stage of adsorption, there were many
adsorption sites on the soil surface, and the adsorption rate was fast.

When the adsorption sites on the soil surface reached saturation, Cd (Il) was
adsorbed to the internal sites of the soil, and the adsorption rate slowed down up to a
threshold (Tsang et al., 2007; Arias et al., 2005). These interactions including different
interactions: first, surface complexation reactions which are basically inner-sphere
surface complexes of the Cd (Il) and the respective surface functional groups; second,
electrostatic interactions where the Cd (I1) form outer-sphere, complexes at a certain
distance from the surface; third, hydrophobic expulsion of metal complexes containing
highly nonpolar organic solutes, and fourth, surfactant adsorption of metal—
polyelectrolyte complexes due to reduced surface tension (Bradl, 2004).

The pseudo-first-order Kkinetic model is a single adsorption process, while the
pseudo-second-order kinetic model usually describes the chemical adsorption process,
including electron sharing and transfer (covalent bond and ion exchange) between
adsorbents and adsorbents (Ho, 2006). Elovich tends to describe a series of reaction
mechanisms such as solute diffusion at the solid-liquid interface. The adsorption
kinetics of Cd (11) in mildly, moderately and severely saline-alkaline soils were fitted by
the pseudo-first-order kinetic model, pseudo-second-order kinetic model, and Elovich
model. The fitting results were given in Table 3.

Table 3. Adsorption kinetics fitting parameters of Cd (1) in soils with three different saline-
alkaline stresses

Pseudo-first-order kinetic| Pseudo-second-order

Soil type model kinetic model Elovich model
Qe.l ki r Qe.2 Ko r a b r

Mildly saline- | 546 555 |103.094|0.828**| 594.169 | 0.001 |0.931**| 360.163| 44.615 [0.993**
alkaline soil

Moderately saline-| 5o, 6eg |111 385|0.815%* | 649.824 | 0.001 |0.938**|379.229| 50.402 |0.992**
alkaline soil

Severely saline- | ¢35 595 119.060[0.810%*| 702.594 | 0.001 |0.948%*|403.729 | 54.919 |0.991%*
alkaline soil

**Highly significant correlation (n = 12, r0.05 = 0.576, r0.01 = 0.708)

It can be seen from Table 3 that the fitting effect of pseudo-first-order dynamic
model was the worst, and the correlation coefficient r value was the minimum of 0.810-
0.828. The Elovich model had the largest correlation coefficient r value, which was
0.931, 0.938 and 0.948, respectively. However, according to the fitting model, the
equilibrium adsorption capacity of mildly, moderately and severely saline-alkaline soil
to Cd (II) was 360.163, 379.229 and 403.729 mg-kg?, respectively, which were
significantly different from the experimental values of 648.000, 696.500 and
749.000 mg-kg?, respectively. The pseudo-second-order kinetic model could better
describe the Cd (1) adsorption characteristics of the three sample soil, and the r values
of the correlation coefficients are 0.931, 0.938 and 0.948, respectively. The fitted
equilibrium adsorption capacities of 594.169, 649.824 and 702.594 mg-kg™* were closed
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to the experimental values. The pseudo-second-order kinetic model was usually used to
describe the chemical adsorption process, and it was concluded that the adsorption of
Cd (1) in the three kinds of soil was dominated by chemical adsorption (Rao et al.,
2010).

Adsorption isotherms of Cd (I1) in different saline-alkaline soils

The Cd (II) solutions of 0, 20, 30, 50, 100, 150, 200, and 300 mg-L* were added to
the mildly, moderately, and severely saline-alkaline soil, and were oscillated for 24 h at
a constant temperature of 25 °C to determine the adsorption capacity of Cd (Il), as
shown in Figure 3.

10000

8000
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4000

2000

mildly saline-alkaline soil
—e— moderately saline-alkaline soil
—a— severely saline-alkaline soil

The adsorption quantity(mg/kg)

1 . 1 . 1 . 1 . 1 . 1 .
0 30 60 90 120 150 180

Equilibrium concentration(mg-L'l)

Figure 3. Adsorption isotherms of Cd (1) in sample soil with three different saline-alkaline
stresses

It can be seen from Figure 3, with the increasing of Cd (Il) concentration, three kinds
of soil on Cd (II) adsorption quantity also promoted, Table 1 showed that three of the
pH value of the soil samples were 8.68, 9.42, 11.08, respectively, all belong to saline-
alkaline soil. Due to Cd (1) hydroxide insoluble in water, after the Cd (lI) into the soil
and water mixture, Cd (1) with OH" formed hydrated metal ions in the solution or
hydroxide precipitation, the model was as follows:

cd* + 2H,0 = Cd(OH), | +2H* (Eq.10)

With the increasing concentration of Cd (1) ions, Eq.10 reaction continued to the right,
and the hydroxide precipitation of Cd (Il) continues to be generated (Wang et al., 2019),
which showed that the adsorption capacity of soil to Cd (Il) gradually increased. At the
same concentration of Cd (lIl), the adsorption capacity of Cd (1) in the three tested soil
was: severely saline-alkaline soil > moderately saline-alkaline soil > mildly saline-
alkaline soil. When the concentration of Cd (Il) in the equilibrium solution was 0-50
mg-L?, the slope of the adsorption isotherm was large, that meaning the adsorbed amount
of Cd (I1) in the three soils increased rapidly with the increasing of Cd (Il) concentration.
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When the equilibrium concentration of Cd (1) was greater than 50 mg-L?, the slope of
the adsorption isothermal curve gradually decreased, and the maximum adsorption
capacity of the three kinds of soil reached 1798.803, 1909.739 and 2083.779 mg-kg™,
respectively. That was, the change range of the adsorption capacity of Cd (Il) reduced
until it finally reached adsorption saturation. Since obligate adsorption was dominant in
the region with low adsorption capacity, most Cd (II) may be adsorbed at high energy
sites, and the adsorption speed was fast. After reaching a certain saturation, obligate
adsorption sites gradually decreased, and Cd (Il) changed from obligate adsorption to
non-obligate adsorption, with a slower adsorption speed (Hu et al., 2010).

The adsorption isotherms of mildly, moderately and severely saline-alkaline soil to
Cd (I1) was fitted by Langmuir and Freundlich models, and the fitting parameters were
shown in Table 4.

Table 4. Adsorption isotherm parameters of Cd (Il) on three different soils with saline-
alkaline stress

. Langmuir parameter Freundlich parameter
Soil type
Om Ku r n Kr r
Mildly saline-alkaline soil 9573.048 0.021 0.963** | 553.913 | 1.924 | 0.907**

Moderately saline-alkaline soil | 12046.321 0.026 0.941** | 787.720 1.940 | 0.907**
Severely saline-alkaline soil 13248.917 0.032 0.938** | 958.990 1.947 | 0.867**

**Highly significant correlation (n = 8, r0.05 = 0.707, r0.01 = 0.834)

As can be seen from Table 4, Langmuir model was used to better fit the adsorption
process of Cd (1) of the three soil samples, and the correlation coefficient r values were
0.963, 0.941 and 0.938 respectively. The K. value in the Langmuir model represents the
adsorption affinity constant (Xie et al., 2019), and the larger K. was, the better the
adsorption effect. In the adsorption process of Cd (I1) in the three soils, K. values were
0.021, 0.026 and 0.032, respectively, all of which were greater than zero, indicating that
the adsorption reaction could be spontaneous at room temperature. The Kr value in the
Freundlich model represents the adsorption capacity of Cd (I1). The higher the Kr value
is, the stronger the adsorption capacity is. The Kg values in the three kinds of saline-
alkaline soil were 553.913, 787.702 and 958.990, respectively, which were consistent
with the conclusion obtained in the Langmuir model that was: severely saline-alkaline
soil > moderately saline-alkaline soil > mildly saline-alkaline soil. The n value in the
Freundlich model can represent the adsorption strength, and the larger n value is, the
stronger the adsorption strength will be (Ma et al., 2015). The n values of the three
kinds of soils were 553.913, 787.720 and 958.990, respectively, indicating that the
severely saline-alkaline soil had more and more complex energy adsorption sites.

Study on adsorption thermodynamics of Cd (11) in different saline-alkaline soil

Within the test temperature range (15, 25, 35 °C), thermodynamic fitting parameters
of Cd (II) adsorption in mildly, moderately and severely saline-alkaline soil was shown
in Table 5.

It can be seen from Table 5 that, with the increasing of temperature, the adsorption
capacity of three kinds of soil to Cd (1) gradually increased, and the adsorption capacity
of severely saline-alkaline soil was the largest. The Langmuir model had the best fitting
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effect on Cd (Il) adsorption in the three soil, and the correlation coefficient r was
greater than 0.915. The higher the temperature was, the more favorable it was for Cd
(I1) adsorbed on the soil surface to diffuse into the particles, for the transformation of
the outer complex to inner complex, and for the transformation of thermodynamically
unstable combination to stable combination (Xie et al., 2019). According to the different
temperature adsorption capacity, can calculate the 3 different saline-alkaline soil
adsorption thermodynamic parameters of AH°, AG® and AS°, AG® on behalf of the
reaction is a spontaneous or spontaneous reaction, AH®on behalf of the reaction is an
endothermic or exothermic reaction, AS® representative is an orderly or disorderly
reaction, the thermodynamic parameters as shown in Table 6.

Table 5. Thermodynamic models for adsorption of Cd (1) at different temperatures

. Temperature T Langmuir parameter Freundlich parameter
Soil type o

(°C) Om KL r n Ke r
_ _ 15 9427.858 | 0.018 | 0.960** | 475.065 | 1.860 | 0.909**
Mildly saline- . o

lkaline soil 25 9573.048 | 0.021 |0.963** | 553.913 | 1.924 | 0.907
35 13820.899 | 0.018 |0.915** | 594.036 | 1.711 | 0.863**
Cerately sali 15 10195.745 | 0.023 | 0.955** | 647.129 | 1.963 | 0.894**
Moaf;:ﬁigssgi;”e' 25 12046.321| 0.026 |0.941** | 787.720 | 1.940 | 0.870**
35 14591.058 | 0.023 |0.970** | 743.431 | 1752 | 1.323**
o el 15 10568.180 | 0.029 |0.956** | 802.741 | 2.054 | 0.887**
Se{;{i;iz;gﬂe' 25 13248917 | 0.032 |0.938** | 958.990 | 1.947 | 0.867**
35 14799.801 | 0.032 |0.937** | 978.863 | 1.846 | 0.874**

**Highly significant correlation (n = 8, r0.05 = 0.707, r0.01 = 0.834)

Table 6. Thermodynamic parameters of Cd (1) in three sample soil

Soil type Temp(eorca)t“re T AG (kI'mol?) | AH (kJ-mol?) | AS (J-mol™-K™?)

15 -21.773

Mildly saline-alkaline soil 25 -23.404 9.554 0.109
35 -25.036
15 -22.084

Moderately saline-alkaline soil 25 -23.707 9.080 0.108
35 -25.330
15 -22.223

Severely saline-alkaline soil 25 -23.828 8.588 0.107
35 -25.433

It can be seen from Table 6, experimental design temperature 15 °C, 25 °C and 35 °C
range, three kinds of soil AG® values are less than zero, the adsorption process is
spontaneous, and with the increasing of temperature, AG° gradually became smaller, the
higher the temperature of three kinds of soil Cd (II) adsorption spontaneous stronger;
Three kinds of soil reaction enthalpy changing AH®° were positive, suggests that Cd (1)
in three kinds of soil adsorption process was endothermic reaction; AS® greater than
zero, which indicated that adsorption process was disorderly.
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Effect of pH on Cd (11) adsorption in soil

pH is one of the most important factors affecting soil adsorption and desorption of
Cd (I1) (Li et al., 2013). In the pH range of the test (3.0~11.0), the adsorption of Cd (1)
by mildly, moderately and severely saline-alkaline soil was shown in Figure 4.

800

mildly saline-alkaline soil
Il moderately saline-alkaline soil
(I severely saline-alkaline soil

700 |

600 [

500 -

The adsorption quantity(mg/kg)

400

pH

Figure 4. Effect of different pH values on adsorption of Cd (l1) in three sample soil

It can be seen from Figure 4 that, with the initial pH of the background adsorption
solution increasing, the adsorption capacity of the three tested soil to Cd (II) first
increased and then decreased. When the pH of the background solution was 7.0, the
adsorption capacity of Cd (Il) was the largest, and the adsorption capacity of mildly,
moderately and severely saline-alkaline soil to Cd (ll) was 643.344 mgkg?,
691.604 mg-kg™ and 754.728 mg-kg™, respectively. According to different adsorption
mechanisms, pH may mainly affect Cd (I1) adsorption by affecting the hydrolysis of Cd
(1), the exchange between Cd (I1) and H*, the type of adsorption surface, the adsorption
surface charge, and the distribution coefficient of Cd (1) in the competitive system.
There was a close relationship between pH and Cd (Il) adsorption (Adhikari et al.,
2003). When pH was low (pH < 7), Cd (1) was subject to competitive adsorption of H,
with a small amount of adsorption (Xie et al., 2019). With the increase of initial pH,
OH- increased, while the competitive adsorption of H* decreased and the adsorption of
Cd (I1) increased. At a high pH (pH >7.0), there were a large number of surface
functional groups such as sialons, inorganic hydroxyl groups and organic functional
groups in the soil, which had negative charges with -OH functional groups that broke
the bond with the side and adsorbed with Cd (Il) to form inner ring compounds,
increasing the adsorption capacity of Cd (Il) (Bradl, 2004).

Effect of adding biochar on Cd (11) adsorption

Biochar is a kind of porous, stable, carbonaceous and highly aromatic solid material
obtained by pyrolysis of biomass under hypoxic or anaerobic conditions (Bashir et al.,
2018), which has abundant functional groups. The effects of different biochar additions
on Cd (Il) adsorption capacity were shown in Figure 5.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):315-329.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1801_315329
© 2020, ALOKI Kft., Budapest, Hungary



Ma et al.: Study on the Cd (1) adsorption characteristics of different saline-alkaline soils in western Jilin Province, China
-326 -

900 -

(o]

(S

o
T

800 -

750

[

700 |- mildly saline-alkaline soil

—e— moderately saline-alkaline soil
—4A— severely saline-alkaline soil

The adsorption quantity (mg/kg)

650

1 A 1 A 1 A 1 A 1 A 1
0.00 0.01 0.02 0.03 0.04 0.05

Biochar content /g

Figure 5. Relationship between the addition of biochar and pH on adsorption of Cd (Il) in three
sample soil

It can be seen from Figure 5 that, with the increasing of biochar quantity, the
adsorption capacity of mildly, moderately and severely saline-alkaline soil to Cd (II)
gradually promoted. Due to the high content of organic matter in biochar, organic
matter will react with Cd (Il) to form stable complexes (Van Poucke et al., 2018).
Surface complexation (inner- and outer-sphere) forms multiatom structures with unique
metal-functional groups interactions, playing a predominant role in adsorption of heavy
metals onto biochar. For example, heavy metals can be effectively bound by
complexation with the carboxyl, phenolic and lactonic functional groups in biochar
(Yang, 2019). The addition of biochar will increase the content of organic matter in the
three kinds of soil, thus increasing the adsorption capacity of Cd (Il). Among them,
mildly saline-alkaline soil organic matter content was the lowest, so the increase of
adsorption to Cd (I1) was the largest, increasing by 21.605%. The three soil tends to be
saturated when the biochar content reaches a certain level.

Conclusion

This study examined the kinetics, adsorption isotherm of three different saline-
alkaline soil and two environmental parameters (pH and addition of biochar) on Cd (I1).
Our results indicated the following: (1) The adsorption process of Cd (II) in three
different saline-alkaline soil showed a trend of first fast and then slow. The pseudo-
second-order kinetic model had a better fitting effect on adsorption kinetics. (2) The
adsorption capacity of Cd (Il) was: severely saline-alkaline soil > moderately saline-
alkaline soil > mildly saline-alkaline soil and the adsorption capacity gradually
increased with the increase of Cd (Il) concentration. The Langmuir model fitted the
adsorption isotherm well. (3) The adsorption of Cd (Il) by saline-alkaline soil was a
spontaneous, disordered and heat-absorbing reaction under the test temperature 15 °C,
25 °C, and 35 °C.(4) Cd (Il) adsorption effect of three soil was the best when pH was
7.0 between 3.0 and 11.0. (5) With the addition of biochar, the adsorption of Cd (1) in
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sample soil was increased, and which in mildly saline-alkaline soil promoted most
significantly.

Our research demonstrated the importance of temperature, pH and organic matter in
controlling the environmental behavior of cadmium in saline-alkaline soil. For example,
Cd content in the same area saline-alkaline soil in summer will be lower than the same
year winter, especially severely saline-alkaline soil areas, considering adding the
biochar to increase soil organic matter content, reducing the content of Cd in soil, or
adopting dripping irrigation technology to decrease the soil pH around the crop root,
reducing Cd in the soil solution and thus reducing crop uptake Cd. As a result, the
investigation of saline-alkaline soil’s characteristics will improve the saline-alkaline soil
restoration technology which is a benefit to the environment and human health. Hence,
there have two methods to recover saline-alkaline soil: one of it is to adjust pH in soil to
neutral to remove heavy metal. In addition, its perspective to research environmental-
friendly adsorbents like biochar with more active sites, lower energy cost and could
recycle wastes as stalks.
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