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A prediction model for equilibrium adsorption capacity of the saline soil in the
estuary region of Yangtze River
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In order to study the changes of water and salt in the estuary region of Yangtze River, the composition and the
proportion of the salt in Yinyang and Daxing were determined by long-term monitoring. To understand the relationship
between the salt in the soil and in external solutions in these areas, adsorption experiments of the soil samples in Yinyang
and Daxing at different concentrations (0~10g/L) were carried out. The adsorption capacity of the soil in these areas is
negative, which means that the soils in these areas are mainly desorbed in solutions with concentrations in the range of
0~10g/L. It is found that these soils are well described by using the Freundlich linear isothermal formula. The fitting
formula provides a kind of guidance for future production practice.
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INTRODUCTION

Adsorption is a process in which the solute is
transferred from a liquid phase to a solid surface by
ion exchange, while desorption is the opposite
process in which the ions of a substance in the solid
phase enter the liquid phase [1]. Adsorption reduces
the concentration of the substance in the solution and
desorption increases its concentration in the solution.
Adsorption and desorption are two opposite
processes of the same chemical function, so they can
share the same predictive model.

The adsorption process is extremely complex and
has important theoretical significance and
application value [2-5]. Since the 1970s, scholars at
home and abroad have done a lot of researches on
solute adsorption characteristics of saturated soil and
unsaturated soil, and established the corresponding
adsorption model. The most commonly used
adsorption models are Langmuir adsorption model
and Freundlich adsorption model [6-12]. The
adsorption and desorption of solute are mainly
related to the concentration of solute in the solid
phase and in the liquid phase. The mathematical
expression of the reaction concentration relation is
the adsorption mode. However, because of the
complexity of the adsorption process, many
problems are still unclear. So it is impossible to
accurately construct the expression of the whole

adsorption process. Researchers usually use
empirical expressions to describe the adsorption
progress.

The Freundlich adsorption model belongs to the
linear isothermal adsorption formula, which has the
advantages of a smaller number of parameters and a
better effect [13-15]. So the Freundlich adsorption
model was chosen to determine the parameters of the
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saline soil in the Changjiang estuary, which can
reduce the workload of adsorption experiments and
provide some guidance for production practice.

STUDY AREA

The estuary region of Yangtze River covers up to
Anhui Datong and down to the Subaqueous Delta
front. The full length is around 700 km. There is
northern subtropical monsoon climate in this area,
which has long sunshine time and abundant rainfall.
Rainfalls are mainly concentrated from May to
September, which accounts for more than 60% of the
annual rainfall. From February to June and in
September, the rainfall is larger than the evaporation,
which decreases the salt content in the soil. In the
other months, evaporation is higher than the rainfall,
which increases the salinity of the soil. The solute
concentrations in the soil are in a dynamic change
process.

In order to study the change of water and salt in
the estuary region of Yangtze River, the Yinyang
town and Daxing town in Jiangsu province were
monitored. The distance between Yinyang and the
estuary region of Yangtze River is 4 km. The
distance between Daxing and the estuary region of
Yangtze River is 22 km. The monitoring surface
directions are nearly north-south and perpendicular
to the river dike or parallel to the adjacent river.
There are 3 monitoring points from south to north at
a distance from the river embankment of 200 m, 500
m and 1000 m, respectively (Fig. 1). The salt content
of soil was determined by a salt sensor every five
days and the water salinity of the Yangtze river was
determined by a conductivity meter every five days.
The chemical composition (eight ions) of soil salt
content was determined twice a year in May and
October, respectively.
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Fig. 1. Layout of monitoring section

EXPERIMENTAL

Based on the measured results of the water and
salt in the estuary region of Yangtze River, the
groundwater is composed of HCO*, CI-, SO4*, K*,
Na*, Ca?*, Mg?*. Therefore, according to the
proportion of these 8 ions the solution was
configured to simulate the impact of groundwater on
soil adsorption. The chemical composition of the
solution is shown in Table 1.

After drying and filtering the soil of Yinyang and
Daxing, 100 g samples of soil were added into wide-
mouth bottles. According to the soil:water ratio of
1:0.5 (close to saturated water content), then 50 mL
of solutions of concentration of 0 g/L, 0.5 ¢g/L, 1 g/
L, 2 g/L, g/L, 6 g/L, 10 g/L were added to the soils
under stirring with glass rods. The wide-mouth
bottles should be placed in a room with a small
temperature change after capping the lid. The
solution concentration was measured after the
adsorption reached the equilibrium.

According to the previous data [13], the solution
adsorption can achieve equilibrium in 20 days.
Therefore, the samples were allowed to stay for 20

Table 1. Chemical composition of solution

days, and then the soil solution was centrifuged out.
The concentration of the solutions was determined
by conductivity method (Table 2). The conductivity
and solution concentration were fitted (Fig. 2).
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Fig. 2. Relationship between conductivity and
solution concentration..

The empirical formula of conductivity and
solution concentration is as follows:

c=0.6209Ec-0.2282 R=0.998 (1)

In this formula, c is solution concentration (g/L), Ec
is electrical conductivity (mS/cm). The adsorption
capacity of salt in soil can be calculated by formula

().
S — w(cg+cq1—C) (2)

m

In this formula, S is the amount of salt adsorbed by
the soil, that is, the quantity of salt adsorbed by the
dry soil of the unit mass (g/kg); ® is the volume of
the solution (in this study is 50 ml); m is the soil
sample mass (in this study is 100 g); c is the
concentration of the soil solution when it is balanced
(9/L); c0 is the concentration of soil solution when
adding distilled water (solution concentration is 0
o/L and c1 is the concentration of the added solution
(050/L,19/L,2¢9/L,4¢9/L,60/L,10¢g/L). When S
is positive, it indicates that the soil sample has
adsorbed salt from the solution. When S is negative,
it indicates that the salt in the soil sample desorbs
into solution.

Cheml_cgl Molgcular Proportional/m 100 mmol/L 10g/L massg  10L mass concentration 10g/L
composition weight mol mass g

CaCl, 110.99/2 10 0.555 0.9609 9.609
Na2SO4 142.04/2 10 0.7102 1.2295 12.295

MgCl 0.712 1.2335
(6H0) 2083172 15 (15248)  (2.6398) 26.398

NaCl 58.4/2 65 3.4986 6.5761 65.761

5.776 10
Total 100 (6.5886) (11.4063) 114.063

Note: The data in brackets are the quality plus 6H-0.

Table 2, Conductivity of solution at different concentrations
c (g/L) 0 0.5 1 2 3 4 5 6 7 8 9 10
Ec (10°mS /cm) 0.005 1.010 1.910 3.920 5.165 7.230 8.400 10.53011.76513.12514.34016.400
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Table 3. Results of adsorption experiments

Preparation of solution

: g/L 0 0.5 1 2 4 6 10
concentration ¢

Yinyang c(g/L) 3252 3786 4398 5524 7.710 9.849 13.835

S(g/kg) 0.000 -0.017 -0.073 -0.136 -0.229 -0.299  -0.292

Daxing c(g/L) 0311 0.845 1482 2510 4832  6.953 11.293

S(g/kg) 0.000 -0.017 -0.086 -0.099 -0260 -0.321 -0.491
The dry soils of Yinyang and Daxing were The desorption amount of Yinyang and Daxing
respectively added to seven different concentrations soil sample is linearly related to solution

of solutions. Every specimen has a parallel sample,
and the experimental results were obtained by the
arithmetic average value. The results of the
adsorption experiment are shown in Table 3.

The saline soil adsorption amounts s of Yinyang
and Daxing are negative, indicating that the saline
soils in these areas mainly desorbed in the solutions
of 0~10 g/L concentration. The amount of desorption
increases as the solution concentration increases.
The increasing rate of desorption of the saline soil in
Daxing is greater than in Yinyang.

MODEL

The concentration of soil solution was tested
compared with the concentration of soil solution
when distilled water was added. So the desorption
amount of the soil sample should be subtracted from
the value in the distilled water when the data are
collated. The adsorption amount of salt in the
solution was fitted with the solution concentration

(Fig.3).
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Fig. 3. Relationship between desorbed quantity and
solution concentration

concentration, which conforms to Freundlich linear
isothermal adsorption formula. The linear model of
soil in Yinyang area is S=-0.0484c, R=0.99. The
linear model of soil in Daxing is S=-0.0471c,
R=0.99. Both of them fit well with Freundlich linear
isothermal adsorption formula.

CONCLUSION

(1) In this paper, the salinity changes of two
observation points (Yinyang and Daxing) in the
estuary region of Yangtze River were observed for
*a long time, and the main composition and
proportion of salt in the area were obtained.

(2) The adsorption experiment of the soil in
Yinyang and Daxing area was carried out, and the
adsorption of the soil was calculated by conductivity
method. The adsorption amount of the soil in the
0~10g/L solutions of Yinyang and Daxing area are
negative, which indicates that the soil in 0~10g/L
solution is the desorption process in this area.

(3) The adsorption models of saline soil in
Yinyang area and Daxing area fit Freundlich linear
isothermal adsorption formula well
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MO/JEJI 3A IIPEJICKA3BAHE HA PABHOBECHOTO AJJCOPEMPAHO
KOJIMYECTBO OT COJIEHA TIOYBA B ECTYAPHATA OBJIACT HA PEKA
SIHII3E
A. Illao, I11. Yanr', JI. Cyn

T'EO ynusepcumem na Xebeti, Xebeti, Kumaii

[Moctbnuna Ha XX ¢espyapu 2017, Kopurupana na XX arnpui 2017
(Pesrome)

3a u3yuaBaHe HAa NMPOMECHUTE BHB BOJATa M COJICHOCTTA B €CTyapHara oOiacT Ha peka SIHIBe ca mpocieleHd
JUBJITOCPOYHO CHCTABBT U CHOTHOIIEHUETO HA CONUTE B pailoHuTe Ha rpajoBere MHaHT u JlakcuHr. 3a ycTaHOBsIBaHE Ha
BpB3KaTa MEX/y ChIbPKAHHETO HA COJ B MI0YBATa U BbB BOJMTE B TE€3W PAfOHM Ca MPOBEICHH aJCOPOIIMOHHH OTUTH C
nouBeHr 1pobu or MusHr u Jlakcuur mnpu pasinunynd komenrtpanud (0~10¢/L). AmcopOLHMOHHHAT KamalMTeT Ha
MOYBHTE B Te3W PaliOHM € HEraTMBEeH, KOETO O3HayaBa, 4ye TEe3HM MOYBH OCHOBHO ce JecopOupaT B Pa3TBOPHUTE C
KoHIeHTpanus B obiactta or 0~10¢/L. YcraHOBEeHO e, 4e Te3u MOYBH Ce OMMCBAT H00pe C JIMHeHHaTa H30TepMHa
¢dopmyina na Freundlich. Tasu ¢popmysa gaBa ocHOBa 3a ObJIeIa TPOU3BOACTBEHA TPAKTHKA.
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