
Introduction

Methylene blue (MB) is a cationic dye of 
phenothiazine salt widely used as a chemical indicator, 
dye, biological stain, and drug manufacturing [1, 2]. 

In developing countries, the production of dyestuffs 
is steadily increasing every year. The textile, 
pharmaceutical, leather, food processing, cosmetic 
and coating industries discharge more than 800,000t 
of various dyestuff wastewater annually, accounting 
for about 10% to 15% of the total [3]. Without proper 
treatment, these toxic, mutagenic, and carcinogenic 
dyes can harm the environment and marine life and 
seriously threaten human health [4, 5]. For example,  
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Abstract

A low-cost modified soybean straw activated carbon (M-SSAC) adsorbent was prepared from 
soybean straw for the methylene blue (MB) adsorption from dye wastewater. The effects of pH, 
adsorbent dosage, initial MB concentration, and adsorption time on the adsorption of MB were 
investigated by response surface methodology (RSM), and the experimental conditions were optimized. 
The results showed that the adsorbent dosage had the most significant effect on the adsorption capacity 
of MB adsorbed by M-SSAC. The best adsorption effect was achieved at pH 6.6, an adsorbent dosage 
of 0.05 g, an initial MB concentration of 190 mg/L, and an adsorption time of 110 min, with an average 
adsorption capacity of 41.96 mg/g and an error of 1.19% from the predicted value. This result indicated 
that the optimized adsorption conditions based on the response surface method are accurate and 
reliable. Compared with the Freundlich model, the Langmuir model was more suitable for modeling the 
adsorption of MB by the M-SSAC. The adsorption process was consistent with Pseudo-second-order 
kinetics, and the thermodynamic calculations showed that the adsorption process was a spontaneous 
heat absorption process. The results suggest that M-SSAC is a promising adsorbent for effectively 
removing MB dye from wastewater.
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the accumulation of MB in wastewater can cause 
adverse effects on human health, such as breathing 
difficulties, vomiting, eye burns, diarrhea, and nausea 
[6]. Therefore, removing dyes from wastewater is 
essential to protect the environment and human health.

Dye wastewater is usually treated by physical 
and chemical methods such as membrane filtration, 
photocatalytic degradation, flocculation, oxidation, 
biological treatment, and conventional adsorption [7-
10]. Adsorption is a method of using porous solids to 
adsorb some or several pollutants in sewage to recover 
or remove these pollutants so that the sewage can 
be purified. Among many dye wastewater treatment 
technologies, adsorption is considered one of the best 
treatment methods due to its good treatment effect, ease 
of operation, and high recoverability [11, 12].

Biomass adsorbent is a vital material widely used in 
chemical separation, industrial adsorption, wastewater 
treatment, and soil remediation. Its preparation of raw 
materials is mainly based on agricultural and forestry 
solid waste, which is of great importance for protecting 
the environment and saving resources [13, 14]. China 
has a wide soybean cultivation area and abundant 
soybean straw resources. As an agricultural waste, 
soybean straw contains about 48.7% cellulose, 12.7% 
hemicellulose, 27.12%~36.98 % lignin, and 2.90% 
ash [15]. Cellulose and hemicellulose contain mainly 
oxygen-containing functional groups, such as carboxyl, 
hydroxyl, ether, and carbonyl [16]. Lignin is a highly 
polymerized phenolic polymer with reactive groups 
such as aromatic groups, phenolic hydroxyl groups, and 
conjugated double bonds in the molecular structure [17]. 
Soybean straw has the advantages of high fixed carbon 
content, volatile components, and low ash content 
with a well-developed honeycomb pore structure with 
strong adsorption properties. Soybean straw is easy 
to be modified and chemically modified, making it an 
excellent raw material for the preparation of adsorbents 
[18]. Miao et al. studied the removal of phenol by 
soybean straw, the results showed that the maximum 
monolayer adsorption capacity of phenol achieved  
278 mg/g, and the value of RL was found to be below 
1.0, indicating that the soybean straw activated carbon 
was favorable for phenol adsorption [19]. 

Therefore, this paper prepared modified soybean 
straw activated carbon (M-SSAC) by charring in a 
muffle furnace with sodium hypochlorite and ultrasonic 
activation using soybean straw as raw material.  
The effects of solution pH, adsorbent dosage, initial MB 
concentration, and adsorption time on the adsorption 
value of MB were investigated by Box-Behnken 
Design in response surface method (RSM), and the 
optimized preparation conditions were obtained. The 
adsorption isotherm, adsorption kinetics, and adsorption 
thermodynamics were used to analyze the adsorption 
process of M-SSAC on MB under the optimized 
conditions to provide some reference for improving 
the utilization of soybean straw and MB wastewater 
treatment.

Materials and Methods

Preparation and Activation of Adsorbent

The soybean straw used in this study was purchased 
from Heze City, Shandong Province. Before use, the 
soybean straw was washed five times with tap water 
to remove impurities, and then the soybean straw was 
rinsed thoroughly with distilled water and dried at 105ºC 
for 24 h until constant weight. Weigh 30 g of sieved 
soybean straw into a tube furnace and pass nitrogen 
as a protective gas for charring, holding at 500ºC  for  
60 min, controlling the temperature increase rate of  
5ºC/min. Will well-charred charcoal powder into a 
beaker, add a concentration of 1 mol/L of sodium 
hypochlorite 100 mL, ultrasonic acid leaching for  
40 min, and finally washed with distilled water to pH 7. 
The washed soybean straw was dried at 105ºC  for 24 h 
until constant weight. Finally, the dried soybean straw 
was cruhed, and sieved with a 200 mesh sieve to obtain 
a particle size of about 75 μm modified soybean straw 
powder.

RSM Design
 
The experiments were conducted using DesignExpert 

8.0.6 for the Box-Behnken Design of RSM. The four 
influencing factors: solution pH (5.5~7.5), adsorbent 
dosage (0.05~0.15 g), initial MB concentration  
(100~200 mg/L), and adsorption time (20~100 min) 
were selected as independent variables for a four-factors, 
three-levels response surface analysis test. A quadratic 
regression was performed with the adsorption capacity 
of MB as the response value to obtain the optimized 
adsorption conditions. The influencing factors and 
values are shown in Table 1.

Adsorption Isotherm Test

A series of 50 mL conical flasks were filled with 
25 mL of MB solutions at concentrations of 20 mg/L, 
60 mg/L, 100 mg/L, 150 mg/L, 200 mg/L, 250 mg/L, 
300 mg/L, and 400 mg/L, respectively. The 0.05 g of 
M-SSAC was added at three temperatures of 288, 298 K 
and 308 K, respectively, in a water bath shaker at  
120 r/min for an adsorption isotherm study.

Table 1. Experimental factors and levels.

Factors
Levels

-1 0 +1

A pH 5.5 6.5 7.5

B Adsorbent dosage (g) 0.05 0.10 0.15

C Initial MB concentration (mg/L) 100 150 200

D Adsorption time (min) 20 70 120
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Adsorption Kinetic Test

A series of 50 mL conical flasks were filled with 
25 mL of MB solution at a concentration of 200 mg/L, 
followed by 0.05 g of soybean straw, and shaken at  
120 r/min in a water bath shaker at 25ºC . Samples were 
taken at 5, 10, 20, 30, 50, 70, 90, 120, 150, 180, and  
240 min for the adsorption kinetics study, respectively.

Analysis Method

The concentration of MB was determined using  
a UV-VIS spectrophotometer (DR3900, Hach, USA) at 
a maximum wavelength of 470 nm. Design Expert 8.0.6 
and origin 2022 were used for experimental design, 
parameter determination of regression equations, and 
response surface plotting.

Calculation

In this experiment, the adsorption performance of 
M-SSAC was evaluated using the adsorption capacity of 
MB as an index. After the adsorption experiment, the 
conical flask was quickly removed and passed through a 
0.45 μm filter membrane. The absorbance was measured 
at 470 nm with a UV-VIS spectrophotometer. The 
remaining concentration of MB was calculated from 
the standard curve to calculate the adsorption amount qt 
with the following Eq. (1):

                         (1)

Where qt is the amount of MB adsorbed at moment 
t, mg/g; C0 is the initial concentration of MB solution, 
mg/L; Ct is the concentration of MB at moment t, mg/L; 
V is the volume of MB solution, L; m is the mass of 
M-SSAC, g.

Results and Discussion

Optimization of Adsorption Conditions

Response Surface Model and Significance Test

The response surface experimental design and  
the results of the response values are shown in  
Table 2. To investigate the effects of pH, adsorbent 
dosage, initial MB concentration, and adsorption 
time on the removal of MB by the M-SSAC, the 
data were subjected to multiple regression analysis  
using Design Expert. The fitted model results were 
subjected to ANOVA, while significance tests were 
conducted for each factor using F values. The resulting 
multiple quadratic regression equation is shown  
in Eq. (2).

Y = 32.58 + 2.90A-4.17B + 2.89C + 2.42D 
+ 0.25AB-0.094AC-0.40AD-0.29BC + 0.0 071BD
 + 0.26 CD-8.64A2 + 0.53B2 + 0.77C2 + 0.43D2    (2)

The positive coefficients of variables A, C, and D in 
Eq. (2) indicated that they all caused an increase in the 
response value, and the negative coefficients of variable 
B indicated that it caused a decrease in the response 
value. The model regression results showed that the 
F value was 190.91, and the signal-to-noise ratio was 
30.33, which was much higher than 5, indicating that 
this regression model was significant. The R2 and adj 
R2 of Eq. (2) were 0.9944 and 0.9892, with p<0.0001, 
indicating that the empirical model could better reflect 
the experimental data and the experimental error was 
small, and the adsorption test conditions could be 
optimized.

As shown in Table 3, the effects of A, B, C, D, and 
A2 on Y values were significant (p<0.0001), the effects 
of pH, adsorbent dosage, initial MB concentration, 
adsorption time, and the square of adsorbent dosage 
were significant. In contrast, the effects of other 
influencing factors were not significant. In addition, 
the sum of squares of different influencing factors in 
Table 3 also showed that the order of influence on the 
adsorption capacity of MB by M-SSAC was: adsorbent 
dosage>pH>initial MB concentration>adsorption 
time. The interaction between the four factors was not 
apparent, and the squared effect of adsorbent dosage 
was noticeable.

Response Surface Model Analysis
 
The three-dimensional response surface plots and 

contour plots of the effect of pH, adsorbent dosage, 
initial MB concentration, and adsorption time on the 
adsorption capacity of MB by the M-SSAC are shown in 
Fig. 1. It could be seen that the MB adsorption capacity 
increased with the increase in adsorption time and then 
stabilized. With the increase of the initial concentration, 
the MB adsorption capacity showed an increasing trend. 
As the adsorbent dosage of the M-SSAC increased, the 
MB adsorption amount gradually decreased. With the 
increase in pH, the adsorption capacity of M-SSAC 
on MB increased and then decreased. Because MB 
is a cationic dye, at low pH, the adsorption capacity 
increased as the electrostatic gravitational force between 
the M-SSAC and MB increased with the increase in pH 
[20]. At higher pH values, the electrostatic repulsion 
between MB and the M-SSAC increased, so the 
adsorption capacity increased and then decreased with 
increasing pH.

Optimization Validation

The optimal adsorption conditions for MB 
adsorption by the M-SSAC adsorbent were obtained 
using Design-Experts 8.0.6 software, combined with the 
regression model, the optimum adsorption conditions 
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of the M-SSAC for MB were obtained: the pH was 
6.6, the adsorbent dosage was 0. 05 g, the initial MB 
concentration was 190 mg/L, and the adsorption time 
was 110 min. The capacity of MB adsorption by the 
M-SSAC under the optimal adsorption conditions was 
42.83 mg/g. To test the reliability of the adsorption 
capacity obtained by the response surface method, 
three validation tests were carried out under optimal 
adsorption conditions. The results showed that the 
average adsorption capacity of the M-SSAC for MB was 

41.96 mg/g under the optimal adsorption conditions, with 
an error of 1.19% from the predicted value, indicating 
that the optimized adsorption conditions based on the 
RSM were accurate and reliable.

Adsorption Isotherm

The initial concentration of MB was selected 
from 20 to 400 mg/L, the dosage of M-SSAC was 2.0 
g/L, and the pH of the original MB solution was 6.6.  

Table 2. Experimental design and adsorption capacity analysis.

Numbers
Actual values Coded values Measured value Y 

(mg/g)
Predicted value 

(mg/g)A B C D A B C D

1 6.5 0.15 150 120 0 1 0 1 32.95 32.25

2 7.5 0.10 150 20 1 0 0 -1 41.94 40.29

3 6.5 0.10 100 20 0 0 -1 -1 34.50 33.59

4 5.5 0.10 100 70 -1 0 -1 0 28.63 28.31

5 7.5 0.10 150 120 1 0 0 1 23.63 23.03

6 6.5 0.10 100 120 0 0 -1 1 32.05 31.48

7 6.5 0.05 150 20 0 -1 0 -1 35.65 36.00

8 6.5 0.10 200 120 0 0 1 1 28.56 29.32

9 6.5 0.10 150 70 0 0 0 0 30.88 31.47

10 6.5 0.05 100 70 0 -1 -1 0 30.70 30.91

11 5.5 0.10 200 70 -1 0 1 0 26.72 27.27

12 6.5 0.10 150 70 0 0 0 0 24.95 24.95

13 5.5 0.10 150 120 -1 0 0 1 32.32 33.17

14 7.5 0.15 150 70 1 1 0 0 39.35 39.44

15 5.5 0.10 150 20 -1 0 0 -1 19.63 19.60

16 6.5 0.15 200 70 0 1 1 0 33.70 33.96

17 7.5 0.05 150 70 1 -1 0 0 31.87 32.00

18 6.5 0.10 150 70 0 0 0 0 24.51 24.87

19 5.5 0.15 150 70 -1 1 0 0 25.71 26.56

20 6.5 0.15 100 70 0 1 -1 0 17.39 17.83

21 6.5 0.05 200 70 0 -1 1 0 40.18 40.82

22 5.5 0.05 150 70 -1 -1 0 0 32.44 32.24

23 6.5 0.15 150 20 0 1 0 -1 32.33 31.80

24 6.5 0.10 150 70 0 0 0 0 26.74 26.68

25 6.5 0.10 150 70 0 0 0 0 33.16 32.22

26 6.5 0.10 200 20 0 0 1 -1 25.64 25.04

27 7.5 0.10 200 70 1 0 1 0 32.81 32.08

28 6.5 0.05 150 120 0 -1 0 1 33.05 32.28

29 6.5 0.10 150 70 0 0 0 0 24.16 23.29

30 7.5 0.10 100 70 1 0 -1 0 18.38 17.81
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gradually with the increase in temperature, which 
indicated that the warming was beneficial to the 
adsorption of MB and that the adsorption process 
was a heat absorption process. Compared with the 
Freundlich model, the Langmuir model was better 
fitted. The correlation coefficients R2 obtained by fitting 
the Langmuir model at different temperatures ranged 
from 0. 9849 to 0. 9722, indicating that the Langmuir 
adsorption isotherm model could better simulate  
the adsorption of M-SSAC on MB. The adsorption 
of MB by the M-SSAC occurs on the surface of the 
adsorbent as a single molecular layer adsorption 
[21]. The MB molecule is adsorbed by the M-SSAC  
and will be uniformly arranged at each adsorption  
site, and surface adsorption plays a prominent role 
throughout the adsorption process [22]. In addition, 
KF in Freundlich model increased with adsorption 
temperature, that is, the adsorption capacity increased 
with adsorption temperature, indicating that the 
adsorption process was a heat absorption process.

Adsorption Kinetics

For ease of calculation, the initial MB concentration 
was 200 mg/L (pH = 6.6), and the concentration of 
M-SSAC was 2.0 g/L. The effect of adsorption time  

The adsorption equilibrium was achieved by shaking 
the MB solution in a thermostat water bath for 120 min 
to investigate the effects of temperature (288, 298,  
308 K) and initial MB concentration. The two adsorption 
isotherm equations’ linear and nonlinear expressions are 
shown in Eq. (3) and Eq. (4), respectively.

                         (3)

                          (4)

where qe is the equilibrium adsorption quantity, mg/g; 
Ce is the equilibrium concentration of the solution, 
mg/L;  qm is the saturation adsorption capacity, mg/g; 
KL  is the Langmuir adsorption constant, L/mg; KF is the 
Freundlich constant, indicating the adsorption capacity; 
n is the Freundlich constant, indicating the adsorption 
strength. When 1/n is between 0 and 1, the adsorption 
process is easy, and when 1/n > 1, the adsorption process 
is not easy. 

Figs 2 and 3 show the adsorption isotherms of the 
M-SSAC on MB at different temperatures, and the 
related results are shown in Table 4. It could be seen 
that the adsorption of MB by the M-SSAC increased 

Table 3. Response surface model results and significance analysis.

Source Sum of Squares Df Mean Square F Value P value (Prob>F)

Model 1048.88 14 74.92 190.91 <0.0001***

A 100.88 1 100.88 257.07 <0.0001***

B 208.26 1 208.26 530.69 <0.0001***

C 100.06 1 100.06 254.98 <0.0001***

D 70.41 1 70.41 179.41 <0.0001***

AB 0.25 1 0.25 0.63 0.4409

AC 0.04 1 0.04 0.09 0.7679

AD 0.65 1 0.65 1.65 0.2188

BC 0.33 1 0.33 0.84 0.3752

BD 0.00 1 0.00 0.00 0.9821

CD 0.28 1 0.28 0.71 0.4120

A2 512.21 1 512.21 1305.22 < 0.0001***

B2 1.93 1 1.93 4.92 0.0424*

C2 4.04 1 4.04 10.29 0.0059**

D2 1.26 1 1.26 3.20 0.0939

Residual 5.89 15 0.39

Lack of fit 5.06 10 0.51 3.05 0.1148

Pure error 0.83 5 0.17

Cor total 1054.77 29

Notes: *significant at P<0.05; **significant at P<0.01; ***significant at P<0.0001.
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on the adsorption process of MB at different 
temperatures was investigated. The Pseudo-first-order 
and Pseudo-second-order kinetic models were selected 
to fit the experimental data. The fitted equations are 
shown in Eq. (5) and Eq. (6), respectively. 

                        (5)

                              (6)

Where t is the adsorption time, min; qe is the 
adsorption of M-SSAC at equilibrium, mg/g; qt is 
the adsorption of M-SSAC at time t, mg/g; k1 is the 
rate constant for Pseudo-second-order kinetics, min-1; 
k2 is the rate constant of Pseudo-second-order kinetics, 
g/(mg·min).

The results are shown in Fig. 4, Fig. 5, and Table 5. 
As shown in Table 5, when the Pseudo-first-order kinetic 
model was fitted, although the correlation coefficients 
were above 0.94, the qe,cal (theoretical value of qe) was 
much lower than the actual value, indicating that the 
Pseudo-first-order kinetic model was not suitable for 

Fig. 1. Three-Dimensional Response Surface Plots and Contour Plots for the Four Influencing Factors. a) A-B, b) A-C, c) A-D, d) B-C, 
e) B-D, f) C-D.
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describing the process of MB adsorption by M-SSAC. 
When the Pseudo-second-order kinetic model was fitted, 
the correlation coefficients were higher compared to the 
Pseudo-first-order kinetic model, basically above 0.99, 
indicating that chemisorption plays a decisive role in the 
adsorption of MB by M-SSAC, and that this adsorption 
process may involve valence forces between dye 

molecules and soybean straw using shared or exchanged 
electrons [23]. In addition, qe,cal is close to the measured 
value, indicating that the Pseudo-second-order kinetic 
model can well describe the adsorption process of 
M-SSAC on MB. The values of k2 and qe,cal increased 
with the increase of adsorption temperature, verifying 
that the adsorption process is a heat absorption process.

Adsorption Thermodynamics

Adsorption thermodynamic parameters of the 
M-SSAC on MB adsorption processes, such as Gibbs 
free energy (∆G0, kJ/mol), enthalpy change (∆H0, 
kJ/mol) and entropy change (∆S0, J/(mol·K)), can be 
calculated from Eq. (7)~(9).

                             (7)

                     (8)

                      (9)

Where Cad and Ce are the amount of MB in 
M-SSAC and solution at adsorption equilibrium (mg/g), 
respectively; R is the ideal gas constant, 8. 314 J/(mol·K); 
T is the absolute temperature, K; K is the partition 
coefficient.

Fig. 2. Nonlinear fitted curves with isotherm models of MB by 
the M-SSAC.

Fig. 3. Linear fitted curves with isotherm models of MB by the M-SSAC. a) Langmuir, b) Freundlich.

Table 4. Parameters of isotherm model at different temperatures.

Temperature/K
Langmuir Freundlich

Qm (mg/g) KL(L/mg) R2 KF n R2

288 47.45 0.0089 0.9849 2.80 0.4407 0.9248

298 59.29 0.0081 0.9728 3.00 0.4624 0.8976

308 62.62 0.0083 0.9722 3.27 0.4586 0.8919
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The results of the thermodynamically relevant 
parameters are calculated as shown in Table 6.  
The value of ΔG<0, indicating that the process of MB 
adsorption by M-SSAC proceeds spontaneously. As the 
temperature increased from 288 K to 298 K and 308 K, 
ΔG0 increased from -11.28 kJ/mol to -12.26 kJ/mol and 
-12.89 kJ/mol accordingly, indicating that increasing Fig. 6. Scanning electron micrographs of the M-SSAC.

Temperature
(k)

∆G0

(kJ/mol)
∆H0

(kJ/mol)
∆S0

(kJ·mol-1K-1)

288 -11.28
10.53 0.8085298 -12.26

308 -12.89

Fig. 5. Linear fitted curve with dynamic adsorption models of MB by the M-SSAC a) Pseudo-first-order, b) Pseudo-second-order.

Fig. 4. Nonlinear fitted curve with dynamic adsorption models of 
MB by the M-SSAC.

Table 5. Adsorption kinetic parameters of MB by M-SSAC.

Temperature /K
Pseudo-first-order Pseudo-second-order

qe,cal (mg/g) k1
(min-1) R2 qe,cal (mg/g) k2

(g·mg-1·min-1) R2

288 27.78 0.0168 0.9465 42.55 0.00051 0.9897

298 32.87 0.0170 0.9722 50.56 0.00056 0.9906

308 31.67 0.0178 0.9681 53.22 0.00076 0.9969

Table 6. Thermodynamic parameters for the adsorption of MB 
by the M-SSAC.
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the temperature favored the adsorption process [24]. 
The value of ΔH was10.53 kJ/mol, indicating that the 
adsorption process absorbed heat and increasing the 
temperature favored the adsorption, which is consistent 
with the adsorption isotherm study. The value of ΔS 
was 0.8085 kJ/( mol·K), indicating an increase in the 
degree of freedom of the solid-liquid surface during 
the adsorption of MB by the M-SSAC [25]. The above 
results indicated that the adsorption of MB by the 
M-SSAC proceeds spontaneously, accompanied by an 
increase in the energy of the system.

SEM Analysis

The surface of the M-SSAC was found to be highly 
microporous and fragmented in texture in combination 
with SEM image (Fig. 6). From the morphology of the 
char particles in Figure 6, it was found that the char 
particles showed a fragmented fracture pattern and 
formed depressions inside. This is due to the catalytic, 
oxidizing and dehydrating functions of sodium 
hypochlorite, which can promote the pyrolysis of 
cellulose during the carbonization process and escape 
in the form of CO and water vapor, resulting in the 
formation of fragmented fissures [26]. This asymmetric 
surface and open pore structure gives M-SSACA a rich 
specific surface area.

Conclusions

(1) The results of the response surface 
optimization showed that the significant factors 
affecting the adsorption capacity of the M-SSAC 
for MB were adsorbent dosage>pH>initial MB 
concentration>adsorption time, and the values of pH 
and initial MB concentration were close to each other. 
The optimal adsorption conditions for the adsorption 
capacity of M-SSAC on MB predicted by the response 
surface method were: the pH was 6.6, the adsorbent 
dosage was 0. 05 g, the initial MB concentration was 
190 mg/L, and the adsorption time was 110 min. Under 
these conditions, the average adsorption capacity of the 
M-SSAC on MB was 41.96 mg/g.

(2) The Langmuir model was more suitable than 
the Freundlich model for simulating the adsorption 
equilibrium test data at three different temperatures 
of 288 K, 298 K, and 308 K. At 308 K, the maximum 
adsorption capacity calculated by the Langmuir 
adsorption isotherm model was 62.62 mg/g.

(3) The kinetics of MB adsorption by the M-SSAC 
adsorbent was consistent with the Pseudo-second-order 
kinetic model, and the thermodynamic calculations 
indicated that the adsorption reaction of the M-SSAC 
on MB was spontaneous and the adsorption process was 
heat absorption.

 (4) The current research often focuses on the 
adsorption of MB by the adsorbent. Further research 
should deepen the material analysis and adsorption 

mechanism analysis of the M-SSAC on the one hand and 
consider the influence of complex components on the 
adsorption effect in the actual wastewater on the other 
hand. 
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