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Abstract 
Sewage sludge is the promising raw material for biosorbent preparation. In this work, we eva-
luated the heavy metals adsorption characteristics of alkali treated sewage sludge (ATSS) by equi-
librium studies. The adsorption isotherms were fitted with Langmuir and Freundlich models. 
Comparing with untreated sewage sludge, the total adsorption capacity (qm) of ATSS (prepared 
with 0.125 mol/L NaOH) for Cd, Pb, Ni, increased by 0.51, 0.70 and 0.32 mmol/g, respectively. 
When the NaOH concentration for ATSS preparation increased from 0.125 mol/L to 0.25 mol/L, 
the qm of ATSS for Pb decreased from 1.05 mmol/g to 0.84 mmol/g. However, when the NaOH con-
centration increased from 0.25 mol/L to 7.5 mol/L, it showed increasing trend. According to the IR 
spectra data, the adsorption effect of biosorbent for heavy metals was mainly due to the complex-
ation of -N-H groups and -COOH groups. 
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1. Introduction 
Sewage sludge is an unavoidable by-product of wastewater treatment plants. The costs associated with sludge 
treatment and disposal can reach 50% of wastewater treatment plants costs [1]. Thus, techniques allowing sludge 
reduction and resource utilization are increasing studied. Many studies have shown that sewage sludge can ad-
sorb substantial quantities of heavy metals in solution [2]-[4]. The biosorbent prepared with sewage sludge can 
remove heavy metals from wastewater by complex mechanisms including surface complexation with negatively 
charged biopolymers, ion exchange and physical adsorption [5]-[7]. These mechanisms are influenced by bio-
sorbent components and operational conditions: pH, temperature, hydraulic residence time [8], sludge age [9], 
feed C/N ratio [10], dissolved organic matter [11], etc. 

One of the major problems limiting the real application of biosorbent is that its adsorption capacity for heavy 
metals is relative low. The heavy metal adsorption capacity of biosorbent made from sewage sludge ranges from 
0.01 to 0.38 mmol/g [6] [7] [12], it is lower than the commercial adsorbent [13]. The relatively low adsorption 
capacity of biosorbent means that more biosorbent should be used in order to insure the removal efficiency of 
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heavy metals in wastewater, and it may produce more wasted biosorbent loaded with heavy metals. Therefore, 
novel preparation method should be developed in order to improve the adsorption capacity of biosorbent. 

The alkali treatment was previously studied as the pretreatment method for sewage sludge anaerobic digestion 
[14] [15], it was proved to be an effective way to enhance the efficiency of biological hydrolysis of sewage 
sludge and increase methane production [15]-[17]. In addition, it was studied as extraction technique to recover 
useful organic material (protein, carbohydrates, etc) from sewage sludge [18]-[20]. The alkali treatment can de-
stroy the cell walls of bacteria in sewage sludge leading to the solubilization of extracellular and intracellular 
materials into the aqueous phase. Thus, for sewage sludge, the alkali treatment is possible to enhance the heavy 
metal adsorption capacity by release of its intracellular complexation sites and chemical modification of func-
tion groups. However, to our best knowledge, the adsorption capacity of sewage sludge treated with alkali solu-
tion has not been studied. Therefore, the purpose of this study was to investigate the heavy metals adsorption 
capacity of alkali treated sewage sludge by equilibrium experiments. Furthermore, the effect of alkali concentra-
tion for treatment on adsorption capacity was evaluated as well. 

2 Materials and Methods 
2.1. Materials 
The sewage sludge was obtained from a municipal wastewater treatment plant in Beijing, China. The sewage 
sludge was collected after mechanical dewater treatment, stored in refrigerator at −18˚C before use. Main cha-
racteristics of sewage sludge are listed in Table 1. 

2.2. Methods 
2.2.1. Preparation of Alkali Treated Sewage Sludge 
The alkali treated sewage sludge was prepared with NaOH solution of various concentration (range from 0.125 - 
7.5 mol/L). Sewage sludge of 25.0 g (approximate dry weight 4.48 g) was added into conical flask containing 
100 mL NaOH solution. The suspension was agitated on a shaker at 100 r/min at 35˚C for 12 h. Then, to remove 
soluble part, the mixture was centrifuged at 6000 × g for 20 min. The solid after centrifugation was collected, 
added into deionized water and repeated the centrifugation process for twice in order to remove the dissolved 
impurities and residual NaOH. The final pellet left was suspended in deionized water, neutralized with nitric ac-
id solution, diluted to 100 ml with deionized water, and stored at 4˚C before use. This suspension was the alkali 
treated sewage sludge used in this study. 

2.2.2. Adsorption Equilibrium Experiment 
Heavy metal adsorption onto alkali treated sewage sludge was evaluated with three typical metals in wastewater: 
Cadmium (Cd2+), nickel (Ni2+), and lead (Pb2+). All stock solution containing heavy metal were prepared by 
dissolving heavy metal nitrate salts in deionized water. The pH of heavy metals working solution were adjusted 
to 5.0 using 0.1 mol/L NaOH solution and 0.1 mol/L nitric acid solution in order to prevent precipitation of 
heavy metals. 

Equilibrium sorption experiments were conducted by adding 10 mL biosorbent to 90 ml heavy metal solution. 
The mixture was agitated on a rotary shaker at 150 rpm at 25˚C for 24 h. Then the mixture was centrifuged at 
6000 × g for 20 min, and the supernatant was filtered with cellulose nitrate membrane (0.45 μm pore size). The 
filtrate was acidified with concentrated nitric acid and stored at 4˚C before analysis. Blanks without biosorbent 
were run simultaneously as control. All experimental were run in triplicate. The heavy metals concentration 
were measured with inductively coupled plasma-atomic emission spectrometry (ICP-AES).  

Adsorption experimental data were fitted to the models of Langmuir and Freundlich (Equations (1) and (2), 
respectively). 
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where Ce (mmol/L) is the heavy metal ions concentration at equilibrium, qe (mmol/g) is the amount of adsorbed 
metal ions per unit dry weight of biosorbent, qm (mmol/g) is the total adsorption capacity of adsorbent. KL, KF  
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Table 1. Main characteristics of sewage sludge. 

Property/element Sewage Sludge 

Dry matter (wt%) 17.9 

Carbon (wt%d) 28.1 

Hydrogen (wt%d) 4.2 

Oxygen (wt%d) 17.9 

Nitrogen (wt%d) 3.8 

P (wt%d) 1.2 

Sulfur (wt%d) 0.8 

Calcium (wt%d) 3.5 

Magnesium (wt%d) 5.1 

drepresents dry weight element composition. 
 
and n are the isotherm constants. 

The adsorption capacity (qe) was calculated as Equation (3). 
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where Co (mmol∙L−1) is the initial heavy metal concentration of working solution, Ce (mmol∙L−1) is the equili-
brium concentration of heavy metal, V1 (L) is the volume of working solution, V2 (L) is the volume of biosorbent 
suspension, m (g) is the dry weight of biosorbent contained in biosorbent suspension. The value of m is meas-
ured for every kind of biosorbent suspension. 

3. Results and Discussion 
3.1. Adsorption Isotherms of Alkali Treated Sewage Sludge 
Equilibrium sorption studies were performed to explore heavy metal adsorption capacity of the biosorbent. The 
adsorption isotherms for sewage sludge and alkali treated sewage sludge were shown in Figure 1 and Figure 2, 
respectively; qe represented the amount of metal ion adsorbed per unit weight of biomass and Ce represented the 
metal ion concentration remaining in solution at equilibrium. 

The initial pH value was 5.0 for all working solutions in order to prevent precipitation of heavy metals, the pH 
was not controlled during the equilibrium experiment. The final pH of heavy metal working solution after ad-
sorption was in the range of 5.9 - 6.3 (results are not given). According to previous study [22], at the pH range 
of 6, Pb2+ accounts for about 98.6% of total lead, Cd2+ and Ni2+ accounts for 100% of total cadmium and total 
nickel, respectively. Thus, the precipitation of heavy metal ions can be neglected in the adsorption process. 

For both alkali treated sewage sludge and sewage sludge, the Langmuir model yielded a little better fit than 
the Freundlich model (Table 2), and the good agreement with experimental data suggests that monolayer ad-
sorption existed for the experiment, which is consistent with adsorption process between heavy metals and other 
biosorbent such as sugar beet pulp [23], dried activated sludge [24]. In addition, comparing with sewage sludge, 
the qm value of alkali treated sewage sludge for Cd, Pb, Ni, increased by 0.51, 0.70 and 0.32 mmol/g, respec-
tively. The higher qm value of alkali treated sewage sludge indicates that the maximum heavy metal adsorption 
capacity of sewage sludge was significantly enhanced by alkali treatment. 

For alkali treated sewage sludge, qm and KL values followed the order: Pb2+ > Cd2+ > Ni2+. This trend indicates 
the bonding affinity of alkali treated sewage sludge to heavy metals is in the order of Pb2+ > Cd2+ > Ni2+. 

3.2. Effect of Alkali Concentration on Adsorption Capacity of Sewage Sludge 
The alkali treatment can significantly enhance the heavy metal adsorption capacity of sewage sludge, and the  
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Figure 1. Heavy metals biosorption isotherms for sewage 
sludge. Date points are the average of triplicate bottles and the 
error bars represent standard deviation. 

 

 
Figure 2. Heavy metals biosorption isotherms for alkali treated 
sewage sludge (prepared with 0.125 mol/L NaOH). Date points 
are the average of triplicate bottles and the error bars represent 
standard deviation. 

 
Table 2. Heavy metals adsorption isotherms parameters for sewage sludge prior to and after alkali treatment (prepared with 
0.125 mol/L NaOH). 

 Langmuir model Freundlich model 

adsorbent adsorbate qm (mmol∙g−1) KL (L∙mmol−1) R2 n KF (mmol∙L−1/n∙L1/n∙g−1) R2 

Sewage sludge 

Cd2+ 0.25 1.17 0.986 3.25 0.35 0.962 

Pb2+ 0.35 3.50 0.982 0.44 2.68 0.936 

Ni2+ 0.20 0.52 0.991 0.21 2.15 0.984 

Alkali treated sludge 

Cd2+ 0.76 21.14 0.993 0.80 3.50 0.947 

Pb2+ 1.05 35.09 0.970 1.07 4.69 0.929 

Ni2+ 0.52 3.18 0.992 0.55 2.04 0.990 

 
effect of NaOH concentration for alkali treatment on lead adsorption capacity was studied, as shown in Figure 3. 

For all biosorbent prepared with different NaOH solution, the equilibrium data were well described with 
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Langmuir model as shown in Table 3, which was consistent with previous study. The principal components in 
sewage sludge are polysaccharides and proteins. Alkali treatment (mainly NaOH) is an effective carbohydrate 
and protein extraction method. NaOH ionizes charged groups in proteins and polysaccharides [18]. The ionized 
functional groups of protein and polysaccharides, such as amino group, hydroxyl group, carboxyl group, com-
plexes with heavy metals. Thus, comparing with sewage sludge before treatment, the qm value of treated sewage 
sludge prepared by 0.125 mol/L NaOH solution increased by 0.7 mmol/g. However, when the NaOH concentra-
tion increased from 0.125 mol/L to 0.25 mol/L, the qm of biosorbent decreased from 1.05 mmol/g to 0.84 
mmol/g. This trend may be due to that the NaOH solution with higher concentration hydrolyzed and disinte-
grated part of protein and polysaccharides in treated sewage sludge [25]. Nevertheless, when the NaOH concen-
tration continued to increase from 0.25 mol/L to 7.5 mol/L, the qm values of treated sewage sludge showed in-
creasing trend. This increasing trend indicates that the NaOH solution with higher concentration leads to the hy-
drolysis of bacteria cell of sewage sludge [26]. Then, more intracellular complexation sites expose to heavy 
metals. 

3.3. Functional Groups Analysis 
The IR spectra obtained from sewage sludge prior to and after alkali treatment (Figure 4) were used to analysis 
the presence of main adsorption functional groups. For alkali treated sewage sludge prior to lead adsorption, the 
peak at 1657 cm−1 was attributed to the stretching vibration of C=O and C-N groups. The peak at 1562 cm−1 was 
due to the N-H bending vibration and C-N stretching vibration. These groups above were the characteristics 
spectra of protein. The peak at 1416 cm−1 was assigned to the stretching vibration of C=O and deformation vi-
bration of OH. The peak at 1014 cm−1 was attributed to the stretching vibration of OH. 

Comparing with the IR spectra of alkali treated sewage sludge prior to and after Pb2+ adsorption, the peak 
shapes were similar, and no new adsorption peak was observed. It indicated that the material structure did not 
change after Pb2+ adsorption. After Pb2+ adsorption, the peak at 1570 cm−1 was moved for 20 cm−1 toward infra- 
 

 
Figure 3. Adsorption isotherms of Pb2+ for biosorbent treated 
with NaOH solution of different concentration. 

 
Table 3. Pb2+ adsorption isotherms parameters for various alkali treated biosorbent. 

 Langmuir model Freundlich model 

adsorbate qm (mmol∙g−1) KL (L∙mmol−1) R2 n KF (mmol∙L(1−1/n)∙g−1) R2 

0.125 mol/L NaOH treated 1.05 35.09 0.970 1.07 4.69 0.929 

0.25 mol/L NaOH treated 0.84 22.81 0.986 0.85 4.81 0.927 

2.5 mol/L NaOH treated 1.00 33.27 0.983 1.01 5.08 0.917 

7.5 mol/L NaOH treated 1.17 35.48 0.981 1.20 3.98 0.932 
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Figure 4. IR spectra of untreated sewage sludge and alkali 
treated sewage sludge. 

 
red region, it was due to the complexation of Pb2+ and N-H group. In addition, the peak at 1408 cm−1 was moved 
for 32 cm−1 toward infrared region, it was due to Pb2+ binding with -COOH group. Thus, the main function 
groups works in the heavy metal adsorption process was N-H group and COOH group. These IR spectra data 
were similar to results of various activated samples obtained by Laurent et al. [12] [21]. 

4. Conclusion 
The alkali treatment is an effective biosorbent preparation method to improve the maximum adsorption capacity 
of sewage sludge. The alkali treated sewage sludge achieved 1.6 - 2 fold higher adsorption capacity than un-
treated sewage sludge. The bonding affinity of alkali treated sewage sludge to heavy metals was in the order of 
Pb2+ > Cd2+ > Ni2+. The increase of heavy metal adsorption capacity was due to the complexation effect of more 
ionized functional groups formed in the alkali treatment. Furthermore, the alkali treatment leads to hydrolysis of 
bacteria cell of sewage sludge, and make more intracellular complexation sites expose to heavy metals. Further 
work is being conducted to determine the suitable operational conditions for usage of alkali treated sewage 
sludge. 
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