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Abstract: The present review has in attention the valorisation of the sewage sledge from the wastewater 

treatment plants, as this represents a major concern for the public health and the environment. Its processing for the 
obtaining of the sludge-based biochar can be further used for the removal of some pollutants from the environment. The 
possibility to use the sludge-based biochar for the removal of heavy metals and of organic pollutants is presented.  
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INTRODUCTION  
The wastewater treatment plants (WWTPs) are 
receiving the sewage from different sources and 
might comprise water that carries wastes 
discharged from the residential, industrial and 
commercial establishments. The by-product of 
the WWTPs is the sewage sludge a biosolid 
(Turek et al., 2019) that is covered by a number 
of European legal acts that are focusing on the 
environmental and water protection, waste 
management and soil fertilization (E.C. 
Directive).   
As a result of the population growth, the amount 
of produced sewage sludge is in a continuous 
increase, and as a consequence the efficiency of 
the treatment processes in the WWTPs is in a 
permanent improvement (Spanos et al., 2016; 
Tytła, 2018). 
The composition of the sludge may consist of 
high concentrations of hazardous components. 
The main sources of heavy metals in the 
wastewaters are industrial and domestic 
activities, including the pharmaceuticals and 
cleaning products that are intentionally or 
accidentally discharged (Duan et al., 2018; 
Rizzardini and Goi, 2014). 
Depending on the chemical composition of the 
wastewater and processes that are used in the 
WWTPs, the quality of the sewage sludge might 
differ. In general, the sludge from the residential 
wastewater might be rich in heavy metals and 

metalloids (Houhou et al., 2009; Vardhan et al., 
2019).  
The accumulated heavy metals in the sewage 
sludge are representing a serious problem for the 
environment because of their accumulation in 
the soil, and as a consequence the surface and 
groundwater can be subsequently contaminated. 
Ultimately, the crops and the food chain might 
be containing amounts of heavy metals that 
might have a negative impact on the animal and 
human health (Feizi et al., 2019; Tytła et al., 
2016).  
A report elaborated for the European 
Commission shows that by 2020 the total 
amount of produced sewage sludge at the level 
of EU27 is going to be around 13047000 tonnes 
of dry solid. Out of this amount about 44% is 
going to be recycled to the land, 32% will be 
incinerated and about 7% for landfill (Milieu 
Ltd, 2008).  
As the biggest amount of the sewage sludge is 
intended for the use of land fertilization, the 
composition plays an important role. The 
highest concentration is represented by the 
organic matter and biogenic compounds, which 
play a special role in the growth of the plants 
(Zhang et al., 2017). Unfortunately, beside the 
necessary compounds, the content in heavy 
metals (chromium, copper, lead, nickel, 
mercury, and zinc) (Tytła et al., 2016) might 
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have a negative impact on the environment and 
on the animal and human health.  
 
CONTENT OF HEAVY METALS IN THE 
SEWAGE SLUDGE 
Considering the provenience of the wastewater 
and the various anthropogenic activities the load 
in heavy metals of the sewage sludge is high. 
According to the work of Gawlik (Gawlik, 
2012), the results are presented in Table 1. 
Table 1. The range of heavy metals contained by the 
sewage sludge from the European Union countries 
(Gawlik, 2012). 

Trace 
metal 

Range of 
determined 
values in EU 

countries 

Unit 

Al 0.1-60 % 
Ag 0.1-14.7 mg/kg DM 
As 5.6-56.1 mg/kg DM 
Ba 41.5-579.9 mg/kg DM 
Cd 0.3-5.1 mg/kg DM 
Co 1.5-16.7 mg/kg DM 
Cr 10.8-1542.2 mg/kg DM 
Cu 27.3-578.1 mg/kg DM 
Fe 0.2-14.9 % 
Hg 0.1-1.1 mg/kg DM 
Mn 75.2-959.7 mg/kg DM 
Mo 1.7-12.5 mg/kg DM 
Ni 8.6-310.0 mg/kg DM 
Pb 4.0-429.8 mg/kg DM 
Se 3.4-53.6 mg/kg DM 
Ti 65.2-1070.9 mg/kg DM 
V 2.3-135.4 mg/kg DM 
Zn 0.0-0.1 % 

*DM-dry matter 
 
The presence of heavy metals in the sewage 
sludge might be an inconvenient, but for the 
obtaining of the sewage sludge biochar their 
negative impact on the environment can be 

reduced if the combustion is performed at low 
temperatures, cases when some of the metals are 
transformed in stable forms and their leaching 
from the biochar is prevented (Ahmad and 
Alam, 2016). 
  

OBTAINING BIOCHAR FROM 
SEEWAGE SLUDGE 
For the mitigation of the risks associated with 
the presence of the heavy metals in the sewage 
sludge used as fertilizer in the agriculture were 
proposed a number of methods (Frišták et al., 
2018; Hei et al., 2016; Herzel et al., 2016; 
Kominko et al., 2019; Meng et al., 2018; Suciu 
et al., 2015; Thomsen et al., 2017; Vogel et al., 
2020; Wang et al., 2019c). 
Recently, a huge interest was paid to the 
obtaining of the biochar based on the sewage 
sludge (Barry et al., 2019; Yin et al., 2019). An 
important advantage of using the biochar 
obtained from this raw material is that the heavy 
metals that are present in the sewage sludge will 
be in a stable form in the biochar, fact that will 
make the use of the biochar less aggressive in 
environmental application (Zielińska and 
Oleszczuk, 2015). Biochar can be described as a 
porous carbonaceous solid material that is 
obtained from residual biomass through slow 
pyrolysis (temperature range 450-650°C) under 
limited oxygen conditions (Colantoni et al., 
2016; Mian et al., 2019; Thomsen et al., 2017; 
Xue et al., 2019). The main advantage of the 
biochar is that is an efficient adsorbent which is 
low-cost and can be produced from a large 
variety of biomass materials, including the 
sewage sludge. The sludge-based biochar was 
proven to have chemical stability with low metal 
leaching, that has the advantage to be recyclable 
and cost-effective (Mian et al., 2019; Wang et 
al., 2019b). The steps for the production of 
biochar are schematically represented in Figure 
1.  
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Figure 1. Steps for biochar production from sewage sludge. 
 
Regarding the thermal processing of the pre-
treated biomass, the most used methods are: 
pyrolysis, microwave digestion and 
hydrothermal carbonization. 
Pyrolysis can be performed at temperatures 
between 100°C and 800°C in the presence of 
argon or nitrogen as control gases of the 
pyrolysis. Thereafter, the solid residues can be 
treated with acidic solutions for the increase of 
the specific surface area and porosity (Tu et al., 
2014). 
Use of the microwave digestion it usually 
implies three sequential steps: (i) impregnation 
of the sewage sludge with an acidic solution; (ii) 
chemical activation with a solution of 
KOH/KCl, and (iii) post-calcination (Gu et al., 
2017). 
Hydrothermal carbonization is performed at 
temperatures in the range of 150-250°C, and a 
pressure of 1.5-2.5 Ba for a retention time that 
might vary between 1 and 24 h (Zhang et al., 
2018). 

In comparison with the physicochemical 
properties of the sewage sludge, the properties 
of the sludge-based biochar need improvements 
that can be obtained by improving the 
carbonization conditions and/or by a post-
treatment (chemical or physical) 
In general, for improved characteristics of the 
surface and catalytically active sites of the 
engineered biochar, are used advanced synthesis 
methods (Mian and Liu, 2019).  
 

APPLICATIONS OF SEWAGE SLUDGE 
BASED BIOCHAR 
Most of the applications that are using the 
sludge-based biochar are focusing on the 
removal of some pollutants from the 
environment (Mian et al., 2019; Regkouzas and 
Diamadopoulos, 2019; Wang and Wang, 2019; 
Wang et al., 2019a; Xue et al., 2019; Zhang et 
al., 2019). Some environmental applications of 
the sludge-based biochar are presented in Table 
2.  
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Table 2. Applications of the sludge-based biochar for the removal of some contaminants. 
 

Contaminant Adsorption capacity Method for biochar preparation Reference 
Heavy metals 

Lead 

51.20 mg/g anaerobic digestion sludge under 
pyrolysis temperature of 600°C 

(Ho et al., 2017) 
126.40 mg/g (Ni et al., 2019) 

116.20 mg/g 
pyrolysis of sewage sludge by 
electromagnetic induction, at 

500°C 
(Xue et al., 2019) 

Cadmium 

0.44 mmol/g anaerobic digestion sludge under 
pyrolysis temperature of 600°C (Ni et al., 2019) 

97.30 mg/g 
pyrolysis of sewage sludge by 
electromagnetic induction, at 

500°C 
(Xue et al., 2019) 

Organic pollutants 
2,4-Dichlorophenol 3.88 mg/g 

Anaerobic pyrolysis of sewage 
sludge at 500°C 

(Regkouzas and 
Diamadopoulos, 2019) 

2,3,4-
Trichlorophenol 1.32 mg/g 

Bisphenol A 24.89 mg/g 
Carbamazepine 761.10 mg/g 
Androsterone 0.006 mg/g 

Estrone 92.21 mg/g 
17a-Ethinylestradiol 0.011 mg/g 

Methylene blue 376.9 mg/L 

Thermal decomposition at 800°C 
of sewage sludge (SS) and 

different ratios of nanoparticles 
(NPs: Fe and Ti) impregnated with 

chitosan 

(Mian and Liu, 2019) 

 
 
As shown in Table 2, the biochar obtained 
through different methods from the sewage 
sludge can be successfully used for the removal 
of some contaminants from the environment. 
Nevertheless, the efficiency of using the sludge-
based biochar for the removal of some 
contaminants is promising and can be further 
considered for real environmental samples. 
  
 
CONCLUSIONS  
The biochar obtained from the sewage sludge is 
proving to be a good candidate for the removal 
of some pollutants from the environment. It was 
shown that the pyrolysis of the sewage sludge it 
will lead to biochars that can be used for the 
adsorption of some heavy metals or organic 
pollutants from different samples.  
Future work should consider the optimization of 
the pyrolysis temperature, as this parameter 
plays an important role in the physical properties 
of the biochar as well as on the number of 
catalytic sites that allow a better adsorption 
capacity. 

A special attention should be also paid to the use 
of other materials mixed with the sewage sludge 
for the obtaining of a biochar with improved 
properties as promising materials for 
environmental remediation. 
Unfortunately, most of the studies were 
performed under laboratory conditions, so that 
further studies should be considered for the 
extension of the sludge-based biochar for in-
field use.  
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