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ABSTRACT 
 

This study was conducted to evaluate the effect of sewage sludge (SS), sewage sludge compost 
(SSC) and sewage sludge Biochar (Sewchar, SC) on the heavy metal content and its fractions. The 
preparation of sewage sludge compost, Sewchar and incubation study were done in Completely 
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Randomized Block Design. The study was conducted at the College of Agriculture, Department of 
Soil Science and Agricultural Chemistry, Vellayani, Thiruvananthapuram, India. Experimental 
method was employed to study the effect of composting and pyrolysis on the total, available and 
heavy metal fractions. Sewage sludge compost was prepared by using sewage sludge, sawdust 
and zeolite in the ratio 50: 30: 20 and for the adjustment of pH 2.5 kg flyash was used. Sewchar 
was prepared through the process of slow pyrolysis at a temperature of 400℃ for 2 hours using the 
muffle furnace. An incubation experiment was conducted by using different ratios of sewage sludge 
Biochar, sewage sludge and sewage sludge compost and maintained at field capacity for 180 days. 
The experimental results showed that conversion of sewage sludge to Sewchar causes the 
enrichment of total nutrients (except N) and heavy metals in them. Total Cd and Cr in the sewchar 
increased (Cd – 10.80 mg kg-1 and Cr – 113.20 mg kg-1) during the pyrolysis process and a 
reduction during the composting (Cd – 5.41 mg kg-1 and Cr – 47 mg kg-1) process was observed. 
Composting and pyrolysis decreased the available Cd and Cr content in the incubation soil 
compared to the sewage sludge amended soil. Fractionation studies also showed that there was a 
reduction in the unstable fractions of Cd and Cr as the incubation days progressed from 0 to 180 
days. Composting and pyrolysis can be considered as an effective way to decrease the availability 
of heavy metals as it can convert the unstable fractions of heavy metals to stable fractions. The 
increased surface area, porosity and presence of oxygen containing functional groups sewchar can 
be used for the remediation of polluted soils. 
 

 
Keywords: Sewage sludge; sewage sludge compost; sewage sludge biochar; sludge production. 
 

1. INTRODUCTION 
 

Rapid population expansion, industrialisation and 
urbanisation have resulted in massive sewage 
sludge creation in India's main cities, with an 
annual sludge production of 277 million tonnes 
[1]. Sewage sludge is an inevitable byproduct 
from the waste water treatment process contain 
organic compounds, macro and micro nutrients, 
pathogens and microorganisms [2]. Improper 
handling of the sewage sludge creates more 
serious problem as it may cause secondary 
pollution, especially the heavy metals in sewage 
sludge can create soil and ground water pollution 
[3]. Land application, landfill disposal and 
incineration are methods for disposing of sewage 
sludge. Reusing sewage sludge in agriculture is 
the most cost-effective method of recycling 
organic matter and plant nutrients into the soil for 
crop production. The use of sewage sludge has 
an impact on the environment since it can lead to 
the accumulation of hazardous heavy metals and 
the presence of harmful microbes. Sewage 
sludge can be used as a nutrient source for 
plants and crops if the heavy metals are 
effectively stabilized and further studies are 
required in this field. The availability of heavy 
metals present in the sewage sludge can be 
minimised by converting it into compost and 
biochar. 
 
By adding different additives, sewage sludge 
composting can reduce the amount of available 

heavy metals [4]. The breakdown of insoluble 
carbonates, the adsorption of heavy metals by 
bulking agents or the creation of organo-metallic 
compounds during the composting process could 
all be contributing factors to the decrease in the 
bioavailability of heavy metals. Sewage sludge 
can be composted using a variety of additions, 
including sawdust, zeolite, coal flyash, coirpith, 
and lime [4]. Composting of sewage sludge using 
bulking agents, heavy metal adsorbent (zeolite) 
and liming materials (lime and flyash) reduces 
the mobile (exchangeable) heavy metal fraction 
and increases the stable (residual) fraction [5]. 
 
Pyrolysis has recently undergone a viable 
strategy for the sustainable treatment of sewage 
sludges [6]. According [7] pyrolysis reduces the 
amount of sludge, eliminates any pathogens or 
parasites, converts organic materials into 
bioenergy and immobilises metals in a charred 
carbonaceous solid residue. By using the 
pyrolysis method, metals in sewage sludge can 
be significantly changed from weakly bound 
forms to more stable states (in oxidisable and 
residual forms) [8]. This reduces the 
environmental risk associated with applying 
sludge biochars to land. Sulphuric acid modified 
sewchar (SSHMS) can be used as an effective 
tool for minimizing the ammonia loss from rice 
field [9]. Modified sewchar employing 1wt.% 
magnesium citrate and 1 wt.% H2SO4 solution 
as a reaction medium decreased NH3 
volatilization and N runoff in floodwater and 
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increase N retention in paddy soil and N 
utilization by rice. 
 
Sewage sludge, its compost and biochar contain 
various kinds of heavy metals, which are non-
biodegradable. Their mobility and bioavailability 
within a particular medium are critical factors to 
consider when evaluating their environmental 
impact. However, their chemical speciation in 
sludge, compost and biochar can also be used to 
accomplish this [8]. 
 
The amount of pollution is indicated by the total 
concentrations of heavy metals. However, the 
total concentration of heavy metals provides us 
very little about the forms that these metals can 
take or about how mobile and bioavailable they 
can be in the environment [9]. The overall heavy 
metal content of sewage sludge, measured on a 
dry weight basis, ranges from 0.5 - 2.0 %, yet it 
can occasionally reach 4%, particularly for 
metals like Cu and Zn [10]. The process of 
recognising and measuring the various phases or 
forms that a substance has is known as chemical 
speciation [11]. 
 
Tessier A, et al [12] identified five fractions that 
heavy metals such as exchangeable fraction 
impacted by the process of sorption and 
desorption. The carbonate fraction is impacted 
by pH variations, whereas the reducible fraction, 
which is made up of iron and manganese oxides 
and is thermodynamically stable in anoxic 
environments and the organic fraction degrade 
and release soluble metals when exposed to 
oxidising conditions. Residual fractions made up 
of main and secondary minerals that have the 
potential to contain metals in their crystal 
structures. In this study the effect of composting 
and pyrolysis of sewage sludge is compared on 
the basis of immobilization of heavy metals by 
conducting an incubation experiment for 180 
days.  

 

2. MATERIALS AND METHODS 
 
The study involved the use of sewage sludge, 
sewage sludge compost and sewchar. Sewage 
sludge used for the present study was collected 
from waste water treatment plant Muttathara, 
Thiruvananthapuram, Kerala. Composite 
samples of sewage sludge was collected from 
the drying yard of treatment plant.  Sewage 
sludge compost was prepared by mixing sewage 
sludge with sawdust and zeolite in the ratio 
50:30:20 added 2.5 kg of fly ash for the 

adjustment of pH and composted for 60 days. 
Sewchar was prepared using muffle furnace. Air 
dried, 2mm sieved sewage sludge was placed in 
the crucibles and placed in the muffle furnace 
and pyrolyzed at 400℃ for 2 hours. After the 
completion of pyrolysis, muffle furnace was 
allowed to cool overnight. Sewchar so produced 
were collected and stored in air tight container for 
further chemical analysis.  
 
The air dried sewage sludge, sewage sludge 
compost and sewchar were separately crushed 
and sieved through 2mm sieve for laboratory 
analysis and use in the incubation experiment.  
 
In order to evaluate the impact of sewage sludge, 
its compost and biochar on total and available 
heavy metals and heavy metal fractions an 
incubation study was carried out under laboratory 
conditions for 180 days. Five kg of 2 mm sieved, 
air-dried soil samples were placed in a pot, given 
various treatments and left in the laboratory for 
180 days. The treatment details: T1 - Absolute 
control (5 kg soil alone), T2 - 5kg soil + 12.5 g 
sewchar, T3- 5kg soil + 25 g sewchar, T4 - 5kg 
soil+ 37.5 g sewchar, T5- 5kg soil + 50 g 
sewchar, T6- 5kg soil + 50 g sewage sludge 
compost, T7- 5kg soil + 50 g sewage sludge , T8- 
5kg soil + 50 g FYM 
 

Table 1. Sequential extraction procedure 
 

Fractions  Reagents  

Exchangeable 
(F1)  

1 mol/L Mg Cl2 8 ml, shake 
for 1 h 

Carbonate (F2)  1 mol/L NaAc 8ml, shake 
for 8 h 

Reducible (F3) 0.04mol/L NH2OH.HCl 20 
ml, in a bath of 96 ℃, shake 
for 6 h 

Oxidizable (F4) 30 % H2O2, heating at 85 ℃ 
mix intermittently for 3 hr 

Residual (F5) HCl + HNO3 +HF, digest 
 

pH and electrical conductivity were measuresd 
using an aqueous extract of dried materials in 
distilled water (1:5 w/v), using a CyberScan 
PC510 pH meter and a Systronics MK509 
conductivity meter, respectively. Using the vario 
EL cube elemental analyser, the weight loss 
upon ignition of the dried materials was used to 
determine the total organic carbon. Kjeldahl 
method was used for the determination of total N, 
P by colorimetry and K by flame photometry. 
Using an inductively coupled plasma-optical 
emission spectrophotometer (ICP-OES, Optima 
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8000), the elements Cd and Cr were analysed. 
The procedure for sequential extraction of heavy 
metals are given in Table 1. 
 

3. RESULTS AND DISCUSSION  
 
As shown in Table 2 the sewage sludge used in 
this study had a pH of 5.36 and organic carbon 
content of 17.03 %. It was rich in plant nutrients 
N (1.68 %), P (7.73 %) and K (1.2 %). The 
sludge contained heavy metals Cr (90.74 mg kg-

1and Cd (8.43 mg kg-1). When the sewage sludge 
is used for the preparation of sewage sludge 
compost, the total nutrient content and the total 
heavy metal decreased. This reduction in total 
nutrients and heavy metals may be due to the 
dilution effect, offered by the bulking agents 
sawdust as suggested by Chen et al. [8]. The 
total nitrogen content was found to decreased 
and the increase in other elements was observed 
when the sewage sludge is pyrolyzed at a 
temperature of 400℃. Similar results were 
obtained by Zheng et al.  [13]. The decline in the 
total nitrogen content is due to the massive loss 
of NO3-N and NH4 N during the pyrolysis 
process. The decomposition of NO3 and NH4 salt 
originally present in the sewage sludge may 
cause a decline the content of NO3-N and NH4-N 
leading to the decline in the total N content of 
biochar. The increase in P content of biochar 
may be due to the fact that P contained in the 
sewage sludge is mainly composed of 
thermostable phosphate minerals and these 
minerals are difficult to decompose. They 
become more crystallized during the pyrolysis 
process [14]. K content in the sewage sludge 
was enriched with the pyrolysis process. This 
may be due to the enrichment process as 
suggested by Yuan et al.  [15]. The heavy metals 
such as Cd and Cr increased after pyrolysis 
process. The Cd and Cr content in sewage 
sludge biochars were essentially higher than 
those in the raw sewage sludge, this might be 

due to the less loss of heavy metals during 
pyrolysis than their weight loss from organic 
components, which led to the heavy metals' 
enrichment in the biochar matrix [16]. 
 

3.1 Total and Available Heavy Metals  
 
Total cadmium content of soil was significantly 
influenced by the application of sewchar, sewage 
sludge compost and sewage sludge treatments 
as the data shown in the Table 3. Among the 
treatments the highest total cadmium was 
observed in different sewchar treatments 
compared to SSC, SS whereas, Cd was not 
detected in FYM applied treatment. The total 
cadmium content in soil ranged between 3.45 
(T7) and 4.81 mg kg-1 (T5). The highest value of 
4.81 mg kg-1 was recorded in T5 (S + 50 g SC) 
and the least value of 3.45 mg kg-1 was recorded 
in T7 (S + 50 g SS).  
 
Available cadmium content of the soil varied 
between 83 (T2) and 178 µg kg-1 (T7) due to the 
application of different treatments (Table 2). The 
highest value of 178 µg kg-1 was recorded in T7 
(S + 50g SS). As the sewchar application rate 
increased from 12.5 g to 50 g an increase in the 
available and total cadmium content of the soil 
was observed. Cadmium content was not 
detected in the T1 (absolute control) and T8 (S + 
50 g FYM). 
 
Application of different treatments such as 
sewage sludge, sewage sludge compost and 
sewchar significantly affected the total chromium 
content of the soil (Table 4). The value varied 
between 31.11 (T2) and 35.31 mg kg-1 (T5). The 
highest value for total chromium (35.31 mg kg-1) 
was observed with T5 on the 90th day and the 
least value was with T2 (31.11 mg kg-1) on the 0th 
day. While considering the different treatments, 
treatment receiving sewchar @ 50 g                          
(T5) registered the highest value during the entire  

 
Table 2. Characterization of sewage sludge, sewage sludge compost and sewage sludge 

biochar 
 

Parameters  Sewage sludge Sewage sludge compost Sewage sludge biochar 

pH 5.36 7.07 6.20 
EC (dS m-1) 8.08 5.30 2.25 
OC (%) 17.03 13.51 5.28 
N (%) 1.68 1.60 0.92 
P (%) 7.73 1.24 7.80 
K (%) 1.20 0.29 1.60 
Cd (mg kg-1) 8.43 5.41 10.80 
Cr (mg kg-1) 90.74 47 113.20 
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period of incubation, which was on par with T4 (S 
+ 37.5 g SC) followed by T7 (S + 50 g SS), T6 (S 
+ 50 g SSC), T3 (S + 25 g SC) and T2 (S + 12.5 g 
SC). T2 registered the least value for total 
chromium throughout the period of incubation. 
Total chromium was not detected in T1 (absolute 
control) and T8 (S + 50 g FYM). 
 
The available chromium content varied between 
2.24 (T2) and 7.08 mg kg-1 (T7) during the entire 
incubation period. Among the various treatments 
the highest value was recorded by sewage 
sludge (T7), followed by sewage sludge compost 
(T6) and sewchar (T5). The least value was 
observed in T2 (S + 12.5 g SC) during the entire 
period of incubation. With respect to different 
rates of sewchar application the chromium 
content was found to be increased as the rate 
increased from 12.5 g to 50 g. In treatments T1 
(absolute control) and T8 (S + 50 g FYM) the 
chromium content was not detected. 
 
The total heavy metal content in the sewchar 
applied treatment was higher compared to the 
other treatments. From the Table 2 it was clear 
that total heavy metal content in the biochar was 
higher than the sewage sludge indicating that the 
pyrolysis intensified the enrichment. The higher 
thermo-stability of the heavy metals compared to 
other sewage sludge compositions may be the 
cause of this enrichment.  A significant amount of 
the heavy metals in the sewage sludge remained 
in the biochars due to the fact that the mineral 

salts and hydroxide generally converted into 
oxide or sulphides with better thermo-stability 
during reductive pyrolytic conditions. The heavy 
metals can also exist in the sewage sludge as 
various mineral salts (carbonate, sulphate, 
chlorate, phosphate, etc.), sulphides, hydroxide, 
oxide and clathrate. Furthermore, because heavy 
metals have variable boiling and decomposition 
temperatures, the enrichment degree changed 
with heavy metals, which may be related to the 
previously described heavy metal speciation and 
their corresponding amounts [17]. 
 
According to the present study, the order of 
available heavy metals in the soil was SS > SSC 
> SC. By adding biochar to soil, the amount of 
negative charges present on the soil's surface 
increases, decrease zeta potential and boost 
cation exchange capacity [17]. This encourages 
positively charged heavy metals to be attracted 
to the soil through electrostatic forces. Because 
its surface contains many functional groups, such 
as OH and COO, biochar forms compounds with 
heavy metals that decrease their availability [18]. 
These elements' bioavailable concentrations in 
biochars were found to be lower than in sewage 
sludge, suggesting that the pyrolysis process 
may inhibit the release of these elements in the 
DTPA extractant. The low bio-available amounts 
of these metals in biochars may be explained by 
the absorption of flourishing pore structure, high 
BET surface area of biochar on these metals, 
and the creation of organometallic complex [19]. 

 

 
 

Fig. 1. Effect of treatments on exchangeable cadmium of soil 
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Table 3. Effect of treatments on total and available cadmium content of soil 
 

Treatments  0th day 90th day 180th day 

Total Cd 
(mg kg-1) 

Available Cd 
(µg kg-1) 

Total Cd 
(mg kg-1) 
 

Available Cd 
(µg kg-1) 

Total Cd 
(mg kg-1) 
 

Available Cd 
(µg kg-1) 

T1- absolute control ND ND ND ND ND ND 
T2- 5 kg S + 12.5 g SC 4.43 c 83 d 4.50 b 118 f 4.44 b 113 f 
T3- 5 kg S + 25 g SC 4.69 b 119 c 4.72 ab 131 e 4.70 a 118 e 
T4- 5 kg S + 37.5 g SC  4.73 ab 122 c 4.77 a 139 d 4.74 a 132 d 
T5- 5 kg S + 50 g SC 4.79 a 132 b 4.83 a 146 c 4.81 a 141 c 
T6 -5kg S + 50 g SSC 3.77 d 137 a 3.85 c 169 b 3.80 c 151 b 
T7 -5 kg S + 50 g SS 3.45 e 141 a 3.51 d 178 a 3.50 d 161 a 
T8 -5 kg S + 50 g FYM ND ND ND ND ND ND 
SEm (±) 0.023 1.364 0.078 1.776 0.079 0.993 
CD (0.05) 0.069 4.09 0.233 5.323 0.238 2.977 

S- soil, SC- sewchar, SSC-sewage sludge compost, SS- sewage sludge, ND- not detectable 

 
Table 4. Effect of treatments on total and available chromium content of soil 

 

Treatments  0th day 90th day 180th day 

Total Cr 
(mg kg-1) 
 

Available   Cr 
(mg kg-1) 

Total Cr 
(mg kg-1) 

Available Cr 
(mg kg-1) 

Total Cr 
(mg kg-1) 

Available Cr 
(mg kg-1) 

T1- absolute control ND ND ND ND ND ND 
T2- 5 kg S + 12.5 g SC 31.11 c 2.24 e 31.29 c 2.51 e 31.19 c 3.21 f 
T3- 5 kg S + 25 g SC 31.78 bc 2.39 e 32.04 bc 2.62 e 32.03 bc 3.29 e 
T4- 5 kg S + 37.5 g SC  34.64 a 3.55 d 34.92 a 3.82 d 34.98 a 4.35 d 
T5- 5 kg S + 50 g SC 35.03 a 3.95 c 35.31 a 4.35 c 35.17 a 4.55 c 
T6 -5kg S + 50 g SSC 32.70 b 5.25 b 32.94 b 5.59 b 32.85 b 6.03 b 
T7 -5 kg S + 50 g SS 32.88 b 6.77 a 33.25 b 7.08 a 32.30 bc 6.14 a 
T8 -5 kg S + 50 g FYM ND ND ND ND ND ND 
SEm (±) 0.437 0.077 0.526 0.090 0.537 0.019 
CD (0.05) 1.31 0.231 1.576 0.270 1.609 0.058 

S- soil, SC- sewchar, SSC-sewage sludge compost, SS- sewage sludge, ND- not detectable. 
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3.2 Heavy Metal Fractions  
 

The exchangeable, reducible, oxidisable and 
residual fractions of cadmium were analysed 
during the incubation period and the results are 
discussed (Figs. 1-4). Among the different 
fractions of cadmium the highest amount was 
found in residual fraction followed by oxidisable, 
exchangeable and reducible fraction. As the 
incubation days progressed from 0 to 180 days 
there was a slight decline in exchangeable and 
reducible cadmium content and a slight increase 
in the oxidisable and residual fraction was 
noticed in all the treatments. Among the different 
treatments the exchangeable and reducible 
cadmium content was found to be highest in 
sewage sludge received treatment and residual 
and oxidisable cadmium content was found to 
highest in sewchar received treatment. 
Carbonate fraction of cadmium was not detected 
in any of the treatments. Fractions of cadmium 
were not detected in absolute control and FYM 
received treatments.  
 

When comparing the different fractions of 
chromium, the residual fraction accounts the 
highest followed by oxidisable and reducible 
fraction (Figs. 5-7). The exchangeable fraction 
was detected only in sewage sludge compost 
and sewage sludge applied treatments. 
Oxidisable, reducible and residual fractions of 
chromium showed a slight increase as the 
incubation days progressed from 0 to 180 days. 
Exchangeable and reducible fraction was found 
to be the highest in SS where as oxidisable 
fraction in SSC and residual fraction in 50 g SC.  

Generally, there was a slight decline in the 
unstable fractions of heavy metals such as 
exchangeable and carbonate fraction of heavy 
metals during the incubation period. This may be 
due to the reason that after pyrolysis, the 
majority of heavy metals were present in residual 
and oxidizable forms as suggested by Lu et al., 
[20] The results of this experiment showed that 
more immobile speciations formed as a result of 
the temperature rise during pyrolysis. The 
oxidisable (F3) and residual (F4) fractions 
increased significantly during the pyrolysis of 
sludge to biochar, corresponding well with the 
change in pH of the biochars with increasing 
pyrolysis temperature, while the bioavailable 
category (F1 + F2) declined significantly. The pH 
became more alkaline due to metal oxides and 
mineral residues as the ash content fixed in the 
biochars during pyrolysis [20].  

 
Three distinct mechanisms exist for the decrease 
of readily available portions of heavy metals  are 
adsorption, biological transformation and 
precipitation. According Yuan et al.  [21] the 
inorganic components of biochar such as 
carbonates, phosphates and oxides can cause 
heavy metals to precipitate. Decrease in the 
unstable fractions of heavy metals are thought to 
be caused by the various functional groups, such 
as carboxyl, phenolic, hydroxyl, etc., on the 
surface of porous biochar that can adsorb heavy 
metals by coordination and chelation [22]. 
According to Harvey et al. [23-25] microbial 
biochar decomposition may lessen oxidisable 
heavy metals. 

 

 
 

Fig. 2. Effect of treatments on reducible cadmium of soil 
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Fig. 3. Effect of treatments on oxidizable cadmium of soil 
 

 
 

Fig. 4. Effect of treatments on residual cadmium of soil 
 

 
 

Fig. 5. Effect of treatment on reducible chromium of soil 
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Fig. 6. Effect of treatments on oxidisable chromium of soil 
 

 
 

Fig. 7. Effect of treatments on residual chromium 
 

4. CONCLUSION  
 
Based on the results it can be concluded that 
composting and pyrolysis can effectively 
immobilize the heavy metals. The conversion of 
sewage sludge to sewage sludge compost and 
sewage sludge biochar decreases the available 
fraction of heavy metals and causes the 
conversion of unstable fractions of heavy metals 
to stable fractions. Results from the incubation 
revealed that even though the enrichment of total 
heavy metals is happening during the pyrolysis 
but the availability of heavy metals was lower 
than the sewage sludge and sewage sludge 
compost. Pyrolysis process increased the total P 
and K content and a decline in total N content 
compared to sewage sludge. Hence the 
application of sewage sludge biochar is safer 
than sewage sludge.  

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image 
generators have been used during the writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. CPCB [Central Pollution Control Board]; 

2016. Annual Report 2015–16. [on-line] 
Available: http://cpcb.nic.in/annual-
report.php [16 Nov 2020]. 

0

2

4

6

8

10

12

14

16

0th 90th 180th

O
x
id

is
a
b

le
 c

h
ro

m
iu

m
 (

m
g

 k
g

-1
) T1

T2

T3

T4

T5

T6

T7

T8

0

5

10

15

20

25

30

0th 90th 180th

R
e
s
id

u
a

l 
c
h

ro
m

iu
m

 (
m

g
 k

g
-1

) T1

T2

T3

T4

T5

T6

T7

T8

http://cpcb.nic.in/annual-report.php%20%5b16
http://cpcb.nic.in/annual-report.php%20%5b16


 
 
 
 

Rehana et al.; Int. J. Environ. Clim. Change, vol. 14, no. 10, pp. 196-206, 2024; Article no.IJECC.123912 

 
 

 
205 

 

2. Głąb T, Żabiński A, Sadowska U, Gondek 
K, Kopeć M, Mierzwa-Hersztek M, Tabor 
S. and Stanek-Tarkowska J. Fertilization 
effects of compost produced from maize, 
sewage sludge and biochar on soil              
water retention and chemical properties. 
Soil and Tillage Research. 2020; 
197:104493. 

3. Chen M, Xu P, Zeng G, Yang C, Huang D, 
Zhang J. Bioremediation of soils 
contaminated with polycyclic aromatic 
hydrocarbons, petroleum, pesticides, 
chlorophenols and heavy metals by 
composting: applications, microbes and 
future research needs. Biotechnology 
Advances. 2015;33(6):745-55. 

4. Fang M, Wong JWC. Effects of lime 
amendment on availability of heavy metals 
and maturation in sewage sludge 
composting. Environ. Pollut. 1999;106 
(1):83-89. 

5. Rehana M R. Heavy metal stabilized 
sewage sludge compost as a growth 
medium for ornamentals. M.Sc (Ag) 
thesis, Kerala Agricultural University, 
Thrissur, 2019;150. 

6. Rehana M R, Joseph B, Gladis R. Heavy 
metal stabilization in sewage sludge 
composting process. Curr. J. Appl. Sci. 
Technol. 2020;20(4):38-48 

7. Jin J, Li Y, Zhang J, Wu S, Cao Y, Liang P, 
Zhang J, Wong MH, Wang M, Shan S, and 
Christie P. Influence of pyrolysis 
temperature on properties and 
environmental safety of heavy metals in 
biochars derived from municipal sewage 
sludge. J. Hazard. Mater. 2016;320:417–
426. 

8. Chen T, Zhang Y, Wang H, Lu W, Zhou 
Z, Zhang Y, Ren L. Influence of pyrolysis 
temperature on characteristics and heavy 
metal adsorptive performance of biochar 
derived from municipal sewage sludge. 
Bioresource Technology. 2014; 164:47-
54. 

9. Chu Q, Xue L, Singh BP, Yu S, Müller K, 
Wang HL. Sewage sludge-derived 
hydrochar that inhibits ammonia 
volatilization, improves soil nitrogen 
retention and rice nitrogen utilization. 
Chemosphere. 2020; 245:1-7. 

10. Nomeda S, Valdas, P, Chen SY, Lin, JG. 
Variations of metal distribution in sewage 
sludge composting. Waste Manag. 2008; 
28:1637-44. 

11. Lake DL. Chemical speciation of heavy 
metals in sewage sludge and related 

matrices, heavy metals in wastewater and 
sludge treatment processes. Int. J. 
Environ. Sci. Technol. 1987;5 (4):80-84. 

12. Karvelas M, Katsoyiannis A, Samara C. 
Occurrence and fate of heavy metals in the 
wastewater treatment process. 
Chemosphere. 2003;53(10):1201-10. 

13. Zheng GD, Gao, D, Chen TB, Luo W. 
Stabilization of nickel and chromium in 
sewage sludge during aerobic composting. 
J. Hazardous Mater. 2007;142(2): 216-21. 

14. Tessier A, Campbell PG, Bisson MJAC. 
Sequential extraction procedure for the 
speciation of particulate trace metals. Anal. 
Chem. 1979;51(7): 844-51. 

15. Yuan H, Lu T, Huang H, Zhao D, 
Kobayashi N, Chen Y. Influence of 
pyrolysis temperature on physical and 
chemical properties of biochar made from 
sewage sludge. Journal of Analytical and 
Applied Pyrolysis. 2015;112:284-89. 

16. Zheng, H., Wang, Z., Deng, X., Zhao, J., 
Luo, Y., Novak, J., Herbert, S. and Xing, B. 
Characteristics and nutrient values of 
biochars produced from giant reed at 
different temperatures. Bioresource 
Technology.2013;130:463-471. 

17. Gwenzi W, Muzava M, Mapanda F, Tauro 
TP. Comparative short-term effects of 
sewage sludge and its biochar on soil 
properties, maize growth and uptake of 
nutrients on a tropical clay soil in 
Zimbabwe. Journal of Integrative 
Agriculture. 2016;15(6):1395-1406. 

18. Yoshida, T, Antal Jr, MJ. Sewage sludge 
carbonization for terra preta applications. 
Energy and Fuels. 2009;23 (11):               
5454-59. 

19. Qiu M, Liu L, Ling Q, Cai Y, Yu S, Wang S, 
et al. Biochar for the removal of 
contaminants from soil and water: a 
review. Biochar. 2022;4 (1):19.  

20. Lu, Zhang, Wang, Zhuang, Yang R, Qiu. 
Characterization of sewage sludge-derived 
biochars from different feedstocks and 
pyrolysis temperatures, J. Anal. Appl. 
Pyrolysis. 2013;102:137–143. 

21. Yuan H, Huang G, Zeng H, Li J, Wang C, 
Zhou H, Zhu X, Pei Z, Liu Z, Liu. Total 
concentrations and chemical speciation of 
heavy metals in liquefaction residues of 
sewage sludge, Bioresour. Technol. 
2011;102:4104–10. 

22. Steiner B, Glaser WG, Teixeira J, Lehmann 
WEH, Blum W, Zech. Nitrogen retention 
and plant uptake on a highly weathered 
central Amazonian ferralsol amended with 



 
 
 
 

Rehana et al.; Int. J. Environ. Clim. Change, vol. 14, no. 10, pp. 196-206, 2024; Article no.IJECC.123912 

 
 

 
206 

 

compost and charcoal, J. Plant Nutr. Soil 
Sci. 2008;171(6):893–99. 

23. Harvey B, Herbert RD, Rhue LJ, Kuo. 
Metal interactions at the biochar-water 
interface: energetics and structure-sorption 
relationships elucidated by                             
Flow Adsorption Microcalorimetry, 
Environmental Science and Technology. 
2011;45:5550-56. 

24. Beesley L, Moreno-Jimenez E, Gomez-
Eyles JL, Harris E, Robinson B, Sizmur T. 

A review of biochars' potential role in the 
remediation, revegetation and restoration 
of contaminated soils. Environ. Pollut. 
2011;159:3269–82. 

25. Fang, W, Delapp RC, Kosson DS, van der 
Sloot HA, Liu, J. Release of heavy metals 
during long-term land application of 
sewage sludge compost: Percolation 
leaching tests with repeated additions                    
of compost. Chemosphere. 2017;169:            
271-80. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/123912 

https://www.sdiarticle5.com/review-history/123912

