
Introduction

The leather industry in Pakistan is the second 
export earning industry contributing to 5% GDP of the 
country [1] providing bread and butter to more than 
500,000 people [2]. For leather manufacturing, raw 
skins and hides are obtained from the slaughterhouses 
of buffaloes, cows, sheep and goats. 

Different types of wastes are produced during 
the tanning process i.e., solid waste, waste water, and 
air emissions. This has been considered one of the 
most highly polluting industries having unfavorable 
effects on the environment. Solid waste generated by 
leather industry consists of hairs, chrome shavings, 
trimmings and buffing dust etc. About 1000 kg of hides 
give rise to only 150 kg of finished leather and about  
850 kg or more of solid waste is produced [3].  
At Kasur, there is a treatment plant for effluents from the 
leather industry, Kasur Tanneries Waste Management 
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Abstract

Tannery solid waste is problematic and toxic biomass that has no other use than being dumped  
into the landfill or any dumping site. The present study provides an environmentally friendly method 
for sustainable management of toxic and unpleasant tannery solid waste by converting it into biochar, 
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derived from tannery solid waste contained a high percentage of carbon and nitrogen. The pH of biochar 
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adsorption processes as well as providing space for microbial activities. Amount of metals like Cr, Fe 
and Mg was high in biochar but it is presumed that bioavailability of these essential and non-essential 
metals to plants is limited. This study suggests the management of tannery solid waste by conversion to 
biochar and to use it as a soil additive because of properties like alkaline pH, increased surface area due 
to the presence of pores and essential elements such as Na, K, N and S. 
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Agency (KTWMA), located at the Depalpur Road. The 
solid waste from the industry is being dumped into an 
open dumping site causing environmental pollution 
in the nearby area. There is a high risk of food chain 
contamination in the nearby agricultural lands due to 
the landfill.

The solid waste is generally treated with 
conventional and less environment friendly techniques 
[4]. Some thermo-conversion techniques have also been 
used to manage the solid waste i.e., direct combustion, 
liquefaction, gasification, pyrolysis and co-firing. 
However, the process of pyrolysis could reduce the 
problem of unpleasant odor and toxicity in TSW by 
converting it into a value-added product and making 
it useful. The biochar is a porous and black carbon 
substance produced through slow pyrolysis of organic 
biomass at 300-500ºC [5] under zero or limited oxygen 
conditions. The properties of biochar depend on the 
type of raw material, residence time and pyrolysis 
temperature.

Biochar is a soil conditioner that increases plant 
growth by preventing nutrient leaching, reducing 
plant diseases and increasing soil fertility. It increases 
agricultural diversity in soils that have inadequate 
amount of organic matter, water, and essential elements 
i.e., N, P, K [6]. Biochar shows affinities for the 
holding both inorganic (e.g. heavy metals) and organic 
(e.g. pharmaceuticals and polyaromatic hydrocarbons 
(PAHs)) contaminants [7]. Biochar produced through 
the pyrolysis process ameliorates soil physical, 
chemical, and biological properties. 

This study was aimed at converting the organic 
tannery solid waste into value added biochar with 
many times less biomass and its application to soil for 
improving physical, chemical and biological properties. 
This study encompasses characterization of tannery 
solid waste biochar for assessing its positive impact on 
soil properties.

Material and Methods 

Sample Collection 

Tannery solid waste samples were collected from 
the solid waste dumping site at the Kasur Tannery 
Waste Management Agency (KTWMA), at Depalpur 
Road, Kasur, Pakistan. Sampling of waste was done 
in a completely randomized block design at the site. 
After removing 12-15 cm of the top layer, the samples 
were taken using a shovel and were transported  
to the Department of Botany, University of the Punjab, 
Lahore in plastic sacks. Samples were air dried by 
spreading on polythene sheets. Impurities such as 
plastic bags and plant debris were removed. After 
drying, solid waste samples were stored in airtight  
bags until they were pyrolyzed in a pyrolysis  
unit.

Characterization of Tannery Solid Waste

The pH and EC of the tannery solid waste were 
determined by mixing the samples with deionized 
water using Standard Method of SLC [8]. The moisture 
content was determined by drying the sample in an 
oven at 105ºC for 24 h [9]. Elements i.e., C, H, N and 
S were determined in an elemental analyzer (GmbH, 
Vario MICRO cube V1.9.4). Nutrient content and heavy 
metals were determined by acid digestion of tannery 
solid waste samples on a hot plate using concentrated 
HNO3 and HClO4 in 2:1 ratio [10]. Metals like Na and 
K were measured by using flame photometer (Corning 
flame photometer 410- PFP7/C), while Pb, Cd, Cr, Zn, 
Mg, Ni, Fe, and Cu content was determined using a 
flame atomic absorption spectrometer (GBC Savaant 
AA).

The surface appearance of the samples was 
observed microscopically with a scanning electron 
microscope (JEOL JSM-6480LV). FTIR spectra 
provide understanding about the functional groups 
and aromaticity present on the material. The surface 
functional groups of the sample were identified by FTIR 
spectrophotometer (IR Prestige-21 Shimadzu, Japan) in 
the wavelength range of 400-4000 cm-1 and the results 
were observed through IR software spectrum. Cation 
exchange capacity of the samples was determined by 
the method of Chapman [11].  

Biochar Preparation from TSW

Tannery solid waste biochar was prepared in 
a locally manufactured charcolator that had two 
cylindrical containers of stainless steel. The inner 
small container was used as feedstock assembly, while 
the outer larger one was used as the fuel chamber. 
The height of feedstock assembly was 38.5 cm having 
a diameter of 21 cm. The small sized container  
with the feedstock was placed inside the fuel chamber 
and covered with a lid. A long rod with side blades was 
used for uniform mixing of feedstock during pyrolysis. 
Heat was provided to the outer chamber continuously 
with a biogas connection. The temperature inside the 
chamber was maintained between 370-450ºC during 
pyrolysis using a thermocouple (RKC REX-C900). 
The biochar was collected in an airtight container for 
further use. 

Characterization of Biochar

After the pyrolysis process, tannery solid waste 
biochar (TSWB) was crushed for further analysis. The 
biochar yield (%) was calculated with the following 
formula. 

              (1)



Management of Tannery Solid Waste... 455

...where, WB is the weight of biochar and WF is the 
weight of feedstock used for the preparation of biochar 
respectively.

For pH and EC determination, 1: 20 w/v ratio of 
biochar was prepared in deionized water and placed 
on an orbital shaker for 2 h. The bulk density was 
determined by adding dried grounded biochar in a  
50 ml cylinder and tapped for 1-2 min until it reached 
a constant volume after which it was weighed. The ash 
content was determined by using the method of AOAC 
[9]. The volatile content was determined by placing the 
biochar in a muffle furnace at 900ºC for 6 min [9]. The 
organic matter was determined at 450ºC for 24 h [12]. 

The percentages of C, H, N and S were determined 
as mentioned before. Nutrient content and heavy 
metals were determined by digesting the biochar with 
concentrated HNO3 and HClO4 [10]. Heavy metals like 
Pb, Cd, Cr, Zn Ni, Fe, Na, K, Mg, and Cu were measured 
by the method described above for the feedstock. 
The surface structure of biochar was determined by 
scanning electron microscopy, by laying the biochar 
sample on a two-sided carbon tape that was attached to 
an aluminum stick on the electron microscope (JEOL 
JSM-6480LV). 

Cation exchange capacity of biochar was described 
by Chapman [11]. For FTIR analysis, one mg of the 
ground biochar was mixed with 200 mg of KBr, and 
after that the sample was pressed into a pellet using  
a hydraulic press. The FTIR spectrum of the pellet 
was observed by wavenumber range from 650 cm-1 
-4000 cm-1. The thermo gravimetric analysis (TGA) of 
the biochar was determined by using thermal analyzer 
(SDT Q600, TA instruments) for measuring the thermal 
stability of the sample. The pore size, pore volume and 
surface area of TSWB was determined by Brunauer-
Emmett-Teller (BET) instrument. 

Results and Discussion

Characteristics of Feedstock

Physicochemical characterization of tannery solid 
waste, as the feedstock, is shown in Table 1. The 
pH and EC value of TSW was 4.98 and 3.21 d Scm-1 

respectively. The acidic pH of TSW might be due to 
salts and acids (sulphuric acids and formic acid etc.) 
used in leather processing. Conductivity was high 
due to the presence of salts and inorganic substances 
used in the tanning process.  Paul et al. [13] studied 
the potential of tannery solid waste for its usage as 
poultry feed and reported that pH of TSW biomass was 
4.1. Arslan [14] observed the acidic pH (4.55) of fruit 
and vegetable wastes and reported that the acidic pH 
might be due to fermentation and hydrolytic processes 
which were taking place in storage container. Elemental 
analysis indicated that C and N content was higher as 
compared to H and S. The reason behind the high N 
content is the presence of hairs and other proteins in the 

hides and associated animal flesh in the TSW. Nitrogen 
supplies nutrients to soil for plant growth. Carlos et 
al. [15] reported that leather tannery waste has high 
sulphur and nitrogen content and it might be due to the 
presence of various natural proteins and among them 
the most valuable protein is the collagen. Katiyar et al. 
[16] physico-chemically characterized thirteen samples 
of municipal solid waste and reported average values 
of elements were C: 26.6%, N: 1.1 %, H: 5.9%. and S: 
0.98%. 

The TSW contained the heavy metals Cr, Pb, Cd, 
Zn, Cu, Ni and Fe along with Na, K and Mg, Cr being 
the highest as compared to all others. Among the 
essential metals, Mg was the highest followed by Fe and 
Zn respectively (Fig. 1). The high metal content in TSW 
might be due to chemicals used in beamhouse treatment 
and tanning process. The high level of Cr in TSW is 
due to pigments, dyes, tanning salts and preservatives. 
This is in line with Koki and Jimoh [17] who reported 
high concentration of Cr, Zn, Cu, and Pb in TSW due 
to the chrome tanning process and bioaccumulation of 
fumes of burnt TSW. 

The scanning electron microscopic (SEM) image 
of TSW showed salt particles gathered on the surfaces 
of material as shown in Fig. 2. The white particles 
appeared dense and the image displayed no pores on the 
surface. Similar results have been observed by Karim et 

Table 1. A comparison of physicochemical characteristics of 
tannery solid waste and its derived biochar.

Sr No. Physicochemical 
parameters

Tannery 
solid waste

Tannery solid 
waste biochar

1 Yield (%) -- 41

2 pH (1:20) 4.98 8.6

3 EC (dS cm-1) 3.21 4.71

4 OM (%) -- 14

5 BD (g cm-3) -- 0.66

6 VC (%) -- 62

7 AC (%) -- 73

8 MC (%) 23 6

9 CEC (cmolc kg-1) 14 19

10 C (%) 32.19 41.23

11 H (%) 3.98 2.28

12 N (%) 8.05 6.56

13 S (%) 2.12 1.42

14 C/N ratio 3.99 6.28

15 C/H ratio 8.08 18.08

EC: electrical conductivity, OM: organic matter, BD: bulk 
density, VC: volatile content, AC: ash content, 
MC: moisture content, CEC: cation exchange capacity, 
C: carbon, H: hydrogen, N: nitrogen, S: Sulphur
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al. in the tannery solid waste [18]. They reported that Cr 
atoms were bound with O, Si, S, C, Ca, Al, and Fe.

Fourier transform infrared spectroscopy (FTIR) 
spectra of the TSW are shown in Fig 3. The spectra 
were analyzed on the basis of previously published 
data. In this study, important peaks observed through 
FTIR spectra are as follows: O-H stretching at  
3390.86 cm-1 [19] showed the presence of more active 
sites on the surface of the biochar, an amine or Amide 
N-H bond formed at wavelength 3313.71 cm-1, Alkane 
C-H stretching formed at wavelength 2945.30 cm-1 [19], 
an amide II band at 1543.05 cm-1 shows the presence 
of various amino group, little proteins, carbohydrates 
and nucleic acid, CH3 bending vibration for lipids 
and protein at 1456.28 cm-1, the band at 1400.32 cm-1 
was due to C-O stretching [20], an amide III and 
asymmetric phosphodiester stretching at 1236.37 cm-1 
[21], phosphate band appeared at 1082.07 cm-1 and C-O 
stretching was observed at 1039.63 cm-1 [22]. Having 
the source of material from animals, important protein 
and fat functional groups are evident.

Characteristics of the Biochar

The yield of biochar was 41% at a pyrolysis 
temperature of 370-450ºC (Table 1). Hina et al. [23] 
reported that biochar of pine and eucalyptus barks  
with diluted and undiluted tannery slurry yield was 
29% and 32% respectively. High yield of biochar was 
due to slow pyrolysis temperature, type of feedstock 
and residence time. The decrease in the yield of 
biochar compared to feedstock was might be due to 
devolatilisation of the wastes to produce gases and 
volatiles which led to the decrease in weight and 
leaving the the non-volatile fraction in the form of 
biochar. The pH and EC value of tannery solid waste 
biochar (TSWB) was 8.6 and 4.71d Scm-1 respectively. 
The pH of tannery waste soil biochar ranged from  
9.97-10.01 [24]. The alkaline nature of biochar was also 
illustrated by Spokas et al. [25] and the increase in EC 
is primarily due to the salts present in the feedstock and 
their accumulation during pyrolysis process. 

In the present study, the bulk density of biochar was 
0.66 gcm-3 and the ash content was 73%. Bulk density 
depends on the pyrolysis temperature, residence time 
and feedstock type. In the current study, bulk density 
is low due to the presence of pores that can hold water, 
nutrients or air. Randolph et al. [26] showed that the 
bulk density of biochar prepared from plant residue and 
wood chips was 0.2 g mL-1 and the increase in bulk 
density was due to the high lignin content of wood. 
Głąb et al. [27] reported that as the amount of biochar 
increased, bulk density starts to decrease. Biochar 
having low bulk density has the potential to improve 
the characteristics of compact soil. The results for ash 
content conform to Figueredo et al. [28] who observed 
that sewage sludge biochar contained 65.81% ash in 
biochar prepared at 500oC. This seemed to be due to 
the slow release of C, H, N, and O during the pyrolysis 
process. Ash content was increased with increase in 

Fig. 1. Amount of different metals present in tannery solid waste 
(TSW). Bars represent SD of three replicates. Different letters 
indicate significant differences among treatments at p≤0.05.

Fig. 2. Scanning electron microscopic (SEM) images of tannery solid waste (TSW) showing salt particles on the surface with no pores 
a) 430X, B) 1500X, C) 2500X.  
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pyrolysis temperature. Kearns et al [29] reported high 
ash content of biochar prepared from rice straw (48.4%) 
compared to bamboo (5.1%) and wood chip biochar 
(3.0%). 

In the current investigation, the volatile matter 
content was 62%. Agrafioti et al. [30] observed 73.3% 
volatile matter in sewage sludge. The pore formation is 
due to the loss of volatile matter as reported by Fu et al. 
[31]. As the TSWB contained high volatile content, pores 
were formed in it (Fig. 5). Primarily, volatiles consist of 
CO2, CO, CH4, N2, H2 and gaseous carbohydrate. The 
high volatile content of TSWB might be recognized due 
to higher carbon mineralization. Volatile content and 
yield of biochar decreased with increase in pyrolysis 
temperature. The higher value of volatile content might 
be due to presence of certain components which resist 
pyrolytic decomposition. Spokas [32] reported that 
volatile content of biochar above 80% have no carbon 

sequestration property while, volatile content of biochar 
below 80% with organic carbon to nitrogen ratio below 
0.4 indicate high carbon sequestration potential.

Carbon in the biochar was 41.23% whereas N, H 
and S content reduced significantly as compared to 
feedstock, due to the process of carbonization. The 
decrease in N, H, and S might be due to volatilization 
of elements from the surface of the material, whereas 
other elements become concentrated in the remaining 
biochar.  Hina et al. [23] worked on different feedstocks 
and showed similar range of carbon content for tannery 
waste soil biochar. Carbon content increased with the 
increase in pyrolysis temperature might be due to the 
release of volatile content which led to the enrichment 
of carbon content in biochar. The loss of H, S and N 
is due to the splitting of bonds during the pyrolysis of 
TSW. Shenbagavalli and Mahimairaja [33] reported 
that C stored in biochar is not lost into the atmosphere 
but remains stable for long periods of time due to the 
formation of pyrogenic carbon. Thus, biochar formation 
sequesters the C present in the feedstock. Yakout [34] 
illustrated 45-65 % carbon and 1.1-1.7 nitrogen in 
biochar derived from rice straw. Hence, the addition of 
biochar enhances soil fertility by increasing soil N and 
C content as well as sequester greenhouse gases [35].

In TSWB, a slight increase in metal concentration 
was observed as shown in Fig 4. Through the process 
of pyrolysis, organic contaminants are degraded but 
heavy metal content is enriched. The present result 
showed high concentration of Cr followed by Fe and 
Mg. After the process of pyrolysis, no significant 
increase was observed in Cd, Cu, Ni and Pb. The 
increase in metal content might be due to reduction 
in the biomass of tannery solid waste during pyrolysis 
process and their concentration in the prepared biochar.  
Liu et al. [36] worked on sewage sludge biochar and 
showed that Cu, Pb, Zn, Cd, and Cr concentrations were 
considerably higher in biochar than the raw sample, 

Fig. 3. Fourier transform infrared spectroscopy (FTIR) of tannery solid waste in the wavelength range of 400-4000 cm-1.

 
Fig. 4. Amount of different metals present in the tannery solid 
waste biochar (TSWB). Bars represent SD of three replicates. 
Different letters indicate significant differences among treatments 
at p≤0.05.
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but bioavailability of these heavy metals to plants was 
lower than those of air-dried sewage sludge. Further 
experiments are required to check the bioavailability of 
toxic metals after addition of TSW biochar to the soil. 
Chen et al. [37] reported high level of P, Ca, K, Fe and 
Mg, while lower content of Na, Cu and Cr was observed 
in municipal sewage sludge.

In general, the cation exchange capacity (CEC) is a 
measure of soil fertility. It is the ability of sample to 
absorb nutrients which are essential for plant growth. 
In this study, CEC of TSWB biochar was 19 cmol/kg. 
The increase in CEC seems to be due to the oxidation 
of functional groups present on its surface and surface 
area of the biochar [38]. Munera et al. [39] reported 

high CEC of cacao shell biochar (59.1) compared to 
corncob biochar (6.0). The reason for high CEC is the 
presence of large number of micropores. Takaya et al. 
[40]  finding showed that greenhouse and oak waste 
derived biochar had high CEC compared to municipal 
waste biochar. It might be because of presence of lower 
ash contents and high content of lignocellulosic.

To observe the quality, porosity, distribution and 
pore size, scanning electron microscopy of biochar 
was done. The SEM image of TSWB showed that it 
was a moulded skeleton with pores of different sizes 
having irregular surface (Fig. 5). A high content of 
mineral deposition was observed on the surface. The 
pores in the biochar are formed by the loss of volatile 

 
Fig. 5. Scanning electron microscopic images of tannery solid waste biochar (TSWB) showing pores of varying size and having scattered 
salt particles on the surface a) 430X, b) 1000X, c) 3500X.

Fig. 6. Fourier transform infrared spectroscopy (FTIR) of tannery solid waste biochar in the wavelength range of 400-4000 cm-1.
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matter during pyrolysis [31]. Similar results have been 
obtained by Mary et al. [41], who worked on cauliflower 
leaf, orange peel, and pea pod wastes. The SEM image 
of OP waste showed uneven surface and broken edges 
with some mineral deposition on the surface. 

Fourier transform infrared spectroscopy (FTIR) 
spectra of the biochar is given in Fig. 6. FTIR peaks 
provide information about the functional groups and 
aromaticity of samples. The biochar peaks obtained 
were: The O-H symmetric stretching at 3230 cm-1 
showed the presence of alcohol and carboxylic acid [19]. 
An aliphatic asymmetric and symmetric stretching of 
C-H bond in CH2 and CH3 was observed at wavelength 
2920.23 cm-1 [42].  The peak formed at 1616.35 cm-1 
assigned to carboxyl C=N stretch shows that amine 
groups stick to the surface of biochar [43]. The peak 
at 1519.91 cm-1 wavelength attributed to aromatic 
C=C bonds indicates the presence of unsaturated aryl 
substituent alkenes. The peak at 1404.18 cm-1 assigned 
to C-H bond confirm the aliphatic nature of biochar 
[44]. The peaks at 1107 cm-1 formed due to C-O and 
C-C ring which indicates the presence of alcohol and 
esters [45]. The remaining peaks were 997.20 cm-1 

C-H in plane bending [46] 871.82 cm-1 amines H-N, 
746.45 cm-1 alkyl halide C-Cl, 673.45 cm-1 alkynes bend 
and 555.50 cm-1 alkyl halide C-Br.

The Brunauer-Emmett-Teller (BET) method 
proposes to distinguish the physical adsorption of gas 
molecules for measuring surface area [47]. In this 
study, BET surface area of biochar was 134.9 m2g-1,
which indicates the presence of fewer tiny pores. 
Suliman et al. [48] observed that the maximum surface 
area was in the range of 145-500 m2 g-1 from different 
biochars prepared at 400-600ºC. In this study, surface 
pore volume and diameter were 10.24 cm3g-1 and 
35.98 Å  respectively, which shows that the surface pores 
have the ability to hold the nutrients and microbes. The 
presence of pores in biochar provide ideal environment 
for microbes to increase their population size and 
colonies. 

Thermogravimetric analysis (TGA) is used to 
measure the stability of a sample over time with change 
in temperature (Fig. 7) for TSWB. The first weight loss 
was 0.5% at 50ºC while the second weight loss was 
18% from 100-300ºC. The third weight loss was about 
62% from 300-600ºC. About 24% sample remained 
non-combustible after 600oC. Gil et al. [49] reported 
that the decrease in weight of biochar is due to moisture 
evaporation, devolatilization and char combustion. This 
is why, the biochar obtained is light weighted and fluffy 
in appearance. Pyrolysis has an important impact in the 
reduction of toxic biomass of TSW.

When the TSWB was added to the soil in terms 
of tons per hectare (t ha-1) unit, the soil characteristics 
became more desirable (Table 2). The conductivity 
value increased showing availability of soluble salts. 
Organic matter content and cation exchange capacity 
of the soil were greatly improved which are very 
important for improving growth of the plants. The metal 
content increased with increase in the amount of TSWB 
concentration in soil (Fig. 8). World health organization 
(WHO), food and agricultural organization (FAO) and 
Dutch standard has set the permissible limit of metals 
in soil. Instead of Cr and Pb, all remaining metals were 
in the permissible limit in the soil. Further experiments 
are required to investigate the beneficial impacts of the 
biochar amendment. However, ornamental plants, oil-
yielding or energy crops are recommended to be grown 
to minimize the entry of heavy metals in the food chain.

Fig. 7. Thermogravimetric (TGA) curve of tannery solid waste 
biochar (TSWB) showing percentage weight loss with increasing 
temperature.

Sr No. Physicochemical parameters Soil only
TSWB-Soil amendments (t ha-1)

5 10 15 20 25 30

1 pH 6.72 7.19 7.32 7.49 7.74 8.1 8.23

2 EC (dS cm-1) 0.07 0.1 0.14 0.17 0.2 0.22 0.25

3 NaCl (%) 4.2 19.2 35.7 56.3 70.3 84.9 102.3

4 OM (%) 3.2 3.9 4.5 5.0 5.4 5.9 6.5

5 BD (g cm-3) 1.15 1.11 1.06 0.98 0.92 0.86 0.82

6 CEC (cmolc kg-1) 9 10.1 10.9 11.6 12.1 12.6 13.2

EC: electrical conductivity, OM: organic matter, BD: bulk density, CEC: cation exchange capacity

Table 2. A comparison of some physicochemical characteristics of soil only and soil after addition of tannery solid waste biochar (TSWB).
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Conclusion

Tannery solid waste dumping in a landfill or 
open dumping site is not a safe way of disposal.  
The pyrolysis process permits to utilize biochar 
of this feedstock as a soil conditioner by reducing 
its huge volume and improving soil properties. A 
high surface area and CEC of biochar increases the 
water holding and nutrient retention capacity of soil,  
if used as a soil additive. Tannery solid waste biochar 
is a rich source of micronutrients and macronutrients. 
Although different heavy metals in biochar are 
concentrated, they are not presumably bio-available to 
plants for uptake. However, further research is required 
for checking the implications of using TSWB as a soil 
additive.
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