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 
Abstract—Polycyclic aromatic hydrocarbons (PAHs) are formed 

during the pyrolysis of scrap tyres to produce tyre pyrolytic oil 
(TPO). Due to carcinogenic, mutagenic, and toxic properties PAHs 
are priority pollutants. Hence it is essential to remove PAHs from 
TPO before utilising TPO as a petroleum fuel alternative (to run the 
engine). Agricultural wastes have promising future to be utilized as 
biosorbent due to their cost effectiveness, abundant availability, high 
biosorption capacity and renewability. Various low cost adsorbents 
were prepared from natural sources. Uptake of PAHs present in tyre 
pyrolytic oil was investigated using various low-cost adsorbents of 
natural origin including sawdust (shisham), coconut fiber, neem bark, 
chitin, activated charcoal. Adsorption experiments of different PAHs 
viz. naphthalene, acenaphthalene, biphenyl and anthracene have been 
carried out at ambient temperature (25°C) and at pH 7. It was 
observed that for any given PAH, the adsorption capacity increases 
with the lignin content. Freundlich constant Kf and 1/n have been 
evaluated and it was found that the adsorption isotherms of PAHs 
were in agreement with a Freundlich model, while the uptake 
capacity of PAHs followed the order: activated charcoal> saw dust 
(shisham) > coconut fiber > chitin. The partition coefficients in 
acetone-water, and the adsorption constants at equilibrium, could be 
linearly correlated with octanol–water partition coefficients. It is 
observed that natural adsorbents are good alternative for PAHs 
removal. Sawdust of Dalbergia sissoo, a by-product of sawmills was 
found to be a promising adsorbent for the removal of PAHs present in 
TPO. It is observed that adsorbents studied were comparable to those 
of some conventional adsorbents. 

 
Keywords—Acenaphthene, anthracene, biphenyl, Coconut fiber, 

naphthalene, natural adsorbent, PAHs, TPO and wood powder 
(shisham). 

I. INTRODUCTION 

OLYCYCLIC Aromatic Hydrocarbons (PAHs) is also 
called as polynuclear hydrocarbons, produced as gases or 

particles and are created from incomplete combustion when 
organic matter is burnt so these are considered as persistent 
environmental contaminants and many of them are suspected 
of being carcinogenic [1], [2]. Due to their carcinogenic, 
mutagenic and toxic properties they are priority pollutants [3]. 
Anthropogenic sources [4], [5] of PAHs as combustion of coal 
and oil [6], exhaust from motor vehicles [7] and water 
effluents from petrochemical plants [8] are significant 
compared to natural sources. Bioremediation [9], [10], 
ozonation [11], [12], adsorption and photo degradation [13] 
are the techniques have been applied successfully for the 
minimization of PAHs in domestic and/or industrial 
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wastewater. The adsorption of PAHs onto activated carbon 
from various media such as oil [15], [16] gaseous [17], [18] 
and water [19], [20] has been reported. 

It was reported that pyrolysis of scrap tyres produced oil 
similar in properties to a light fuel oil, with similar calorific 
value, sulphur and nitrogen contents. The oil was found to 
contain 1.4 % sulphur and 0.45 % nitrogen on mass basis and 
have similar fuel properties to those of diesel fuel. The oils 
contained significant concentration of polycyclic aromatic 
hydrocarbons, the concern over PAH is centred on the 
associated health hazard, some of which have been shown to 
be either carcinogenic and/or mutagenic [21]-[23] and may 
therefore restrict their handling.  

Due to often resistant to biological degradation, PAHs are 
not efficiently removed by conventional physiochemical 
methods such as coagulation, flocculation, sedimentation, 
filtration or ozonation [24]. However, adsorption processes are 
effective in removal of persistent organic pollutant. Activated 
carbon is widely used [25], but high cost and difficult 
regeneration are clearly disadvantages [26]. Interesting 
alternatives for removal of organic pollutant [27], [28] from 
wastewaters are presented by using low cost natural 
adsorbents [31], [32]. In India, huge amounts of waste are 
produced by large scale agriculture, mainly saw dust 
(Shisham), which contains lignin 14-34%, neem bark contains 
14.63% lignin, 3.43% protein, 0.68% alkaloids and 4.16% 
minerals and coconut fiber contains lignin 32% for which 
applications are only sparingly available. 

 
TABLE I 

AVERAGE CHEMICAL COMPOSITION OF SOME OF THE AGRICULTURAL 

WASTES 
Agricultural 

Wastes 
Lignin 

(%) 
Cellulose 

(%) 
Hemicellulose 

(%) 
Sources 

Coconut shell 37-40 33 08 [22], [23] 
Sugar cane 

bagasse 
22 44 27 

[20], [21], 
[29], [30] 

 Wood Sawdust 25-30 40-55 24-37 [14] 

Rice husk 20 37 24 
[24], [25], 
[33], [34] 

 
The purpose of this study was to investigate the adsorption 

features of adsorbents from agricultural waste materials with 
respect to removal of PAHs from TPO. Results were 
compared with performances of some commercial adsorbents 
used in practice. 

II.  MATERIALS AND METHODS 

A. PAHs 

PAHs: naphthalene (Nap), acenaphthene (Acen), biphenyl 
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been identified as the principal factor determining the degree 
of sorption of nonpolar compounds [28]. Thus, the lignin-
water partition coefficients (Klignin) for PAHs interacting with 
intact adsorbent (i.e. Shisham, Coconut fiber, Chitin) were 
calculated (4) from adsorbent partition coefficients (Kads) and 
lignin mass (flignin): 
 

௟௜௚௡௜௡ܭ ൌ /௔ௗ௦ܭ  ௟݂௜௚௡௜௡       (4) 
 

where Klignin (mg kg-1
lignin/mg L-1) is the partition coefficient 

between lignin and the solution; flignin (flignin g-1
adsorbent): the 

amount of lignin present. For this study, flignin was considered 
to be equivalent to 34% (flignin = 0.34) for shisham, to 32% 
(flignin= 0.32) for coconut fiber and 20% (flignin=0.20) for chitin. 
The parameter Kow is the n-octanol-water partition coefficient 
and is a measure of a compound’s hydrophobicity. The 
equilibrium Kads was calculated while published Kow values 
[38] for PAHs was used. The parameter Kow is the n-octanol-
water partition coefficient and is measure of compound’s 
hydrophobicity. Thus, the partition coefficients of PAHs by 
shisham and coconut fiber based on the lignin content can be 
estimated from the known values of Kow. These results 
confirm previous observations on adsorption of aromatic 
hydrocarbons to agricultural wastes which appear to be 
controlled mainly by the lignin content [27], [28]. The higher 
lignin content in sawdust (shisham) 34% compared to coconut 
fiber 32% and 20% in chitin, agrees with the extent of 
adsorption of PAHs followed the order: activated charcoal> 
shisham> coconut fiber> chitin the adsorption features of 
agricultural wastes proved well comparable to those of 
conventional adsorbents such as activated charcoal for 
removing PAHs from organic solvents. 

IV. CONCLUSIONS 

Polycyclic aromatic hydrocarbons (PAHs) are priority 
pollutants due to their carcinogenic, mutagenic and toxic 
properties. When tyre pyrolytic oil (TPO) is utilized as fuel 
alternative, PAHs present in TPO are generally released with 
exhaust during automobile combustion and enter into 
environment. Hence it is necessary to reduce the concentration 
of PAHs up to the acceptable levels before utilizing TPO as a 
fuel alternative. 

This study showed that adsorption of polycyclic aromatic 
hydrocarbons (naphthalene, acenapthene, anthracene and 
biphenyl) from tyre pyrolytic oil can be affected using low-
cost adsorbents of natural origin. Widely available agricultural 
residues such as shisham saw dust and coconut fiber could be 
useful for the purpose. From the analysis of results obtained it 
may be concluded that, the contact time is an important factor 
in the adsorption of PAHs. The equilibrium time was reached 
at 12 hr. A correlation could be found with the lignin contents 
of agricultural residue used to prepare adsorbents and it is 
observed that PAHs adsorption is directly proportional to 
lignin content. The adsorption efficiencies followed the order 
activated charcoal> shisham> coconut fiber> chitin. 

The adsorption features of agricultural wastes proved well 
comparable to those of conventional adsorbents such as 

activated charcoal for removing PAHs from organic solvents. 
The adsorption isotherms are in good agreement with 
Freundlich model. 
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