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Based on the results, a comparison of peat conditions in peat storage and referent peat was 
made between shallow and deep layers as shown in tables 1 and 2, respectively.

The sample results taken from peat stor-
age 1 and peat storage 2 have been com-
pared with the samples taken from the 
surrounding peatland as reference sam-
ples. The UV-Vis spectroscopy method 
was used for detecting changes in DOC 
quality between sites, as well as aroma-
ticity, humification and molecular weight.

DARIA ILIC, ROXANE ANDERSEN, IAIN DETREY

Faculty of Technical Science, University of Novi Sad, 
Serbia

TREATMENT AND POTEN-
TIAL UTILIZATIONS OF 

CONTAMINATED  
BIOMASS 

AFTER THE PHYTOREMEDIATION
OF LANDFILL LEACHATE

Phytoremediation is a technology that in-
volves the use of plants to remove pollut-
ants from the environment. Besides being 
an economical, energy-efficient, and envi-
ronmentally friendly method, phytoreme-
diation can be applied to large areas and 
is useful for treating a wide variety of con-
taminants (metals, radionucleotides, and 
organic substances) and growth media 
(soil, sludge, sediment, and water) (Rascio 
and Navari-Izzo, 2011). Phytoremediation 
of pollutants from the contaminated me-
dia generally happens through any one or 
more of the following mechanisms: phy-
toextraction, phytostabilisation, phyto-
volatilisation, phytotransformation (phy-

todegradation or phytostabilisation) and 
rhizofiltration (Parmar and Singh, 2015).
Plant species that are natural hyperaccu-
mulators of elements can be effectively 
used in the phytoremediation of particu-
lar pollutants. The hyperaccumulator plant 
species represent plants that actively take 
up exceedingly large amounts of one or 
more pollutants from the treated medi-
um. The pollutants are not retained in the 
roots, but are translocated to the shoot 
and accumulated in above-ground or-
gans, especially leaves, at concentrations 
100–1000-fold higher than those found in 
non-hyperaccumulating species (Rascio 
and Navari-Izzo, 2011).

Lignocellulosic biomass is mainly com-
posed of three polymers: cellulose, hemi-
cellulose and lignin, together with small 
amounts of other components, such 
as acetyl groups, minerals and pheno-
lic substituents. Generally, lignocellulosic 
biomass consists of 35–50% cellulose, 
20–35% hemicellulose, and 10–25% lignin. 
Proteins, oils, and ash make up the remai-
ning fraction (Iskigor and Remzi Becer, 2015).

Since about half of the organic carbon in 
the biosphere is present in the form of cel-
lulose, the conversion of cellulose into fu-
els and valuable chemicals has paramount 
importance. Disposal of contaminated lig-
nocellulosic biomass in the soil or landfill 
causes serious environmental problems, 
but it could be utilized for the production 
of a number of value-added products. 

INTRODUCTION

LIGNOCELLULOSIC BIOMASS
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One of the most important goals of ligno-
cellulosic biomass refining is to fractionate 
lignocellulose into its three major compo-
nents: cellulose, hemicelluloses and lignin. 
Hence, the pre-treatment of lignocellu-
losic biomass prior to other treatment 
methods, is an essential step in order to 
increase cellulose and hemicellulose ac-
cessibility and biodegradability for en-
zymatic or chemical action (Iskigor and 
Remzi Becer, 2015). Pretreatment methods 
are divided into different categories such 
as mechanical, chemical, physico-chem-
ical and biological methods or various 
combinations of these. 
The most commonly used method of 
mechanical pre-treatment is torrefac-
tion. Torrefaction is a thermochemical 
pre-treatment process at 200~300oC in 
an inert condition, which transforms bio-
mass into a relatively superior handling, 
milling, co-firing and clean renewable solid 
biofuel (Song and Kim, 2013).
The most commonly applied chemical 
methods can be classified in two groups: 
chemical hydrolysis and enzymatic hydro-
lysis. Among chemicals, acid and alkali are 

used as pre-treatment methods. Acids are 
predominantly applied in chemical hydro-
lysis. Acid hydrolysis can be divided inturn 
into two groups, concentrated acid hydro-
lysis and dilute acid hydrolysis (Dastyar 
et al., 2019). Dilute acid hydrolysis is com-
monly applied. But one drawback in this 
is the formation of undesirable products 
such as furfural, formic acid, acetic acid, 
uronic acid, etc.
The biological pre-treatment can be cat-
egorized into bacterial consortium, fungal 
treatments and enzymatic treatments. 
The commonly utilized microorganisms in 
this pre-treatment of lignocellulosic bio-
mass are filamentous fungi. Wood-decay 
fungi are classified into three main groups, 
white-rot, brown-rot and soft-rot fungi 
(Isori et al., 2011). Among them, the most 
effective are basidiomycetes white-rot 
fungi, because they have the capability 
to degrade lignin from the holocellulose 
(cellulose and hemicellulose) surface and 
cause white-rot on wood or trees, where-
as brown- and soft-rot fungi degrade only 
minimal lignin.

Treatment methods can be divided into 
three different categories such as produc-
tion of biomass briquette, preparation of 
High caloric fuel (HCF) by deoxy-lique-
faction and co-production of bio-ethanol, 
electricity and heat from biomass wastes.
Biomass briquette production procedures 
are widely used and variable, depending 
on laboratory conditions.
The direct deoxy-liquefaction technique 
has been proved to be an effective meth-
od to produce high quality liquid oils with 
lower oxygen content (only about 6%) and 
higher heating values (more than 40 MJ 

kg-1). Various types of biomass such as 
different terrestrial biomasses (soybean 
stalk, cotton stalk, corn stalk, rice straw, 
wheat straw, poplar leaves, and Crofton 
weed) and aquatic biomasses (water hy-
acinth, E. prolifera and Laminaria japoni-
ca) have been successfully converted into 
high-quality liquid oils via deoxy-liquefac-
tion (Li et al., 2014).
The outlines of conventional ethanol pro-
duction and the innovative route for co-
production of bioethanol, electricity and 
heat from lignocellulosic biomass are 
shown in Figure 5.

PRE-TREATMENT METHODS OF CONTAMINATED BIOMASS

TREATMENT METHODS OF CONTAMINATED BIOMASS

Fig. 1: Color change of biomass samples 
treated at different temperature: 200°C 
(left) and 300°C (right) (Song and Kim, 
2013)

Fig. 2: Appearance of white-rot funghi 
of  Echinodontium taxodii strains 
developed

Fig. 1: Color change of biomass 
samples treated at different tem-
perature: 200°C (left) and 300°C 
(right) (Song and Kim, 2013)

The concept of linking phytoremediation 
approaches and thermochemical biofuel 
production is a potential and promising 
pathway towards sustainable phytoreme-
diation processes via contaminant-free 
bioenergy production and compound re-
covery from used contaminated biomass. 
Successful commercialisation of the prod-

ucts created from contaminated biomass 
can lead to increased incomes, job cre-
ation and improved environmental man-
agement. The use of these methods may 
help reduce the prevalence of the water 
weeds in aquatic bodies and also help re-
duce the intensive use of wood fuel which 
usually leads to deforestation.

This paper has been supported by the Mi-
nistry of Education, Science and Techno-
logical Development through the project 

no 451-03-68/2020-14/200156: “Innovati-
ve scientific and artistic research from the 
FTS (activity) domain”.
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Fig. 4: Water hyacinth bri-
quettes (a) and Maize crop 
briquettes (b) (Munjeri et 
al., 2015)

Fig. 5: Outline of conventional ethanol production (above) and the innovative 
route for co-production of bioethanol, electricity (E) and heat (H) from 
lignocellulosic biomass (below) (Reith et al., 2011)
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