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1. Introduction

Landfill leachate (LFL) is generated as a result of the interaction 
between rainfall water and solids wastes disposed in landfill sites. 
Their high rate of organic matter, minerals, heavy metals and 
xenobiotic contaminants [1] constitute therefore a threat to environ-
ment and can exert serious detrimental effects on the surrounding 
ecosystems [2]. The implementation of an appropriate technique 
for the treatment of leachate depends on the characteristics of 
the particular waste stream [3], characteristics and age of the leach-
ate [4]. Indeed, the removal of organic compounds based on chem-
ical oxygen demand (COD), biological oxygen demand (BOD), and 
ammonium from leachate is the usual prerequisite before discharg-
ing it into natural waters [5]. Biological processes are part of the 
most environmental friendly and economical treatment. They offer 
many advantages in terms of simplicity and effectiveness [6]. 
However, they strongly limited by the presence of inhibitory com-

pounds in wastewaters [7]. Recently, white rot fungus group has 
been intensively studied and are gaining increasing importance 
in the detoxification of wastewaters and removal of a wide range 
of pollutants [8-10]. The biodegradation capacity of organic pollu-
tants by white rot fungi is correlated with their ability to produce 
various extracellular enzymes such as lignin peroxidases (LiP), 
manganese peroxidases (MnP) and laccases. The last ones are 
able to oxidize nonspecifically various phenolic and non-phenolic 
compounds using molecular oxygen as the final electron acceptor 
[11]. Fungal laccases are subjects of increased research in the 
last decades, because of their wide substrate’s range and their 
wide variety of industrial applications [12], pulp bleaching in 
the paper industry [13], decolorization of textile dyes [14], bio-
sensors [15], treatment of olive mill wastewater [10] and detox-
ification of landfill leachate [6]. Specifically, the white-rot fungus 
Trametes trogii (T. trogii) has received little research attention al-
though it is an outstanding laccase producer and its ability to 
degrade all lignocellulosic materials [16]. In fact, T. trogii is a 
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worldwide-distributed white-rot basidiomycete that has been rec-
ognized as an excellent source of ligninolytic enzymes essentially 
laccase [17]. Their ability to dye degradation and wastewater detox-
ification was proved by different authors [18-20]. However, fungal 
treatment of young landfill leachate has not been well studied 
to date. The high mineral content is one of the limiting factors 
for the leachate’s biodetoxification by laccases. In fact, the laccase 
activities decrease sharply when the concentrations of Cl- is higher 
than 100 mM [21]. In addition, the initial ammonium concentration 
influences considerably laccase production [22], biomass and en-
zyme yield [19]. In this context, the objective of this study was 
to evaluate the potential of T. trogii and its extracellular laccase 
enzyme in the degradation of the organic matter content in the 
landfill leachate. The effect of the initial concentration of organic 
matter and ammonia on the efficiency of the treatment was assessed.

2. Materials and Methods

The experimental approach adopted in this work is summarized 
in Fig. 1 and the different analyzes carried out are detailed below.

Fig. 1. Experimental approach adopted in this work.

2.1. Landfill Leachate Sampling

Landfill leachate was sampled from the controlled discharge of 
the Sfax region (Tunisia). It was taken straight from the collection 
box, frozen at −20°C before being used. Table 1 present the phys-
ico-chemical characteristics of the LFL.

2.2. Analytical Methods

The pH and electrical conductivity (EC) were measured using 
a pH-meter (Hanna instrument) and a conductivity-meter (Consort 
C 831) respectively. The COD was determined using the method 
described by Knechtel (knechtel, 1978), and the biochemical oxy-
gen demand (BOD5) was estimated by means of a respirometer 
(BSB-Controlled Model Oxitop (WTW)).The total nitrogen content 
and N–NH4+ were analyzed by the Kjeldahl-N method. Total phenol 
concentrations were quantified by the colorimetric method [23]. 
Volatile fatty acids (VFA) were determined by a gas chromatograph 
(SHIMADZU) equipped with a flame ionization detector. The total 
concentrations of Fe, Mn, Zn, Ni, Cr and heavy metals were de-
termined using atomic absorption flame emission spectropho-
tometer with a polarized Zeeman Z-6100 model (Hitachi, Japan).

2.3. Fungal Strain and Culture Conditions

The white-rot basidiomycete T. trogii (CLBE55) was isolated from 
decayed acacia wood from North West of Tunisia and selected 
for its potential of laccase production. For short term preservation, 
the fungus was grown on malt extract agar at 30°C for 5 to 7 
d and then Petri dishes were stored at 4°C. For laccase production, 
T. trogii was cultured on M7 medium containing (g/L): glucose, 
10; peptone, 5; yeast extract, 1; ammonium tartrate, 2; KH2PO4, 
1; MgSO4·7H2O, 0.5; KCl,0.5; trace elements solution, 1 mL. The 
pH of the solution was adjusted to 5.5 prior to autoclaving. 
Production of laccase was stimulated by adding 300 μM of CuSO4 
to the culture after 3 d incubation [24]. The inoculated flasks 
were continuously shaken on a rotary shaking incubator operating 
at continuous stirring of 150 rpm and at constant temperature 
of 30°C for 15 d. Different volumes of landfill leachate were added 
to the Culture in order to reach the already fixed concentration.

2.4. Laccase Assay

Laccase activity was assayed using 10 mmol/L DMP in 100 mmol/L 
sodium acetate buffer, pH 5 (ε469nm = 27,500 M-1cm-1). Enzymatic reactions 
were carried out at room temperature (22-25°C). One unit of enzyme 
activity was defined as the amount of enzyme oxidizing 1 μmol of 
substrate perminute in 100 mmol/L sodium acetate buffer, pH 5. 

2.5. Growth Measurements

Growth was measured in terms of dry weight of washed mycelium 
after filtration and drying overnight at 105°C on glass-fiber filters 
(GF/D Whatman Inc.). Yields were expressed as grams of dry weight 
mycelia per liter of culture.

2.6. Phytotoxicity Tests

Phytotoxicity was estimated by the determination of the germina-
tion index (GI) according to Zucconi et al. [25] using Lepidium 
sativum seeds. A sample with distilled water was used as a control.

2.7. Microtoxicity Tests

Microtoxicity tests were performed by measuring the inhibition 
rate of bioluminescence of the bacterium Vibrio fischeri (V. fischeri), 
strain DSMZ 2167. A LUMIStox equipment (GmbH, Dusseldorf, 
Germany), in accordance with the ISO/DIS 11348-2 (1998) standard, 
was used for this measurement.

2.8. Ammonia Solution Addition

The NH4Cl was added at 0.5, 1.5, 3 and 5 g/L from a sterilized 
stock solution prepared at 200 g/L. The control corresponded only 
to the amount of nitrogen required in the basal medium (2 g/L) 
of ammonium tartrate for T. trogii. 

3. Results and Discussion

3.1. Characterization of the Landfill Leachate 

Physico-chemical characteristics of the leachate samples collected 
during the research period are summarized in Table 1.
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Table 1. Physico-chemical Characteristics of Leachate and Legal Limits 
for Discharge into Urbanized Streams

Parameter Values LLDa

pH 8-8.2 6.5-9
Turbidity (NTU) 365 ndb

CE (ms/cm) 30-40
Salts (g/L) 29
TS (g/L) 45-46 ndb

COD (g O2/L) 35-45 1
BOD5 (g O2/L) 10-13 0.4
BOD5/COD 0.28 ndb

NTK (g/L) 3-3.5 0.1
NH4

+ (g/L) 2.7-2.8 ndb

Phenols (g/L) 0.1-0.3 0.001
Aceticacid (M) 0.245
Butyricacid (M) 0.013
Isobutyricacid (M) 0.02
Propionicacid (M) 0.136
Pb (mg/L) < 0.005 1
Cd (mg/L) < 0.005 0.1
Fe (mg/L) 10-13 5
Cr (mg/L) 0.9-1 1
Ni (mg/L) 0.05-0.07 2
IG (%) 0
IB (%) 100

LLDa: legal limits for discharge into urbanized streams (NT. 
106.002); ndb: not determined

Leachate used were of dark color due to the presence of humic 
substances as the most abundant organic components in the leachate 
[26]. The pH was in alkaline range and the electric conductivity 
exceeded 30 ms/cm showing a high salt level. The BOD5/COD ratio 
indicated the leachate low biodegradability with a high organic load 
expressed in COD (40 g/L), and low BOD5 (12 g/L). The turbidity 
and the high content of suspended matter were consistent with an 
important load of colloidal particles present in the effluent. The 
leachate was also characterized by a high nitrogen level (more than 
3 g/L) which could limit bacterial activity and biodegradability [27]. 
Some mineral micro-pollutants were also detected in LFL. Phenolic 
compounds were present and exceeded largely the limit concen-
trations according to Tunisian standards for wastewater release. A 
high concentration of volatiles fatty acids (VFA) was measured with 
a predominance of acetic acid (245 mM) and propionic acid (136 
mM). The raw leachate was very toxic for V. fischeri, leading to 
100% of inhibition of bioluminescence. The toxicity of leachate was 
also demonstrated by seed germination test conducted with different 
concentrations. Germination was completely inhibited (IG (%) = 
0), where the raw leachate or 1/10 diluted solution were applied. 
According to Zucconi et al. [25], the toxicity of raw wastewater can 
be overcome when it is used beyond a dilution of 50 times.

As a consequence, treatment of landfill leachate is a priority 
before discharge into the receiving environment. Fungal treatment 
using T. trogii was studied for the degradation of organic compounds 
and some pollutants causing environmental problems.

3.2. Fungal and Enzymatic Treatment

3.2.1. Effect of LFL concentration on COD removal, laccase and 
biomass production 

Laccase production from T. trogii in M7 medium without any 
effluent (Fig. 2) showed that after eight days of monitoring, activity 
peaked with a value of 7,000 U/L, and then decreased gradually.

Fig. 2. Laccase production by T. trogii strain CLBE55 in M7 medium. 
(Error bars represent ± one standard deviation from the mean, n = 3)

The treatment of leachate was carried out at different initial concen-
tration of COD (40, 20, 12, 4 g/L) corresponding respectively to 
different dilutions (100%, 50%, 30% and 10%) to illustrate the effect 
of leachate dose on laccase production. A gradual decrease of laccase 
activity was noticed when the effluent concentration increased (Fig. 
3). Indeed, a reduction of 65% was observed by adding only 10% 
of leachate and the maximum production was reached 2,200 U/L. 
The amount of laccase activity did not exceed 140 U/L and 300 
U/L for raw and 50% leachate dilution, respectively. These results 
suggest that the laccase production inhibition in higher concentration 
of leachate can be attributed to the presence of high concentration 
of organic matter and ammonia. These data are consistent with the 
those of Kalčíková et al. [6] who reported a total inhibition of laccase 
production using 50% leachate from active landfill.

The removal of organic matter was correlated with the laccase 
production (Fig. 4). Indeed, an importantdecrease was observed 
for cultures containing 10 and 30% leachate and the COD removal 
reached 56.6 and 47.36%, respectively at the fourth day of 
treatment. After 9 d, the removal efficiencies reached the maximum 
of 66 and 57%, respectively. According to other previous studies 
[17, 28, 29], T. trogii is characterized by its degrading ability of 
problematic compounds presents in wastewater. Ellouze et al. [30] 
showed that the enzymatic system of T. trogii was involved in 
the degradation of organic compound and the detoxification of 
leachate was a consequence of the important reduction of phenols, 
ammonia and hydrocarbons. Similarly, [31] showed that TOC and 
ammonia reduction with COD increasing in the solution is related 
to the capacity of extracellular enzymes production. At the end 
of treatment, the removal of COD decreased and reached 31 and 
15% for 50 and 100% leachate, respectively.
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Fig. 3. Effect of leachate concentration on the laccase production by 
T. trogii. (Error bars represent ± one standard deviation from 
the mean, n = 3)

Fig. 4. Monitoring of COD removal during landfill leachate treatment 
by T. trogii. (Error bars represent ± one standard deviation from 
the mean, n = 3)

Fig. 5. Effect of LFL concentration on the growth of T. trogii. (Error 
bars represent ± one standard deviation from the mean, n = 3)

The investigation of the effect of leachate concentration on 
T. trogii growth (Fig. 5) showed that biomass production was sig-
nificantly inhibited with the increase of leachate concentration. 
Indeed, biomass production was of 3.8 g/L with 10% leachate 
and it decreased to 3, 2.16 and 0.12 g/L with 30, 50 and 100% 
leachate, respectively.

3.2.2. Effect of ammonia on T. trogii growth and enzyme secretion
At adequate level, Nitrogen is an essential nutrient for protein 
synthesis and enzyme production by fungal organisms. The high 
amount of ammonia in landfill leachate could be toxic for 
microorganisms. In fact, it inhibits the bioactivity of micro-
organisms [32]. To confirm the effect of ammonia concentration 
on T. trogii growth and on its laccase production, different concen-
trations@ of NH4Cl (0.5, 1.5, 3 and 5 g/L) were added to the initial 
solution contained M7 media. The laccase activity was then de-
termined for each concentration (Fig. 6). 

Fig. 6. Effect of the ammonia addition on laccase production. (Error 
bars represent ± one standard deviation from the mean, n = 3)

Fig. 7. Effect of ammonia concentration on the growth of T. trogii. 
(Error bars represent ± one standard deviation from the mean, n = 3)
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Compared to the control, the addition of 0.5 g/L of NH4Cl causes 
an inhibition rate of 16 and 11% for laccase and biomass production, 
respectively (Fig. 7). This result agreed with the behavior of many 
white-rot fungi whose degradative enzymes require nitrogen 
limitation. However, this result is not in agreement with that of 
Ellouze et al. [19] who showed that until 1 g/L of NH4Cl, laccase 
activity was not inhibited, but beyond this concentration the meta-
bolic pathways and the enzyme production were negatively affected 
because of the nitrogen catabolic repression on the microbial secon-
dary metabolism.

This inhibition increase gradually with the addition of ammonia, 
it achieved 88% with the addition of 5 g/L of ammonia. At this 
concentration, the biomass decreased 3 folds (3.7 for the control 
and only 1.6 for 5 g/L ammonia added to the culture). We can 
conclude that the leachate biodegradability and toxicity constitute 
a limit for the fungal treatment. In fact, laccase activity is directly 
affected by organic matter and ammonia contents.

4. Conclusions

Landfill leachate showed a high level of organic matter, ammonia 
and salts. These compounds exert a toxic effect, since they com-
pletely inhibited the bioluminescence of V. fischeri and the germina-
tion of Lepidium sativum seeds. Fungal treatment of leachate using 
T. trogii was investigated. A high removal of organic matter was 
observed when treated a low concentration of leachate (10 and 
30%). The efficiencies decrease gradually with the increase of 
the leachate concentration. The high ammonia level content can 
be a reason for these results. In fact, the addition of 5 g/L inhibited 
totally the treatment, with the decrease of the laccase production 
and then removal of organic matter. In addition, the requirement 
of high amount of nutrients can constitute a disadvantage of the 
application of fungal in landfill leachate treatment. Also, the dilu-
tion necessary for biological treatment accentuates the leachate 
volume problem. So, it would be better to optimize the culture 
conditions for this effluent in order to achieve an efficient 
detoxification.
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