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A b s t r a c t

Municipal solid waste landfills are considered to be important sources of groundwater contami-
nation due to the leakage of leachate. Landfill leachate is undoubtedly one of the most challenging
wastewaters in terms of treatment. Fungi can be used to treat a landfill leachate. Therefore, the aims
of this research were to evaluate the biosorption potential of Pleurotus ostreatus as low-cost adsorbent
for the toxicity removal from raw landfill leachate. The objective was also to study the change
of leachate toxicity before and after biosorption tests using Sinapis alba L. growth inhibition test. It
can be concluded that the growth inhibition (%) of Sinapis alba L. for landfill leachate samples after
biosorption tests were in the range of 31.55–96.16%. These samples were strongly toxic, but the
toxicity compared to samples before biosorption tests decreased for all samples.

WYKORZYSTANIE BOCZNIAKA OSTRYGOWATEGO (PLEUROTUS OSTREATUS)
DO REDUKCJI TOKSYCZNOŚCI ODCIEKÓW ZE SKŁADOWISKA ODPADÓW
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1 Katedra Ekologii Stosowanej i Krajobrazu
Uniwersytet Mendla w Brnie, Czechy
2 Katedra Kształtowania Środowiska

Szkoła Główna Gospodarstwa Wiejskiego w Warszawie, Warszawa, Polska

S ł o w a k l u c z o w e: odcieki ze sładowiska, odpady komunalne, Pleurotus ostreatus L., testy
fitotoksyczności, Sinapis alba L.
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A b s t r a k t

Składowiska odpadów komunalnych poprzez powstające odcieki mogą być istotnym źródłem
skażenia wód gruntowych. Odcieki są najbardziej problematycznymi wodami odpadowymi,
jeżeli chodzi o ich oczyszczanie. Grzyby mogą być wykorzystywane do oczyszczania odcieków
w składowiskach.

Przeprowadzono badania, w których oceniono możliwości wykorzystania potencjału biosorbcyj-
nego Pleurotus ostreatus jako taniego adsorbentu wykorzystanego do redukcji toksyczności odcieków
w składowiskach. Celem eksperymentu była ocena zmiany toksyczności odcieków przed zas-
tosowaniem biosorbentu na roślinie testowej Sinapis alba L. i po jego użyciu.

Na podstawie przeprowadzonych badań można stwierdzić, że inhibicja wzrostu [%] Sinapis
alba L. po zastosowaniu biosorbentu na odciekach wynosiła 31,55–96,16%. Badane odcieki były silnie
toksyczne, jednak po zastosowaniu biosorbentu toksyczność znacząco zmalała dla wszystkich
testowanych koncentracji.

Introduction

Landfills are one of those humans; activities that are changing the fate
of the natural ecosystems (WONG et al. 2016a, KUMARI et al. 2016, KODA et al.
2013). Sanitary landfilling is a widely used large-scale waste disposal method
worldwide, especially for municipal solid waste (MSW) (KODA et al. 2016,
WONG et al. 2016b). MSW landfills are considered to be important sources of
groundwater contamination due to the leakage of leachate, a complex mixture
of pollutants having high chemical oxygen demand, high ammonium nitrogen
content and lasting toxicological characteristics (GWOREK et al. 2016, HAN et al.
2016). Landfill leachate is the result of water percolating through waste
deposits that have undergone aerobic and anaerobic microbial decomposition
(MUKHERJEE et al. 2014). Its composition is a function of the type of waste in
the landfill, landfill age, climate conditions, and hydrogeology of the landfill
site (BRENNAN et. al. 2017). A landfill site will produce leachate throughout its
working life and also for several hundred years after it is decommissioned. The
control of a landfill site, and appropriate treatment of the leachate it produces,
is paramount in the protection of the surrounding environment, as leachate
contamination of groundwater, rivers, lakes and soils has the potential to
negatively affect local habitats, resources and human health (BRENNAN et. al.
2017).

Landfill leachate may be characterized as a water-based solution consisting
of four groups of contaminants: (1) dissolved organic matter, such as alcohols,
acids, aldehydes, and short chain sugars; (2) inorganic macro components,
which include common cations and anions (e.g., sulfate, chloride, iron, alumi-
num, zinc, and ammonia); (3) heavy metals (i.e., Pb, Ni, Cu, Hg, etc.); and (4)
xenobiotic organic compounds such as halogenated organics (e.g., PCBs,
dioxins, etc.) (Ren and YUAN 2015).
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The conventional landfill leachate treatment includes physico-chemical
treatments, and biological treatments. Physico-chemical treatments are
usually used to reduce suspended solids, colloidal particles, color, and certain
toxic compounds (REN and YUAN 2015). However, conventional treatment
technologies become less effective and more expensive when situations involv-
ing high volumes and low metal concentrations are encountered (KAPOOR and
VIRARAGHAVAN 1995, XIANGLIANG et al. 2005).

Biosorption, which involves the use of biomass or natural substances as
sorbents, presents an attractive alternative to the traditional physicochemical
means for removing toxic heavy metal from grounds and wastewaters (SAEED

et al. 2005, GONG et al. 2005, DAVIS et al. 2003, HOLAN and VOLESKY 1995, XU

and LIU 2008, PAVASANT et al. 2006, KOCAOBA and ARISOY 2011).
The uptake of heavy metals by biomass can take place by an active mode

(dependent on the metabolic activity) known as bioaccumulation or by a pass-
ive mode (sorption and/or complexation) termed as biosorption (KAPOOR and
VIRARAGHAVAN 1995). Biosorption, based on the metal binding capacities of
various biological materials, has gained attention in the recent years due to
high efficiency and low cost. Fungi, yeast, bacteria, algae have proven to be
very effective in removing heavy metals from solutions and their biosorption
behavior of heavy metals have been extensively studied (VASUDEVAN et al.
2002, XIANGLIANG et al. 2005, WANG 2002). In recent years, numerous studies
have showed that some cultivated mushrooms can bioaccumulate considerable
amount of metal ions. Recently, fungi, with their high tolerance and resistance
to toxicity, have been recognized as an excellent candidate for treating
leachate. Research has shown that white-rot fungi have developed nonspecific
mechanisms to degrade an extremely diverse range of very persistent or toxic
environmental pollutants (REN and YUAN 2015).

The aims of this research were to evaluate the biosorption potential of
Pleurotus ostreatus (P. ostreatus). The potential of fungal biomass as low-cost
adsorbent for the toxicity removal from raw leachate was determined. The
objective was also to study the change of leachate toxicity before and after
P. ostreatus biosorption using Sinapis alba L. growth inhibition test.

Materials and Methods

Leachate sampling

The municipal landfill row leachate employed in this study, was collected
from the Kuchynky landfill, with capacity of 110 103 kg/day. The Kuchynky
landfill is classified in the S-category for “other waste”, sub-category S-OO3.
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The area of the landfill is 70,700 m2 in five stages, with a total volume
of 907,000 m3, i.e. around 1,000,000 103 kg of waste. The planned service life
of the facility is up to 2018. The facility receives waste (in the category
of “other waste”) from a catchment area with a population of around 75,000
residents. The annually deposited amount of waste is around 40,000 103 kg,
of which 50% is from the communal sphere (VOBÉRKOVÉ et al. 2017).

The experimental investigation was conducted in April 2015. Two samples
(0.5 l/sample) of raw landfill leachate were collected in plastic bottles. The
samples were packed in cool boxes (8–15oC) and were transported to the
laboratory for analysis. Leachate samples were analyzed for pH, electrical
conductivity (EC), chemical oxygen demand (COD) and a series of metals (Cd,
Cr, Ni, Pb, Zn, Hg). Landfill leachate characteristics (years 2008–2015) are
shown in Table 1.

Table 1
Characteristic of raw landfill leachate used in experiment

Parameter Unit Mean*

pH 8.303 ± 2.33
N-NO2

– mg l–1 0.318 ± 0.61
N-NO3

– mg l–1 5.546 ± 9.70
P mg l–1 4.908 ± 1.20

Cd mg l–1 0.018 ± 0.02
Hg mg l 0.001 ± 0.00

AOX μg l–1 1027 ± 201.29
Zn mg l–1 0.289 ± 0.26
Cr mg l–1 0.940 ± 0.43
Pb mg l–1 0.036 ± 0.03
Ni mg l–1 0.343 ± 0.25
EC mS m–1 1073 ± 150.93

CODMn mg l–1 370 ± 95.25
As mg l–1 0.043 ± 0.02

PAU μg l–1 0.411 ± 0.21
Ntotal mg l–1 507.42 ± 156.65

* Results are the mean of values for the years 2008–2015 and ± indicate standard deviation.

Biosorption materials

Fresh fruiting bodies of P. ostreatus were obtained from a vegetable
market, were washed with deionized water, dried at 60±1oC in laboratory dryer
(Ecocell) for a period of 16 h, ground into powder using a mill (IKA® MF10
basic microfine grinder drive) and sieved through a 800 μm mesh sieve to
obtain raw biomass for further use.
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Biosorption experiments

The biosorption experiment was performed at 25oC in 250 ml flasks as
follows: 40 g of P. ostreatus biosorbent was added to flasks containing 300 ml of
raw leachate. The flasks were stirred with a magnetic stirrer at 150 rpm for
12 h. The biosorption tests were replicated twice. The mean values from the
two duplicate were used. The leachate samples after the biosorption experi-
ment were filtered and toxicity in the filtrate was determined using the Sinapis
alba L. growth inhibition test. The scheme of the biosorption experiment is
shown in Figure 1.

Fig. 1. Biosorption experiment set-up

Phytotoxicity test of leachate

White mustard (Sinapis alba L.) was used as a test organism to assess the
toxicity of the leachate samples before and after the P. ostreatus biosorption
experiment. Each leachate sample was diluted to give final leachate concentra-
tions of 25%, 50%, 75% and 90%. Each concentration of the dilution series was
tested with two replicate samples. The test organisms were exposed to the
leachate solutions for a total of 72 h.

The seeds of Sinapis alba L. were germinated in Petri dishes (Figure 2)
with a 14 cm diameter on filter paper on the bottom. The hydroponic solution

Fig. 2. Process of Sinapis alba L. seed germination and growth
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(distilled water with the following chemical ingredients (mg l–1): Ca(NO3)2 0.8,
KH2PO4 0.2, KNO3 0.2, MgSO4·7H2O 0.2, KCl 0.2, FeSO4 0.01, pH = 5.2) with
the tested liquid was added into each dish, and 15 healthy looking seeds of
similar size were evenly spread onto the surface of the filter paper. The Petri
dishes were covered by a glass cap to prevent loss due to evaporation and were
located in the dark thermostat (t = 24oC, air humidity 80%). After 72 h, the
root length was measured.

Statistical analysis

Toxicity data were expressed as the percentage of toxic effect of leachate
compared to the control. Mean values and standard deviations (±SD) were
taken from each two data set. Statistical analysis was performed using the
software Excel.

Results and Discussion

The present study describes the efficiency of P. ostreatus as a biosorbent for
the removal of toxicity from aqueous solutions – landfill leachate (LW). Figure 3
and Figure 4 present the results of root length [mm] and inhibition [%] for
samples before LW 25, LW 50, LW 75 and LW 90 and after LW 25, LW 50, LW 75
and LW 90 P. ostreatus biosorption tests using the Sinapis alba L. growth
inhibition test.

Figure 5 presents the effect of the landfill leachate samples before and after
P. ostreatus biosorption tests (concentration 25% (LW 25), 50% (LW 50), 75%
(LW 75) and 90% (LW 90)) on the inhibition of seed germination and root
growth as related to the test plants Sinapis alba L. (SIA). The growth
inhibition (%) of the Sinapis alba L. for landfill leachate samples Before –
LW 25, LW 50, LW 75 and LW 90 were in the range of 36.90–99.63%. These
samples were strongly toxic. It can be concluded that the higher the concentra-
tion of landfill leachate, the greater the inhibition.

The growth inhibition (%) of the Sinapis alba L. for landfill leachate
samples after biosorption tests, samples After – LW 25, LW 50, LW 75 and
LW 90 were in the range of 31.55–96.16%. These samples were strongly toxic,
but the toxicity compared to the samples before – LW 25, LW 50, LW 75 and
LW 90 decreased for all samples. After the P. ostreatus biosorption tests the
toxicity of landfill leachate decreased, for sample LW 25 by 15%, for sample
LW 50 by 1%, for sample LW 75 by 4.3% and form sample LW 90 by 3.48%.
Samples After LW 25, LW 50, LW 75 and LW 90 showed an average of 5.9%
lower toxicity than samples Before LW 25, LW 50, LW 75 and LW 90.
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Fig. 3. Root length (mm) and inhibition results (%) of samples before LW 25, LW 50, LW 75
and LW 90

Fungi can be used to treat a variety of wastewaters, ranging from munici-
pal wastewater, industrial wastewater and landfill leachate. In terms of landfill
leachate treatment, fungi showed a better removal efficiency of recalcitrant
compounds than the conventional leachate treatment process (REN and YUAN

2015).
The biosorptive capacity of dead fungal cells has been studied extensively in

comparison to living cells. The biosorptive capacity of dead cells may be
greater, equivalent to or less than that of living cells. The use of dead biomass
in industrial applications offers certain advantages over living cells. Systems
using living cells are likely to be more sensitive to metal-ion concentration
(toxicity effects) (KAPOOR and VIRARAGHAVAN 1995).

The effect of biosorbent was also studied by JAVAID et al. (2011). The study
concluded that the fungal species P. ostreatus was an efficient biosorbent

Removal of landfill leachate toxicity... 767



Fig. 4. Root length [mm] and inhibition results [%] of samples after LW 25, LW 50, LW 75 and LW 90

Fig. 5. Growth inhibition in samples LW 25, LW 50, LW 75 and LW 90 (before and after)
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because of fast metal removal rate, remarkable biosorption capacity and high
regeneration ability. Treatment of real effluents corroborated that P. ostreatus
has a good potential to remove toxic heavy metal ions from industrial effluents
in real applications (JAVAID et al. 2011). In another study it was shown that the
fruiting bodies of P. ostreatus immobilized in calcium alginate were effective in
removing lead from solution efficiently (XIANGLIANG et al. 2005).

Conclusion

The results presented in this paper demonstrate the usability of a biosor-
bent, P. ostreatus, for the removal of landfill leachate toxicity. This study is
part of the larger research of long-term landfill monitoring program. The
growth inhibition [%] of Sinapis alba L. for landfill leachate samples after
biosorption tests were in the range of 31.55–96.16%. These samples were
strongly toxic, but the toxicity compared to samples before biosorption tests
decreased for all samples. Biosorbent, P. ostreatus may find potential applica-
tion in landfill leachate treatment.

Translated by HERMES VILLAFAÑA
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