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Abstract: Phytotoxicity and potential genotoxicity 
of Radiowo municipal landfi ll leachate. The 
most common method of municipal solid waste 
disposal is storing at landfi lls. Many hazardous 
substances are present in garbage and some more 
are formed during degradation. They may be 
assimilated by numerous organisms, pass through 
the food chain and bioaccumulate by long-term 
exposure in animals and humans. Therefore it 
seems an important tusk to monitor the toxic and 
genotoxic potential of municipal landfi ll leachates, 
which may contaminate waters and soils. Higher 
plants provide a very useful, uncomplicated 
and inexpensive tool for fi rst-step screening 
of environmental pollutants. The objective of 
our study was to evaluate the phytotoxicity and 
potential genotoxicity of Radiowo municipal 
landfi ll leachate  by the means of plant bioassays 
and to preliminary valuate the effi ciency of zeolite 
as a leachate purifi er. Phytotoxicity was assessed 
by the Allium cepa Root Elongation Bioassay and 
genotoxicity by the means of Allium and Vicia 
Root Tip Assays (RTA). Results were subjected 
to the F-test for the two way analysis of variance 
(ANOVA 2) and subsequently the Tukey’s test, 
with statistical signifi cance set at p = 0.05. Applied 
plant bioassays indicated signifi cant phytotoxicity 
and potential genotoxicity of Radiowo landfi ll 
leachate The process of zeolite fi ltration did not 
eliminate, but evidently decreased phytotoxicity. 
It did not cause signifi cant change in genotoxic 
potential of 100% leachate, but resulted in its 
more rapid decrease in a concentration dependent 
manner. 
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INTRODUCTION 

The most common method of municipal 
solid waste disposal is storing at 
landfi lls. Many hazardous substances are 
present in garbage and some more are 
formed during degradation. Penetration 
of precipitation through the waste 
heap generates leachates, which may 
contaminate waters and soils and pose 
a serious impact to the environment. 
Toxic substances could be assimilated by 
numerous organisms, pass through the 
food chain and bioaccumulate by long-
term exposure in animals and humans 
(Sang and Li 2004). Many of the organic 
and inorganic leachate components were 
recognized as mutagens and carcinogens 
(Schrab 1993). They may pose a serious 
thread to human health causing cancer, 
genetic diseases and birth defects 
(Cabrera and Rodriguez 1999). It was 
recently reported that leachates induce 
micronuclei in bone marrow cells in 
mice (Li et al. 2004, Sang and Li 2005).

Therefore it seems an important 
tusk to monitor the toxic and especially 
genotoxic potential of municipal 
landfi ll leachates. Higher plants provide 
a very useful, uncomplicated and 
inexpensive tool for fi rst-step screening 
of environmental pollutants. Anaphase 
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and telophase aberrations (AAT) such 
as chromosome fragments, bridges and 
vagrant chromosomes are often-used 
biological endpoints for genotoxicity 
(Cabrera and Rodriguez 1999; Stopper 
and Muller 1997; Rank and Nielsen 
1993). Some bioassays have been 
validated in international collaborative 
studies under the United Nations 
Environment Program, World Health 
Organization and US Environmental 
Protection Agency and are recommended 
for environmental monitoring (Grant 
1994; Gopalan 1999).

The objective of our study was to 
evaluate the phytotoxicity and potential 
genotoxicity of Radiowo municipal 
landfi ll leachate by the means of plant 
bioassays and to preliminary valuate the 
effi ciency of zeolite as a leachate purifi er 
decreasing its toxic and genotoxic 
potential.

METHODS

Raw leachate was sampled from the base 
line of the Radiowo municipal landfi ll 
situated in the north-western part of 
Warsaw. Half of the leachate was fi ltered 
in small fi ltration column fi lled with a 
mixture of Slovakian zeolite and river 
sand (80 : 20).

The phytotoxicity and genotoxicity 
tests were performed for 100% leachates 
(raw or fi ltered) and leachates diluted 

with water to obtain 50; 25; 12.5; 6.25; 
3.12; and 1.56% v/v concentrations. 
Physiological toxicity was assessed 
by the Allium cepa Root Elongation 
Bioassay according to Fiskesjo (1985). 
EC50 (effective concentration reducing 
root length to 50% of control one) and 
EC10 values were assessed for raw and 
fi ltered leachate to compare their toxic 
potentials.

Potential genotoxicity was evaluated 
by the means of Allium and Vicia 
Root Tip Assays (RTA) according to 
Fiskesjo (1985) and Kanaya et al. (1994) 
respectively, with tap water as control. 
Anaphase and telophase aberrations 
(AAT) were observed in 100 anaphase 
and telophase cells of root meristems 
of Allium cepa (cv. Sochaczewska) and 
Vicia faba var. minor (cv. Nadwiślański). 
Results were subjected to the F-test 
for the two-way analysis of variance 
(ANOVA 2) and subsequently the 
Tukey’s test, with statistical signifi cance 
set at p = 0.05.  

RESULTS AND DISCUSSION

Raw leachate from the municipal landfi ll 
of Radiowo was highly toxic to Allium 
cepa (Tab.1). It caused 95% toxic effect, 
which means that the roots achieved only 
5% the length of the control ones. Zeolite 
fi ltration very signifi cantly decreased the 
toxicity of the leachate (EC 50 rose from 

TABLE 1. Phytotoxicity characteristics of Radiowo landfi ll leachates: raw and zeolite fi ltered, valuated 
by the Allium cepa root elongation bioassay [%]

Leachate type Phytotoxic effect
in 100% concentration EC 50 EC 10

Raw 95 26.0 1.4
Zeolite fi ltered 65 70.0 5.6



Phytotoxicity and potential genotoxicity of Radiowo municipal landfi ll leachate     41

26% up to 70%) but did not eliminate 
it. Filtered leachate may be considered 
non-toxic in 5.6% v/v (EC10) and lower 
concentrations, while the raw one in 
1.4% or lower.   

It should be admitted that the Allium 
cepa Root Elongation Bioassay is a very 
sensitive one and may be utilized for 
quality control of treated wastewaters 
(Nielsen and Rank 1994) or even 
drinking water (Fiskesjo 1985). In the 
tests with seedlings of Brassica chinensis 
or Cynodon dactylon other authors 
observed root growth inhibition in much 
higher (25% v/v) leachate concentrations 
(Tong and Wong 1984). 

According to the results of Allium 
cepa (Fig. 1) and Vicia faba (Fig. 2) 
Root Tip Assays, 100%  raw leachate 
turned out to be genotoxic towards the 

test plants. The frequency of aberrant 
ana-telophases AAT was signifi cantly 
higher in comparison with control 
and the process of zeolite fi ltration did 
not decrease it. Genotoxicity however 
dropped in a concentration dependent 
manner for both leachates; more rapidly 
for the zeolite fi ltered one. It may be 
considered non-genotoxic for Vicia in 
the concentration of 6% and in 3% also 
for Allium, while the raw leachate was 
genotoxic towards both test plants even 
in the lowest 1.5% concentration. 

Cytogenetic changes caused by 
municipal leachates in plants such as  
Hordeum, Triticum, Tradescantia, Vicia 
and Allium, reported by numerous authors 
(Sang et al. 2006, Li et al. 2008, Cabrera 
et al. 1999, Obidoska et al. 2006), are 
probably the result of cytotoxic organic 
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FIGURE 1. Genotoxicity of Radiowo landfi ll leachates: raw and zeolite fi ltered, measured by the fre-
quency of ana-telophase aberrations (AAT) in meristematic root cells of Allium cepa (Means signed 
with the same letters do not differ signifi cantly)
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complexes and heavy metals (Li et al. 
2008). Removal of heavy metals using 
zeolite was found to be more effi cient 
for some ions: Zn, Cu, than others: Ni, 
As (Kayabali and Kezer 1998). This 
perhaps may partly explain the observed 
low zeolite effectiveness in genotoxicity 
eliminating. Nevertheless the fi ltration 
process probably decreased the salinity 
level of the leachate and lowered down 
the physiological toxicity towards Allium 
which is not a salt-tolerant species.

CONCLUSIONS

 Allium cepa Root Elongation Test 
indicated a signifi cant phytotoxicity 
of Radiowo landfi ll leachate.
The leachate was genotoxic towards 
the applied test plants Allium and 

1.

2.

Vicia, which may suggest its potential 
genotoxic effect in other organisms.
The process of zeolite fi ltration did 
not eliminate the phytotoxicity of 
leachate but evidently decreased it 
(EC 50 from 26% rose to 70%).
Zeolite fi ltration did not cause 
signifi cant change in genotoxic 
potential of 100% leachate in Allium 
and Vicia, but resulted in its more 
rapid decrease in a concentration 
dependent manner. 
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Streszczenie: Fitotoksyczność i potencjalna ge-
notoksyczność odcieku z komunalnego wysypiska 
odpadów Radiowo. Najpowszechniejszą metodą 
postępowania ze stałymi odpadami komunalnymi 
jest ich składowanie na wysypiskach. W odpa-
dach znajduje się wiele szkodliwych substancji, 
a kolejne powstają w wyniku ich degradacji. Mogą 
one zostać pobrane przez liczne organizmy żywe 
i przeszedłszy drogę łańcucha pokarmowego, pod-
legać bioakumulacji w tkankach zwierząt i ludzi 
eksponowanych na ich działanie. Z tego względu 
monitorowanie toksycznego i genotoksycznego 
potencjału odcieków z wysypisk odpadów komu-
nalnych, mogących zanieczyszczać wody i gleby, 
wydaje się być istotne. Rośliny wyższe są pod-
stawą bardzo użytecznych, prostych i niedrogich 
metod  skriningu zanieczyszczeń środowiska. 
Celem naszej pracy była ocena fi totoksyczności 
i potencjalnej genotoksyczności odcieku z komu-
nalnego wysypiska odpadów Radiowo za pomocą 
testów roślinnych oraz wstępna ocena zastosowa-
nia zeolitu jako sposobu jego oczyszczania. Fito-
toksyczność została oszacowana za pomocą testu 
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elongacji korzeni u Allium cepa, natomiast ge-
notoksyczność testami stożków wzrostu korzeni 
u Allium cepa i Vicia faba. Wyniki zostały pod-
dane dwuczynnikowej analizie wariancji (F-test), 
a następnie testowi Tukeya przy poziomie istot-
ności p = 0,05. Zastosowane testy wskazywały 
na wysoką fi totoksyczność i potencjalną genotok-
syczność odcieku z wysypiska Radiowo. Proces 
fi ltracji przed zeolit nie wyeliminował, lecz ewi-
dentnie obniżył fi totoksyczność. Nie wpłynął zna-
cząco na potencjał genotoksyczny 100% odcieku, 
ale spowodował bardziej gwałtowny jego spadek 
przy wzrastającym rozcieńczeniu.
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