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Abstract: Phytotoxicity and phytogenotoxicity of 
municipal sewage sludge. The aim of our research 
was to evaluate the phytotoxicity and phytogeno-
toxicity of Warsaw municipal sewage sludge, 
mixed with two different types of soils, using 
standard plant bioassays: the Phytotoxkit and the 
Allium cepa Root Tip Assay. The phytotoxicity of 
sludge mixtures with soils was influenced by the 
concentration of sludge and the type of soil. In the 
case of sludge/sand mixtures, even a 3% sludge 
concentration was phytotoxic, whereas in sludge/
/peat substrate mixtures, the phytotoxic effect was 
observed only in the 25% concentration. Unfor-
tunately, in this and also a lower (6%) concen-
tration of sludge in a sludge/peat substrate mix-
ture, a strong phytogenotoxic effect was noticed. 
Therefore, the so called biological utilisation of 
the considered sludge seems rather hazardous for 
plants, especially in the case of sandy, but also in 
organic soils.
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INTRODUCTION

In Poland, especially during the period 
2003–2016, the volume of untreated 
municipal sewage decreased very sig-
nificantly due to the construction of new 
treatment plants (403 objects) or mod-
ernisation of the old ones (PGW Wody 
Polskie 2019). It resulted in the improve-
ment of the condition of Polish surface 
waters (IOŚ 2006, GIOŚ 2018). How-
ever, the management of sewage sludge 

still remains a problem that needs to be 
resolved. The main method of sludge 
utilisation is combustion or co-combus-
tion (Niesler and Nadziakiewicz 2013), 
but there are also attempts to use it, un-
der certain conditions and restrictions 
(Rozporządzenie Ministra Środowiska 
z 2015 r. w sprawie komunalnych osa-
dów ściekowych), in agriculture (Wiater 
and Butarewicz 2014, Snarska 2015) or 
land reclamation. Sewage sludges con-
tain organic matter and nutrients, but, 
on the other hand, are likely to be con-
taminated with heavy metals, polycyclic 
aromatic hydrocarbons (PAHs) and other 
constituents (Oleszczuk 2008). Many 
authors have reported the phytotox-
icity or phytogenotoxicity of municipal 
sewage sludges (Srivastava et al. 2005, 
Oleszczuk 2008, Oleszczuk et al. 2012, 
El Fels et al. 2015, Correa-Martins et 
al. 2016a). However, one should keep 
in mind that they may vary significantly 
depending on their origin. Therefore, 
a detailed characteristic (and current 
monitoring) of the particular sludge must 
be the basis for selecting the way of its 
utilisation (Bauman-Kaszubska and 
Sikorski 2014). 

The sludges from Warsaw sewage 
treatment plants were combusted until 
December, 2018. This method unfortu-
nately had to be temporarily suspended 
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due to the failure of the combusting de-
vices (MPWiK 2019); and other methods 
of utilisation need not only a chemical 
analysis and sanitary status assessment 
of the sludge, but also toxicity and geno-
toxicity studies. The aim of our research 
was to evaluate the phytotoxicity and 
phytogenotoxicity of the Warsaw mu-
nicipal sewage sludge, mixed with two 
different types of soils, using standard 
plant bioassays.

MATERIAL AND METHODS

Granulated, stabilised municipal sewage 
sludge from the “Południe” sewage treat-
ment plant in Warsaw was the object of 
our study. The treatment plant is situated 
in the south of the city, in the Wilanów 
District. It treats daily about 60,000 m3 

of sewage originating from the southern 
part of Warsaw located on the left bank 
of the Vistula river.

Phytotoxicity testing

A seed germination and root elongation 
test was performed in pots, using a 100% 
moist sludge and peat substrate as a con-
trol. Eight species of plants were sown: 
pea, soy, beans, radish, mustard, cress, 
rye and wheat, and the inhibition of seed 
germination (SGI) and root elongation 
(REI), in relation to the control, was cal-
culated using the following formula:

SGI / REI = C – B / C · 100 (%)

C – mean seed germination/root elonga-
tion in the control peat substrate,
B – mean seed germination/root elonga-
tion in the sludge.

In the second stage of the study, the 
sludge was mixed with a sand or peat 

substrate to obtain the concentrations 
of 3%, 6% and 25% (v/v). Toxicity was 
assessed with a standard bioassay – the 
Phytotoxkit (Phytotoxkit 2004). Fifteen 
garden cress seeds (Lepidium sativum) 
were placed in Phytotoxkit plates filled 
with the above listed sludge/sand or 
sludge/peat substrate mixtures. The incu-
bation in 25°C, in the dark, lasted three 
days and subsequently seed germination 
and root length were measured. Also the 
EC50 values were calculated (effective 
concentrations of sludge in the sand and 
peat mixtures, in which seed germination 
and root elongation were inhibited by 
50% in comparison to the control ones).

Phytogenotoxicity testing

In the third stage of the study, phytogen-
otoxicity was evaluated using the Allium 
cepa Root Tip Assay. Prepared Allium 
bulbs were placed in beakers with tap 
water to obtain about 2 cm long adventi-
tious roots. The roots were incubated for 
three days in a peat substrate (control) 
and 3%, 6% and 25% (v/v) sludge/peat 
substrate mixtures. Next they were col-
lected, fixed in Carnoy’s solution and 
stored in 70% ethanol. For microscopic 
slide preparation, the roots were macer-
ated in 1M HCl for 20 min, stained in 
acetoorcein, and the root tips squashed 
under a cover glass. Mitotic indices (MI) 
and micronuclei frequencies (MCN) 
were scored per 1,000 meristematic cells 
(in three replications per concentration).

The results, presented as means 
±standard deviations, were subjected to 
a one way analysis of variance (ANOVA) 
and Tukey post hoc test, with statistical 
significance set at p = 0.05 (Statistica 
13.3).
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RESULTS AND DISCUSSION

The 100% sewage sludge was highly 
phytotoxic for eight species of plants 
used in the experiment (Fig. 1). Seed 
germination was nearly totally inhibited 
in beans, radish and mustard (90–100%), 
in the case of peas, cress and wheat by 
about 70%, and in rye by only 22%. Sen-
sitivity of plant species towards various 
contaminants is different. For example 
monocotyledons, such as rye, are gen-
erally more resistant than dicotyledons 
(De Oliveira et al. 2016) to heavy met-
als, which are very probable in sludges.
However, root elongation, which is 
a more sensitive phytotoxicity testing 
parameter (An 2004), was reduced by 
95–100% in each of the tested species. 

As soil amendments, sludges are 
mixed with soils in certain proportions. 
In the study we prepared three con-
centrations: 25, 6 and 3%, which was 

recommended for Granbial, an organic 
fertilizer prepared on the basis of sew-
age sludge from the Białystok agglom-
eration (Snarska 2015). Because differ-
ent sludge results have been reported in 
various types of soils (Romanowska-
-Duda and Grzesik 2008, Oleszczuk et al. 
2012), the mixtures with sand, and with 
a peat substrate were tested. The results 
differed significantly (Figs. 2 and 3). In 
peat mixtures, the sludge in the tested 
concentrations had no negative influence 
on seed germination. Even the elonga-
tion of roots was significantly reduced 
only in the highest, 25% concentration. 
Sludge mixtures with concentration of 
6 and 3% did not inhibit the growth of 
roots, but they did not stimulate it either.

The effect was substantially different 
in sludge/sand mixtures; seed germina-
tion was slightly affected even in 3% 
sludge (12% reduction). In 6% sludge, 
the germination was reduced by 70%, 

FIGURE 1. Inhibition of seed germination and root elongation by 100% sludge in various plant species 
(means marked with the same letter, within the same parameter, do not differ significantly)
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and in 25% sludge by 100%. Root elon-
gation was inhibited very significantly 
even in the lowest, 3% concentration, 
and in the 25% concentration the roots 
did not appear at all. The calculated EC50 
values for sludge/peat and sludge/sand 
mixtures are given in the table.

Because the phytotoxicity of even 3% 
sludge in a sludge/sand mixture seemed 
hazardous enough for the plants, phyto-
genotoxicity studies with Allium cepa 
RTA were undertaken only for the less 
toxic sludge/peat mixtures. The inhibi-
tion of mitosis or phytogenotoxicity of 

FIGURE 2. Effect of sludge concentrations in sludge/sand and sludge/peat substrate mixtures on the 
seed germination of Lepidium sativum (means marked with the same letter, within the same sludge 
mixture, do not differ significantly)

FIGURE 3. Effect of sludge concentrations in sludge/sand and sludge/peat substrate mixtures on the 
root elongation of Lepidium sativum (means marked with the same letter, within the same sludge mix-
ture, do not differ significantly
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the 3% sludge concentration was not ob-
served, but in the 6% and 25% sludges, 
the mitotic index was significantly re-
duced and micronuclei appeared in the 
root tip cells. In 6% sludge we noted 
about 20% of interphase cells with one 
or two micronuclei (MCN). The situa-
tion was much worse in the 25% sludge/
peat mixture: in about 33% of interphase 
cells, multiple micronuclei were ob-
served (Fig. 4). 

Other authors (Srivastava et al. 2005, 
Correa-Martins et al. 2016b) have also 
reported the municipal sewage sludges 
genotoxic properties. Toxicity and geno-

toxicity may be caused by various com-
ponents of a sludge, such as heavy metals 
or PAHs. Exceeded levels of heavy metal 
contamination of a sludge produced by 
a great agglomeration are very probable 
(Bień et al. 2011). The lower phytotox-
icity observed in sludge/peat mixtures 
than in sludge/sand ones, might be the 
result of the reduced availability of met-
als, due to their immobilisation by the 
organic matter (Ociepa et al. 2014) of the 
peat substrate 

The method of sewage sludge utilisa-
tion should be dedicated to the particular 
type of sludge. In some cases the usage 

TABLE. Values EC50 of for sludge/sand and sludge/peat substrate mixtures evaluated by two parameters 
for phytotoxicity assessment: seed germination and root elongation of Lepidium sativum seedlings

Parameter
Sludge concentration 
in sludge/sand mix

(%)

Sludge concentration 
in sludge/peat mix

(%)

Seed germination 4.8 > 25
Root elongation  < 3 17

FIGURE 4. Effect of sludge concentrations in sludge/peat substrate mixtures on the mitotic index (MI) 
and micronuclei frequency (MCN) in Allium cepa root tip meristematic cells (means marked with the 
same letter, within the same parameter, do not differ significantly)
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as organic fertilizers is pointless or even 
hazardous (Correa-Martins 2016b), but in 
some others, the effect on plant biomass 
production may be encouraging (Rosikoń 
2014). Biological utilisation in the case of 
the sludge considered in our study seems 
rather risky, especially in sandy soils. 
The process of the composting of sewage 
sludges may, however, reduce their phy-
totoxicity (Oleszczuk 2008).

CONCLUSIONS

The phytotoxicity of sludge mixtures 
with soils was influenced by the con-
centration of sludge in a mixture and 
the type of soil.
In the case of the sludge/sand mix-
tures, even 3% sludge concentration 
was phytotoxic, while in sludge/peat 
mixtures the phytotoxic effect was 
observed only in the highest, 25% 
sludge concentration.
Unfortunately, even in the 6% con-
centration of sludge in a sludge/peat 
mixture, a strong phytogenotoxic ef-
fect was noted.
Utilisation of the considered sludge 
as soil amendment may be hazardous 
for plants, especially in sandy soils.
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Streszczenie: Fitotoksyczność i fitogenotoksycz-
ność komunalnych osadów ściekowych. Celem 
badań była ocena fitotoksyczności i fitogenotok-
syczności warszawskich komunalnych osadów 
ściekowych zmieszanych z dwoma różnymi ro-
dzajami gleb przy użyciu standardowych biote-
stów roślinnych: Phytotoxkit i Allium cepa Root 
Tip Assay. Fitotoksyczność mieszanin osadów 
z glebami była zależna od koncentracji osadu 
i rodzaju gleby. W przypadku mieszaniny osadu 
z piaskiem już 3% koncentracja działała fitotok-
sycznie, podczas gdy mieszanina z substratem 
torfowym wywoływała efekt fitotoksyczny dopie-
ro przy 25-procentowym stężeniu osadu. Niestety 
przy tym, a także niższym (6%) stężeniu osadu 
w mieszaninie z substratem torfowym stwier-
dzono silny efekt fitogenotoksyczny. Wydaje się 
zatem, iż tak zwane biologiczne wykorzystanie 
badanego osadu ściekowego jest raczej ryzykow-
ne dla roślin, szczególnie w przypadku gleb piasz-
czystych, ale także organicznych.

Słowa kluczowe: osady ściekowe, fitotoksycz-
ność, Phytotoxkit, fitogenotoksyczność, Allium 
cepa RTA

MS received: 31.12.2019

MS accepted: 03.07.2020

Authors’ address:
Grażyna Obidoska
(https://orcid.org/0000-0003-3046-0086) 
Zbigniew Karaczun
(https://orcid.org/0000-0001-6971-275X)
Barbara Żarska
(https://orcid.org/0000-0001-5341-1557)
Katedra Ochrony Środowiska i Dendrologii
Instytut Nauk Ogrodniczych
Szkoła Główna Gospodarstwa Wiejskiego 
w Warszawie
ul. Nowoursynowska 159, 02-776 Warszawa
Poland
e-mail: grazyna_obidoska@sggw.edu.pl


