Journal of Ecological Engineering
Volume 17, Issue 2, Apr. 2016, pages 33-37
DOI: 10.12911/22998993/62283

Research Article

THE TOXICITY OF TWO TYPES OF SEWAGE SLUDGE FROM WASTEWATER

TREATMENT PLANT FOR PLANTS

Dana Adamcova’', Magdalena Daria Vaverkova'*, Eliska Bfouskova?

! Department of Applied and Landscape Ecology, Faculty of Agronomy, Mendel University in Brno, Zemédélska
1,613 00 Brno, Czech Republic, e-mail: dana.adamcova@mendelu.cz

2 Department of Morphology, Physiology and Animal Genetics, Faculty of AgriSciences, Mendel University in
Brno, Zemédélska 1, 613 00 Brno, Czech Republic, e-mail: eliska.brouskova@mendelu.cz

* Corresponding Author: magda.vaverkova@uake.cz

Received: 2015.02.12
Accepted: 2016.03.04
Published: 2016.04.01

ABSTRACT

The aim of the present study was the estimation of the phytotoxicity of soils
amended with sewage sludge with relation to Sinapis alba L. The study was real-

ized in the system of a plot experiment. Two kinds of sewage sludge: dewatered
and anaerobically stabilized sludge with dry matter content of about 24%, and
dewatered sludge “Palikal” with dry matter content of about 92%. The results in-
dicate that the tested samples are toxic. Growth inhibition at the studied samples
ranged from 70.45% to 100%.

Keywords: sewage sludge, sewage treatment plant, phytotoxicity, Sinapis alba L.,

land application.

INTRODUCTION

The accumulation of sewage sludges from ur-
ban wastewater treatment plants is a growing en-
vironmental problem [Fuentes et al. 2004]. Sew-
age sludges constitute a very important element
in sewage management. Sludge is formed during
wastewater treatment. Wastewater is a combina-
tion of liquid- or water-carried wastes removed
from residential, institutional, commercial and in-
dustrial establishments, together with ground wa-
ter, surface water and storm water [Werthera and
Ogada 1999]. A noted increase in sewage sludge
production requires measures to ensure its utiliza-
tion [Oleszczuk et al. 2011]. Studies carried out so
far [Smith et al. 2001, Oleszczuk 2006a] showed
that sewage sludge in the conditions of its land ap-
plication can be a significant source of a lot of un-
desirable substances in soil and plants. Heavy met-
als and organic compounds are among the “most
popular” pollutants present in sewage sludge [Ste-
vens et al. 2003, Oleszczuk 2006b]. The influence
of pollutants contained in sewage sludges on their
toxicity has not, so far, been demonstrated un-

equivocally [Oleszczuk et al. 2011]. On the other
hand, however, high contents of organic matter and
nutrients make sewage sludge a perfect material
for fertilization and recultivation of degraded soils
[Albiach et al. 2001, Selivanovskaya et al. 2003].
Apart from soil enrichment in nutrients [Fytili and
Zabaniotou 2008], an addition of sewage sludge
causes an increase in the content of organic matter
in soil [Epstein 2003]. Organic matter resources in
soils are relatively low and frequently require re-
plenishment. Therefore, the use of sewage sludge
in agriculture is a desirable method of their utiliza-
tion. The addition of sewage sludge to soils may
thus be an inexpensive and effective alternative to
the methods applied currently (mineral fertilisa-
tion, manure etc.) [Oleszczuk et al. 2012].

Plants are essential primary producers in the
terrestrial ecosystem. In addition, the crop yield
and quality are important success criteria in agri-
culture. Therefore, it is important to identify po-
tential phytotoxins and understand the magnitude
of their impact on different terrestrial ecosystems
[Schowanek et al. 2004, Oleszczuk 2008]. Re-
cent reports have considered phytotoxicity test
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to be useful in assessing environmental (soils,
sediments) and anthropogenic (compost, sewage
sludge) matrix toxicity [Czerniawska-Kusza et al.
2006, Oleszczuk 2008].

For the above-mentioned reasons, the aim of
the present work was: (1) to characterize the sew-
age sludges, (2) to assess the phytotoxicity of two
types of sewage sludges.

In addition, the effects on seed germination
and primary root growth were determined in
white mustard (Sinapis alba L.) to investigate
the effect of stabilization strategy used on sludge
phytotoxicity. Such bioassays are simple and rap-
id methods to indicate phytotoxicity [Wong et al.
2001, Zucconi et al. 1985].

MATERIAL AND METHODS

Sludges

Sewage sludge samples were collected from
the sewage treatment plant (mechanical-bio-
logical treatment system) in Czech Republic.
The wastewater treatment plant serves around
374 000 inhabitants with an influent flow rate
of about 4.22 m3/s. The treatment plant consists
of a conventional extended aeration activated
sludge process.

The sludge samples (about 1 kg) were collect-
ed in triples (during the autumn —sample A, B and
C) at the end point of the sewage sludge digestion
process. Sewage sludges were typical aerobically
digested. The two types of sludges had been stabi-
lized in different ways as follows: Il — dewatered
and anaerobically stabilized sludge with dry mat-
ter content of about 24%, I — dewatered sludge
“Palikal” with dry matter content of about 92%.
Chemical characteristic of the sewage sludges is
presented in Table 1. The collected samples were
stored in glass bottles and immediately transport-
ed to the laboratory. All sewage sludge samples

Table 1. Chemical characteristic of the sewage sludges

were air-dried and crushed to obtain representa-
tive samples. Sewage sludges were crushed in a
mortar and then sieved through a 2 mm sieve for
chemical and ecotoxicological analysis.

Phytotoxicity test

The toxicity of sewage sludge was assessed with
a commercial toxicity bioassay — Phytotoxkit™ Test
(Microbiotests, Nazareth, Belgium)[Phytotoxkit,
2004]. The Phytotoxkit (Figure 1) makes use of
flat and shallow transparent test plates composed
of two compartments, the lower one which con-
tains soil saturated to the water holding capacity.
In the experiment white mustard (Sinapis alba
L.) was chosen because of its high sensitivity to
sewage sludges. The phytotoxkit measures the
decrease (or the absence) of seed germination
and of the growth of young roots after 3 days of
the exposure of selected seeds of higher plants
to a contaminated matrix, in comparison to the
controls in a reference soil. Water saturation is
calculated according to the user’s manual. The
distilled water was spread over the entire surface
of the soil in the test plate. Ten seeds of Sinapis
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Figure 1. Phytotoxicity test

| — Dewater sludge “Palikal”

(92% DM) Hg (mg/kg) | Cd (mg/kg) | Ni(mg/kg) | Cr (mg/kg) | Cu(mg/kg) | Zn (mg/kg) | Pb (mg/kg)
Sample A 1.60 0.640 31.6 68.6 200 964 30.4
Sample B 2.31 0.450 29.9 61.7 204 872 30.2
Sample C 1.86 0.570 28.4 65.5 213 907 28.4

I- St(aztzi!)i/f%il\;)ludge Hg (mg/kg) | Cd (mg/kg) | Ni(mg/kg) | Cr(mg/kg) | Cu (mg(kg) | Zn (mg/kg) | Pb (mg/kg)
Sample A 1.92 0.840 355 79.6 184 765 27.7
Sample B 1.69 0.880 32.8 71.2 199 895 24.8
Sample C 2.10 0.590 29.4 71.2 210 906 26.6
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alba L. were positioned at equal distances near
the middle ridge of the test plate on a filter pa-
per placed on the top of the hydrated soil/sew-
age sludge mixture. After closing, the test plates
were placed vertically in a holder and incubated
at 25°C for 3 days. At the end of the incubation
period a digital picture was taken of the test plates
with the germinated plants. The analyses and the
length measurements were performed using the
Image Too 13.0 for Windows (UTHSCSA, San
Antonio, USA). The bioassays were performed
in three replicates. The percent inhibition of seed
germination (SG) and root growth inhibition (R/)
were calculated with the formula:

SG/RI = A-B/A < 100

where: 4 — means seed germination and root
length in the control,
B — means seed germination and root
length in the test.

RESULTS AND DISCUSSION

To evaluate the toxicity tests with the test
plants Sinapis alba L. the parameters shown in
Table 2 (the basic characteristic of the growth in-
hibition and the degree of toxicity) were used.

Figure 2—4 presents the effect of the sewage
sludge (concentration 100%, 10%, 25% and 50%)
on the inhibition of seed germination and root
growth as related to the test plants Sinapis alba L.
(SIA), Samples A, B and C.

The growth inhibition (%) of Sinapis alba L.
for dewatered and anaerobically stabilized sludge
with dry matter content of about 24%, and dewa-
tered sludge “Palikal” with dry matter content of
about 92%, Sample A was in the range of 79.3
—100%. These samples are strongly toxic, the de-
gree of toxicity 3, 50 <I.

The growth inhibition (%) of Sinapis alba L.
for dewatered and anaerobically stabilized sludge
with dry matter content of about 24%, and dewa-
ter sludge “Palikal” with dry matter content of
about 92%, Sample B was in the range of 70.45
—100%. These samples are strongly toxic, the de-
gree of toxicity 3, 50 <I.

The growth inhibition (%) of Sinapis alba L.
for dewatered and anaerobically stabilized sludge
with dry matter content of about 24%, and dewa-
tered sludge “Palikal” with dry matter content of
about 92%, Sample C was in the range of 81.6
—100%. These samples are strongly toxic, the de-
gree of toxicity 3, 50 <I.

Table 2. The degree of toxicity

- The degree .
0,

Inhibition (%) of toxicity Evaluation
*<10 1 Non-toxic or slightly toxic

10< 1< 50 2 Toxic
50 <1 3 Strongly toxic

* I — growth inhibition (%).
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Figure 4. SIA Sample

Figure 5. Illustration of the germinating capacity of
Sinapis alba L. seeds control sample after three days
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Figure 6. Illustration of the germinating capacity of
Sinapis alba L. seeds sample A after three days

The image of the Sinapis alba L. control Sam-
ple and Sample A are shown on Figures 5 and 6.

Biological assays have been used for several
decades in risk assessment and detection of wa-
ter/sludge contamination have mainly involved
aquatic invertebrates (chironomid larvae, mos-
quitoes, dragon flies, prawns, shells and hydras),
aquatic vertebrates such as fish and algae, and
aquatic plants such as Lemna minor L. Based on
these facts, it is obvious that the use of plants as
indicators of contamination has been generally
underestimated and rarely used in toxicological
studies, compared to animal organisms [Moor
and Kroege, 2010]. However, the significance of
research that involves phytoindicators should not
be neglected because such data show the bioavail-
ability of contaminants and enable risk assess-
ment and creation of protocols for remediation of
contaminated sites [Gvozdenac et al., 2013].

The problem of the effect of sewage sludge
on seed germination and plant growth has been
addressed by numerous researchers [Fjillborg
and Dave 2004; Fuentes et al. 2006; Hu and
Yuan 2012; Oleszczuk 2008; Ramirez et al.
2008a, Oleszczuk et. al., 2012]. Among different
toxicity indices based on germination and seed-
ling growth of various higher plants, the growth
inhibition seemed to be a good method for the
evaluation of the toxicity of sewage sludge [Cz-
erniawska-Kusza, 2006]. In the present study,
the plant species of the Phytotoxkit microbiotest
responded differently to the degree of contami-
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nation of the sewage sludge samples. In general,
growth inhibition values clearly revealed the in-
hibitory effects of sewage sludge contaminants
on seed germination and root elongation of Si-
napis alba L.

CONCLUSIONS

Sewage sludge to be utilized in agriculture
must be subjected to comprehensive evaluation
comprising not only the determination of the ba-
sic physicochemical properties, content of pol-
lutants or pathogenic bacteria, but also of the
ecotoxicological properties. Germination capac-
ity known as Phytotoxicity test [Adamcova and
Vaverkova 2016] was determined to evaluate
the suitability of sewage sludge for field appli-
cation. The results of this study contribute to a
novel approach to contamination detection using
phytoindicators. The test species, white mustard
(Sinapis alba L.) expressed different sensitivity
levels to contamination. This is consistent with
the findings of Gvozdenac et al. [2013] where
tolerance levels of crops are species dependent
and vary under different stress intensities (con-
centrations and types of pollutants) and growth
stages (germination, emergence, vegetative
growth, etc.). In the present study, two types of
sewage sludge: dewatered and anaerobically sta-
bilized sludge with dry matter content of about
24%, and dewatered sludge “Palikal” with dry
matter content of about 92% caused phytotoxic
effects on the tested plant species, manifest-
ing as root and shoot growth reduction or total
inhibition. The results indicate that the tested
samples are toxic. Growth inhibition (%) at the
studied samples ranged from 70.45% to 100%.
In the control, the average root length of Sinapis
alba L. reached 46.37 mm. In conclusion, the
data of this study revealed that the Phytotoxkit
microbiotest was effective in identifying toxic
sample. In this context, further studies should be
performed on sewage sludge characteristics for
a better understanding of the biological/ecotoxi-
cological response to the contaminants present.
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