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Abstract

The study was conducted to detect toxicity in urban soils of Vasileostrovsky Ostrov and Elagin Ostrov in St.
Petersburg, Russia, an area characterised by wide variation in land use. A total of 37 soil samples were collected
from the two study areas. Garden cress, Lepidium sativum, (L. sativum) was used as the test organism to detect
the presence of toxic soils. The results indicated that soils from Vasileostrovsky Ostrov were toxic to L. sativum;
the level of toxicity ranged between 40-60% (mild to moderately toxic). Tests of soils from Elagin Ostrov
revealed that soils, generally, were nontoxic (90—100%). The results of most examined samples showed that soil
extract had a stimulating effect on the growth of fronds; however there were few instances whereby soil extract
inhibited the growth of L. sativum.

The results from the study indicated that L. sativum is capable of detecting toxic soils. The different reactions
from L. sativum to soil extracts could be attributed to site-specific conditions.

The study recommends the use of L. sativum as a test organism to conduct biomonitoring of urban soil on a wide
scale because of its simplicity, sensitivity, and cost-effectiveness.
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1. Introduction

Contaminated soils have come under increased focus for regulators; soils contain a record of the environmental
history of an area and can pose a primary environmental risk if not given the necessary appraisal and monitoring
attention (Andreiva, Baeva, & Barkova, 1998; Nautilus Environmental, 2011). Soil toxicity tests are used to
provide an accurate and reliable evaluation of the combined toxicity of chemical substances that are bioavailable
in the soil (Nautilus Environmental, 2011).

Growing social concern about environmental quality is perceived to be on the increase in recent years, both on a
global and local scale. This is connected with more convincing evidence that environmental pollution, for
example, results in degradation of particular ecosystems (Gadzata-Kopciuch, Buszewski, Bartoszewicz, &
Buszewski, 2004). Generally, emission of harmful substances from human activities into the natural
environments has negative effects on both the environment and human health. It has been observed that chronic
toxic effects, impossible to notice at the initial stage of the process, may manifest themselves after many years
(Borisenko, 1989; Natgcz-Jawecki & Sawicki, 1998; Alloway & Ayres, 1997; Gadzala-Kopcuich et al., 2004).

In particular, toxic micropollutants which are predominantly the consequence of human activities such as
industrialization, urbanisation, and agriculture are the most critical problems concerning environmental
protection and urban soil management (Kuprianov, 1977; Vladimirova, Mikulina, & Yagina, 1986; Kasimov,
1995; Dobrovolsky, 1997). The use of potential bioindicators (plants, animals and/or microbes) as organisms in
artificially and historically contaminated soil(s) has proven to be essential in investigation, detection and
quantification of toxic activity in the natural environment (Maila & Cloete, 2002).

Anthropogenic impact on soil quality is often thought of in simple terms, such as discharging wastes from
sewage collection systems or industrial outfalls (Dobrovolsky & Nikitin, 1986). Without doubt, these point
sources can have major impacts on receiving soils (Baeva & Golubeva, 1999). The changes in soil quality which
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are caused by these activities are often cumulative in effect and difficult to remedy because of the widely
scattered sources of waste generation. Surface runoff, as complex environmental mixtures, contains an enormous
number of potentially polluting substances, a potential source of environmental pollution (Thornton et al., 2001).

In most cases, conventional methods have been used to assess the quality of environmental resources.
Apparently, physico-chemical analyses are often insufficient to provide insight into the potential ecological risk,
since they do not allow an evaluation of possible combined effects of the different contaminants, as well as to
their bioavailability (Maila & Cloete, 2002). Plant assays are highly sensitive to many environmental pollutants,
including heavy metals and have been used to monitor the potential synergistic effects of mixtures of pollutants
(Wang & Freemark, 1995; Nautilus Environmental, 2011).

The present study examines the growth of L. sativum in soils extracts with the aim of detecting soil toxicity and
to evaluate its potential as a bioindicator of soil pollution. Soil extracts have been shown to increase or decrease
the potential growth weight of L. sativum in soil (Aronstein, Calvillo, & Alexander, 1991). L. sativum is a
fast-growing, edible herb that is botanically related to watercress and mustard, sharing their peppery, tangy
flavour and aroma. In some regions, garden cress is known as garden pepper cress, pepper grass, pepperwort or
poor man's pepper (Cassidy & Hall, 2002; Staub & Buchert, 2008). Lepidium sativum L. (Brassicaceae),
commonly known as Chandrasur in Ayurveda is a Rabi crop predominantly grown in temperate regions. Since
ancient times, garden cress seeds, leaves, roots and flowers have been regularly used to treat various diseases or
disorders (Mukhopadhyay et al., 2010).

Urban health related problems have been correlated with urban pollution, especially with the carcinogenic
elements such as heavy metals which are more commonly found in soils (Golubeva & Sorokina, 2002). These
discharged pollutants become dangerous to soils and aquatic life (Singh, Misra, & Pandey, 2008). With increased
urban pollution, serious concerns have been raised about the quality of the urban environment and the necessity
for quick remedial action.

A number of researchers (Ufimseva & Terekhin, 2000) consider that one of the main approaches to assessing the
ecological state of the urban environment is by physico-chemical methods. However, it is far from being always
true that conclusions made on the basis of physico-chemical results coincide with the bioquality of urban soils to
support living organisms.

Meanwhile, the high price and insufficient effectiveness of these techniques have led to the search for more
eco-nomical and simple procedures for environmental assessment. In the past few years, investigations have
focused on bioindicators that accumulate toxic substances. These investigations gave birth to the technique and
application of phytoremediation used in industrial waste-water, which involves the removal of heavy metals by
adsorption, accumulation, or precipitation using higher aquatic and terrestrial plants (Gailuilin et al., 2001).
These techniques include the wide use of L. sativum as a bioindicator for ecotoxicological assessment of soils
(Oleszczuk, 2008), and as a method to evaluate polycyclic aromatic hydrocarbons removal from contaminated
soils (Maila & Cloete, 2002). This can aid the assess-ment of the ecological risk from contaminated soil and also
as phytoremediation method in determining the presence of toxic in soils for sustainable monitoring (Maila &
Cloete, 2002).

The available literature on comparing test systems on a rational basis indicates that none of the comparing
system sensitivity of different organisms/biotests is more sensitive in all classes of tested toxicants than any
other (Eberius, 2001). However, biotest results have proven sensitive and reliable in determining the complex
state of an ecosystem and as selected methods of environmental quality assessment (Maila & Cloete, 2002;
Gadzata-Kopciuch et al., 2004).

This study is driven by the fact that the ambiguity of results obtained on ecological state of various sections of
urban territories of St. Petersburg, specified the need to conduct further research into urban soils by methods of
bioindication, which is widely used in landscape ecology.

The important aspect in adopting bioindication methods in landscape ecology research is the ability to establish a
link between an indicator and the physical and chemical characteristics of urban soils as the basis for
determining the quality of the urban environment.

The objective of the study was to determine the presence of toxic in soil and to evaluate the sensitivity of L.
sativum to soil toxicity.
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2. Materials and Methods
2.1 Study Areas

Two suburbs, Vasileostrovsky Ostrov and Elagin Ostrov in St. Petersburg city of Russia were chosen as
sampling sites. The two study areas are fairly close to each other, however, they are quiet distinct in terms of
land use. Vasileostrovsky Ostrov, administrative unit of Saint Petersburg is characterized by settlements,
educational, social, commercial and industrial activities. Elagin Ostrov, on the other hand, serves as a
recreational model zone made up of parks and gardens with limited physical structures. It is situated about 4 km
away from the centre of Vasileostrovsky Ostrov. The two study areas border the delta of the River Neva, at the
eastern end of the Gulf of Finland. Most of the city is built on both banks of the Neva, and on islands in the river.

By soil classification, Vasileostrovsky Ostrov and Elagin Ostrov belong to the typical urban soil - courtyard,
paths, children's playgrounds; cultivated areas - lawns, parks.

In Vasileostrovsky Ostrov lawns, parks, areas of some few distances away from major roads, and immediate
proximity to pedestrian walkways were mapped out and investigated. Some of these sites have been investigated
by other researchers using a technique known as “plant-indication” (Terekhin, 1998; Ufimseva & Terekhin,
2000)

At Elagin Ostrov, soil sampling sites were located at different microenvironment and under varying degree of
anthropogenic influence.
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Figure 1. Map showing the study area, Vasileostrovsky Ostrov and Elagin Ostrov

2.2 Soil Extraction Procedures/Sampling and Experimental Design

The study examined the growth of L. sativum in soil extracts from Vasileostrovsky Ostrov and Elagin Ostrov. L.
sativum is widely use in ecotoxicological testing and possesses morphological and physiological properties
(small size, high growth rates, and vegetative propagation). Moreover, L. sativum grows in a wide range of
pH-values (pH 3.5-10) which makes it an ideal organism for toxicity testing of pollutants in waste waters (Wang
& Freemark, 1995).

Before extraction, the dry soil samples were screened to a fineness of 0.2 mm using the Hach Soil Sieve in the
kit. This was followed by dissolving 5 g of soil in 25 ml distilled water in a 50 ml plastic beaker and the solution
was filtered to obtain the extract for the biotest analysis. Next, dry seeds of L. sativum were germinated in
pre-sterilized petri dishes lined with a two-layer filter paper and soaked with 10 ml soil extract of same
concentration. Distilled water and non contaminated soil was used for the control experiment. Each petri dish
contained 50 dry seeds of L. sativum. All samples and their controls were replicated. The petri dishes were
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placed next to a window allowing sufficient light for photosynthesis. After every 48 hours, 5 ml of soil extract
was evenly added onto the filter paper during the 7 days growth period.

A growth measure of L. sativum was carried out on the 7th day of growth. Fresh weight fronds were collected
from each petri dish and blotted to remove excess water and dried for 24 hours at 50 °C in a laboratory micro
oven dryer mainly consists of magnetron tube (source of radiation), oven cavity, filter, step-up transformer,
power plug, wave guide, mode stirrer and oven tray. The absolute dry weight of each germinated sample was
weighed (to 0.001 g) on an analytical balance. In all 31 samples were analysed: 20 samples were taken from
Vasileostrovsky Ostrov and 11 from Elagin Ostrov.

2.3 Analysis

Toxicity was calculated on the 7th day of growth for the controls and for each sample group. The method for
computation is as follows:

T=AvDrWt/AvCDrWt X100% 1)
Where,
T= Toxicity, AvDrWt (Average Dry Weight), AvCDrWt (Average Control Dry Weight)

The indicators used to assess the toxicity of soils were based on absolute fresh and dry weights of harvested
fronds; these indicators were found to be more acceptable because some substances may affect the frond size
without affecting the frond number or vice-visa. The results for each replicate and control were averaged and
assessed statistically for mean of 62 samples (2 replicates x 31 samples per 50 seeds per sample). The statistical
significance level in this study was defined at P < 0.05. The statistical processing was performed with SPSS for
Windows release 17.0.

Toxicity scaling: The index of toxicity (T) was applied to represent the degree of toxicity of soil and the results
were determined on the basis of measurement of dry and fresh weight sprouts of L. sativum (Fedorov &
Nikolskaya, 1997) (Table 1).

Tablel. Scale of soil toxicity for urban soils (Fedorov & Nikolskaya, 1997)

Index of soil Toxicity (T)%. Interpretation of Index, Toxicity (T) of soil
100-90 Nontoxic
80-90 Mildly toxic
60-80 Moderately toxic
6040 Toxic
40-20 Strongly toxic
0-20 Lethally toxic

3. Results and Discussions
3.1 Weight Gain and Loss of Sprouts

The current study assesses the potential of L. sativum to detect toxic soils. The overall potential effect of each
soil extract from various land uses on L. sativum was noted. There was significant response of soil extracts to
stimulate the growth of L. sativum and subsequently on its biomass. It was noted that soil extract, to a large or
small extent, affected the weight of the sprout since there was remarkable difference between the weight of
control values and the samples values (Tables 2 and 3). For example, it was observed that the average control
weight of fresh sprouts was 1.29 = 0.06 g (£ standard error) while that for sprouts germinated in soil extract was
1.59+ 0.085 (p <0.05), as indicated in Table (2) for Vasileostrovsky Ostrov. Further analysis of weight of sprouts
from Vasileostrovsky Ostrov showed that 73.7 % sprouts germinated in soil extracts had weights greater than the
average control weight of fresh sprouts, an indication of a possible stimulation effect from soil extracts. A
similar situation was observed for L. Sativum growth in soil extracts from Elagin Ostrov for both fresh harvested
fronds and dry fronds where average weights of control values were found to be slightly lower than some fronds
germinated in soil extract. However, in some limited cases, a contrary situation was noted where control values
were found to be slightly higher than observed values (Table 3) giving the impression that soil extracts inhibited
the growth of fronds and, subsequently, led to weight loss of biomass.
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In an attempt to assess the possible influence of site conditions on L sativum (in this regard total concentration of
heavy metals in soils) a superimposed analysis was carried out. This analysis compared the total concentration of
heavy metals in soil from sites used in the preparation of soil extract for the growth of L. sativum with soil from
sites in the investigated areas. This was considered to be essential since the concentration of heavy metals in
most urban soils, on the average, exceeded the acceptable concentration limit by 100 mg/kg soil and this may
have far-reaching implications on soil quality (Grigoryan & Saet, 1980). The result of the comparison indicated
that areas having sprouts weight greater than the average control value fell within sampled areas where the index
of total concentration of heavy metals in soils (ZcHM) ranged within 32—-128 classified as dangerous, and
128-132, extremely dangerous (Andreiva et al., 1998). Heavy metals constitute one of the most dangerous
pollutants of the environment and research findings have indicated that increasing concentration of heavy metals
above permissible levels most often lead to inhibition of the functional activities of living organisms and
subsequently degradation of the ecosystem (Dobrovolsky, 1997). Today it is well known that a number of
toxicants (for example, salts of heavy metals) in small concentration strengthen growth processes, and in high
concentration act as inhibitors to growth (Fedorov & Nikolskaya, 1997). From this analysis, it can be said that
the biological response to soils samples appears to be related to the chemical characteristics of soils in the study
area.

The use of biotest to assess the state of urban soils takes into consideration that territorial heterogeneity is an
important ecological factor (variation in moisture, temperature, light exposure, etc.) which can influence research
results. The test - object used in the research detected the presence of chemical limiting factors in soils. This is
consistent with the findings of other research (Fedorov & Nikolskaya, 1997).

Based on the scaling of toxicity, the results indicated the presence of toxicity in urban soils in western, central,
and eastern parts of Vasileostrovsky Ostrov. However, the results revealed significant variation in the level of
toxicity of sampled soils ranging from nontoxic, moderately toxic, to toxic (Figure 2). Results from Elagin
Ostrov indicated that about 50% of tested soils are nontoxic ranging from 90 to100%; 40% of tested soils show
weak toxicity, 80-90%, and only 10% of tested soils are moderately toxic, 60-80% (Figure 3).

The statistical analysis of sprouts of L. sativum from the two study areas showed insignificant coefficient of
variation as indicated in Table 2, which suggests that there is inconsequential difference in the level of toxicity
from the observed values. However, it can be said that although the degree of variation is insignificant, it is the
indicator’s response to the soil extract that is significant and which also indicates that there is a link between the
indicator and the quality of urban soils.

Table 2. Weight characteristics of sprouts of L. sativum from Vasileostrovsky Ostrov

Min Max Mean  Error Std. SD Cv

Fresh weight 1.04 2.18  1.5947 .08534 37198 138
Fresh weight Control 1.23 1.35  1.2900 .06000 .08485 .007
Dry weight .04 A2 .0818  .00467 .02036 .000

Dry weight Control .05 .07 .0600  .01000 .01414 .000

Table 3. Weight characteristics of sprouts of L. sativum from Elagin Ostrov

Min Max Mean Error Std.SD (6\Y

Fresh weight 1.10 1.84 1.5560  .08232 26031  .068
Fresh weight (Control) 1.75 1.87 1.8100 .06000 .08485 .007
Dry weight .06 .10 .0860 00356 .01125  .000

Dry weight (control) 10 10 .1000 00000 .00000  .000
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Figure 3. Map showing the level of toxicity by Lepidium sativum in Elagin Ostrov

4. Conclusions

Lepidium sativum was grown in soil extract to determine the presence of soil toxicity. The dry weight of L.
sativum was used as the basis for measuring the level toxicity. Analysis of the results showed that the level of
toxicity varied from non-toxic, weakly toxic, to moderately toxic soils in Vasileostrovsky Ostrov which might
have been influenced by territorial heterogeneity of urban soils on the test object, L. Sativum. Most soils in
Elagin Ostrov were found to be nontoxic, only one soil sample was found to be moderately toxic.

From the point of view of land use type and it influence on the quality of urban soils, it can be argued that soils
in Elagin Ostrov are more favourable for L. sativum as a living organism than soils in Vasileostrovsky Ostrov.
The former is most likely the consequence of insignificant human impacts on the environment and effects of
landscape gardening services carried out there.

The variations in the level of soil toxicity suggest that the heterogeneous nature of urban soils might have
influenced the sensitivity of the test organism, L. sativum to impacts. Therefore, it can be concluded that L.
sativum reaction to urban soils of Vasileostrovsky Ostrov and Elagin Ostrov is not as much the result of human
impact as it is the result of complex ecological factors. These ecological factors include spatial variability of soil
properties which might have influenced the indicator’s tolerance and reaction to soil extracts.
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The study revealed that soil extract stimulated as well as inhibited the growth of L. sativum. This was indicated
by the fact that the weight of fresh and dry fronds of L. sativum varied from the control values.

Results of this study revealed that differences in the level of soil toxicity were insignificant as indicated by the
low coefficient of variation for the analysed values. The following factors may account for this: (a) the highly
homogeneous plant nature of L. sativum assay, (b) its near-uniform weight distribution, and (c) the homogeneity
of genetic make-up.

The study recommends the use of L. sativum as a monitoring tool for early detection of contaminated soils in
urban agglomeration environments due to its sensitivity to toxicity in soils. Further, the methodology should be
used to complement existing traditional monitoring tools to identify specific constituents responsible for toxicity.
These methods can, therefore, help to implement more effective remediation treatments.
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