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Abstract

PETROVA, S., I. VELCHEVA, L.YURUKOVA and M.BEROVA, 2014. Plantago lanceolata L. as a biomonitor
of trace elements in an urban area. Bulg. J. Agric. Sci., 20: 325-329

To get real information on environmental pollution with trace elements (Al, Cd, Cr, Cu, Pb and Zn) and their mobility in ur-
ban ecosystems, Plantago lanceolata L. plants and soil samples were collected in May 2010. Sampling sites were selected in ur-
ban areas with different anthropogenic impact (Plovdiv, Bulgaria). Significantly, elevated concentrations of Cd, Cr and Al were
registered in all samples. Differences between trace element concentrations in sampled phytomass led to evaluation of the urban
gradient theory in the context of the city of Plovdiv. The results of the investigation revealed the main problems and unfavorable
factors, which affected urban vegetation. Automobile transport was found to be the major source of contamination, followed
by the industry. The contribution of some additional factors as canyon-street effect, wind rose, climate and topography of the
region towards forming the environmental state was discussed. The approach used in our study could be successfully applied as
a model to explore possibilities of using other herbaceous plant species for biomonitoring of the urban environmental status.
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Introduction

Urban conditions are specific, where increased amounts
of trace elements are found in air and soil as a mark of envi-
ronmental load. This situation is related to those elements’
accumulation in plant tissues, disturbing the phenology and
physiology cycles and worsening the health conditions of
plants. Vegetation, especially herbs, can act as biomonitors of
air pollution and habitat quality because of their wide distri-
bution and accessibility (Malawska and Wilkomirski, 2001;
Kardel et al., 2010; Gjorgieva et al., 2011). The simultane-
ous collection of leaf and root samples provides an additional
possibility of distinguishing the possible sources of trace ele-
ments for plant uptake, particularly of the metallic pollutants
(Kabata-Pendias and Tarlowski, 1981; Kabata-Pendias et al.,
1989; Punz and Sieghardt, 1993).

In our approach, we quantified the content of Al, Cd, Cr,
Cu, Pb and Zn in Plantago lanceolata L. plants, sampled from
different areas of the city of Plovdiv, and the content of same el-
ements in the soils, in which these plants were growing, respec-

tively. For better understanding of the mechanisms of trace ele-
ment accumulation, mobility and transport, the aboveground
and underground phytomass samples were analyzed separately.
Our work was based on the hypothesis that values obtained can
be used to trace the source of pollution; to distinguish areas on
the urban landscape with specific types of pollution, as well as
to provide an adequate assessment of the urban environment
quality. As this species is a natural remedy in traditional medi-
cine and is the raw material for many herbal mixtures, it was
also important to check whether the ribwort plantain can ac-
cumulate toxic elements at higher concentrations than those ac-
cepted by World Health Organization (WHO, 2007).

Materials and Methods

Study area and sampling sites

This study was performed in the city of Plovdiv (N 42°9’
E 24°45°), Bulgaria, one of the most densely populated cities
in the country (over 340 000 inhabitants on 102 km?). The
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selection of the sampling sites was made following the urban
gradient hypothesis (McDonell and Hans, 2008). Seven sam-
pling sites with different type of anthropogenic activity were
chosen on the urban landscape (using GPS Garmin €Trex Vis-
ta HCx), as follows: Site 1 - NE district, green area, near an
industrial area; Site 2— East district, suburb, near a city park;
Site 3— SE district, suburb, near Rail station; Site 4 (green
belt in the middle of busy street) and Site 5 (city park) — urban
area, the real center of Plovdiv; Site 6— SW district, suburb,
near a city park; Site 7 - West district, suburb, near city park.

Methodology of sampling

The sampling period was 25-26 May 2010. Ten whole
plants at flowering stage, growing at 5-10 m away from in-
tensive traffic, were collected from all sampling sites. Excep-
tion was Site 4, where plants were collected from the green
belt of the interim alley, up to 1 m from the roadway. The
aboveground and underground plant parts were carefully
separated and the representative samples were prepared for
analyses. Soil samples were taken immediately surrounding
the roots of the collected plants, at a depth of 0-40 cm. All
the samples were stored in clean, labeled, polyethylene bags,
closed tightly to avoid contamination during transportation.
In laboratory conditions, the samples were air-dried, ground
to a powder and homogenized.

Chemical analysis

The chemical analyses of plant samples were carried out
in the Faculty of Chemistry, University of Plovdiv. About 1
g ground plant material was treated with 5 ml 65% nitric
acid (Merck) for 24 h at room temperature and then for 5
min at 600 W (Microwave Digestion System CEM MDS
81D) in closed vessels. After cooling (1 h), vessels were
opened and 2 ml nitric acid and 3 ml 30% hydrogen per-
oxide were added and were left to react for another 1 hour.
For full digestion of the organic matter, samples were treated
for 10 min again at 600 W. The content of Al, Cd, Cr, Cu,
Pb and Zn was determined by inductively coupled plasma
mass spectrometry(ICP-MS) using instrument Agilent 7700
ICP-MS (2009), DF 1000. All samples, blanks and standards
were calibrated with international standards. Quality control
was performed using the standard reference plant material
(NCS DC73348).The chemical analyses of soil samples were
carried out in Accredited Laboratory Complex, Agricultural
university-Plovdiv, by ICP-MS (ISO 11466:95 and ISO
11047:95).

Statistical analysis
For evaluation of determined values, the descriptive sta-
tistical analysis was applied. The means of type sample and

area location were evaluated by one-way ANOVA (p<0.05).
For grouping the studied elements the cluster analysis was
used, and the relationships between the contents of individ-
ual elements in collected samples were studied using Pear-
son correlation coefficients. All statistical analyses were
done with the STATISTICA 7.0 statistical package (StatSoft
Inc., 2004).

Results and Discussion

The content of Cd, Cr, Cu, Pb and Zn in the soil samples,
collected immediately surrounding the roots of analyzed
plants, was presented in Table 1. The descending row of the
studied trace elements was found as follows: Zn >Pb> Cu >
Cr> Cd (p<0.05). Data were compared with the Bulgarian
permissible levels of contaminants in urban soils (Regulation
norm 3, 2008). According to this legal document, our results
were significantly lower than the maximal legal limit and we
could not speak about any soil contamination in the area of
Plovdiv, in general.

Concentrations of Al, Cd, Cr, Cu, Pb and Zn in the above-
ground and underground phytomass sampled from the se-
lected areas were given in Table 1. The descending row of the
analyzed elements in both plant parts was found as follows:
Al > Zn > Cu >Pb> Cr > Cd (p<0.05). Data were compared
with the maximal permissible content of the elements Cd (0.3
mgkg') and Pb (10 mg.kg') in herbal medicines, given by
WHO (2007). According to this criterion, all root samples
were above the limit for Cd, while in the leaves its permis-
sible level was exceeded only in Site 6 and Site 4. Increased
lead content was measured only in the leaf samples from the
intense traffic area — Site 4.

Aluminum: Normal concentrations of Al in vascular plant
species vary up to 200 mg.kg! dry weights (Kabata-Pendias
and Pendias, 1992). The mean values for Al concentrations in
plantain leaves and roots, found in this study, were 224.43+6.4
mg.kg'and 649.57+18.9 mg.kg', respectively. Maximal con-
centrations were detected in samples from Site 3, but almost
all analyzed samples revealed an increased Al content in com-
parison with mentioned norm, especially in roots. Assuming
the shoot-to-root ratio - lowest from all examined trace ele-
ments (0.345), it could be supposed that this element was soil
derived, entered into the plants mainly through the roots and
P. lanceolata showed a tendency to accumulate it.

Cadmium: Generally, it is accepted that the normal Cd
concentrations in plants are 0.2-0.8 mg.kg'and in soil the
critical level is between 3-5 mgkg!' (Kabata-Pendias and
Pendias, 1992). Based on our results the area of Plovdiv could
be assessed as not highly polluted by Cd according to these
criteria. Plants take up this element primarily from the soil
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Table 1

Concentrations of Al, Cd, Cr, Cu, Pb and Zn (mean+SD) in collected leaf, root and soil samples from the selected

areas in Plovdiv (mg.kg™")

Element | Sample | Sitel | Site2 | Site3 | Site4 Site 5 Site 6 Site 7
Leaves 284482 224%56  370£115 17155 128433 252466 14238
Al Roots 620£18.0  602+169  1266+43.0 5974155  377+83 555133  530+17.0
Soil - - - - - -
Leaves 0.14£0.02  0.25+0.03 021002 0.58+0.03  0.18+0.01  0.45+0.02  0.33+0.02
Cd Roots 025+0.02  0.54+0.02  048+0.02  0.80+0.04 049003  1.05£0.04  0.55+0.03
Soil 0.38£0.02  0.2+0.01 <0.1 0.72£0.03  0.26+0.01 <0.1 <0.1
Leaves 1324011 126£0.12  1.08+0.1  2.82+0.13  049+0.08  1.5+0.07  0.25+0.04
Cr Roots 2.33£0.16  2.55£0.15  578£023  2.0+0.14  115£0.05  231£0.09  1.74+0.12
Soil 232411 325415 388+1.8  244x11  1575£073  30.3+14 491423
Leaves 8+0.4 11+0.33 11+0.3 9+0.49 10+0.24 10+0.48 10+0.27
Cu Roots 17+0.63 18£0.86  29+096  19+0.46 194048  23£0.55  20+0.54
Soil 43813 276408  263+0.8 580417 302309  273+0.8 3741
Leaves 224009  3.6+£0.18  3.0+0.14  10£0.36  13£0.06  2.6£0.09  2.0+0.09
Pb Roots 274017  55+028 424019  40+015  39+015 494019  3.3+0.15
Soil 44.25+1.86  36.6+1.53  39.6+1.66 1504629  393+17 2974125  48.4+2.03
Leaves 314155 444255 554127 432095 38099  53+2.49 44:+1.1
Zn Roots 95+437  185+87  134+4.42 72187 111244  149+373  123+32
Soil 140141  943+27  102.3+3.0 215863 100430  99.5+29  110.1£3.0

through the roots and from the air through the leaves. The ratio
between leaf and root Cd content, especially in Site 4 (0.725),
Site 7 (0.600) and Site 1 (0.560), illustrated a significant per-
centage of its aerial origin. The statistical analysis revealed
that a strong positive correlation (r=0.83, p<0.05) existed be-
tween Cd concentrations in leaves and in roots,confirming
that in the studied area this element was air derived.

Chromium: An excess of chromium was observed in
aboveground phytomass from Site 4 (shoot to root ratio 1.41),
followed by Site 6 (0.649) and Site 1 (0.567), which was in
agreement with the fact that it was air derived and the main
emitter was transport (because maximums were found in ar-
eas with highest traffic activity - Site 3 and Site 4).

Copper: Although copper is an essential enzymatic ele-
ment for normal plant growth and development, it can be tox-
ic at concentrations above 25 mg.kg'(Allen, 1989). The most
common sources for Cu in the environment are pesticides,
fertilizers, industries and sewage sludge. The mean values
for Cu concentrations in plantain leaves and roots reached up
to 9.86+0.36 mg.kg'and to 20.71+0.64 mg.kg", respectively.
Maximal values were obtained from Site 2 and Site 3, and
from root samples in Site 6. Shoot-to-root ratio was highest in
samples from Site 2 (0.611), followed by Site 5 (0.526). Obvi-
ously, P. lanceolata had an ability to bioaccumulate Cu, as a
negative correlation (r=-0.75, p<0.05) between soil and root

concentration of copper was found. This fact was confirmed
by the descending order of the studied elements where Cu
level was higher than the lead one in the plant tissues, al-
though in the soil it was contrary wise.

Lead: Normal concentrations in plants are 0.1-10 mg.kg"
according to Kabata-Pendias and Pendias (1992). In our study,
the high lead concentrations in aerial parts of plantain from
Site 4 (shoot-to-root ratio is 2.5) was due to the lead coming
from the exhaust emissions of vehicles, and its presence in
the roots (4+0.18 mg.kg") and in the soil (150+6.29 mg.kg™)
due to pollution with waste water from different sources and
wet deposition.

Zinc: Zn is not considered highly phytotoxic and its toxic-
ity limit varied between 300 and 400 mg.kg"' (Kabata-Pen-
dias and Pendias, 1992). A plant foliar concentration of 100
mg.kg! has been quoted by Allen (1989) as a critical indicator
of whether the environment is polluted with Zn. In our study,
the average Zn concentration was 44+1.56 mg.kg'in leaves
and 124+4.1 mg.kg'in roots. According to Allen’s criterion, it
could be concluded that the city of Plovdiv was contaminated
to some extent with this metal. The dominant zinc content
in the roots, rather than the aboveground plant organs, was
evidence that it was soil derived and P. lanceolata showed a
tendency for bioaccumulation (correlation between soil and
root content was r=-0.78, p<0.05).
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Based on trace elements contents in Plantago lanceolata,
the studied sampling sites were divided into two major clus-
ters (Figure 1). The first one consisted of the pair Site 6 —
Site 7 (both situated in the West suburban area) and the pair
Site 2 (East suburban area) — Site 5 (Central urban area). The
second included the pair Site 1 (North industrial area) — Site
4 (Central urban area) and Site 3 (Southeast suburban area).

Root content of each one of six studied trace elements
in all sampling sites was from 22% (Pb, Site 1) to 696%
(Cr, Site 7) higher than that in the aboveground phytomass.
Exception was established only for chromium and lead in
plantain leaves from Site 4. This site was situated in the real
center of Plovdiv, along one of the major traffic arteries, and
characterized by the presence of tall buildings, high trees,
some other barriers, and in this case, we could talk about the
impact of the canyon-street effect (Vardoulakis et al., 2003;
Tong and Leung, 2012). The ranking of the studied zones by
cluster analysis (Figure 1) confirmed the urban gradient hy-
pothesis only to some extent. Explanations of the observed
deviations could be found in the topography of the studied
region, the presence of the canyon-street effect, the char-
acter of the wind rose, climate conditions and some other
factors.

We have compared our results with data from a previous
biomonitoring research in the region of Plovdiv using same
plant species (Dimitrova and Yurukova, 2005). It could be
noticed that in the North part of the town, the contamina-
tion with Cd, Cu, Pb and Zn was from 1.5 to 10 times lower.
When regarding the Central city part, we found a slight de-
crease (1.5-3 times) in the concentrations of the mentioned
elements.
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Fig. 1. Cluster analysis of the selected sampling sites

Conclusion

The results revealed that the distribution of the studied
trace elements in analyzed plant organs was not homogenous
and probably was dependent on the physicochemical char-
acteristics of the element and its origin. Cd, Cr, Cu and Pb
were defined mainly as air-derived pollutants in the studied
urban environment, while aluminum and zinc - as soil de-
rived. Most of the analyzed trace elements showed a tendency
to accumulate primarily in the roots rather than in the leaves,
but the mechanism was related to wet and dry atmospheric
deposition and the elements’ mobility in the soil and plant
tissues.

Differences between trace element concentrations in
sampled phytomass led to evaluation of the urban gradient
theory in the context of the city of Plovdiv. Automobile trans-
port was found to be the major source of contamination, fol-
lowed by the industry. The contribution of some additional
factors as the canyon-street effect, the character of the wind
rose, climate conditions and the topography of the studied
region towards forming the environmental state was estab-
lished too.

The approach used in our study can be successfully ap-
plied as a model to explore possibilities of other herbaceous
plant species being used for biomonitoring of the urban envi-
ronmental quality.
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