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Comparative study on Plantago major and
P. lanceolata (Plantaginaceae) as bioindicators of the
pollution in the region of the Asarel Copper Dressing Works*
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The aim of this study is by comparative investigation of microelement accumulation in Plantago major and
P. lanceolata to assess the efficiency of use of these species as bioindicators of environmental pollution in
the region of Asarel Copper Dressing Works (Bulgaria). Each species was studied within a period of three
years: P. lanceolata (2003-2005) and P. major (2006-2008). The plant samples were collected from four
experimental plots (EP) distanced differently from the Copper Dressing Works. Mt Lozenska (P, lanceolata)
and Mt Vitosha (P. major) were used as control sites. Five elements (Cu, Zn, Pb, Mn, Fe) were determined by
AAS - Perkin-Elmer 3030B. The species P. major is registered as a better accumulator, mainly of Cu, Fe and
Pb within the entire period of investigation and in all EP, especially in EPy. P. lanceolata accumulates greater
amounts than P. major, preferentially of Zn, through all three years in EP, and EP3 (2003, 2004), and Mn only

in EP, (2003, 2004).
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Introduction

Biomonitoring can be defined as systematic use of the
biological reaction to the environmental changes and
application of this information for environment qual-
ity control (Mulgrew & Williams 2000). The plants
have been successfully used as biomonitors or accu-
mulators of pollunants, especially in ecological terms
(Manning & Feder 1980; Kovacs 1992). The plants re-
sponses to air pollution allow to detect the presence of
pollutants and their identification on the base of their
impact on the plant species, to determine the total ef-
fect of all environmental factors, including air pollu-
tion and climate, to measure up the concentration of
pollutants, and to elucidate the use of plants as a sen-
sitive system for early diagnosis of the environmenatal

changes (Posthumus 1988; Sikora & Chappelka 2004).
A range of advantages, such as an intergrated biologi-
cal effect, low cost, comparatively easy conduct of the
investigations and obtaining of the results makes the
plant bioinducation to be a valuable source for char-
acterization of air quality (Garrecc 1999).

The paper presents data from the applied pas-
sive phytomonitoring, as part of the long-term com-
prehensive ecological monitoring of environmental
pollution in the Asarel-Medet region, town of Pan-
agyurishte (Zyapkov 1995). The aim is by means of
comparative investigation of the accumulation capac-
ity of P. major L. and P. lanceolata L. for five micro-
elements (Cu, Zn, Pb, Mn, Fe) to assess the efficien-
cy of the species as indicators of pollution in the area
around the Asarel open copper mine.

" The article was presented at the Ecology Seminar-2009, 23-24 April, Sofia.
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Material and methods

The following two species were object of the inves-
tigation: P. major and P. lanceolata (Plantaginace-
ae). They have been used as indicator species in the
phytomnitoring of pollution in the region of Asar-
el-Medet works. The investigation was carried out
in the period 2003-2008 and each of the two spe-
cies was studied in the course of three years: P. lan-
ceolata in 2003-2005 and P. major in 2006-2008. P.
major had been used as indicator since 2006, instead
of the formerly used P. lanceolata. The wider dis-
tribution of P. major in the experimental plots ex-
plains its use as indicator and the start of a compar-
ative investigation of the accumulation capacity of
both species. The following four experimental plots
(EP) were set for the purposes of monitoring (Zyap-
kov 1992), all situated at different distances from
the Asarel mine (Fig. 1): EP; - near to the Admin-
istrative Office of Asarel-Medet AD, at a distance of
1575 m from the mine; EP, - at the road to Medet
mine, eastwards of peak Lisets and at a distance of
4130 m from the mine: EP3 - until 2007 within the
Panagyurski Kolonii locality, 2660 m off the Medet
foundation pit; since 2007 this EP removes to the ar-
ea of Oborishte historical site, close to the old tour-
ist chalet, 2870 m southwest of the Asarel mine. The
selection of a new area for this EP3 was necessitat-
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ed by the halting of work at the Medet mine. So af-
ter its was closed down, the phytomonitoring inves-
tigations were wholly transferred to the area around
the Asarel mine. The Oborishte historical site is an
important historical and tourist highlight requiring
control over the technogenic pollution of the envi-
ronment. EP4 — on a lawn in front the eastern em-
bankment, about 2975 m off the mine. The selection
of experimental plots was made in compliance with
the direction of the actual and potential air flows in
the region, and dispersal and deposition of the tech-
nogenic substances issued into the athmosphere dur-
ing mining. Mt Lozenska (P, lanceolata) and Mt Vito-
sha (P. major) were used as control regions.

The plant samples, including the above-ground
part, were collected at the end of the vegetation period
(late September—early October). Samples of P. major
from the closest to the mine experimental plot (EPy),
as well as from the conditionally clean area (K) have
been collected twice during vegetation: in July and
early in October, and in data extrapolation of the aver-
age values were used.

The content of the following five microelements
was determined in the plant species — Cu, Zn, Pb, Mn,
Fe (mg/xg dry weight) — by the method of wet ash-
ing procedure with a mixture of concentrated acids
(H,SO4, HNO3, HCIO4 n HCI), and by atomic ad-
sorption spectrometry (AAS) Perkin-Elmer 3030B.

2 CEPY
. 2

0 Panagyurski Kolonii

Fig. 1. Map of the region of the
Asarel Copper Dressing Works,
with experimental plots.
Legend: EPj, EP», EP3, EP3,
EP4 - experimental plots.
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Results

The average values of the accumulated amounts of mi-
croelements in the plant species in the region of Asarel
are presented in Table 1, Fig. 2A for P, lanceolata and
Table 2, Fig. 2B for P. major. Data from the experimen-
tal plots have shown a considerably higher accumula-
tion of three of the investigated elements: Cu, Fe and
Pb (for both biomonitors), as well as of Zn (P. major)
from EPy, the closest to the mine plot (Tables 1 & 2).
The comparison of data for the accumulated Cu
in the P. major and P. lanceolata has shown P. ma-
jor as a better accumulator in all EP, and especially
in EPy, where the average value (167.42 mg/kg) was
10.6 times higher than the one measured for P. lan-
ceolata (15.78 mg/kg); more limited in EP, and EP5 —
3.3 and 2.8 times respectively; and relatively lowest in
EP4 -1.9 times higher Cu concentration (Table 2) as

Table 1. Average values of microelement contents in P. lanceo-
lata (2003-2005).

compared to the P. lanceolata (Table 1). Most limit-
ed levels of Cu for both species were found in the in-
dividuals from EP3, but there again P. major accumu-
lated 2.8 times higher amonts (15.29 mg/kg) than the
P lanceolata (5.53 mg/kg). Both species accumulat-
ed the maximum amounts of copper in the first year
of their investigation: 2006 for P. major and 2003 for
P. lanceolata, with 6.6 times higher accumulation for
P. major (72.19 mg/kg) as compared to P. lanceola-
ta (10.99 mg/kg) (Fig. 2-B & A). During the three-
year period of investigation, the P. major in Asarel has
demonstrated on the average 5.9 times higher accu-
mulation capacity for Cu (56.23 mg/kg) as compared
to the P. lanceolata (9.53 mg/kg) (Tables 2 & 1). The
control version of P. major during the three years have
shown a twice higher level of Cu than the control val-
ues of P. lanceolata, but the coefficient of deviation of
average value from the control has been twice higher

Table 2. Average values of microelement contents in P. major
(2006-2008).

Experimental | Years/ | Microelements (mg/kg dry weight)
plots (EP) Values Cu Zn Pb Mn Fe

2003 21.25| 23.39| 2.62| 30.52| 71.35

2004 12.31] 26.18( 1.01| 15.36| 74.76

EP; 2005 13.77 21.18| 3.70| 19.00| 77.80

Average | 15.78| 23.58| 2.44| 21.63| 74.64

St. dev. 480 251 1.35] 791| 3.23

2003 552| 41.63| 1.84| 63.20| 45.11

2004 3.85| 28.07| 2.57| 57.74| 49.30

EP, 2005 11.79] 26.01| 1.83| 28.80| 78.08

Average 7.05( 31.90| 2.08| 49.91( 57.50

St. dev. 4.19| 849 0.42] 18.49| 17.95

2003 6.54| 47.50| 1.75] 59.99| 32.76

2004 5.05| 63.48| 1.68| 71.21| 45.83

EP; 2005 5.00] 27.10| 1.80| 23.31| 98.61

Average 5.53| 46.03| 1.74| 51.50( 59.07

St. dev. 0.88| 18.23| 0.06| 25.05| 34.86

2003 10.66| 34.86( 1.81| 69.59( 40.63

2004 6.46| 52.80| 0.99| 72.17| 71.64

EPy 2005 12.17| 23.51 0.94| 55.54(103.60

Average 9.76 | 37.06| 1.25| 65.77 | 71.96

St. dev. 296 14.77| 0.49| 895 31.49

EP; - EP4 = Cg |2003-2005| 9.53| 34.64| 1.88| 47.20| 65.79

2003 3.81| 57.15| 1.89]112.36( 36.10

K 2004 457 75.71 0.31]103.66 | 30.52

2005 412( 65.06| 1.82] 8529 56.68

Average 4.17| 65.97| 1.34|100.44 | 41.10

Ck St. dev. 0.38] 9.31| 0.89| 13.82| 13.78

dcé’veﬁﬁf;i“;rgfm | Ca=CJ/Ci| 229| 052| 140| 047| 160

Experimental Years/ | Microelements (mg/kg dry weight)
plots (EP) Values | Cu | Zn | Pb | Mn | Fe

2006 253.80( 61.54 | 5.35 | 55.38 |247.00

2007 98.34 | 73.65 | 1.91 | 34.95]613.17

EP; 2008 150.12| 88.76 | 14.02 | 58.79 [167.65

Average |167.42| 74.65 | 7.09 | 49.71 (342.61

St.dev. | 79.16 | 13.64 | 6.24 | 12.89 |237.65

2006 13.84 | 22.57 | 1.55 | 47.24 |1225.47

2007 22.27 1 1558 | 2.29 | 28.68 |311.85

EP, 2008 34.24 1 23.87 | 2.83 | 58.87 |156.13

Average |23.45|20.67 | 2.22 |44.93 (231.15

St.dev. |[10.25| 4.46 | 0.64 | 15.23 | 78.02

2006 8.73 | 27.12 | 0.20 | 25.17 |181.20

2007 8.60 | 14.13 | 1.68 | 48.22 |389.33

EP; 2008 28.54 | 44.14 | 6.34 |147.83]121.23

Average |15.29|28.46 | 2.74 | 73.74 (230.59

St. dev. 11.48 | 15.05| 3.20 | 65.19 |140.71

2006 12.35 52.90 | 0.90 [125.82]238.09

2007 19.21 | 25.40 | 4.40 | 44.88 |343.81

EP, 2008 24.69 | 35.74 | 4.03 |277.48(172.11

Average | 18.75|38.01 | 3.11 (149.39(251.34

St. dev. 6.18 | 13.89 | 1.92 |118.08| 86.61

EP; - EP, = Cg | 2006-2008 | 56.23 | 40.45 | 3.79 | 79.44 (263.92

2006 9.83 | 61.82 | 3.37 | 52.39|250.09

K 2007 9.20 | 21.57 | 3.81 [116.60|367.14

2008 1597 | 23.03 | 2.48 | 57.07 [136.40

Average | 11.67 | 35.47 | 3.22 | 75.35 [251.21

Ck St dev. 3.74 | 2283 ] 0.68 | 35.80|115.37
g:ffﬁféinég; | Ca=Cicic| 482 | 114 | 118 | 105 | 105

Legend: K - control; St. dev. - standard deviation; Cs — average value for EP1 — EP4; Ck — average value for control.
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(4.82) from the one established for P. lanceolata (2.29)
(Tables 2 & 1). The high value of the above-mentioned
coefficient for both species, especially for the P. major,
proves indirectly the high level of environment con-
tamination with Cu in the region of Asarel-Medet.
The average annual levels of Cu in the experimental
plots in the area of Asarel in both biomonitors exceed
the control values, with a very wide range for P. major:
3.7 times (2008) - 7.3 times (2006) and a much small-
er range for P, lanceolata: 1.5 times (2004) - 2.9 times
(2003) (Fig. 2-B & A).

During the second year, a drop in the accumula-
tion of Cu has been observed in both species, espe-
cially in P. major, with a subsequent increase of the
amount of this element at the end of the investigation,
again more pronounced in the P. major. The concen-
trations of Cu measured up in P, lanceolata in EP, and
EP; for the different years and averagely for the entire
period were below the minimum background count of
this element for the region (Doncheva-Boneva 2006).
In EP; and EP4 the accumulation of Cu was within
the limits of the normal background count, with on-
ly the average value in EP; being at its optimum for
this element throughout the three years, and equal to
its amount in the leaves of Fagus sylvatica in the re-
gion (Doncheva-Boneva 2006). The pattern differred
for P. major, insofar that in the samples from EP,, EP,4
(2006) and EP3 (2006, 2007) the amounts of Cu were
within the limits of the nomal background count for
the region, while in 2008 (in all EP) and the average
values in the different EP for the entire period of in-
vestigation, were above the optimum values of the el-

ement for the region, especially in EP;: 11.2 times
above the optimum value.

According to the classification of Kabata-Pendias
& Pendias (2001) and after data provided by oth-
er researchers (Shkolnik 1974; Kovalskiy 1971; Beck-
ett & Davis 1977), concentrations of Cu in the P. ma-
jor in EPj, especially in 2006 (253.80 mg/kg) and
in 2008 (150.12 mg/kg), and the average value for
this experimental plot within the three-year period
(167.42 mg/kg) (Table 2), exceeded the top critical lev-
el of the element (Beckett & Davis 1977), and was re-
spectively 12.7, 7.5 and 8.4 times above the permissi-
ble limited concentration (PLC) for medicinal plants
(Nazdrjuhina, Grinkevich 1980), adopted as a stand-
ard for Poland (Wierzchowska-Renke 1994). It also
exceeded by 8.5, 5.0 and 5.6 times the upper limit for
normal concentration, and according to Szentmiha-
lyi & al. (2006), the average concentration, as well as
by 6.3, 3.7 and 4.2 times the threshold concentration
of Cu in livestock food (Kovalskiy 1971). The above-
cited values for Cu, especially in EP; (2006), as well
as the average value for this EP throughout the three-
year period of research exceeded the maximum con-
centration of this element and are strongly toxic for
plants. In the other EP the content of Cu in plantain
was within the norm, at the lower limit of the maximal
threshold concentration in the livestock food, and was
not toxic for plants.

The maximum concentration of Fe in both spe-
cies was registered in the samples from EP;, where
the average value for the three-year period in P. ma-
jor (342.61 mg/kg) exceeded by 4.6 the value record-
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ed for P. lanceolata (74.64 mg/kg) (Tables 2 & 1). Sec-
ond, with larger accumulations of this element come
the samples from EPy4, and the most limited quanti-
ties of Fe were recorded in EP5 (P. major) and EP; (P
lanceolata). The maximum content of Fe in the P. ma-
jor was found in EPy (2007), and in the P. lanceolata
in EP4 (2005) (Tables 2 & 1). With the exception of P.
major (2006), all annual values in both species from
the region of Asarel were higher than the control ones,
with a relatively great difference in P. lanceolata, espe-
cially in 2004 (Fig. 2-A & B). Averagely for the three-
year period, P. major in the region of Asarel has accu-
mulated four times more Fe (263.92 mg/kg) than P
lanceolata (65.79 mg/kg) (Tables 2 & 1). In our opin-
ion, the reduction of the average annual level of Fe in
the P. major in 2008 depended to a great extent on the
distinct antagonism of Fe/Mn (2007, 2008) (Fig. 2-B).
The coefficient of deviation of the average value of el-
ement from the control one is higher for P. lanceola-
ta (1.60) as compared to P. major (1.05) (Tables 1 & 2)
and indicateed a lower degree of pollution (as com-
pared to Cu) in the region of Asarel. All amounts of
Fe measured in P. lanceolata were under the mini-
mum background count of the element for the stud-
ied region (Doncheva-Boneva 2006). For P. major,
the values of Fe were within the normal limits (2008)
and above the optimum for the element, especially
in 2007. Accumulation of iron in this Plantago spe-
cies in EP; (2008) corresponded to the level of the el-
ement in the beech leaves in the region (Doncheva-
Boneva 2006). The average values for Fe in P. major
in the investigated region have kept within the range
of the average concentrations after Kabata-Pendias &
Pendias (2001), considering the fact that the amounts
of this element in P. major in 2007, and especially in
EP; (613.17 mg/kg), as well as the average value of Fe
in this plot for the entire period, especially in 2007, ex-
ceeded the upper limit (2.0 times) of the average val-
ue, according to Baker & Chesnin (1975). All values of
Fe in the P. major from Asarel were by far below as the
maximum concentration of the element as the toxic
one for the plants.

High concentrations of Pb were registered in the
samples of P. major from EP} in 2008 and 2006 and for
the P. lanceolata in 2005, 2003 (Tables 2 & 1). Planta-
go major registered maximum concentration in 2008
(14.02 mg/kg), and P. lanceolata in 2005 (3.70 mg/kg).
The average value of lead in the P. major in EP; for
the entire three-year period (7.09 mg/kg) was three

times higher than the accumulation of that element
in the P. lanceolata (2.44 mg/kg), and the antagonis-
tic Pb/Mn relationship was manifest in both species
in that plot. The average concentration of the element
in P. major from all EP (3.79 mg/kg) was twice higher
than the one established for P. lanceolata (1.88 mg/kg)
(Tables 2 & 1). The average annual concentration of
lead in P, lanceolata throughout the three years were
higher than the control values, especially in 2004,
while in P. major in the first two years (2006, 2007) the
control values were higher (Fig. 2-A & B). On the con-
trary, during the last year of study the amount of Pb
in the background sample of P. major registered a tri-
ple drop, as compared to the annual value from Asar-
el (Fig. 2-B). The coefficient of deviation of the av-
erage concentration of Pb from the control one was
higher (1.40) for P. lanceolata as compared to P. ma-
jor (1.18). The concentrations of lead measured up in
the samples of P. lanceolata were lower than the mini-
mum background count of that element for the region
(Doncheva-Boneva 2006). In P. major, with the excep-
tion of the amounts of Pb in EPy, especially in 2008,
and for the entire three-year period too, which were
within the optimum level limits, all other values were
below the minimum for that element in the region.
The established amounts of Pb in both species were
below the established norm in Bulgaria for the con-
centration of the element in edible plants (Regulation
5 1984). The values of P. major in EP; (2008, 2006)
make an exception, 14.02 mg/kg and 5.35 mg/kg re-
spectively, as well as the average level of the element
for the entire period (7.09 mg/kg), but they also fall
within the range of normal values of Pb in plants. All
values were within the permissible limits for Pb in the
herbaceous species (Kabata-Pendias & Pendias 2001),
below the upper limit of the background count accept-
ed for Europe and much lower than the toxic range for
plants.

Contraryto elements considered above, Mn showed
the highest concentrations in the samples from EP,4
throughout the three years for P. lanceolata, and for P,
major in the years 2006, 2008, while in 2007 its con-
centrations were the highest in EP3 (Tables 1 & 2).
The maximum value of Mn in P. major for the entire
period of investigation was in the samples from EP,4
(2008) - 277.48 mg/kg, and for P. lanceolata - again
in EPy4, but in 2004 - 72.17 mg/kg (Tables 2 & 1). The
average value of the element in the P. major from EP4
(149.34 mg/kg) was twice higher than the value regis-
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tered in the P. lanceolata (65.77 mg/kg) (Tables 2 & 1).
Plantago major proved a better accumulator of man-
ganese in three of the experimental plots, especial-
ly in EP; and EPy, respectively with twice and three
times greater amounts of Mn as compared to the P
lanceolata. The latter species has accumulated more
of that element only in EP, - 1.1 times more Mn as
compared to P. major. According to the average an-
nual levels, P major has accumulated 1.7 times more
Mn (79.44 mg/kg) as compared to P. lanceolata
(47.20 mg/kg) (Tables 2 & 1). The average annual val-
ues of Mn in P. lanceolata from the region of Asarel
throughout the three years of investigation were low-
er than the control ones, especially in 2005, while in P,
major in 2007 alone the accumulation of manganese
in the region exceeded thrice the control value. This
very high accumulation of Mn in EP4 was due to its
interaction with other elements, in this case the Cu/
Mn antagonism (Tables 1 & 2). The low values of the
coefficient of deviation of the average level of Mn in
relation to the control value (1.05) and the value in the
P, lanceolata (0.47) indicated a lower contamination
of the region with manganese, commensurable with
Zn (P, lanceolata) and Fe (P. major), much lower than
the one recorded for Cu (Tables 2 & 1). The amounts
of Mn measured up in the above-ground parts of both
biomonitoring species, especially in P. lanceolata, were
by far below the minimum background values of the
elements for the region, but it should be taken under
consideration that the investigated region was strogn-
ly influenced by the mining and ore-dressing activi-
ties, which set up higher background levels for the mi-
croelements (Doncheva-Boneva 2006). According to
the classification of Kabata-Pendias & Pendias (2001),
the level of Mn in both Plantago species and in all EP
in the region of Asarel was within the normal limits
for plants, within the range of the average normal val-
ue after Baker & Chesnin (1975), Szentmihalyi & al.
(2006), and only in EP4 P. major hit the upper limit.
All values were under the maximum of the element
for plants.

Data on Zn in both Plantago species were not syn-
onymous. Thus, while the highest concentrations of
this element in the different years in P. major were in
the samples from EPj, for P. lanceolata they were in
EP3. The year 2008 witnessed the maximum accumu-
lation of zinc in the P. major, and for the P. lanceolata
this was the year 2004 ( Fig. 2-B & A). The average val-
ues in the different EP showed greater accumulation

of Zn in P. major (3.2 times) as compared to P. lanceo-
lata only in EP}, 74.65 mg/kg and 23.58 mg/kg respec-
tively (Tables 2 & 1). The element showed equal values
in both biomonitors in EP4. In the two other plots P
lanceolata accumulated a greater amount of Zn, with
one-time greater accumulation in EP3 (46.03 mg/kg)
as compared to P. major (28.46) (Tables 1 & 2). Despite
of the more pronounced accumulation of zinc in the P,
lanceolata from the above-mentioned EP, the average
concentration of the element in all plots in Asarel was
1.2 times higher in P. major (40.45 mg/kg) as com-
pared to the P. lanceolata (34.64 mg/kg) (Tables 2 & 1).
The average annual levels of Zn were under the con-
trol values throughout the three years for P. lanceola-
ta and for P. major only in 2006 (Fig. 2-A & B). There
was antagonism traced out between Zn and the oth-
er elements: Zn/Mn in EP; (P. major) and Zn/Cu in
EP; and EP;3 (P, lanceolata). The deviation coefficient
of the average value from the control one was twice
higher for the P. major (1.14) as compared to the P
lanceolata (0.52) and indicated a lesser contamination
of the environment than the one recorded for Cu and
Mn. The levels of Zn in P. major were under the min-
imum level (EP;), and for the same species in EP3, as
well as for P. lanceolata (EP| EP,) — within the range
of the normal background count of the element for the
region. The average concentrations of Zn in EP; and
EPy, especially in EP; (P. major), as well as in EP3, EP,4
(P. lanceolata) were above the optimum amounts of
the element for the region (Doncheva-Boneva 2006).
The amounts of Zn established in the P. lanceolata
from EP; (2004) and EP, (2005) corresponded to the
amounts of that element in the beech leaves in the re-
gion (Doncheva-Boneva 2006). According to the clas-
sification of Kabata-Pendias & Pendias (2001) and af-
ter data reported by Kovalskiy (1971); Nazdrjuhina &
Grinkevich (1980) etc., the concentrations of Zn in
the P. major in 2006-2008 (EP;), as well as the aver-
age value for the element in that plot exceeded by 1.2
to 1.8 times, and in EP3 (P, lanceolata) by 1.3 times, or
were close to the values in EP4 in 2006 (P. major) to
the maximum permissible concentration for medici-
nal plants (Nazdrjuhina & Grinkevich 1980). In the
other plots the amounts of Zn in both species were
lower than LPC and fell into the normal range under
Kovalskiy (1971). All values for Zn were within the
limit of the normal, average concentration, according
to Szentmihalyi & al. (2006) and by far under the tox-
ic level for plants (Beckett & Davis 1977).
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Accumulation dynamics of the microelements in
P. major from EP; and the control version was estab-
lished. In most cases the microelements showed maxi-
mum concentration at the end of the vegetation period
(October). There was an exception only in Fe and Zn
in EP; (2006, 2007) and in the conrol values (2008), as
well as in Pb in the control site (2008), which showed
higher values in July (Table 2). A higher variation of
the values in October-July in EP; was registered in re-
lation to Cu (2006), Pb (2008) and Mn (2006, 2008),
and in the control sites for Mn and Fe (2007), Pb and
Zn (2006) (Table 2).

A change in the accumulation of microelements
in the new area of EP3 was observed in 2007-2008
(Table 2). Thus, in the first year of study in the region
of the Oborishte historical site P major showed low-
er levels of Zn and Cu, especially of Zn (twice low-
er) (14.13 mg/kg) as compared to the former region of
Panagyrski Kolonii (27.12 mg/kg). The remaining el-
ements were in greater amounts as compared to 2006,
especially of Pb (8.4 times), and lower amounts of Fe
and Mn, 2.0 and 1.9 times respectively. In 2008 P. ma-
jor showed higher accumulation of four of the inves-
tigated elements, especially of Pb (3.8 times) and Cu
(3.3 times), and more limited amounts of Zn and Mn
(3.1 times), as compared to 2007. Only Fe has shown a
reduced level 3.2 times. Mn/Fe antagonism was traced
out, with a trend for increase of Mn at a drop in Fe. Al-
though these are only reference data, they have proved
the contamination of the environment, chiefly with
Cu and Pb, even in this more distanced plot from the
mine.

Discussion

Environmental pollution with heavy metals poses a
grave problem to the contemporary world. The ions of
many heavy metals, such as Cu, Zn, Mn, Fe, and Ni are
important microelements in the mineral nutrition of
plants, but at high levels and jointly with other metals,
such as Cd and Pb, could become extremely toxic.
Owing to their ability to effectively capture and
accumulate chemical substances from the environ-
ment, the plants are widely used as passive biomoni-
tors in the urbanized and natural environment (Jones
& al.1992; Markert 1993; Monaci & Bargagli 1997).
The two plantain species investigated in this study
are representatives of the ruderals in natural vegeta-

tion in the region of Asarel-Medet. Their selection as
monitors complies with the recommendation of Ko-
vacs (1992) about the use of ruderal species as bio-
accumulating indicators, owing to their ability to ac-
cumulate metals in large quantities, without visible
damage. Ruderals are widely spread, which makes
possible their comparative investigation in different
regions.

Plantago lanceolata is determined as a highly tol-
erant species of Zn (Schwanitz & Hahn 1954) and Pb
(Horak & Huber 1974; Wu & Antonovics 1976). This
species is still an object of study under various types
of pollution (Yurukova 2004; Dimitrova & Yuruko-
va 2005; Tamas & Kovéacs 2005). Horak & al. (2006)
maintain that P. lanceolata could be used as an indi-
cator for metals (Zn, Cd, Pb) in the leaves and soil.
Tamas & Kovacs (2005) have established in this plan-
tain species growing on the slag from a mine for Zn
and Pb, considerable accumulation of Pb, Cu and Zn.

Data on the accumulation of Cu in P. lanceolata
from EP,, EP3 (2003, 2004) and EP4 (2004) are be-
low the concentration of this element in the same spe-
cies from the industrial zone of the town of Plovdiv -
10 mg/kg (2001) (Dimitrova & Yurukova 2005) and
in Sofia - 9.7 mg/kg (Yurukova 2004). The greater
amount of Cu in EP; (2004) equalled the level of this
element in Plovdiv, both in the industrial zone in 1998
(12 mg/kg) (Dimitrova & Yurukova 2005), and in oth-
er points of the city (12.3 mg/kg) (Yurukova unpubl.),
and is commensurable with the amount recorded in
Achillea millefolium from transport pollution in Sofia
(12.50 mg/kg) (Wierzchowska-Renke & al. 1997). The
annual values of Cu (2003, 2005) are comparable with
the level of the elements in the same plantain species
from the industrial zone of Plovdiv - 10 mg/kg) (Dim-
itrova & Yurukova 2005), but within the three years
of investigation are considerably lower (8-14 times)
than the accumulated Cu in Achillea millefolium
(96.98 mg/kg) and 1.4 lower than in Tanacetum vul-
gare (16.97 mg/kg) in the region of the Pirdop Copper
Works (Wierzchowska-Renke & al. 1997).

The average annual levels of Zn recorded in P
lanceolata for the region of Asarel, within the rage
24.45 mg/kg (2005) - 42.63 mg/kg (2004) are consid-
erably lower than those measured in the same species
in the industrial zone of Plovdiv - 119 mg/kg (2001) -
128 mg/kg (1998) (Dimitrova & Yurukova 2005), as
well as much lower than the content of Zn in the leaves
of the same species growing around a former lead and
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zinc smelter in Austria — 580 mg/kg (Horak & al. 2006).
However, the average annual concentration in Asarel
(2003) of 36.85 mg/kg is very close to the level of this
element in the same species in Sofia: 35 mg/kg (Yuru-
kova 2004). The annual values of Zn during all three
years of the investigation are lower than the ones re-
corded in Achillea millefolium and Tanacetum vulgare
in the region of Pirdop, 58.31 mg/kg and 50.04 mg/kg
respectively (Wierzchowska-Renke & al. 1997), as well
as than the level of this element in different regions of
Pliovdiv (51.02 mg/kg) (Yurukova unpubl.). The ac-
cumulation of Zn in the P. lanceolata is higher only in
EP3 in 2004 (63.48 mg/kg.)

The annual concentrations of Pb in P. lanceola-
ta from Asarel, with the range 1.56 mg/kg (2004) -
2.07 mg/kg (2005), are much lower than those meas-
ured in the industrial pollution zone in Plovdiv:
6.8 mg/kg (2001) - 7.0 mg/kg (1998) (Dimitrova &
Yurukova 2005), as well as in the different regions of
Plovdiv (6.5 mg/kg) (Yurukova unpubl.), much below
the level of this element in Sofia (16 mg/kg)(Yurukova
2004), but commensurable with the concentration of
Pb in the same species (2.00 mg/kg) growing on lime-
treated soils in the vicinities of a former lead and zinc
smelter in Austria (Horak & al. 2006).

The average annual amounts of Mn in the P. lan-
ceolata are higher (2003, 2004) than the levels of the
same element in the same species in different regions
of Plovdiv (41.9 mg/kg) (Yurukova unpubl.), but by
half lower than the concentrations of Mn in Sofia
(97.0 mg/kg) (Yurukova 2004). The annual levels of
the element in the region of Asarel are twice higher
than the amount of Mn in Achillea millefolium from
Pirdop (27.72 mg/kg), while the values for the Plan-
tago from Asarel (2004) and Achillea millefolium in
the Parangalitsa Reserve (Rhodopi Mts) are almost
equal, 54.12 mg/kg and 55.40 mg/kg repectively (Wi-
erzchowska-Renke & al. 1997).

The annual values of Fe in the P, lanceolata, with-
in the range 47.46 mg/kg (2003) - 89.52 mg/kg (2005),
are much lower than the level of this element in the
same species in various regions of Plovdiv (330 mg/kg)
(Yurukova unpubl.), and especially than the concen-
trations recorded in Sofia (1679 mg/kg) (Yurukova
2004).

In nature, P. major is used as an indicationr for
overgrazing of pasturelands (Czeglédi & Radacsi
2005). This species falls with the ruderals from natu-
ral vegetation in the industrial centres of the Ural Mts

(Shilova 1989). In a techogenic environment P. ma-
jor is a valuable bioindicator species of SO, (Schubert
1985), O3 (Davison & Reiling 1993), as well as of a
number of microelements in different types of envi-
ronmental pollution (Stolarska & al. 2004; Akram &
Al-Homaidan 2007; Doncheva-Boneva 2000, 2003).
Plantago major has turned out (Stolarska & al. 2004)
a better accumulator of Cd, Pb, Ni, and Co as com-
pared to Taraxacum officinale. The leaves of this plan-
tain species accumulate more Pb from contaminated
waters as compared to the leaves of Phaseolus vulgare
(Akram & Al-Homaidan 2007).

A comparison of the data on microelement accu-
mulation by P. major from Asarel with those measured
in Pirdop and Bunovo (two sites under the impact of
the air pollution by the Copper smelter in Pirdop)
(Doncheva-Boneva 2003) has shown equal values for
Cu and Zn in Pirdop and EP; in Asarel (2008): for
Cu - 149.0 mg/kg (Pirdop) and 150.12 mg/kg (Asar-
el), and for Zn - 87.8 mg/kg (Pirdop) and 88.76 mg/kg
(Asarel). In Asarel, the accumulation of Cu is high-
er again in EPy, but in 2006 (253.80 mg/kg). All val-
ues of Cu in this plantain species in the region of
Asarel (with the exception of EP;) are considerably
lower than the values recorded for the regions of Pir-
dop and Bunovo above. The concentration of Zn in
EP; in 2007 (73.65 mg/kg) is the same as the amount
measured up in Buhovo (under the influence of the
contamination from the Kremikovtsi Metallurgical
Works): 74.0 mg/kg) (Doncheva-Boneva 2000). The
concentrations of Pb in P. major in Buhovo and Pir-
dop are higher, 19.8 mg/kg and 17.8 mg/kg respec-
tively, from the maximum value of the element for
Asarel in EP; (2008): 14.02 mg/kg. The value from
Asarel is commensurable with the levels of Pb in Bu-
novo (14.3 mg/kg) and Svoge (13.3 mg/kg) (Donche-
va-Boneva 2000). The highest levels of Mn accumu-
lated in P. major in EP4 and EP3 (2008) are above
(277.48 mg/kg) (EP4) and below (147.83 mg/kg) (EP3)
the level of the element in Buhovo (184.0 mg/kg). Fe
showed high concentrations both in Pirdop and Bu-
novo: 588 mg/kg and 568.8 mg/kg respectively. This el-
ement recorded considerably lower levels in the Plan-
tago from the region of Asarel, with the exception of
its accumulation in EP; in 2007 (613.17 mg/kg). The
level of Fe in P. major depends on the presence of the
element in the habitat (Stolarska & al. 2004), which
supports our view of a greater accumulation of the el-
ement in 2007, following a higher environment pollu-
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tion level. The drop in the accumulation of iron in P
major in 2008 relates to a great extent to the distinct
Fe/Mn antagonism.

Our investigation has shown maximum accumula-
tion of Mn, Pb and Zn in P. major in 2008. There are
two known types of pollution with Pb: from the soil
through the roots (Finster & al. 2004; Del Rio-Cel-
estino & al. 2006), with accumulation of the element
mainly in the underground parts of the plants (Huang
& Cunningham 1996), with subsequent translocation
in the aboveground organs of the plants, even in fruits
(Yaman & al. 2000; Toth & al. 2006); and from the air
via the leaves (Aydinalp & Marinova 2004). Accord-
ing to Jaffer & al. (1999), accumulation from the air
seemes to be the main pollution source for plants with
lead. The accumulation of microelements in plants,
besides by the type and degree of pollution, depends to
a very great extent on the influence of other environ-
mental factors: pH of the soil solution, climate, as well
as on the microelement itself and the biological char-
acteristics of the plant species. The soils in the region
of Asarel are mainly cinnamon forest soils, strongly
leached and eroded, and brown forest soils occur on-
ly in single patches in the beech forests. According to
the data from the soil analyses in the region (Malino-
va 2006), the soil pH in the surface layer (0-5cm) is
4.88 at a low content of humus, N, P, Ca and Zn, high
content of Fe, Pb and Cu within the limits of the av-
erage values, according to ICP-Forest criteria. The av-
erage values of soil pH in the experimental plots, ac-
cording to our data (Kurteva unpubl.) for the entire
period have been within the range 6.03 (EP3) - 6.71
(EPy), with strong increase in 2008 up to 7.17 (EP,),
6.82 (EP4), 6.78 (EP;), which obstructed the mobility
of microelements and their translocation to the above-
ground organs of the plants. The great increase of the
level of Pb in P. major in 2008, especially in EP;, took
place against the background of a slight increase in its
concentration in the soil (Kurteva unpubl.), while the
maximum of Mn in EP4 (2008) was recorded at twice
lower accumulation of this element in the soil, as com-
pared to the previous year. Zn also registered a max-
imum for the three-year period in 2008 and in EP;,
although its accumulation in plantain was strongly
limited against the background of the very great ac-
cumulation of this element in the soil. Thus our study
corroborates the findings of Doncheva-Boneva (2000)
that there is no direct relationship between the con-
tent of microelements in the soil and in the plants. The
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slighter accumulation of Zn in the P. major from the
soil probably corresponds chiefly with the biological
characteristics of the plant species, as well as the inter-
relation of Zn with the other elements. The increased
accumulation of Zn, Pb and Mn in P. major in 2008 in
Asarel, in our opinion, besides to pollution, should be
related in a considerable extent to the influence of the
climatic factors — drought, wind-blown dust from the
mine and accumulation of microlements mainly from
the air. Considering the climatic conditions in Asarel
in 2008, as well as the reaction of the soil solution, we
think that there are grounds to relate the greater accu-
mulation of Cu, Pb and Mn by P. major in 2008 to the
accumulation of the above-mentioned elements chief-
ly from the air. For the plants in EP;, the more inten-
sive automobile transport is also important, for it ad-
ditionally increases the amount and accumulation of
Pb. A similar situation for Asarel has been registered
earlier too (Doncheva-Boneva & Bezlova 2000).

Data on the investigated elements in the samples
of P. major from the new EP3, especially in 2008, have
shown greater accumulation of Cu (double), Pb and
Mn in the same degree (1.5 times), and Zn (1.4 times)
as compared to the recordings in the leaves of Quercus
cerris there (Doncheva-Boneva & Bezlova 2000).

The degree of accumulation in both Plantane spe-
cies, besides by pollution and other environmental
factors, especially the climatic and soil pH, depends to
a greater extent on the antagonistic relationships be-
tween the elements: Fe/Mn in P. major (2007, 2008),
P, lanceolata (2005), Zn/Fe in P, lanceolata (2005), and
Cu, Zn/Fe in P. major (2007).

Conclusions

The results of our investigation have shown maxi-
mum accumulation of Cu, Fe, Pb (for both biomon-
itors) and Zn (P. major) in EP}, Mn (in both species)
in EP4, and Zn (P, lanceolata) in EPs.

In EP;, which is closest to the Asarel mine, P. ma-
jor accumulates more Cu (10.6 times), Fe (4.6 times),
Zn (3.2 times) and Pb (2.9 times) as compared to P,
lanceolata.

The average values of the investgated elements
from the region of Asarel are higher in P. major, name-
ly, Cu (5.9 times), Fe (4.0 times), Pb (2.0 times), Mn
(1.7 times), and Zn (1.2 times), as compared to those
found in P. lanceolata.
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Plantago lanceolata has proved a better accumula-
tor, chiefly of Zn in EP3 and EP,, 1.6 and 1.5 times re-
spectively, as well as of Mn in EP; by 1.1 times higher
than in P. major.

Dynamics of the accumulation of microelements
was registered in P. major in EP; and in the control
region. Microelements showed maximum concentra-
tion mostly at the end of vegetation, with greater vari-
ation in the period October-July for Cu, Pb, Mn (EP,),
and for Mn, Fe, Pb, and Zn also in the control region.

The higher level of elements in the new EP3, es-
pecially of Pb and Cu, illustrates the stronger techno-
genic pollution in that more distanced from the mine
plot too.

The obtained results prove that P. major could be
successfully used as bioaccumulating indicator, espe-
cially of Cu, Fe and Pb, under the conditions of tech-
nogenic pollution in the region of the Asarel Copper
Dressing Works.

Acknowledgements. The author is grateful to the administra-

tion of the Asarel-Medet EAD for the financial support of the proj-
ect and to Radostina Hristova, Dipl. Chem. Eng., from the Central
Laboratory for General Ecology of BAS for the chemical analy-
ses of the samples, as well as to the unknown reviewer for the use-

ful comments.

References

Akram, A.Ali. & Ali A. Al-Homaidan. 2007. Removal of lead
ions from polluted water using Plantago major L. and Phaseolus
vulgaris L. — Austral. J. Basic Appl. Sci., 1(4): 467-472.

Aydinalp, C. & Marinova, S. 2004. Lead in particulate deposits
and in leaves of roadside plants. — Polish J. Environm. Stud., 13:
233-235.

Baker, D. & Chesnin, L. 1975. Chemical monitoring of soil for
environmental quality and animal and human health. - Advances
Agron., 27: 306-360.

Beckett, P.H. & Davis, R.D. 1977. Upper critical levels of toxic
elements in plants. - New Phytol., 79(1): 95-106.

Czeglédi, L. & Radacsi, A. 2005. Overutilization of pastures by
livestock. — Grassland Stud., 3: 29-35.

Davison, A. W. & Reiling, K. 1993. Ozone resistance in Plantago
major, a possible bioindicator of ozone impact. - In: Roy, S.,
Karenlampi, L. & Hanninen, O. (eds), 7! Int. Bioindicator Symp.
& Workshop Environm. Health, Kuopio, Finland, 1992. Kuopio
Univ. Publ., Kuopio.

Del Rio-Celestino, M., Font, R., Moreno-Rojas, R. & De Haro-
Bailon, A. 2006. Uptake of lead and zinc by wild plants growing
on contaminated soils. — Industr. Crops Prod., 20: 230-237.

Dimitrova, I. & Yurukova, L. 2005. Bioindication of anthropogenic
pollution with Plantago lanceolata L. (Plantaginaceae): metal
accumulation, morphological and stomatal leaf characteristics. -
Phytol. Balcan., 11(1): 89-96.

Doncheva-Boneva, M. 2000. Study of the pollution impact on
medicinal plants from regions with different industrial load. — In:
Medicinal Plants — Solution 2000. Pp. 94-104. Alfa Omega Ltd.,
Acad. Publishing. House “Prof. M. Drinov’, Sofia (in Bulgarian).

Doncheva-Boneva, M. 2003. Heavy metals in medicinal plants from
the region under the impact of the copper smelter in Pirdop. — In:
Proc. Int. Conf. 50" Anniversary of Forestry University, Sofia,
April 2003. Pp. 82-84 (in Bulgarian).

Doncheva-Boneva, M. 2006. Region of Southern Slopes of the
Central Balkan Mts, Mt Sredna Gora, Mt Lozenska and Mt
Plana. - In: Pavlova, E. & Rosney, B. (eds), 20 Years Monitoring
of Forest Ecosystems in Bulgaria. Pp. 100-102. Minerva Press,
Sofia (in Bulgarian).

Doncheva-Boneva, M. & Bezlova, D. 2000. Studies of heavy metal
content in leaves of some tree species in the region of impact of
the Asarel complex. - In: Proc. Jubil. Conf. 75'" Anniversary of
Higher Forestry Education in Bulgaria, Sofia. Pp. 456-461 (in
Bulgarian).

Finster, M.E., Gray, K.A. & Binns, H.J. 2004. Lead levels of edibles
grown in contaminated residential soils: a field survey. - Sci. Total
Environm., 320: 245-257.

Garrecc, J.P. 1999. The effects of atmospheric pollution on vegeta-
tion. EURASAP, 36, (Dec.1999.-http://www.meteo.bg/EURASAP
/36paper.html).

Horak, V. & Huber, I. 1974. Verunreinigung von pflanzen und
boden durch Bleirtickstinde aus benzinmotoren. — Bodenkultur,
25(1): 34-47.

Horak, O., Friest, W. & Zwerger, I. 2006. Heavy metal contamina-
tion in the surroundings of a former Pb/Zn smelter in Arnoldstein
(Austria): Monitoring of bioavailable metal fractions in soils. — In:
Proc. Int. Symp. Trace Elements in the Food Chain, Budapest,
May 25-27, 2006, pp. 191-195.

Huang, J.W. & Cunningham, S.D. 1996. Lead phytoextraction:
species variation in lead uptake and translocation. - New Phytol.,
134:75-84.

Jaffer, T.M. R., Eltayeb, E.A., Farooq, S.A. & Al-Bahry, S.N. 1999.
Lead pollution levels in Sultanate of Oman and its effect on plant
growth and development. — Pakistan J. Biol. Sci., 2(1): 25-30.

Jones, K., Jackson, A. & Johnston, A.E. 1992. Evidence for an
increase in the cadmium content of herbage since the 1860. -
Environm. Sci. Technol., 26: 834-836.

Kabata-Pendias, A. & Pendias, H. 2001. Trace Elements in Soils
and Plants. 3th Edition. CRC Press, Boca Raton, Florida.

Kovacs, M. (ed.). 1992. Biological Indicators in Environmental
Protection. Ellis Horwood, New York.

Kovalskiy, V. 1971. Variation of the animal metabolism substances,
caused by natural chemical environmental factors. — Vestn.
Sel'skokhoz. Nauki, 1: 64-73 (in Russian).

Malinova, L. 2006. Region of Southern Slopes of the Central Balkan
Mts, Mt Sredna Gora, Mt Lozenska and Mt Plana. - In: Pavlova,
E. & Rosnev, B. (eds), 20 Years Monitoring of Forest Ecosystems
in Bulgaria. Pp. 103-105. Minerva Press, Sofia (in Bulgarian).



Phytol. Balcan. 15(2) « Sofia « 2009

271

Manning, W.J. & Feder, W.A. 1980. Biomonitoring Air Pollutants
with Plants. Appl. Sci. Publ. Ltd, London.

Markert, B. (ed.).1993. Plants as Biomonitors — Indicators for Heavy
Metals in the Terrestrial Environment. VCH Verlagsgesellchaft,
Weinheim.

Monaci, F. &Bargagli, R. 1997. Barium and other trace metals as indi-
cators of vehicle emissions. — Water, Air Soil Pollut., 110, 89-98.

Mulgrew, A. & Williams, P. 2000. Biomonitoring of Air Quality
Using Plants. Air Hygiene Report Ne 10, WHO Collaborating
Centre for Air Quality Management and Air Pollution Control
(WHOCC), Berlin.

Nazdrjuhina, L. & Grinkevich, N. 1980. Disturbance of the
Microelement Exchange and Ways to its Correction. Nauka,
Moscow (in Russian).

Posthumus, A.C. 1988. Monitoring of the state and influence of the
air pollution. — In: Treshow, M. (ed.), Air Pollution and Plant Life.
Pp. 98-125 Hydrometeoizdat, Leningrad (in Russian).

Regulation No. 5. 1984. Healthful norms for permissible content
of chemical and biological pollutants in the foods. - Darzhaven
Vestn. no. 39 (in Bulgarian).

Schubert, R. 1985. Bioindikation in Terrestrischen Okosystemen.
VEB Gustav Fisher Verlag, Jena.

Schwanitz, F. & Hahn, H. 1954. Genetischentwicklungsphysio-
logische Untersuchungen an Galmeipflanzen. II. Uber Galmei-
biotypen bei Linum catharticum L., Campanula rotundifolia
L., Plantago lanceolata L. und Rumex acetosa L. - Z. Bot., 42:
459-471.

Shilova, I. 1989. Natural vegetation in the areas of an industrial re-
gion. - Sborn. Nauchn. Trudov Rast. Promyshl. Sreda, Sverdlovsk,
44-56 (in Russian).

Shkolnik, M.Y. 1974. Microelements in Plant Life. Nauka,
Leningrad (in Russian).

Sikora, E.J. & Chappelka, A.H. 2004. Air Pollution Damage
to Plants. The Alabama Cooperative Extension System, 4M,
Reprinted Dec.2004, ANR-913, 6. http: //www.aces.edu/pubs/
docs/EURASAP/A/ANR-0913.pdf.

Stolarska, A., Gregorczyk, A. & Janda, K. 2004. Taraxacum offici-
nale Web and Plantago major L. as bioindicators of environmental

pollution with heavy metals. - J. Elementology, 9(1): 51-60 (in
Polish).

Szentmihalyi, K., Hajdu, M. & Then, M. 2006. Trace elements in
medicinal plants and extracts and their potential beneficial and
toxic effects. — In: Proc. Int. Symp. Trace Elements in the Food
Chain, Budapest, May 25-27, 2006. Pp. 130-134.

Tamas, J. & Kovics, E. 2005. Vegetation pattern and heavy metal
accumulation at a mine tailing at Gyongyosoroszi, Hungary. - Z.
Naturf,, C, 60(3-4): 362-367.

Toth, A., Braun, M., Galicz, E., Toth, Zs. & Lacatos, Gy. 2006.
Heavy metal accumulation in Rubus fructicosus and Rosa canina
fruits at an abandoned metalliferous minesite in Hungary. - In:
Proc. Int. Symp. Trace Elements in the Food Chain, Budapest,
May 25-27, 2006. Pp. 225-229.

Wierzchowska-Renke, K. 1994. Coumarin compounds and some
elements content in fruits of several forms of Heracleum sibiricum
L. growing in the province of Gdansk. - Ann. Acad. Med. Gedan.,
24: 47-57 (in Polish).

Wierzchowska-Renke, K., Ivancheva, S. & Kurteva, M. 1997. Effect
of environment pollution on the composition of polyphenols and
bioelements content in Achillea millefolium L. and Tanacetum
vulgare L. - Herba Polon., 43(4): 412-416 (in Polish).

Wu, L. & Antonovics, J. 1976. Experimental ecological genetics in
Plantago. 11. Lead tolerance in Plantago lanceolata L. and Cynodon
dactylon from the roadside. - Ecology, 57: 205-208.

Yaman, M., Dilgin, Y. & Gucer, S. 2000. Speciation of lead in soils
and relation with its concentration in fruits. — Analytica Chim.
Acta, 410: 119-125.

Yurukova, L. 2004. Medicinal plant species and edible macro-
mycetes in the city of Sofia: dangerous for man? - In: Peney, L.,
Niemeld, J., Kotze, D. & Chipev, N. (eds), Ecology of the City
of Sofia. Species and Communities in an Urban Environment.
Pp. 249-256. Pensoft, Sofia-Moscow.

Zyapkov, L 1992. An ecological station and investigations in the
region of copper mine. — Probl. Geogr., 1: 58-64. Publishing
House Bulg. Acad. Sci., Sofia (in Bulgarian).

Zyapkov, L.1995. Local ecological monitoring in Central
Srednogorie (Panagyuriste). — Mining & Geology, 10: 5-7 (in
Bulgarian).








<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


