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Abstract

Lyubomirova, V., Mihaylova, V., & Djingova, R. (2019) Comparison of the ability of different plant species to
reflect environmental pollution in Bulgaria. Bulg. J. Agric. Sci., 25(3), 546551

The purpose of this study was to assess the heavy metals (cadmium, lead, zinc, copper, iron and manganese) pollution
in three regions in Bulgaria characterized with different type of pollution sources and to compare their bioaccumulation in
selected agricultural plant species — perennial (apple and pear) and annual (corn and sunflower). The bioaccumulative ability
of different plant parts was also investigated. The bioaccumulation factors of the analyzed heavy metals were evaluated by
comparison of the determined concentrations in the plant parts from polluted regions to corresponding metal concentrations in
the same plant species collected from a background region. A strong dependence of the accumulation of the studied plants on
the specific pollutant was established as well as decreased transfer factors at increased heavy metals concentrations in the soils.
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Introduction

Heavy metals are some of the most serious pollutants of
the environment due to their toxicity, long-term persistence
in nature and possible bioaccumulation and biomagnification
(Demirak et al., 2006; Wijaya et al., 2012).

Numerous studies have been performed to study the be-
havior of heavy metals in contaminated environment (Djin-
gova et al., 1993; 2004; Djingova and Kuleff, 1999; Jarup,
2003; Markert et al., 2008; Mihaylova et al., 2013, Lyu-
bomirova et al., 2014; 2015). Estimation of environmental
pollution using the chemical composition of plants is most
often used for monitoring the environment. Plants can accu-
mulate heavy metals in or on their tissues due to their great
ability to adapt to variable chemical properties of the envi-
ronment. Studying variabilities in the chemical compositions
between plants from pristine and polluted environments is a
way to identify the influence of pollution sources (Hu et al.,
2014). The assessment of the environmental metal pollution

is usually performed by analyses of naturally occurring plant
species (Djingova et al., 1993, Djingova and Kuleff, 1999,
Lyubomirova et al., 2014; Ozturk et al., 2017).

One of the basic environmental problems is the heavy
metals contamination of agricultural land (Chenery et al.,
2012) and subsequently their accumulation in agricultural
plants. Accumulation of toxic elements in leaves, crops,
vegetables, and fruits may pose a significant risk to animal
and human health. Dietary intake of plant-derived food rep-
resents a major fraction of potentially health-threatening hu-
man exposure (Clements and Ma, 2016).

The aim of the present work is to (i) determine the
concentration of several heavy metals in agricultural plant
leaves, fruits and grains used for animal and human feed; (ii)
compare the accumulation abilities of different plant parts
— fruits vs. leaves and grains vs. leaves (iii) assess the depen-
dence of the transfer and accumulation factors on the plant
species and the concentration of the corresponding element
in the soil.
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Materials and Methods

Soil and plant samples were collected from four sam-
pling places. Sampling place S1 is a background region, in
the vicinity of the town Dzhebel, situated in the Rhodope
Mountains in Southern Bulgaria. The other samples (S2-S4)
were collected from immediate vicinity to different sources
of anthropogenic pollution. Sampling site 2 (Sedlovina, S2)
is close (5 km) to the Pb-Zn smelter in Kardzhali — South
Bulgaria. Sampling site 3 (Parvomay, S3) is located closely
to Plovdiv. The sampling is performed from an area near for-
mer mines. Sampling site S4 is close to a chemical fertilizer
plant and cement industry in Dimitrovgrad, situated in South
Bulgaria.

To study the response of plant species to different anthro-
pogenic pollution in the autumn (at the end of September) of
2015, leaves of perennial (apple and pear) and annul (corn
and sunflower) plant species were taken. Additionally, apple
fruits and corn grains from all the sampling places were col-
lected.

The sampling of the tree species was performed at an av-
erage height of the tree crown on all sides of the tree. Only
medium large, healthy leaves were selected and taken from
6 individual apple and pear trees. The minimum number of
leaves from each individual tree was 50.

Samples of corn and sunflower were collected from 10-
20 m? area. Only healthy leaves from third to seventh leaf
were taken for analysis.

Immediately after sampling, the foliage was washed
thoroughly under tap water and rinsed with distilled water.
The plant samples were air dried in a clean room for 4-5
days. After air drying, the samples were put in an oven for 4
h at 85°C, ground in a polytetrafluoroethylene (PTFE) ball
mill to fine powder and subjected to digestion.

The fruit samples were washed with tap and distilled wa-
ter, then cut into small pieces and ground to pulp. The pulp
was frozen at a temperature of liquid nitrogen (-196°C) and
the sample was lyophilized under reduced pressure using a
Freeze Dryer 3 (LABCONTO) lyophilizer. The lyophilized
material was homogenized in a PTFE ball mill and stored at
stored at 4°C. The samples of corn grain were milled using a
rotor mill, homogenized and stored at 4°C.

The soil sampling was performed according to ISO
10381-1:2002 and ISO 10381-2:2002. The samples were
collected from the surface 20 cm soil layer from an area of
min 10 m?. Sampling was performed with polytetrafluoro-
ethylene (PTFE) blades. The minimum quantity of the soil
samples was 2 kg.

Sample preparation included air drying, sieving through
2-mm PTFE sieve, grinding, and homogenization in a Teflon

ball mill (ISO 11464:2006). pH of the soils was determined
according to ISO 10390:2005 and CEC according to ISO
23470:2007. The quantity of the total and inorganic carbon
was determined using a Shimadzu 5000 TOC analyzer, in
solid sample module (furnace temperature TC-900°C, IC-
200°C).

Evaluation of the response of the plant species to heavy
metal pollution was made by calculation of the accumulation
factors (AF — concentration of the element in the polluted
region to its concentration in the background region) of the
studied plant leaves.

To reveal the dependence of the metal concentrations in
the plant on their total concentrations in the adjacent soil,
transfer factors (TF, ratio between the concentration of the
element in the plant to its concentration in the soil) of the
studied metals were calculated.

Reagents

Suprapur chemicals (HNO,, H,0,) and double deionized
water (MilliQ) were used for preparing all solutions. Work-
ing standard solutions were prepared from single element
calibration solutions (Merck) by appropriate dilution.

The accuracy of the method was evaluated by analysis
four certified/standard reference materials: NIST 1547 (Peach
leaves, National Institute of Standards and Technology, USA),
INCT-MPH-2 (mixed Polish herbs, Institute of Nuclear Chem-
istry and Technology, Warsaw — Poland), IAEA Soil-7 and
STSD-1 (reference stream sediment, Canada Center for Min-
eral and Energy Technology, Geological Survey of Canada).

Instrumentation

For microwave digestion of the samples, Microwave Re-
action System (Anton Paar, Multiwave 3000) was used.

Analysis of the plant and soil samples was carried out
by using a Perkin Elmer SCIEX DRC-e ICP-MS. The spec-
trometer was equipped with a dynamic reaction cell (DRC)
for removal of multi-element interferences, using methane as
a reaction gas. ICP-MS analysis of the plant and soil sam-
ples was performed, as described in Mihaylova et al. (2013)
and Lyubomirova et al. (2015).

Sample preparation for total element determination

To 0.25 g of the plant samples 8 mL HNO, and 3 mL
H,O, were added and microwave digestion was performed
for 25 min. The digested samples were quantitatively trans-
ferred and diluted to 50 mL with double deionized water. The
digestion of the soil samples was performed as described in
Lyubomirova et al., 2015.

Aqua regia digestion of the soil samples was performed
according US-EPA 3051a. Afterwards, the supernatant was
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decanted and diluted to 50 mL with double deionized water.
Before analysis, 1 mL of the sample was taken and diluted to
10 mL with double deionized water.

Results and Discussions

Table 1 presents the analytical data for the investigated
elements determined in the leaves of the investigated plant
species, in the respective soils and the calculated transfer
factors (TFs) of the elements. The determined heavy metal
concentrations in the soil sample from sampling site S1 fall
within the concentration intervals given for background soils,

collected from 12 background sampling sites (Lyubomirova
et al., 2015) which give reason to assume that the area, al-
though not so far (20 km away) from the Pb-Zn smelter is not
affected from anthropogenic activity and can be considered
as a background region.

The comparative examination of the concentrations of
the studied elements in the polluted soils (S2-S4) showed
increase of the concentrations in the polluted soils in com-
parison to the background (S1), the most significant was in
sampling site S2. The increase of Cd was between 115 and
320, of Pb between 70 and 340 and of Zn between 70 and
110 times in the order S2> S4>S3. Elevated concentrations

Table 1. Concentrations and TFs of Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn (in pg g") in the studied soils and plant leaves,

collected from background and polluted regions in Bulgaria

Cd Co Cr Cu Mn Ni Pb Zn

apple 0.29+£0.01 | 0.058£0.001 | 0.25+0.01 3.740.1 299409 | 041%0.01 | 1.73+0.05 14.240.4
(1.65) (0.004) (0.017) (0.07) (0.027) (0.010) (0.085) (0.14)

car 0.09£0.01 | 0.098+0.004 | 0.33+0.01 72403 317413 0.38+0.02 | 1.42+0.06 12.5£0.5

01 p (0.51) (0.007) (0.022) (0.13) (0.029) (0.009) (0.070) (0.12)
com 0.38+£0.02 | 0.033£0.002 | 0.95+0.05 11.6£0.6 3942 0.81£0.04 | 0.53+0.03 5042
(2.16) (0.002) (0.063) (0.21) (0.035) (0.020) (0.026) (0.50)

0.1240.01 | 045£0.01 | 0.61£0.02 18.7+0.6 7942 1.9040.06 | 2.70+0.08 662

sunflower (0.68) (0.034) (0.041) (0.35) (0.072) (0.046) (0.13) (0.65)
soil 0.18+0.02 13.40.4 15.0£1.3 5442 1100+45 41+3 20.3+0.8 102+7
apple 0.56£0.03 | 0.15£0.01 | 0.53£0.03 7.9+40.4 64.551.2 0.74+0.04 17.3£0.7 8743
(0.028) (0.006) (0.007) (0.020) (0.061) (0.027) (0.002) (0.007)

car 13440.03 | 0212001 | 0.69+0.01 15.30.3 67.1£1.3 0.89+0.02 49+1 217+4

. p (0.067) (0.009) (0.009) (0.039) (0.064) (0.033) (0.007) (0.019)
com 11.7£0.4 0.87+0.03 3.320.1 24.1+0.7 7942 3.620.1 7242 32448
(0.58) (0.037) (0.041) (0.061) (0.075) (0.13) (0.010) (0.028)

8.4+0.3 1.14+0.04 3.00.1 38.141.5 98+4 2.8+0.1 85+3 1028+39

sunflower (0.42) (0.049) (0.038) (0.096) (0.093) (0.103) (0.012) (0.088)
soil 20+1 23.440.9 8143 395417 105448 27314 69804260 | 11700400
0214001 | 0.64£0.03 | 0.230.01 7.9£0.4 180+9 0.29+0.01 3.4+0.1 6.8+0.3

apple (0.004) (0.038) (0.001) (0.037) (0.18) (0.018) (0.001) (0.001)
car 0.18£0.01 | 0.10£0.01 | 0.78+0.03 13.1£0.5 170+6 0.45+0.02 5.840.2 3341

- P (0.003) (0.006) (0.003) (0.062) (0.17) (0.028) (0.002) (0.004)
com 029+0.01 | 0.19%0.01 | 3.63+0.05 22.9+0.7 17245 1.94+0.06 7.6£0.2 41+1
(0.005) (0.011) (0.012) (0.11) (0.18) (0.12) (0.003) (0.006)

wnflower | 11050.02 [ 0462001 | 255£0.05 38+1 163+3 1.04+0.02 8.540.2 562
(0.020) (0.027) (0.009) (0.18) (0.17) (0.065) (0.003) (0.008)

soil 56+3 1741 294£15 21113 98240 161 2874£115 | 7445+280
apple 020£0.01 | 0.60+0.02 | 2.21%0.07 | 9.12+0.27 127+4 0.430.01 3.340.1 75506
(0.004) (0.019) (0.006) (0.021) (0.098) (0.011) (0.002) (0.001)

car 0.28£0.01 | 0.16£0.01 | 2.04+0.06 12.84+0.4 7142 0.64+0.02 10.4+0.3 24.140.7

o P (0.005) (0.005) (0.005) (0.029) (0.055) (0.017) (0.008) (0.003)
com 0.7740.02 | 024001 | 4.63+0.14 | 24.5:0.7 13644 1.25+0.04 7.940.2 3241
(0.015) (0.008) (0.012) (0.056) (0.11) (0.033) (0.006) (0.004)

wnflower | 17050:05 [ 0.83£0.02 | 4.11£0.12 3241 15145 1.51+0.05 9.5+0.3 60+2
(0.033) (0.026) (0.010) (0.073) (0.12) (0.040) (0.007) (0.008)

soil 5143 3242 396+12 440+16 1299+48 3842 1369451 79774310

() — transfer factor
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were also found for Cr (between 5 and 20 times) and Cu
(between 4 and 8 times). Data on contamination of the area
around the smelter has been published by many researchers
(Stoyanov, 1999). Very similar concentrations for lead, zinc
and cadmium were also measured by Zheleva et al., 2012
in soil samples, taken from an arable land which is at least
twice a remote area from the smelter compared to sampling
place S2. The comparison of the present soil concentrations
for the major pollutants in S2 with data obtained for the pe-
riod 2008-2010 (Chilingirova et al., 2011) show a tendency
for increasing by factors of 10 (for Pb and Cd) and 30 (for
Zn). A trend of concentration increase for Zn and Pb in the
soil near the smelter over time was also found by Staykova
and Naydenova, 2008 for the period 1988-2006.

The evaluation of the data for the plant samples shows
that at background levels (sampling place S1), most of the
elements (Cd, Co, Cr, Mn and Ni) were present in similar
concentrations in the studied plant leaves. Higher natural
concentrations were found for Zn and Cd in the leaves of
both annual plants, while the concentration of Pb was lower
in the corn leaves than in the other plant species. In the pol-
luted areas sunflower has the highest concentrations of Cr,
Cu, Pb and Zn in all regions. Corn has similar concentrations
of Cr and higher Ni. Generally the concentrations of peren-
nial plants are lower than of annual.

The influence of the total heavy metal concentrations in
the soils on their concentrations in the plants was assessed
using the element transfer factors (TFs). The calculated TFs
of the plant species from the background and the polluted
regions are presented in Table 1 (the data in brackets).

The review of the obtained results shows that there is no
significant difference in the TFs for the different plant spe-
cies collected from the background region.

The increased concentration of the studied elements in
the polluted soils showed the following effects on the TFs
compared to the clean region:

— Lower TFs for Cd, Cr, Cu, Pb and Zn, irrespective of
the plant species and the type of pollution. Similar tendency
was earlier established for the TFs of Cd, Cu, and Zn for
Taraxacum officinale, collected from 12 background regions
in Bulgaria (Lyubomirova et al., 2015).

— No significant difference was observed for the rest of
the elements.

In a previous study factor analysis was used to investigate
the dependence of transfer factors for 52 elements on the soil
characteristics — total soil concentration, pH, CEC, organic
C, and concentration of the element in the soil fractions) in
the system soil — 7.O. (Lyubomirova et al., 2015). The results
proved that the TFs of the studied elements depend mainly
on the organic matter content (Cd, Cr, Ni, Pb, and Zn) or on

the total soil concentration and organic matter (Cu).

Since the soils studied in the present work do not differ in
soil type (all of them are leached cinnamonic forest), and soil
characteristics (neutral or slightly alkaline with pH values
between 7.3 and 7.8, organic carbon content varies between
0.38 and 0.64 and CEC in the range 6 and 8) the calculated
TFs are an indication for the dependance of the transfer fac-
tor on the total concentration in the soil.

Unlike the data for the soils showing increased con-
centrations in all polluted areas, the AFs (Fig.1), indicated
that high degree of accumulation of these elements was ob-
served only in the leave samples from S2. Furthermore,
a strong dependence on the plant species was established.
The comparison of the obtained AF values demonstrate
higher accumulation of Pb and Cd in the annual plants, e.g.
AF(Cd) is 1.9 in the apple and 70 in the sunflower, AF(Pb)
is 10 in the apple and 135 in the corn, while the highest
accumulation of Zn is observed in the pear (AF 17.4). Sig-
nificantly lower AFs values for Cd, Pb and Zn were ob-
tained for the leave samples from S3 and S4, despite the
increase of their concentrations in the soils. These results
and the lower TFs (Table 1) are most probably due to the
chemical species of the heavy metals in the respective soils.
Obviously, due to the high level of constant pollution in
the region of the smelter, the elements are present mostly
in bioavailable species. Probably in the other regions, the
high metal concentrations in the soils are due to residual
contamination (especially in S3) and during the long stay
in the soil, transformations to immobilized chemical spe-
cies occurred. Despite the low values of AFs, the trend for
the highest accumulation of Pb by the corn, Cd by the sun-
flower and Zn by the pear is confirmed.

In order to investigate variations in the elemental con-
centrations in individual plant parts, samples of apple fruits
and corn grains were also analyzed. Table 2 presents the
calculated element concentration ratios in the apple fruit/
leaves and grain/leaves from the studied regions. The cal-
culated values for both plant species are less than 1, indi-
cating that irrespective of the plant species and the type of
pollution, the leaves have higher accumulative ability than
the fruits, resp. grains.

The comparison of the data for the apple and the corn
from the background and the polluted regions demonstrate
more significant change in the behavior of the corn organs
under pollution. The data show that at higher metal concen-
tration, the differences between the corn leaves and grain
concentrations increase. The highest differences are ob-
served in the sample from S2 for Cd, Pb and Zn, correspond-
ing to the main pollutants of the regions. The substantial de-
crease in the ratios of these elements can be explained by the
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Fig. 1. Accumulation factors of apple, pear, corn and sunflower leaves collected from the polluted areas

Table 2. Concentration ratios of the studied elements in apple fruits/leaves and corn grains/leaves

S1 S2 S3 S4

apple corn apple corn apple corn apple corn
Cd 0.22 0.04 0.17 0.002 0.16 0.21 0.68 0.06
Co 0.33 0.06 0.81 0.04 0.25 0.13 0.33 0.05
Cr 0.37 0.30 0.67 0.13 1.06 0.20 0.24 0.07
Cu 0.95 0.03 0.59 0.02 1.15 0.01 0.14 0.02
Mn 0.34 0.25 0.71 0.20 0.73 0.14 0.35 0.17
Ni 0.15 0.07 0.18 0.07 0.79 0.07 0.16 0.33
Pb 0.19 0.13 0.26 0.01 0.07 0.17 0.22 0.11
Zn 0.38 0.15 0.16 0.01 0.13 0.07 0.43 0.14

protective function of the leaf sheath against direct exposure
to atmospheric deposition on the corn cobs. The close values
for the apple, collected from the clean and the polluted re-
gions are an indication that if there is no protection, the plant
parts have a similar response to the pollution — at higher lev-
els of pollution the concentrations in the plant parts increase
but the ratio is kept constant.

The comparison of the concentrations obtained in the
present work with published literature data from a large
scale monitoring of the region of the smelter (Zheleva et al.,
2012) shows comparable or increased concentration of the
main pollutants over time both in the leaves and in the fruits.

Monitoring of lead content in cereals, fruits and vegetables,
collected from the regions of the two largest smelters in Bul-
garia (Pb-Zn smelters near Kardzhali and Plovdiv) and the
Fe metallurgical plant in Kremikovtsi showed that the pollu-
tion of these products is strongest in the region of the smelter
in Kardzhali, followed by the smelter in Plovdiv and then
in Kremikovtsi. It has been found that the concentration of
lead decreases with distance and is reduced to a background
concentration in the vegetables at a distance of 10 km and 20
km for the fruits. Investigations for cadmium content of soil
samples, cereals, fruits and vegetables from the region of the
smelter in Kardzhali also showed elevated concentrations as
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the highest degree of accumulation is established within a
radius of 3 km (Staykova & Naydenova, 2008; National Ac-
tion Plan “Food and Nutrition, 2005-2010).

The elevated concentrations of the potentially toxic el-
ements in the soil and plant samples, including fruits and
grains are an indication for a serious pollution of the region
around the smelter and the need for a remediation activity or
change of the use of the agricultural lands.

Conclusions

The comparison of the accumulation ability of four agri-
cultural plants for heavy metals indicates selective accumu-
lation of the main pollutants — Pb, Cd and Zn in the plants.
The comparison of the metals concentration in the plant parts
(apple leaves vs. fruits, resp. corn leaves vs. grains) demon-
strates lower accumulation by the fruits and grain than the
respective leaves, which is an indication for the existence
of plant protection mechanisms. The presence of regulatory
mechanism of the polluted environment is also confirmed by
the observed decrease of the TFs for the main pollutants, ir-
respective of the plant species.

References

Chenery, S.R., Izquierdo, M., Marzouk, E., Klinck, B., Palum-
bo-Roe, B., & Tye, A.M. (2012). Soil-plant interactions and
the uptake of Pb at abandoned mining sites in the Rookhope
catchment of the N. Pennines, UK — A Pb isotope study. Sci.
Total Environ., 433, 547-560.

Chilingirova, R.E., Staykov, J.N., Velcheva, 1.G., & Naydenova,
V.M. (2011). Heavy metals content in soil near non-ferous met-
als production facility and domestic wastes landfill in the area
of Kardzhali town. Ecol. Balcan., 3(1), 19-24.

Clemens, S., & Ma, J.F. (2016). Toxic heavy metal and metalloid
accumulation in crop plants and foods. Annu. Rev. Plant Biol.,
67 (1), 489-512.

Demirak, A., Fevzi, Y., Tuna, A. L., & Ozdemir, N. (2000).
Heavy metals in water, sediment and tissues of Leuciscus ceph-
alus from a stream in southwestern Turkey. Chemosphere, 63
(9), 1451-1458.

Djingova, R., & Kuleff, 1. (1999). Seasonal variations in the metal
concentration of Taraxacum officinale, Plantago major and
Plantago lanceolata, Chem. Ecol., 16 (2-3), 239-253.

Djingova, R., Kuleff, I., & Andreev, N. (1993). Comparison of the
ability of several vascular plants to reflect environmental pollu-
tion. Chemosphere, 27 (8), 1385-1396.

Djingova, R., Kuleff, I., & Markert, B. (2004). Chemical Finger-
printing of plants. Ecol. Res., 19 (1): 3-11.

Hu, Y., Wang, D., Wei, L., Zhang, X., & Song, B. (2014) Bioac-
cumulation of heavy metals in plant leaves from Yan’an city of
the Loess Plateau, China. Ecotox. Environ. Safe, 110, 82-88.

Jirup, L., 2003. Hazards of heavy metal contamination. Br. Med.
Bull., 68 (1): 167-182.

Lyubomirova, V., Mihaylova, V., & Djingova, R. (2014). Chang-
es in the ionome of Taraxacum officinale under different an-
thropogenic influences, Phytol. Balcan., 20 (2-3), 247-255.

Lyubomirova, V., Mihaylova, V., & Djingova, R. (2015). Effects
of soil properties and anthropogenic activity on the transfer of
52 elements in the system soil/Taraxacum officinale. J. Soil
Sediment., 15(7), 1549-1557.

Markert, B., Wuenschmann, S., Fraenzle, S., Wappelhorst,
0., Weckert, V., Breulmann, G., Djingova, R., Herpin, U.,
Lieth, H., Schroder, W., Siewers, U., Steinnes, E., Wolter-
beek, B., & Zechmeister, H. (2008). On the road from envi-
ronmental biomonitoring to human health aspects: Monitor-
ing atmospheric heavy metal deposition by epiphytic/epigeic
plants: Present status and future need. Int. J. Environ. Pollut.,
32 (4), 486-498.

Mihaylova, V., Lyubomirova, V., & Djingova, R. (2013). Optimi-
zation of sample preparation and ICP-MS analysis for determi-
nation of 60 elements for characterization of the plant ionome.
Intern. J. Environ. Anal. Chem., 93(13), 1441-1456.

National Action Plan “Food and Nutrition, 2005-2010, Council
of Ministers of the Republic of Bulgaria (Bg).

Ozturk, A., Yarci, C., & Ozyigit, I. (2017). Assessment of heavy
metal pollution in Istanbul using plant (Celtis australis L.) and
soil assays. Biotechnol. Biotec. Eq., 31 (5), 948-954.

Staykova, P., & Naydenova, V. (2008). Pollution of the environ-
ment and the food products with heavy metals in the region
of the town of Kurdzhali. In: Proceedings of the Anniversar
Scientific Conference of Ecology, p. 551-559 (Bg).

Stoyanov, S., (1999). Heavy metals in the environment and food
products. Toxic injury to humans, clinical characteristics, treat-
ment and prophylaxis. Pensoft, Sofia (Bg).

Wijaya, A.R., Ouchi, A.L., Tanaka, K., Shinja, R., & Ohre, Sh.,
(2012). Metal contents and Pb isotopes in road-side dust and
sediments in Japan. J. Geochem. Explor., 118, 68-76.

Zheleva, E., Bozhinova, P., & Dinev, N. (2012). Remediation
of contaminated soils and overcoming environmental damage
from “OCK” — Kardzhali. Ambrosia HT Ltd., Sofia (Bg.).

Received.: July, 17, 2018; Accepted: January, 30, 2019; Published: June, 30,2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


