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Abstract

Contamination of soils and crops by heavy metals is considered one of the most serious environmental problem due to
their non-biodegradable nature, the long biological half-life and also their potential accumulation in different body
parts of plants. In Romania there are areas of thousands of hectares of agricultural land polluted with heavy metals.
The distribution of heavy metals in agricultural soil can serve as a basis for a better management of soil quality, as well
as to protect human health and the soil environment. This paper aims to present an overview based on the data found in
other studies and to obtain a mapping of each the most common heavy metals met in soils of Romania. Due to the fact
that there are not enough studies for the whole country, some areas will be estimated and also, is possible that others

will not be covered at all.
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INTRODUCTION

It is a well-known fact that heavy metals are
part of the soil structure, and they occur there
naturally. Depending on their type and
concentration, these metals can be harmful to
environment, and further, to human health.
Besides the natural causes (erosions, volcanic
eruptions) (Cyraniak et al., 2014), the heavy
metal pollution can also originate from human
activities like mining industry, transportation,
urbanization, agriculture and others (Dumitrel
et al., 2013). With a few exceptions (some sites
with high levels of natural resources), the
pollution in Romania was caused by
population, through unmonitored industry
centers (Boros et al., 2015; Muntean et al.,
2010; Sur et al., 2012).

Although in general Romania has safe areas
from agricultural point of view, there are still
some sites where the heavy metal pollution
exceeds the limits provided by laws in force.
Even more, soil is considered as a key source
of socio-economic development (Dimitriu,
2014).

The only study that offers complete
information about the levels of heavy metals in
all areas of Romania was conducted by ICPA
(National Research and Development Institute

88

for Soil Science, Agrochemistry and
Environment) in 2000. The network of soil
monitoring sites uses 942 investigation points
spread in all the country, as 16 x 16 km
squares. For this reason, the points rarely hit
areas with severe problems regarding pollution.
Yet, this kind of approach is most represen-
tative for soil characterization.

A similar report was published in 2011 by the
same institution (Soil Quality Monitoring in
Romania, Dumitru et al., 2011) but it does not
provide the same detailed information.

Using this study as a base, the current review
aims to update the existing data with others
found in most recent studies, and also to add
the plots with high values of pollutants found in
other studies as well, to form some maps as
accurately as possible.

MATERIALS AND METHODS

The most common heavy metals that are
polluting the soil are cadmium, lead, nickel,
chromium, zinc, cobalt, copper, arsenic
(Masindi et al., 2017).

In order to create the map distributions for
some of these metals, some parameters that
describe the levels of interest from current law
were used (Table 1).



Using the data from ICPA report, six
distribution maps were created, one for each
element shown above in the Table 1. Also, a
table with some statistical data was created for
each element. Only two studies that have
expanded their research on the entire country
were found.

Table 1. Reference values for trace chemical
elements in soil (Order 756, 1997)

Element Reference Alert threshold Intervention

value sensitive soils threshold
(ppm) (ppm) sensitive soils

Zn 100 300 600

Cd 1 3 5

Cu 20 100 200

Pb 20 50 100

Ni 20 75 150

Co 15 30 50

Apart from ICPA report, another study was
performed with the same scope, in 2012
(Moldoveanu, 2014). It is interesting that the
second study analyses a large range of heavy
metals from both urban and rural areas.
Unfortunately, there are some areas that are not
covered at all. Since it not provides any
numeric values, a direct comparison can hardly
be made.

Other assays that have limited their research on
a small area provided some valuable
information to update the map distribution. All
the studies that have been analysed had the
same mode for preparing the soil samples:
depth 0-20 cm, dried, grinded, sieved and
analysed through different detection methods.

RESULTS AND DISCUSSIONS

Each metal has been analysed separately in
order to structure the information efficiently.
Zinc

Zinc is an essential micronutrient required by
plants and it has multiple role in their
development (Hassan et al., 2017). In many
cases, the zinc deficiency is a very important
problem that requires different amendments to
raise its concentration (Berbecea et al., 2011).
But there are some cases that due to different
anthropogenic activities such as mining or
industrial emissions the situation can be
reversed (Dumitrel et al., 2013).

In Romania exists a few areas where the
concentration of zinc exceeds both, alert or
intervention threshold.

A series of studies highlights the zones who
have encountered this problem and also offers
some quantitative values (Buruiana et al., 2016;
Dumitrel et al., 2013; Ene et al., 2010; Marin et
al., 2010; Munteanu et al., 2012; Sur et al.,
2012;  Elekes, 2014; Nimirciag, 2012;
Albulescu et al., 2012; Popa et al., 2016; Big et
al., 2012; Gamaneci et al., 2011; Morar et al.,
2010; Stefu et al., 2013; Ungureanu et al.,
2017; Faciu et al., 2012; Cojoc, 2011; Lacatusu
et al., 2009). These levels are shown in the
table below, together with the average values
from ICPA report (Table 2). The table contains
only the counties were zinc levels were studied
in recent works.

Table 2. Zinc concentration in different areas (ppm)

ICPA study Other studies
County Mean Number | Median Min Max Mean Number Median Min Max Year
of sites of sites

Alba 153.59 27 100 41 540 834 15 725 100 3997 2013
Bacau 51.27 26 50.5 20 111 75.48 95 - 24.97 126.38 2013
B Nasaud 84.19 21 65 35 275 578.14 35 197.5 58.7 5144.2 2012
Braila 84.38 21 60 32 235 88.80 3 92.75 70.80 102.86 2009
Caras-Severin 138.42 33 83 45 500 98.61 9 53.9 29.1 294 2012
Dambovita 99 18 7538 215 125.5 5 36.5 22 600.4 2014
Galati 155.06 16 170 25 250 57.66 8 58.16 33.62 72.69 2009
Gorj 68.91 22 65 37 110 61.56 17 52 31.8 133 2016
Tasi 83.05 22 49 23 405 45.36 1030 3031 11.6 702.61 2008
Maramures 210.20 25 230 5 360 311.44 10 144.38 89.04 1110.2 2012
Mures 91.96 27 70 40 270 69.87 5 56.6 534 99.43 2010
Sibiu 95.75 20 68.5 35 255 463.4 94 - 64.04 1938 2011
Suceava 89.60 35 68 23 285 95.8 63 - 33.6 332.8 2013
Timis 193.06 34 200 36 500 60.43 18 57.62 39.82 98.72 2013
Vaslui 62.74 23 56 34 118 68.22 193 63 31 192 2017

Comparing the average values from ICPA
study with the average values from other
studies, it shows a significant difference
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between these set of values (T test result: 0.15).
The difference is somehow explainable
regarding the fact that most of studies directed



their research on areas with problems. These
areas are pointed out in the figure below
(Figure 1). From a total of 1043 investigated
sites, 767 (73.53%) have a smaller
concentration of zinc than the reference value,
246 (23.58%) between reference value and

alert threshold, 79 sites (7.57%) exceeds alert
threshold and only 18 (1.72%) exceeds
intervention threshold. = These top values
represent some well-known high polluted
areas: Zlatna (Alba): 3997 ppm, Certej
(Hunedoara): 2200 ppm.

Total Zinc content in topsoil in Romania

<100 ppm
100 - 300 ppm
300 - 500 ppm
= GO0 ppm

Figure 1. Zinc content in topsoil of Romania counties

Copper

Alongside zinc, copper is an important element
in development of plants as well. Copper has
an important role in metabolism and also
participates to the respiration process (Lato et
al., 2012). Generally, a level of 4-20 ppm Cu is
sufficient for any type of culture (Sutradhar et
al., 2017).

A deficiency of copper can be possible as well,
and this is one of the major constraints for crop
productivity in many countries of the world
(Corches et al., 2017).

The availability of copper depends on soil
characteristics, such as organic carbon content,
texture and pH and threshold values have been
established as functions of these soil properties
(Ballabio et al., 2018).

90

In Romania, almost all areas have sufficient
quantities of copper, in some of them being in
excess.

In the table below are presented the counties
that have been mentioned in recent studies
(Dinu et al., 2018; Suciu et al., 2008; Zgripcea,
2013; Popescu et al., 2013; Morar et al., 2010;
Buruiana et al., 2016; Dumitrel et al., 2013;
Ene et al., 2010; Marin et al., 2010; Munteanu
et al., 2012; Sur et al., 2012; Elekes, 2014,
Nimirciag, 2012; Albulescu et al., 2012; Popa
et al., 2016; Big et al., 2012; Gamaneci et al.,
2011; Morar et al., 2010; Stefu et al., 2013;
Ungureanu et al., 2017; Hura et al., 2013; Iancu
et al., 2008) to have this problem (Table 3).



Table 3. Copper concentration in different areas (ppm)

ICPA study Other studies
County Mean Number | Median | Min | Max Mean Number | Median Min Max Year
of sites of sites
Alba 24.80 25 25 6 46 223.95 16 82.18 18.7 914.1 2013
Bacau 16.90 29 15 9 33 35.84 89 - 12.1 82.1 2013
B Nasaud 25.33 21 20 10 68 43.37 33 36.9 15.2 102.8 2012
Braila 31.14 21 25 12 125 33.87 6 31.28 25.06 52.78 2009
Caras-Severin 25.15 33 23 10 60 58.92 9 56.66 25.06 52.78 2012
Clyj 21.62 26 20 10 32 46.26 18 47.44 28.2 52.84 2008
Dambovita 20.47 17 20 6 50 125.5 5 36.5 22.0 600.4 2014
Galati 25.06 16 22.5 15 75 24.54 14 23.96 18.38 31.59 2009
Gorj 27.75 20 21 15 114 11.31 12 7.67 1 34.34 2015
Hunedoara 21.81 32 15 10 59 100.21 6 44.85 153 378 2018
Tasi 23.30 23 21 8 46 45.36 1030 30.31 11.6 702.61 | 2008
Maramures 19.52 25 20 5 40 112.98 10 80.11 33.29 310.82 | 2012
Mures 26.56 27 25 10 43 2241 18 17.5 1.28 72.8 2008
Sibiu 26.38 21 25 10 49 31.73 56 - 9.03 114.6 2011
Suceava 23.42 36 20 8 75 36 63 - 17.85 112.75 | 2013
Timis 19.14 35 17 8 45 26.22 18 30.89 0 49.44 2013
Valcea 33.14 22 25 10 100 32.86 6 33.85 10.48 53 2013
Vaslui 23.26 23 21 8 45 29.83 193 27 14 300 2017

The average values from ICPA study and the
average values from other studies are
significantly different (T test result: 0.034).
Some major differences are shown on the map
below (Figure 2).

A total of 1103 points were analysed. Less than
half, 418 (37.89%) had a copper level smaller

than the reference value, 663 (60.10%) points
were situated between reference value and alert
threshold, 14 (1.26%) points exceeds alert
threshold but not the intervention threshold,
and 7 (0.63%) exceeds intervention threshold.
The highest recorded value is 914.1 ppm, near
Zlatna region.

Total copper content in topsoil in Romania

<20 ppm

20 - 100 ppm
100 - 200 ppm
> 200 ppm

Figure 2. Copper content in topsoil of Romania counties
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Lead

Lead is well known to be toxic and his harmful
effects were intense studied (Roba et al., 2015).
Unlike other heavy metals like zinc or cooper,
lead has no role for plant or animal
development. His presence in soils has only
negative effects. Still, in a lot of areas the high
concentration of lead causes serious problems,
especially in zones with big industry centers.
Some of these areas are mentioned in the table
below (Table 4), according to the data
presented in a set of studies (Mihali et al.,

2013; Damian et al., 2013; Curca, 2011;
Dumitrel et al., 2013; Elekes et al., 2014; Bird
et al., 2005; Buruiana et al., 2016; Sirbu et al.,
2012; Dinu et al., 2018; Suciu et al., 2008;
Zgripcea, 2013; Popescu et al., 2013; Morar et
al., 2010; Buruiana et al., 2016; Dumitrel et al.,
2013; Ene et al., 2010; Marin et al., 2010;
Munteanu et al., 2012; Sur et al., 2012; Elekes,
2014; Nimirciag, 2012; Albulescu et al., 2012;
Popa et al., 2016; Big et al., 2012; Gamaneci et
al., 2011; Morar et al., 2010; Stefu et al., 2013;
Ungureanu et al., 2017; Chirila, 2013).

Table 4. Lead concentration in different areas (ppm)

ICPA study Other studies
County Mean Number | Median | Min | Max Mean Number | Median Min Max Year
of sites of sites
Alba 32.11 19 30 13 84 207.24 18 0 0 1537 2013
Bacau 38.58 26 39 20 58 21.370 89 - 2.94 56.73 2013
B Nasaud 50.80 20 47 19 145 | 242.79 35 78.7 3.5 3687.2 | 2012
Braila 32.13 23 30 19 56 19.27 3 18.15 16.47 23.18 2009
Caras-Severin 43.19 32 40 7 98 31.00 9 25.59 21.63 47.08 2012
Clyj 3041 27 30 15 51 75.36 18 0 0 735 2008
Dambovita 25.79 19 25 6 40 76.4 5 433 0.6 294.3 2014
Galati 19.81 16 20 10 30 20.17 8 18.54 6.50 35.72 2009
Gorj 39.50 22 35.5 28 67 10.89 12 1 1 64 2015
Harghita 43.31 26 35 20 84 102.08 12 67.5 30 260 2013
Hunedoara 41.86 29 30 15 99 373.5 6 270 120 888 2018
Tasi 32.65 23 28 14 69 27.73 1030 20.04 4.5 1995.43 | 2008
Maramures 32.77 26 30 10 81 365.27 10 261.88 | 163.28 | 804.09 | 2012
Mures 29.41 29 25 10 64 13.87 9 14.4 7.05 19.1 2010
Prahova 31.55 20 31.5 2 102 11.79 9 3.5 0 68.9 2006
Sibiu 43.05 19 35 20 170 680.9 56 - 19.61 2863 2011
Suceava 34.14 35 30 10 95 24.9 63 14.75 1024 | 2013
Timis 21.51 35 20 11 40 6.58 18 0 0 26.09 2013
Valcea 3345 22 33 15 45 16.90 4 14.84 12.43 25.5 2013
Vaslui 32.83 23 28 14 69 25.27 193 24 16 84 2017

The two sets of average values also differ
significantly (T test value 0.049). The map
shown in Figure 3 express some of the
differences.

A total of 1115 points was used to obtain the
map. Only 179 (16.05%) points had a smaller
level than the reference value. The majority of
sites, 759 (68.07%) had a value situated
between reference and alert threshold. Sur-
prisingly, a high number of sites, 131 (11.74%)
have a high level of lead contamination,
between alert and intervention threshold. Still,
an impressive amount of 46 (4.12%) sites
comes with a very high level of contamination,
over intervention threshold.
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Considering that some studies were focused on
these areas, the results are expected. The
highest value was found around Rodna mining
perimeter (3687.2 ppm).

Cadmium

Cadmium is found among the most toxic ele-
ments. Like lead, cadmium is not an essential
microelement and his presence in the environ-
ment in concentrations that exceed the normal
values may seriously affect living organisms
(Oprea et al., 2011). The normal content of Cd
in soil is 1 ppm as defined by the Romanian
regulations.



Total lead content in topsoil of Romania

<20 Ppm

20 - 50 ppm
50 - 100 ppm
> 100 ppm

Figure 3. Lead content in topsoil of Romania counties

The cadmium pollution is described in the
Table 5 (Buruiana et al., 2016; Ene et al., 2010;
Popa et al., 2016; Albulescu et al., 2012;
Damian et al., 2008; Stefu et al., 2013;
Dumitrel et al, 2013; Oprea et al., 2011;
Muntean et al.,, 2008; Faciu et al., 2012;

Tordache et al., 2015; Rosu et al., 2011; Chira
et al., 2014; Sur et al., 2012; Nimirciag, 2012;
Ungureanu et al., 2017; Dinu et al., 2018;
Buzatu et al., 2018; Mandoc et al.,, 2013;
Trimbitasu et al., 2006).

Table 5. Cadmium concentration in different areas (ppm)

ICPA study Other studies
County Mean Number | Median | Min | Max Mean Number | Median Min Max Year
of sites of sites
Alba 1 26.00 1.00 0.1 2 0.53 4 0.42 0.35 0.95 2008
Bacau 0.9 27.00 0.83 0.5 1.1 0.595 39 0 1.45 2013
Braila 0.5 21.00 0.82 0.5 1.8 0.82 17 0.9 0.3 1.2 2009
Caras-Severin 1.5 34.00 1.54 0.9 3 2.06 9 1.85 1.28 3.22 2012
Dolj 1 29.00 0.82 0.4 1.6 0.6 2 0.6 0.05 1.15 2018
Galati 1 16.00 1.00 1 1 0.31 23 0.4 0 0.81 2009
Gorj 1 21.00 1.06 0.5 2.7 0.47 16 0.4 0 1.4 2015
Hunedoara 1 29.00 1.09 0.2 1.9 3.93 6 2.7 1.01 11.4 2018
Tasi 0.7 22.00 0.71 0.4 1.4 0.49 1030 0.36 0 15.44 | 2008
Maramures 1 25.00 1.19 0.5 2 3.8 10 2.4 1.52 12.6 2012
Prahova 2 21.00 1.88 1.1 2.5 0.59 9 0.5 0.2 1.05 2006
Sibiu 1.25 20.00 1.39 0.5 5 9.54 95 - 0.774 52.0 2011
Suceava 1 35.00 1.07 0.5 2 0.76 63 0.2 1.34 2013
Timis 1 35.00 1.11 0.4 1.5 0 18 0 0 0 2013
Valcea 1 23.00 1.12 0.5 1.8 1.96 5 2.1 1 2.1 2013
Vaslui 0.8 23.00 0.73 0.4 1 0.32 193 0.31 0.02 0.8 2017

In the cadmium analysis, the average values
from ICPA study and the other studies are
significantly different (T test = 0.307), as
before. Form a total of 1035 point analysed,
708 (68.40%) are smaller than the reference
value, 317 (30.62%) are situated between
reference and alert threshold, just 6 points
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(0.57%) exceeds alert threshold to intervention
threshold, and only 4 (0.38%) exceeds
intervention threshold. The maximum value for
cadmium contamination was 52.01 ppm, found
in Sibiu County, near Copsa Mica, one of the
world most polluted city.



Total cadmium content in topsoil of Romania

Figure 4. Cadmium content in topsoil of Romania counties

Giving an overview to the analysed heavy
metals, the situation can be expressed in the
chart below (Figure 5).
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Alert-Intervention ® Above Intercention

Figure 5. Distribution of examined sites
by the pollution level

CONCLUSIONS

There are a lot of areas in Romania that are
poorly investigated, investigated a long time
ago or which have not been studied at all.

Even that the most part of Romania had safe
lands for agriculture, there are some areas with
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very high pollution which exceeds Romanian
regulations, according to the reviewed papers.
Copper and cadmium exceed intervention
threshold in less than 1% of the examined
points.

Lead is “leader”, regarding the points who
exceeds reference value, with 83.95% of sites
in this category. At the opposite pole, zinc has
26.47% of sites in this category.

REFERENCES

Albulescu, M., Popovici, H., Turuga, L., Masu, S.,
Chiriac, A. (2012). Analysis of Heavy Metals
Content of Soil and Vitis vinifera in Two Vineyard
Areas of the Caras-Severin County, Romania.
Journal of Environmental Protection and Ecology,
13(1),48-55.

Ballabio, C., Panagos, P., Lugato, E., Huang, J. H.,
Orgiazzi, A., Jones, A., Fernandez-Ugalde, O.,
Borrelli, P., Montanarella, L. (2018). Copper
distribution in European topsoils: An assessment
based on LUCAS soil survey. Science of the Total
Environment, 636, 282—298.

Berbecea, A., Radulov, I., Sala, F., Crista, F., Lato, A.
(2011). Interrelation between metal availability, soil
pH and mineral fertilization. Research Journal of
Agricultural Science, 43(3), 1922

Big, C.L., Lacatusu, R., Damian, F. (2012). Heavy
metals in soil-plant system around Baia Mare city,



Romania. Carpathian Journal of Earth and

Environmental Sciences, 7(3), 219-230.

Boros, M.N., Smical, 1., Micle, V., Lichtscheidl-Schultz,
1. (2015). Heavy metal pollution of soils from Baia
Mare - case study: Cuprom industrial area. Scientific
Papers.  Series E. Land Reclamation, Earth
Observation & Surveying, Environmental
Engineering, 1V, 99—106.

Buruiana, D.L., Balta, S., Iticescu, C., Georgescu, L.P.,
Humeniuc, LI. (2016). Determining the concentration
of heavy metals in the soils near slag landfills.
Revista Romana de Materiale, 46(1), 108—114.

Buzatu, G.D., Dodocioiu, A.M. (2018). Study of heavy
metals in the soils of two localities in Dolj County.
Agriculture for Life, Life for Agriculture, 1(1),
352-357.

Chira, I, Damian, G., Chira, R. (2014). Spatial
distribution of heavy metals in the soils of Baiut area,
Maramures County, Romania. Carpathian Journal of
Earth and Environmental Sciences, 9(1), 269—278.

Chirila, M.E. (2013). Studiul distributiei metalelor grele
in sol in perimetrul municipiului Bacau folosind
sisteme informationale geografice. Universitatea
,,Vasile Alecsandri” din Bacau.
http://www.ub.ro/files/scoala-
doctorala/Rezumat Teza Faciu Ema.pdf.

Cojoc, E. (2011). Modelarea bioacumularii metalelor
grele in plante de culturd din zona Copsa Micd.
Bucuresti, Universitatea din Bucuresti. Retrieved
February 20, 2019, from
http://www.cesec.ro/pdf/CojocEmilia2011.pdf.

Curcd, G. (2011). Studiul geochimic al poluantilor solizi
din atmosfera zonelor industriale ale orasului Iasi, cu
privire special asupra repartitiei metalelor grele.
Universitatea din Bucuresti. Retrieved February 20,
2019, from http://gg.unibuc.ro/wp-
content/uploads/2018/05/CURCA-Geanina.pdf.

Cyraniak, E., Draszawka-Bolzan, B. (2014). Heavy
metals in circulation biogeochemical. World
Scientific News, 6, 30—36.

Damian, F., Damian, G., Lacatusu, R., Iepure, G. (2008).
Heavy metals concentration of the soils around
Zlatna and Copsa Micd smelters Romania. Carpth.
Journal of Earth and Environmental Sciences, 3(2),
65-82.

Damian, F., Damian, G., Lacatusu, R., Postolache, C.,
Iepure, G., Jelea, M., Nasui, D. (2013). The heavy
metals immobilization in polluted soils from
Romania by the natural zeolites use. Carpathian
Journal of Earth and Environmental Sciences, 8(4),
231-250.

Dimitriu, D. (2014). Restoration of heavy metals
polluted soils case study - camelina. AgroLife
Scientific Journal, 3(2), 29-38.

Dinu, C., Ungureanu, E.M., Vasile, G.G., Kim, L.,
Tonescu, I., Ene, C., Simion, M. (2018). Soil and
Vegetation Pollution from an Abandoned Mining
Area Situated in Hunedoara County, Romania. Rev.
Chim., 69(1), 14-20.

Dumitrel, G.A., Popa, M., Glevitzky, M., Vica, M.,
Todoran, A. (2013). Evaluation of Soil Heavy Metal

95

Pollution in the Journal ~ of
Environmental Protection and Ecology, 14(4), 1569—
1576.

Dumitru, M., Manea, A., Ciobanu, C., Dumitru, S.,
Vrinceanu, N., Calciu, I., Tanase, V., Preda V.,
Risnoveanu, I., Mocanu, V., Eftene, M. (2011).
Monitoringul starii de calitate a solurilor din
Romdnia, Institutul — National De  Cercetare-
Dezvoltare Pentru Pedologie Agrochimie Si Protectia
Mediului, ICPA Bucuresti. Craoiva, RO: Sitech.

Elekes, D.D. (2014). Assessment of Historical Heavy
Metal Pollution of Land in the Proximity of Industrial
Area of Targoviste, Romania. Environmental Risk
Assessment of Soil Contamination, Intech Open.
Retrieved February 20, 2019, from
https://www.intechopen.com/books/environmental-
risk-assessment-of-soil-contamination/assessment-of-
historical-heavy-metal-pollution-of-land-in-the-
proximity-of-industrial-area-of-targov.

Ene, A., Stihi, C., Popescu, L.V., Bosneaga, A.,
Radulescu, C., Gheboianu, A. (2008). XRF-AAS
analysis of heavy metals in soils around of a ferrous
metallurgical plant in eastern part of Romania.
ISINN-18 proceedings, Retrieved February 20 from
http://isinn.jinr.ru/proceedings/isinn-18/pdf/Ene.pdf

Faciu, M.E., Lazar, G., Nedeff, V. (2012). The
assessment of heavy metals concentration in Bacau
city soil. Necessity and working methods. Journal of
Engineering Studies and Research, 18(1), 80—95.

Gamaneci, G., Capatina, C. (2011). Study on soil
pollution with heavy metals in Rovinari area. Analele
Universitatii ,, Constantin Brancusi” din Tdrgu Jiu,
3.309-318.

Hassan, Z., Ali, S., Rizwan, M., Hussain, A., Akbar, Z.,
Rasool, N., Abbas, F. (2017). Chapter 14. Role of
Zinc in Alleviating Heavy Metal Stress. Essential
Plant Nutrients, Springer International Publishing.

Hura, C., Munteanu, N., Stoleru, V. (2013). Heavy
Metals Levels in Soil and Vegetables in Different
Growing Systems. E3S Web of Conferences 1.
08007.

lancu, O.G., Buzgar, N. (2008). Atlasul geochimic al
metalelor grele din solurile municipiului lasi si
imprejurimi/The geochemical atlas of heavy metals in
the soils of the municipality of lasi and its
surrounding areas. lasi, RO: Ed. Universitatii
,Alexandru Ioan Cuza”.

Iordache, M., Popescu, L.R., Pascu, L.F., lordache, I.
(2015).  Environmental Risk  Assessment in
Sediments from Jiu River, Romania. Rev. Chim.,
66(8), 1247—-1252.

Lato, A., Radulov, I., Berbecea, A., Lato, K., Crista, F.
(2012). The transfer factor of metals in soil-plant
system. Research Journal of Agricultural Science, 44
(3), 67-72.

Lacatusu, R., Lacatusu, A.R. (2009). Heavy Metals Soil
Pollution in Some Urban Location from Romania.
Alliance for Global Sustainability Bookseries, 17,
347-355.

Mandoc, L.R. (2013). Metode si metodologii in
determinari analitice cu aplicatii in evaluari de mediu
si sanatate. Universitatea Politehnica din Bucuresti

Zlatna Region.



Retrieved February 20, 2019, from
http://dspace.incdecoind.ro/bitstream/123456789/443
/1/Rezumat teza luiza%20Roxana%20MANDOC.pdf.

Marin, C., Tudorache, A., Moldovan, O.T., Povara, I.,
Rajka, G. (2010). Assessing the contents of arsenic
and of some heavy metals in surface flows and in the
hyporheic zone of the Aries stream catchment area,
Romania. Carpathian Journal of Earth and
Environmental Sciences, 5(1), 13—-24.

Masindi, V., Muedi, K. (2018). Chapter 7.
Environmental Contamination by Heavy Metals.
Heavy Metals. Intechopen.

Mihali, C., Oprea, G., Michnea A., Jelea S.G., Jelea, M.,
Man, C., Senila, M., Grigor, L. (2013). Assessment
of heavy metals content and pollution level in soil
and plants in Baia Mare area, NW Romania. Carpath
J. Earth Env., 8(2), 143—152.

Moldoveanu, A.M. (2014). Chapter 9. Assessment of
Soil Pollution with Heavy Metals in Romania.
Assessment of Soil Pollution with Heavy Metals in
Romania, 285—305.

Morar, F., Hasegan, 1. (2010). The metal content of soils
in the Mures County and phytoremediation prospects
use as a remediation method. Scientific Bulletin of the
 Petru Maior” University of Tirgu Mures, 7(2),
53-58.

Muntean, E., Muntean, N., Mihaiescu, T. (2010).
Cadmium and lead soil pollution in Copsa Mica area
in relation with the food chain. Research Journal of
Agricultural Science, 42(3), 731-734.

Nimirciag, R. (2012). Heavy metals in the soils of Rodna
mining area, Romania and zeolite efficiency for
remediation.  Environmental — Engineering — and
Management Journal, 11(2), 421-426.

Oprea, G., Mihali, C., Michnea, A., Senila, M., Gogoasa,
I., Vosgan, Z. (2011). Assessment of Lead and
Cadmium Content in the Soils and Plants in
Industrial Area. American Journal of Environmental
Sciences, 7 (5), 402—408.

Popa, R.G., Pecingina, L.R. (2016). Study on chemical
analysis of soil in the county of Gorj, in terms of the
content of heavy metals and chlorides. Scientific
Papers.  Series E. Land Reclamation, Earth
Observation & Surveying, Environmental
Engineering, V. 105—108.

Popescu, E., Nimirciag R., Vina, G., Ajmone-Marsan, F.
(2013). Spatial Distribution of Potentially Toxic

96

Elements in Soils Polluted by Mining Activities. Rev.
Chim., 64(5), 477-481.

Roba, C., Rosu, C. (2015). Ingestion of lead due to the
consumption of drinking water from private wells in
four rural areas from Baia Mare - Romania
metropolitan  area.  Scientific ~ Papers  Series
Management, Economic Engineering in Agriculture
and Rural Development, 15(3), 265—268.

Rosu, C., Naghiu, R., Onofrei, C. (2011). Impact of
urban landfill on soil quality. Case study towns: Aiud
and Gura-Humorului. AES Bioflux, 3(2), 69—82.

Stefu, N., Neculae, A., Turcu, L., Balint, A. (2013).
Analysis of metal content in soil in Timis County.
Analele Universitatii de Vest din Timisoara, LVII,
44-51.

Suciu, I, Cosma, C., Todici, M., Bolboaci, S. D.,
Jantschi, L. (2008). Analysis of Soil Heavy Metal
Pollution and Pattern in Central Transylvania.
International Journal of Molecular Sciences, 9(4),
434-453.

Sur, LM., Micle, V., Plopeanu, G. (2012). Cercetari
asupra starii de calitate a solurilor din zona
Romplumb Baia Mare. Ecoterra-Journal — of
Environmental Research and Protection, 31, 105—
109.

Trimbitasu, E., Neagoe, S., Mateescu, C. (2006).
Investigation of soil pollution with Pb and Cd.
Analele Universitatii din Bucuresti — Chimie, XV(11),
15-19.

Ungureanu, T., lancu, G.O., Pintilei, M., Chicos M.M.
(2017). Spatial distribution and geochemistry of
heavy metals in soils: A case study from the NE area
of Vaslui County, Romania. Journal of Geochemical
Exploration, 176,20-32.

Zgripcea, M. (2014). Evaluarea poludrii cu substante
prioritar periculoase a ecosistemelor apa si sediment
in zona unei platform industrial complexe si metode
de distrugere a poluantilor. Universitatea Politehnica
din Bucuresti. Retrieved February 20, 2019, from
http://dspace.incdecoind.ro/bitstream/123456789/452
/1/Rezumat_teza Mihaela%20IORDACHE.pdf.

***]CPA Bucuresti (2000). Heavy metal distribution in
soils in Romania. Monitoringul starii de calitate a
solurilor din Roménia.

***Qrdin nr. 756 din 3 noiembrie 1997 pentru aprobarea
Reglementarii privind evaluarea poluarii mediului.



