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Abstract. The mining activities from the northern area of Romania were carried out for years without a
controlled measuring of pollution or any prevention actions. Thus, after 1995, an end was put to most of
these activities. Suceava County, Romania, was highly polluted with heavy metals, especially copper
resulted from mining activities. The current paper had the purpose to assess the influence of heavy metals
generated in time by mining activities on the environmental quality of the studied area and, in order to do
so, the method of global pollution index, in both its conventional and improved forms, was applied. The
soil quality of the Mestecanis area, namely the dump and its limits, was evaluated between 1996 and
2007, focusing on Cu, Zn, Pb, Mn and Ag. The main pollutants are heavy metals, especially copper, and
the aim of this paper was to assess the influence of heavy metals on soil quality, so that the decision
regarding further research could be made. Soil samples were analyzed between 1996 and 2007, during the
mining activities and after these activities were stopped. The index of global pollution, calculated
according to Rojanschi’s method (1991) and that of Popa et. al. (2005), showed that the degree of
pollution is within admissible limits. The final results illustrated that the environment has been modified
by industrial activities within admissible limits, corresponding to class B, which is concordant with

Rojanshi’s method.
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1. MINING INDUSTRY AND
ENVIRONMENTAL COMPONENTS

The mining industry significantly contributes to
the decrease of environmental quality by its waste,
emission and associated environmental impacts. Some
of the waste is inert and, hence, not likely to represent a
significant pollutant threat to the environment, except
for the smothering of riverbeds and a possible collapse
if stored in large quantities, but other fractions,
particularly those generated by the non-ferrous metal
mining industry, may contain large quantities of
dangerous substances such as heavy metals (Prasard,,
2001; Siegel, 2002; Mc Bride, 1989). Through
extraction and subsequent mineral processing, metals
and metal compounds tend to become chemically more
available, which can result in the generation of acid or

alkaline drainage. Moreover, the management of
tailings is an intrinsically risky activity, often involving
the processing of residual chemicals and elevated
levels of metals. These impacts can have lasting
environmental and socio-economic consequences and
can be extremely difficult and costly to address through
remedial measures. Waste from the extractive
industries has, therefore, to be properly managed in
order to ensure especially the long-term stability of
disposal facilities and to prevent or minimize any water
and soil pollution arising from acid or alkaline drainage
and the leaching of heavy metals (Bennett, & Tributsh,
1978; Andras, et al., 2008; Horaicu, et al., 2007).

In Romania, the studies focusing on the
assessment of soil pollution from dumps with heavy
metals located in mining areas (Lacatusu, 1995;
Lacatusu, et al., 1998; Florea & Munteanu, 2003;
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Damian, et al., 2008a and 2008b), as well as the studies
dealing with the influence of heavy metals on the
vegetation and dump rehabilitation (Damian, F., &
Damian, Gh., 2006), took into consideration the
European legislation that establishes the maximum
level of pollutants in vegetation samples. These studies
(Rojanschi, et al., 1991 and 1997; Popa, et al., 2005;
Robu, et al., 2005 and 2007) showed that for impact
and risk assessment it is fundamental to consider at
least one environmental component or more
environmental components such as air, water, soil etc.

The strategic objectives proposed for the
mining sector are the following (Horaicu, et al.,
2007; Macoveanu, et al., 2008):

ethe development of mining products
according to the demands of the market;

o the cutting down of the direct involvement
of the national government in sustainable mining
activities by gradually reducing the current state;

o the undertaking of mining activities in
agreement with mining protection criteria;

enew funds for mine closures and
environmental restoration, mitigation of social
impact due to mine closure and redevelopment of
mining area.

2. GEOLOGICAL DESCRIPTION OF
EVALUATED SITE:
THE MESTECANIS AREA

The main polymetallic  mineralization
associated to the epimetamorphic schists of the
Eastern Carpathians, from NW to SE, are
concentrated in the following metalliferous districts:

1) Borsa-Viseu, with Novicior-Novét, Gura
Baii-Burloaia and Dealul Bucatii metalogenetic
fields in the Maramures Mountains;

2) Fundul Moldovei-Lesu Ursului with
Fundul Moldovei and Lesu Ursului metalogenetic
fields in the Bistrita Mountains;

3) Harlagia-Sumuleu;

4) Balan-Fagul Cetatii, with, Medias, Balan
Central, Fagul Cetatii and Bélan Sud metalogenetic
fields in the Giurgeu Mountains.

The Mestecanis area is located in the Fundul
Moldovei-Lesu Ursului district, characterized by
two metalogenetic fields, Fundul Moldovei and Lesu
Ursului, found in the Bistrita Mountains.

The last lithostratigraphical classification of
the Tulghes lithogroup includes the following
lithomembers: the Caboaia lithomember (Tgl), the
Holdita lithomember (Tg2), the Lesu Ursului
lithomember (Tg3) and the Arsita Rea lithomember
(Tg4) (Savul, 1923; Krautner, 1980; Voda et al.,
1996, 1996; Zincenco, 1994; Hartopanu, 2004, etc).

In the Mestecanis area (view the map in Fig. 1), the
metamorphic rocks are the following: porfirogeous
rocks, chlorithic-sericitic schists, graphitic schists
and black quartzites, and metamorphic quartzites
with sulfides.

In the Mestecanis area, Suceava County, the
most important industrial activities were mining
activities, mainly the underground extraction of
metal ores. The exploration was made with drifts
and drillings, and the exploitation with open panels.

The metal ores extracted from this area were:
pyrite (FeS,), chalcopyrite (CuFeS,), blende (ZnS),
galena (PbS), and, as epigenetic minerals resulted
from primary sulfur alteration, chalcocite (Cu,S) and
very rarely copper (Cu), malachite [CuCO3;Cu(OH),]
and azurite [Cus(CO;),(OH),]; these minerals are
found in the dumps (Fig. 4-5), but only rarely.

The mining activities in the Mestecanis area
were closed in 1998 (Fig. 2-3). As pointed out in the
abstract, our evaluation was made after the closing of
the Mestecanis mining perimeter. The project to close
— rehabilitate the Mestecanis mine and mining
perimeter consisted of the following: the closing down
of the mining works linking the mine to the surface,
which consisted in the embankment of the two slope
galleries and the blocking of the entrances to the
galleries using concrete dams; works meant to ensure
the stability of the two tailings dumps through the
execution of the following works: support walls made
up of gabions filled with raw stones; a water-collecting
ditch at the toe of dump no. 6, the planting of juvenile
spruce and the building of small slope fences.

The highly acid mine waters (pH= 2, 5-3) go
through a wastewater treatment plant, their flow
being of approximately 31 1/s (the quality and
efficiency of the plant is debatable).

Regarding the weathering of silicates and
sulphides, the following can be mentioned: the
compounds resulted from the weathering of silicates
(carbonates, oxides, hydroxides, clay minerals) are
the main mineral components of the soils. The
weathering of silicates, which has several stages:
Depletion of bases, Silicium removal, Argilisation
and Destruction, may also enter buffering reactions
with hydroxides. We merely mention these aspects,
as they have not been dealt with in the present paper.

As far as the weathering of sulphides and the
acid drainage are concerned, observations have been
made, namely the following: the waters from the
deposits, dumps or settling ponds of polymetallic
sulphides are highly acid (Jambor, 1994, Herr &
Gray, 1997, Iribar, et al., 2000, Forray, & Hallbauer,
2000, Hammarstrom, et. al., 2005., Stumbea, 2005,
2006, 2010). At Mestecanis, in the area of the dump,
the value of the pH reaches 2,5-3.
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Figure 1. Map of the Mestecanis area (Musat, 1972, Archives of S.C.“Geomold” S.A., Campulung Moldovenesc,
Suceava County, completed by Florea and Horaicu, 2008)
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Pyrite, which is and has been abundant in the
deposit and, implicitly, in the dump, has formed,
along with marcasite, upon contact with air and
water, sulphides and sulphuric acid. Moreover,
chalcopyrite, galena or blende has also formed,
under oxidizing conditions, sulphides. Oxidation and
oxidation-hydrolysis reactions, bacterial leaching or
even buffering reactions are and have been present.
Thus, the solubility of heavy metals has increased
and their concentration in percolation waters is
significant, leading to the pollution of groundwater
and surface water, these waters being in immediate
contact with the soils of the area.

The soils of the perimeter which was studied are
part of the Obcina Mestecanisului. The group of the
mountainous podzolic soils (Spodosols class) is the
dominant one, with a very low degree of base
saturation of the Iron humus Podsol type, which
develops in the presence of rich precipitations and
lower temperatures, as meteorological conditions, and
in the presence of metamorphic rocks in the substratum
as lithological condition. These rocks have a short
profile, a reduced edaphic volume (a consequence of
the large volume occupied by the skeleton), the humus
is of Moder-Moor type, the acidity is high, the cationic
exchange capacity is reduced and the quantity of bases
is very small. A profile devised in the area highlighted
the following horizons:

Depth (centimetres) Horizon
0,0-4 At
4-11 Aou
11-20 Bhs
20-38 Bs
38 -57 BR

The Iron-Humus podzolization is a complex
solification process through which the weathering of
primary silicates from the upper part of the soil profile
occurs, as well as the migration and accumulation of a
part of the destruction products in the subjacent
horizons, particularly that of iron and aluminium
hydroxides, under the action of fulvic acids and other
complex substances from the soil solution. Can form
such a horizon iluvial Bhs and / or Bs, characteristic of
the Lepti-entic Podzols, such as described above ground.

This type of pedogenetic evolution, which
occurs primarily on a silicate substratum, causes the
weathering through complexolysis of the minerals

and the involving of Al and Fe ions as mobile organo-
mineral compounds. The newly-formed compounds
are soluble in water and they migrate from the upper
part of the soil into horizon B. In draining
environments, Al is more soluble than Fe and,
therefore, is involving at an inferior level (at depth),
whereas in the weakly draining ones Fe can be
levigated and transferred, Al accumulating in the soil.

The precariousness of the conditions
necessary for the neoformation of clay and the
intense destruction of primary silicates determines,
as far as the granulometric structure is concerned,
the authoritarian predomination of coarse and
medium textures. Soil Lepti-entic Podzols described
above and belongs to the Spodosols class, it
represents the dominant type of soil in the area.

The main restoration actions consisted in
covering the land with vegetal soil up to 10 cm and
planting various trees. Different studies (Ditoiu &
Oseanu, 2007) showed that a period of at least 2 years is
necessary for the environment to self-regenerate. The
environmental quality of the area was assessed; soil
samples were analyzed from depths of 5cm and 30 cm
before and after restoration (Table 1). The conclusion
was that the soil quality improved, especially regarding
the pH (from values between 3.39-3.65 in 1998, to
values between 5.00-5.02 in 2006), sulfurs (from values
between 5091-6820 mg/l in 1998 to values of 280 mg/l
in 2006) and copper (in 1998 the measured
concentration was higher than the maximal allowable
concentration, while in 2006 the measured concentration
was lower than it) (Ditoiu & Oseanu, 2007).

3. HEAVY METAL INFLUENCE ON
SOIL QUALITY

3.1. Experimental data

Soil samples from the Mestecanis area were
analyzed in 1996, 1999, 2005 and 2007 and the
results are presented in Table 2. In 1998, the mining
activities in this area were closed and remediation
actions were developed through the planting of
various trees. It was interesting to assess the
situation during the mining activities and after
replanting, especially the influence of the main
pollutants generated on environmental quality.

Table 1. Soil characterization (Ditoiu and Oseanu, 2007)

Sample | Year Depth oH Sulfur | Fe | Mn | Zn | Cu | Cd | Ni
(cm) mg/kg
1998 |5 339 6820 | 13080 | 1500 | 67.88 720 21 [ 1295
Soil 30 [3.65] 5091 | 12260 364 | 8732 362 1.8 33.8
2006 2 5 288 | 11482 | 1342 43.1 184 |  2.03 333
30 |5.02 280 [ 6670 140 56 73 1.53 18.6
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Table 2. Experimental results

Year Cu | Zn | Pb | Mn | Ag
mg/kg
1996 41.02 39.05 27.58 180.29 0.40
1999 36.31 36.09 20.22 314.04 0.66
2005 29.53 39.16 30.00 267.61 0.64
2007 23.67 17.43 7.72 109.71 0.19
MAC'* 200 600 100 2500 20
MAC** 500 1500 1000 4000 40
NV ** 20 100 20 900 2

*Maximal Allowable Concentration, concordant with Romanian Order 756/1997

1- maximal allowable concentration for sensitive soil (e.g. arable land)

2- maximal allowable concentration for insensitive soil (e.g. industrial area)
** Values considered to be within normal limits, naturally present in soil.

It can be observed that copper and lead have
the measured concentrations higher than the values
considered to be within normal limits for sensitive
soil (e.g. arable soil). As a result, further assessments
were conducted in order to estimate the impact and
associated risk for the environmental component: soil.

3.2. Impact assessment trough the method
of global pollution index

3.2.1. Method description

The global pollution index method allows the
evaluation of the environmental pollution degree
induced in the environment by certain industrial
activities, and its quantification using an index which
considers the ideal and the real values of the quality
indicators  representative  for the  evaluated
environmental components. This method, also known
as Rojanschi’s method (Rojanschi, 1991), is a complex
estimation, based on the quality indicators for each
environmental component, and a further correlation
using a graphical representation. Thus, for each
environmental component different evaluation grades
are established within a scale from 1 to 10, considering
the levels of quality indicators imposed by the national
standards. On the scale, the evaluation grade 1
describes a very severe situation concerning
environmental pollution, while the grade 10 describes
the ideal situation, namely that in which the quality of
the evaluated environmental component is not affected
by human or industrial activities (Macoveanu, 2005;

Robu, 2005; Rojanschi et al., 1997). The index of
global pollution (lgp) is defined by Rojanshi as in Eq.
(1) (Rojanschi, 1991):

Ipg =S_l (D

where: S; area of the ideal state of the environment,
S, area that represents the real state
(evaluated situation).

According to the literature (Macoveanu, 2005;
Robu, 2005; Rojanschi, 1991), the value of /;p can
vary between 1 and 6 and each value corresponds to
a real situation (Table 3). The global pollution index
method has the following advantages:

e it offers a global overview of the
environmental state and its quality;

e it allows a comparison between some
regions, with the requirement that these regions have
to be analyzed based on the same quality indicators;

e it allows a comparison between the
environmental states of an area at different
moments, offering the possibility to overview the
evolution of the quality of environmental
components and of the global quality of the
environment.

The disadvantage of this method consists in the
high degree of subjectivity generated during the
calculation of evaluation grades, which greatly
depends on the evaluator’s experience. Moreover, this
method can be applied only in the cases in which at
least three environmental components are assessed.

Table 3. The values of the global pollution index (/gp)

Values of Igp Class Effects/ real situation
Igp=1 A Natural environment, not affected by industrial’/human activities
1 <Igp<2 B Environment modified by industrial activities within admissible limits
2 <Ilgp<3 C Environment modified by industrial activities causing discomfort conditions
3<dgp <4 D Environment modified by industrial activities causing distress to life forms
4 <Igp<6 E Environment modified by industrial activities, dangerous for life forms
>6 F Degraded environment, not proper for life forms
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3.2.2. Improved global pollution index
method

The improved method follows the same
procedure as that developed by Rojanschi (1991).
Thus, firstly, an evaluation scale for each
environmental component assessed has to be
established, considering the maximal allowed
concentrations of quality indicators, according to the
national legislation. After that, the environmental state
can be assessed using the index of global pollution. As
does Rojanschi’s method, the improved method
proposed by Popa et al. (2005) considers the index of
global pollution (Igp) as the ratio between the ideal
state (S;) and the real state (S,) of the ecosystem. Thus,
a graphical methodology based on concentric circles
proposes the calculation of the global pollution index
by using only the arithmetic mean of the evaluation

grades (bz ) (Eq.2) (Popa et al., 2005; Robu, 2005):

100
Igp =

By applying this equation in order to calculate
the index of global pollution, the global state of the
assessed ecosystems may be quickly appreciated by
using only the arithmetic mean of the evaluation
grades. Popa et al. (2005) suggested a scale of the

2

arithmetic mean values for the evaluation grades,
correlated with the global state of the ecosystem
(Table 4).

The proposed method defines the index of
global pollution as the ratio between the surfaces of
the concentric circles that correspond to the ideal
and real states of the ecosystem, respectively leading
to the final equation that allows the calculation of
the global pollution index (Popa et al., 2005). This is
one of the advantages of this improved method.
Thus, the final information about the global state of
the ecosystem is easier to be reached than in
Rojanschi’s method. Another advantage of this new
method is that the global state of the ecosystem can
be assessed by using only two environmental
components, while Rojanschi’s method can be
applied only by taking into consideration at least
three environmental components (Petruc et. al.,
2006; Robu, 2005, Robu et. al., 2007).

The scales of evaluation grades were
elaborated taking into account the maximal
allowable  concentrations, concordant  with

Romanian Order 756/1997, as well as the values
considered to be within normal limits, values at
which heavy metals are naturally present in soil, and
their influence on the environment is not significant.
The evaluation scales are presented in Table 5.

Table 4. Correlation between the arithmetic mean of the evaluation grades and the global state of the ecosystem
(Popa et al., 2005)

Values of (b_z) Values of I'gp | Class Effects/ real situation
10 Igp=1 A Natural environment, not affected by industrial/human activities
9.999 - 7.072 1<I'gp<?2 B Environment modified by industrial activities within admissible limits
7.071 -5.774 2<I'gp<3 C Environment modified by industrial activities causing discomfort
conditions
5.773 - 5.001 3<Igp<4 D Environment modified by industrial activities causing distress to life
forms
5-4.083 4<I'gp<6 E Environment modified by industrial activities, dangerous for life forms
<4.082 I'gp =6 F Degraded environment, not proper for life forms

Table 5. Evaluation scale proposed for sensitive soils, polluted with heavy metals (Cu, Zn, Pb, Mn, Ag)*

Evaluation Cu | Zn | Pb | Mn | Ag
grades mg/kg
10 0-20 0-100 0-20 0-100 0-0.4
9 20-40 100-150 20-50 100-500 0.4-2
8 40-70 150-300 50-100 500-1500 2-4
7 70-100 300-500 100-250 1500-2000 4-8
6 100-150 500-750 250-500 2000-2500 8-10
5 150-300 750-1000 500-1000 2500-3000 10-20
4 300-500 1000-1500 1000-1500 3000-4000 20-40
3 500-750 1500-2000 1500-2000 4000-4500 40-50
2 750-1000 2000-2500 2000-2500 4500-5000 50-75
1 >1000 >2500 >2500 >5000 >75

* concordant with Romanian Order 756/1997.
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4. ANALYSIS OF RESULTS

It has been mentioned that heavy metals
could be accumulated in the soil and from the soil
they could migrate into the vegetation chain. Thus, it
proved necessary to calculate the index of global
pollution by copper, zinc, lead, manganese and
silver for the entire period (Eq.3) (fig. 6).

I, =122 3)

Figure 6. Global pollution with heavy metals, cumulated
in the period between 1996-2007

The final result of the global pollution index
(Ipg = 1.22) shows that the state of the environment
modified by industrial activities is within admissible
limits and it corresponds to class B. It can be observed
that there is a significant influence on the soil due to
the presence of heavy metals. In 1996, the pollution
was greater than during other years. However, after the
mining activities were closed, the soil pollution with
heavy metals generated by these mining activities
started to decrease with every year, and in 2007 the
measured concentrations were lower than the values
recommended by Romanian regulations (Order, 1997).
The main pollutant in the studied area is copper and,
thus, monitoring measures should be developed. The
fact that the studied heavy metals have migrated from
the soil into the groundwater and, due to biological
processes, have been bio-accumulated in the vegetation
chain must be taken into account. Nevertheless, further
research should be conducted in order to estimate the
impact not only on soil quality, but on vegetation
ecosystems as well, in order to make the right decisions
concerning the restoration actions necessary in the
studied area.

5. CONCLUSIONS

Mining activities are the most important
pollution sources for the evaluated area. The main
pollutants are heavy metals, especially copper, and the
purpose of this paper was to assess the influence of
these pollutants on soil quality, so that the decision
regarding further research could be made. Soil samples
(from the dump and the limits of the Mestecanis dump)
were analyzed between 1996-2007, during the mining

activities and after these activities are stopped (the
global pollution index, calculated for the pollution with
heavy metals that occurred during each evaluated year,
from 1996 to 2007, was calculated for the first time for
an ore deposit in Romania) The index of global
pollution, calculated according to Rojanschi’s method
and that of Popa et al, (2005) showed that the pollution
is within admissible limits, and that the environment
modified by industrial activities within admissible
limits corresponds to class B. Apart from this, the
study underlined the fact that the main pollutant in the
studied area was copper. It has to be taken into account
that the studied heavy metals migrated from the soil
into the groundwater, and, also, that, due to biological
processes, heavy metals were bio-accumulated in the
vegetation chain. This is a powerful argument in favor
of the conducting of further research in order to
estimate the impact not only on soil quality, but on the
vegetation ecosystems as well, so that the right
decisions concerning the restoration actions necessary
in the studied area can be made.
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