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Motto: “We shan’t save all we should like to —but we shall save a great deal more than if
we never tried.” Sir Peter Scott

INTRODUCTION
Mines and associated waste sites are point sources of pollution and their impact
generally occurs locally. In terms of the spatial activity of ores, is only the natural resource

sector, in addition to groundwater extraction, whose activities and environmental impact falls



in underground three-dimensional space ( Jordan and D' Alessandro , 2004).

Soil pollution is one of the key issues requiring priority resolution.

Recent studies regarding soil pollution were performed by Damian et al., (2007 ),
Damian et al., (2008 ), Damian et al., (2010 ), Andras et al., (2008 ), Horvath et al., (2009 )
Stumbea, (2010 ), Prundeanu & Buzgar (2011 ), Balaban et al., (2011 ).

Based on the above considerations, this paper aims to assess the negative effects of the
mining operation, in a small mining area Baiut - Varatec, based on detailed geochemical and
mineralogical analyses carried out on sediment samples, soil samples of ore and mine tailing
dams.

Mining, together with its specific activities, has a significant impact on the
environment, with local dominance, near the mine area and near the mines deposits and
mining waste products from the extraction and processing activities.

In order to achieve the goals and objectives presented at the beginning of the paper, a
detailed description of the studied area was done, since each factor has its role in the complex
process of mining and mining pollution. We have analyzed the location, the shape of the
basin, the climate, biodiversity and protected areas, geology and metalogenesis,
mineralization description and ore mineralogy.

In order to determine the level of pollution and its causes was needed a detailed
description of the existing natural background area.

Total concentration of metals in sediments and soils is determined by geological
background, geochemical processes and anthropogenic sources. The intensity of these factors
varies, depending on the region, which causes a spatial variation of the total metal
concentration.

The studied area is Baiut mining zone, superimposed on Baiut Valley basin, which is a
small basin, whose waters flow into the Lapus River.

Personal contributions are : inventory of pollution sources for the study area ,
reporting the visible effects of early mining in some galleries and ponds, soil map |,
mineralogical and geochemical description of Varatec dump and Leorda and Bloaja II tailing
dams, determination of concentrations for heavy metals and arsenic in sediments of the Baiug
Valley , determine the concentrations of heavy metals and arsenic in soils , achieving spatial
distribution of heavy metals , especially Cu, Pb, Zn , Cd , Ni and As and testing to compare
the behavior of pollutants in sediments and in soils .

The research was conducted in Baiut Zone, from the Baia Mare district. Baia Mare

mining district is part of the Carpathians, which is a continental arc of Neogene age.



Sources of sediments and soils pollution with heavy metals identified in the Baiug are
the flotation tailing dams, mine waste dumps, mine waters.

Ore exploitation from Baiuf was done through nearly 30 galleries, among which the
most important are Brainer, Varatec, Petru and Pavel, Hell, Cisma. Mining waste deposits
(numerous dumps, the largest of all is Varatec dump), mining galleries (30 galleries, among
are Brainer, Varatec, Petru and Pavel, Hell, Cisma ), mine waters and flotation deposits ( four
tailing dams ) are sources of pollution for the studied area, Baiut Valley , with its tributaries .

Abandoned mines in historical sites are a particular problem because of the long-term
environmental damage. Abandoned mines are the same as active mines in the types of hazards
and potential environmental impact. Baiut mining area has abandoned mines and the largest
and the most important of these is Varatec mine.

Baiut - Brainer ore deposit is bounded in the two main vein fractures: Divine
Providence - called Baiut - and Robu - located northwest of the first. Characteristic for this
structure and for those at East of it, is partial lack of the andesitic board, the veins coming out
in the vicinity of andesite intrusions, microdiorite and micromonzodiorite.

The two major groups of minerals founded in the Baiut - Brainer - Varatec mining
area are metallic minerals and gangue minerals. In the mineralogical composition of the ore
participate: native elements, sulfides, sulphosalts, tungstates, oxides and hydroxides,
carbonates, sulfates and silicates. The main metallic minerals encountered are : pyrite ,
marcasite , arsenopyrite , sphalerite , galena , chalcopyrite , bismuthine , tetrahedrite ,
bournonit , semseyit , sulphosalts,, bismuth . Gangue minerals are represented by quartz,
carbonate, barite, fluorite, clay minerals, and adularia. Of gangue minerals were identified
quartz, carbonates ( calcite , dolomite , siderite ) , silicates (kaolinite , adularia ) and sulphates
( barites ) .

During the investigations and sampling conducted on the Varatec mine dump were
identified many fragments of ore deposited at various stages. Most of the fragments were
identified on the route of the railway transport mining removed when sampling in the south
west near the roll ore transhipment takes place and where the funicular line is. Were identified
parallel textured ore fragments, which consists of alternating bands of metallic minerals rich
in sphalerite and galena, quartz , carbonates and clay minerals nests associated with
carbonates. Another type of ore fragments contains large quantities of red quartz with oligist
hematite. In the south - western part of the dump there is a large amount of ore, largely
deposited when the mining activity was stoped. These fragments are composed of ore rich in

chalcopyrite, and also sphalerite and galena -rich fragments. Identified fragments are, in



majority, from Vératec veins demonstrating the existence of pollution throughout the mining
activity.

From chemical analyzes point of view, performed on the Varatec dump material,
normal values are exceeded in the majority of analyzed indicators, in most cases alert and
intervention thresholds being exceeded.

In accordance with the values of the specified limits, the heavy metals content (Pb, Cu,
Zn, Ni, As, Cd, Sb) in total forms proves their high accumulation in soils. After a thorough
analysis on samples of Varatec dump surface can be observed very high values for the
elements Cu, Pb and Zn.

Other sources of pollution from the studied area are Bloaja Il and Leorda tailing dams.
On these tailing dams have carried out mineralogical investigations and chemical analysis.
The mineralogical composition of the tailing dams is similar to the main components of non-
metallic mineral veins. Quartz is the predominant mineral compound. Quartz’ source is the
gangue of the veins from Baiut, Quartz can originate from Tocila - Secu flysch formations,
where frequently occur in sandstone formations. Carbonates are represented by calcite and
dolomite. Feldspars derived in particular from igneous rocks. Many of the Baiut veins are
confined to microdioritice and microtonalitice bodies containing phenocrysts and feldspar
microcrystals. Feldspars and sandstone were also having as source Tocila Secu formation and
Sarmatian formations. Clay minerals are represented, in particular, by kaolin, as revealed by
X -ray diffraction analysis. Kaolinite frequently occurs as a gangue mineral in the upper part
of the veins and, in particular, in Botiza and Varatec group veins.

Pyrite occurs frequently in decantation tailing dams, and in contact with water , by
alteration and chemical degradation, can influence its pH , generating AMD. Pyrite is present
in abundance in the form of microscopic grains, overgrown with quartz or as micro inclusions
in igneous fragments. In addition to pyrite may appear small amounts of marcasite. Many
pyrite grains pass through supergene alteration in iron oxyhydroxides.

As shown in both tailing dams there are appreciable quantities of copper, lead, zinc
and arsenic, which is due to the similar mineralogical composition to the deposited material
from the same reservoir.

Consequence of the presence of minerals containing metal sulfides (pyrite,
chalcopyrite, arsenopyrite), by exposing them to the aerobic environment, is generation of
ARD, that allow release of metal ions in solution and then their migration.

On Bloaja II and Leorda tailing dams there are deposited pyrite concentrates. They are

eroded by rain water and represents a constantly source of heavy metal pollution. By



weathering and chemical degradation can influence its pH, generating ARD. From Bloaja
tailing dam were washed large amounts of pyrite, which have come down in the Lapus River,
strongly affecting vegetation. They generated large amounts of acid waters that have
accumulated on the tailing dam.

In close connection with the parental material of the veins, can be observed high
concentrations of heavy metals and arsenic, and in particular, high content of lead and zinc,
especially, in the case of the Bloaja II concentrate. Large amounts of lead and zinc are due to
the presence of galena and sphalerite.

Heavy metals (Pb, Cu, Zn, and Cd) with elevated contents exceeding background
concentrations and those of the specific area, due to geo - mining activity pollution. The
source of these metals is represented by polymetallic ores, exploited in the region for a period
of about 600 years. Heavy metals from soils are taken from surface water are introduced into
the water network and thus reach the transboundary river basin, being part of cross-border
pollution areas.

Accumulations of sulphides contain sulphides, especially pyrite and marcasite. Under
aerobic conditions and in the presence of bacteria, through the oxidation of sulphide it is
formed the sulfuric acid. In this way appears acid drainage, which is a major source of
environmental pollution.

The contents of heavy metals from Varatec dump don’t have a uniform distribution.
There are samples with high content of heavy metals, especially those taken from the dump
platform and the railway alignment. The large contents are for copper, lead and zinc. There
are appreciable content of arsenic, antimony and cadmium.

The accumulation of heavy metals in sediments is dominated by the combination of
metal oxides, especially under aerobic conditions. The mineralogical composition of the
sediments reflects better the rocks from the source area, including the composition of the
Baiuf mineralization. Predominant mineral components are represented by quartz (30-50 %),
feldspar (3-15 %), together with clay minerals (montmorillonite, kaolinite, illite) and goethite.

In sediments, heavy metals are able to endanger the ecosystem when they are
remobilised. A big part of the heavy metals reached the waters and accumulated in sediments
and possibly in living organisms.

Distribution of heavy metals in sediments shows that pollution is due to several
sources, both upstream areas (Varatec area) and downstream from Leorda and Bloaja II. High
concentrations of metals in sediments , especially Cu, Pb and Zn, clearly demonstrates the

human impact on Baiut basin , exceeding by far the natural background values and those



considered normal for sediments . Heavy metals, from the mentioned sources, end up in the
soils , and their behavior depends on the chemical and physical properties of the soil , as well
on their origin.

Using statistical soft STATISTICA 8 the following parameters were calculated: mean,
median, minimum, maximum, lower quartiles, upper quartiles, standard deviation, and
asymmetry. Considering the average concentration for each element, we find the following
abundance Pb > Zn > Cu> Ni > As> Cd. For a large number of samples the most significant
correlations were obtained between Zn and Cd (0.9), Cu and As (0.5), Pb and As (0.41).

In both analyzed tailing dams (Bloaja II and Leorda) appear appreciable quantities of
copper, lead, zinc and arsenic, which is due to similar mineralogical composition, the
deposited material was from the same deposit.

Analyzing the distribution maps for these elements (Cu, Pb , Zn , Cd , As) in
sediments and soils, appear high values showing exceedances of alert and intervention
thresholds in some areas of the study zone , namely the Varatec dump, downstream of the two
tailing dams, a few kilometers away and right in front of the Bloaja II tailing dam gap. All of
these high concentrations are closely correlated with pollution sources.

After analyzing the distribution maps made for sediments and soils samples can be
observed higher metal concentrations in sediments and soils than in the waste rock dumps.
These high contents are in large quantities because in sediments accumulates heavy minerals
(all sulphide mineralization occurring at Baiut - Breiner and Vératec). They are driven by rain
and accumulated in the river. High metal concentrations in the river sediments suggests that
accumulated heavy metals were absorbed by secondary minerals, formed in the area, such as
goethite. Regarding the distribution of heavy metals and arsenic in sediments, we can say that
they have an affiliation for sulfides and goethite and they tend to accumulate. High
concentrations of heavy metals in soils can be attributed to their accumulation in organic soil
horizon.

After analyzing the distribution map for copper in soils, it outlines very clearly the
areas most affected by pollution. Comparing the two maps of distribution for Cu- sediments
from the Baiut valley and adjacent soils can clearly see the influence of surface pollution
sources. High levels in the soil appear to Varatec dump and downstream of Bloaja II and
Leorda tailing dams.

The area, in which the concentrations of Cu are low, below the maximum allowed,
corresponds to the development of soil types: litosol, regosol and districambosoil and overlaps

with areas where soils are used for orchards, livestock, grazing and forests.



The distribution map of copper in sediments reveals us three areas with very high
values, which are: downstream of Varatec dump, at the confluence of Conciului Valley and
Baiug Valley and downstream of the Leorda tailing dam.

By analyzing the distribution map for lead and the chart of lead concentrations arise,
clearly, two polluted areas, namely downstream Varatec dump and the confluence of Baiug
Valley with Conciului Valley, valley that includes some of the most important galleries. Lead
concentrates similar in soils and sediments as it has low mobility and high density and is
understandable its accumulation near the pollution sources. Lead is widely reported to be the
least mobile of the heavy metals

Zinc distribution map in soil differs from the one in sediments. By analyzing the
distribution map of zinc in the soil, higher values appears in the Varatec dump area and
downstream of the two tailing dams, on a several kilometers distance, the highest value
appearing next to Bloaja II tainling gap. Downstream of the confluence of Baiut Valley with
Leorda Brook and particularly at the junction with Bloaja there is a large zinc anomaly in
soils. The increased mobility of zinc in soil and sediments, at low pH, provides metal
distribution, with high concentrations at greater distances from pollution sources. Zinc, which
is a movable element was leachate from the top of the studied area and applied in alluvisoils
in the area where the valley slope is greatly reduced. The mobilization of zinc from flotation
tailing dams Bloaja and Leorda, trought water and wind erosion, has significantly increased
the zinc content in that type of soil.

There are two anomalies for arsenic in the sediments. One smaller is located
downstream from Varatec dump and its source is represented by pyrite and arsenopyrite
mobilized from the dump. A second anomaly, much larger is at the confluence of Conciului
Valley and Baiut Valley.

By analyzing the distribution map of arsenic in soils, emerge clearly the polluted areas,
areas that coincide with mining waste deposits, like Varatec dump, Bloaja Il and Leorda
tailing dams and an old deposit near the former headquarters of the mine. In addition to the
four areas, there is still an area with high arsenic values on Baiug Valley, area that present
large amounts of arsenopyrite from Petru and Pavel vain.

Cadmium accumulation is explained by a higher mobility and the vicinity with tailing
dams where it can be mobilized in the soil. Examining the distribution of Cd in sediment, one
can see, there is a spread on a small surface downstream of Véaratec dump. High
concentrations of Cd in sediment may result from material accumulation from mine dumps

and organic material.



The analysis of distribution maps for all elements, both in soil and sediment, clearly
show polluted areas, areas that are close to pollution source like waste dumps and tailing
dams.

The main environmental impact of the mine Varatec Baiug consists in sediments and
soils contamination with heavy metals, through acid mine drainage . High permeability of the
host rocks due to intense tecthonization of the geological formations makes meteoric water to
easily reach the underground. The high content of sulfur, especially of iron and the small size
of the mineral grains favor the oxidation reactions and, consequently, higher concentrations of
heavy metals.

Analyzing all presented factors and elements show that Béiut area is heavily polluted.
The lands in the area, some with high exceedance thresholds for heavy metals, have different
uses, including temporary grazing, permanent pasture ( winter stables ), orchards, vegetable
gardens .

Applicability of legislation on the protection of soil and subsoil, in particular, and
mining closures legislation, is still a matter of financial resources, responsibilities and
morality.
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