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Abstract

The aim of this article is to analyse the real risk that mining operations pose to the environment, including all the main concerns
related to the project's planned operations and their environmental impacts. In order to carry out an in-depth analysis of a practical
case involving the real process of mineral extraction, we use the Analytic Hierarchy Process (AHP) and Leopold matrix as a method
of measurement. The subject of the investigation is the extraction of lithium from natural brine located in South America’s so-called
Lithium Triangle, in the geographical limits of Argentina, Bolivia and Chile, where more than 80% of the world's lithium reserves are
located. The case study showed that the elements of the environment most exposed to mining activities are the biosphere, lithosphere
and hydrosphere. The vast areas of the mining company are covered by sedimentary ponds with brine. Pumping the brine to the sur-
face results in a loss of groundwater resources and, consequently, changes the water cycle in the catchment area. The habitats of aquatic
and terrestrial fauna and flora are significantly changed or irretrievably damaged.

Keywords: mining activities, lithium, environment, AHB, Leopold matrix

Introduction

Mining and metallurgic industries are one of the most in-
fluential pillars of the economy; not only do they satisfy ma-
terial needs of the industrialized world, but they also ensure
and support the growth of developing countries. Materials
and products consumed by the countries, especially those
which are still developing their economy and basic needs, are
provided directly or indirectly through their extraction by
the mining sector from the natural environment. Mining is
also considered to play an important role in the economy at
a local level due to a growing number of investment projects
and job opportunities on the market [1]. Extracting and ex-
ploiting its own mineral resources is a very profitable option
for a country to boost its economy whenever the treatment
and transformation to consumer goods is not possible or not
efficient enough [2,3]. On the other hand, mining has a very
negative image from the social and cultural point of view as
it is associated to high contamination level and degradation
of the biosphere due to the uncontrolled human activity and
its adverse effects on the environment. These socio-cultural
attitudes cannot be ignored and must be looked at closely to
help the industry develop and change its negative image [4].
It is necessary to point out that even though the preservation
of the environment is a crucial and very important aspect, it
is not the only factor that determines the social acceptance
of the extractive industry. On many occasions both parties
(mining corporations and social communities) see a mutu-
al interest. This applies to land acquisition, payments for the
use of water, presence of subcontractors, compensation, local
purchases, social investment strategies, etc. In order for min-
ing to become socially acceptable, it is important not to over-
look the initiation of measures at legislative level, the effective

implementation of measures to protect against the effects of
mining activities and ethical motivation when designing the
processes involved. The biosphere is intrinsically exposed to
the effects of mining activities, therefore every mining proj-
ect must take into consideration the management of the ef-
fects they cause to the environment, starting with design and
business decisions. The industry must ensure that the envi-
ronment is protected; it needs to be the main step in a typical
cycle of mining activities (prospecting/exploration, develop-
ment, mineral extraction, metallurgic process and closure/
reclamation) [1,5-7].

Argentina, Bolivia, and Chile have approximately 75% of
the world's lithium brine reserves in the area known as the
lithium triangle. Currently, lithium can be extracted from
three different types of deposits: brine (as in Chile, Bolivia
and Argentina), pegmatite (hard rock) and sedimentary de-
posits, each requiring different types of extraction and pro-
cessing methods. Today, the first two types are the most com-
monly used for commercial lithium production. Lithium is
used in a variety of products and in different industrial areas;
more traditional uses include applications in ceramics, glass
and medicine [8,9]. More recent areas of use include appli-
cations such as lithium-ion batteries used in small electronic
devices, or larger batteries used in electric and hybrid cars.
Future uses include the production of nuclear energy through
nuclear fusion, an area currently under investigation.

The process for converting brine to high-purity lithium
carbonate follows industry standards: pumping brine from
the salar (salt flat), concentrating the brine through evapora-
tion ponds and taking the brine concentrate through a hydro-
metallurgical facility to produce high-grade lithium carbon-
ate. The basic process inputs include evaporated brine, water,
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Fig. 1. Location of the mine (Source: own study based on https://mapcarta.com)

Rys. 1. Lokalizacja kopalni (Zrédlo: opracowanie wlasne na podstawie https://mapcarta.com)

lime, soda ash, HCI, NaOH, and natural gas. The evaporation
ponds produce salt tailings composed of Na, Mg, Ca, K, and
borate salts. The brine concentrate from the terminal evapo-
ration pond is further processed, through a series of polish-
ing and impurity removal steps [10]. Soda ash is then added
with the purified brine concentrate to produce lithium car-
bonate that is dried, micronized, and packaged for shipping.
The lithium recovery process consists of the following main
processing stages: brine production from wells, sequential
solar evaporation, pond-based impurity reduction by liming,
plant-based impurity polishing, lithium carbonate precipita-
tion, mother liquor treatment and recycle, lithium carbonate
crystal compaction and micronization, lithium carbonate
packaging [11,12].

The current process design, based on testing and simu-
lation, has been enhanced with: pond-based sulphate and
boron reduction, plant-based potassium chloride reduction,
mother liquor re-concentration. Then the brine is pumped
from the salar into the pond system. As it progresses through
the ponds, different salts precipitate, and chemical treatments
are applied [13].

Study case
Location of the mine

The case under study is the production of lithium carbon-
ate by Lithium Americas at the Cauchari and Olaroz Salars,
located in the Jujuy province, in the Department of Susques,
north-western Argentina. The nearest port is Antofagasta in
Chile located 530 km to the west of the salars by road. The sal-
ars are located in the area known as “Lithium Triangle”, which
refers to the territory shared by Chile, Argentina and Bolivia,
where more than three quarters of the world s lithium supply
is entrapped underneath their salt-rich soil. In desert climates
lithium brines are formed due to a slow inflow of lithium, oth-
er metals and salts; since there is no outflow, gradual evapo-
ration over long periods of time (thousands of years) slowly
increases lithium concentrations to an economic level [14].

The lithium is extracted from the brine under the surface.
The brine is contained within the pore space of alluvial, la-
custrine, and evaporite deposits that have accumulated as a
multi-layer aquifer in the structural basin of the salars. The
brines from Cauchari are saturated in sodium chloride with
total dissolved solids on the order of 27% (324 to 335 grams
per litter) and an average density of about 1.215 grams per cu-
bic centimetre. The other primary components of these brines

include potassium, lithium, magnesium, calcium, sulphate,
HCO,, and boron as borates and free H,BO, [15-17].

Materials and Methods
Methods Description

To evaluate and analyse the environmental impact of the
subject mine we apply the AHP and Leopold Matrix princi-
ples and techniques. The AHP acronym stands for Analytic
Hierarchy Process and is a multi-criteria decision making
method. It translates the value of the impacts into measur-
able numeric relations. The main characteristic of the method
is the use of pairwise comparisons; in our case we compare
the impact on different elements of the environment one by
one, pair by pair, in order to create a hierarchy showing the
importance of the impact on different elements (biosphere,
atmosphere, lithosphere...), giving a reasonable explanation
to every comparison [18,19].

There are various stages involved in the process: 1. Struc-
ture the multi-criteria problem in order to solve it in the form
of a hierarchy by decomposing the general task into smaller
and simpler components. The hierarchical structure can be
shown as a pyramid where the summit hosts the main task,
in this case “Assessment of the environmental impact of the
mine”; 2. Design priorities to all of the components in the
structure by assigning factor weights from 1 to 9 (table 1);
then all the elements are compared and evaluated in pairs in
order to specify their importance and find the most relevant
element to achieve the main task; 3. This stage aims at verify-
ing the pairwise comparisons of each element. An advantage
of using this hierarchical method is that errors are limited; 4.
Designation of priorities through weights assigned to differ-
ent possibilities, classification of those possibilities, and their
assessment in relation to their priority of implementation.
Finally the analysed hierarchical model is completed, with a
classification of priority vectors in the order of priority: the
higher the value of the vector the more important the element
is. By means of that model we can evaluate the whole project
to make the best choices before starting any investment pro-
cess [20,21].

With the weights assigned to each element obtained from
the AHP method, we proceed to the construction of a Leop-
old matrix. In this case we use balanced weights calculated by
experts in the field. These weights represent the general hier-
archical importance of the environmental elements affected
by the mining project [20,23].
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Tab. 1. Scale of degrees of preference for paired comparisons in the AHP method [22]
Tab. 1. Skala stopni preferencji dla poréwnan parami w metodzie AHP [22]

_Degree of Definition
importance
1 The elements (features) are equally important
3 A domination one element over other (second) is minimal
5 A domination one element over other (second) is medium
7 A domination one element over other (second) is big
9 A domination one element over other (second) is very big
2,4,6,8 Indirect value between odd values

Tab. 2. Leopold matrix results (Source: own study)

Tab. 2. Wyniki macierzy Leopolda (Zrédlo: opracowanie wlasne)

Environmental elements *
The impact of
the mine on i L_sph ‘ H_sph ‘ At_sph ‘ An_sph ‘ B_sph ’ V_to_nh ‘ Sum
the Action
R Importance
environment
0,261 | 0,194 0,059 0,046 0,29 0,151 1,0
Magnitude
Occupation of impact 2 0 0 0 ! 0 3
of Surface | Impact of | o>, 0 0 0 0,228 0 0,75
action
Magnitude 0 0 0 0 0 0 0
of impact
Deforestation
Impact of 0 0 0 0 0 0 0
action
Magnitude 1 0 5 0 0 0 3
Infrastructure | Of impact
of power plant
Impactof | 4561 | o | 0,118 0 0 0 0,379
action
Magnitude
’ 0 0 0 0 1 0 1
Noise and of impact
Vibration
Impact of | 0 0 0 0,228 0 0,228
action
Magnitude | 5 0 4 4 1 14
Water in the | Of impact
manufacturing
Impactof | | 497 0 0,184 | 0,912 | 0,151 | 2,217
action
Magnitude 0 0 0 0 0 0 0
Reclamation | ©f impact
Activities Impact of 0 0 o o 0 o o
action
Magnitude 2 0 5 0 1 0 5
Municipal of impact
Wastes
Impactof | 5 555 | o 0,118 0 0,228 | 0,868
action
Magnitude 3 > 0 0 1 0 6
Industrial of impact
Wastes
Impact of | ;g3 | 0,388 0 0 0,228 0 1,399
action
Magnitude 0 0 0 0 1 0 1
Unpleasant of impact
Odors
Impact of | 0 0 0 0,228 0 0,228
action
Magnitude
Pollutant of impact 0 0 2 1 1 0 4
emissions to
the air Impact of |, 0 0,118 | 0,046 | 0,228 0 0,392
action
Sum of Impact of action | 2,088 | 1,358 | 0,236 0,348 2,052 0,379 6,461

* L sph — Lithosphere; H sph— H ydrosphere; At sph— A tmosphere; An_sph — A ntroposphere; B_sph —
Biosphere; V to nh - Vulnerability to natural hazards environment
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Fig. 2. Leopold actions results (Source: own study)

Rys. 2. Wyniki matrycy Leopolda (Zrédto: opracowanie wlasne)

Fig. 3. Wind Rose. Leopold Elements Results (Source: own study)

Tab. 3. Réza wiatréw. Wyniki matrycy Leopolda (Zrédlo: opracowanie wlasne)

The Leopold matrix is a framework method that enables
us to do the environmental risk assessment of a project, on
the basis of criteria related to significance, probability, and
duration of the impact. Similarly to the AHP, it belongs to
the multi-criteria decision making methodology. It consists
of a two-dimensional matrix where individual actions are
assessed in relation to the actual environmental features and
conditions that could be affected by the project's operations.
In this method we use the weights obtained in the AHP as a
reference in order to assess the actions that accompany the ex-
tractive activities and affect each element, so that we are able
to create a specific hierarchy of elements affected and specify
actions taking place within the scope of the mining project
subject of the study [24,25].

AHP Analysis Method

The main task of the analysis is the assessment of the en-
vironmental impact of the Cauchari-Olaroz project. The items
subjected to priority analysis are the impacts on the following
parts of the environment: lithosphere (solid, outer part of the
earth), atmosphere (mixture of gases surrounding the earth),
hydrosphere (all of the water, ice, and water vapour at or near
the surface, such as the seas, clouds, and the water in and un-
der the ground), biosphere (all type of life present), anthropo-
sphere (part of the environment occupied, made or modified
by humans for use in human activities and human habitats),
vulnerability to natural hazards (natural physical phenomena
caused by a fast or slow chain of events: earthquakes, land-
slides, tsunamis, extreme temperatures, etc.).

The analysis of the environmental impact of mining in-
dustry was carried out with the participation of experts select-
ed according to their competences, which allowed to include
all the elements needed to assess the analysed problem. The
evaluations presented in the paper (pairwise comparisons
with criteria and subcriteria based on a rating scale from 1
to 9, the so-called Saaty scale) were carried out as part of a

group decision making process, the so-called brainstorm-
ing. The authors of the paper were personally involved in the
brainstorming session, and experts were selected from vari-
ous fields of science: geology (7 mining geologists), mining
(5 mining engineers), environmental management and en-
gineering (4 experts), environmental protection (5 experts),
ecology (2 experts). In total, 23 experts participated in the
valuation of the models.

The valuations obtained were presented in the form of
local weights (importance). The weight with a value close to
zero means a small amount of impact. The weight close to 1
indicates a strong impact of the project on a given item. The
sum of weights at each level is 1 (100%). The results are as
follows: lithosphere 0.26; hydrosphere 0.19; atmosphere 0.06;
anthroposphere 0.05; biosphere 0.29; vulnerability to natural
hazards 0.15.

Each number represents a vector corresponding to the
priority percentage of every element in the overall scheme:
the higher the value of the vector the more important the item
is [18,20].

Leopold Matrix Method

As explained earlier, the weights are used to create a Leo-
pold matrix with the following results (table). With the data
obtained from the AHP matrix we obtain the hierarchies of
various elements of the environment affected by the mining
project and actions having an impact on the environment. The
elaboration of a Leopold matrix consists in identifying all the
activities (actions) accompanying the operation of the min-
ing project and in placing them in columns. For each activity,
we use a rating (magnitude of impact) on a scale from 0 (no
impact) to 5 (very strong impact). By multiplying the mag-
nitude of impact and weights (importance) of environmental
elements and by summing all the impacts, the total value of
the mine's environmental impact is obtained [24,25].
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Results and Discussion
The Actions Analysis

The action having a major impact on the environment is
by far “Pumping industrial water” (2,217) since the principal
method of lithium extraction consists in pumping under-
ground brine into the surface and filter it through different
stages of evaporation and precipitation until getting the final
highly-concentrated lithium carbonate that can be subjected
to further processing. All this procedure has crucial impacts
on the surrounding hydrosphere (Fig. 2).

Pumping large amounts of water, both brine and fresh wa-
ter, for the production of lithium carbonate, interferes with
groundwater networks and carries the risk of changing water
flows and drawing down the water table. The plains or bogs
and the lake bodies are affected by the exploitation of ground-
water by mining companies. These activities alter the water
cycle of the basin, prevent water recharge, lower the phreatic
levels, reduce the flow of the slopes, dissect the surfaces of the
plains, reduce the levels and surfaces of the lake bodies.

Given the importance of groundwater to both surface wa-
ter sources and wildlife and human habitats, water resources
alteration may be considered as having some social and eco-
nomic impact on local communities and their overall wellbe-
ing [1].

Plants are highly dependent on water availability and even
minor changes in the water budget can result in dramatic in-
creases or decreases in vegetation. On the other hand, the
most important habitats for both flora and fauna are the arid
wetlands which are less dependent on precipitation but more
on the availability of groundwater.

Another item in the hierarchy with high influence on the
environment is “Production of Industrial Wastes” (1,399).
Water is considered to be the main industrial waste product
in the process of lithium processing. It has the risk of contam-
inating the lithosphere through leakage and drainage from
leaching piles, processing ponds and tailing liquids disposal
because at some stages of brine processing the brine shall be
acidified with hydrochloric acid and reach a pH of between 3
and 4, with the risk of acid leakage. This industrial water can
pollute underground water beneath the facilities and surface
water that receive their discharge water. Toxic compounds are
likely to leak from these facilities, pass through the ground
and affect underground water, especially if the bottom of the
facility has not been protected with a waterproofing liner.

Waste from the evaporation process in the ponds leave
high amounts of salts accumulated on the bottom of the
ponds. These salt piles may reach 15 m in height. Estimations
indicate that approximately 740 ha of salt piles will be built
over a 40-year period and these piles will be built near the
pond areas. These accumulated salts are classified as inert
waste. The salts are generated from brines already present in
the salar and do not introduce foreign compounds. It is esti-
mated that sodium chloride and sulphate make up over 87%
of this waste.

Actions considered to have a lesser impact on the environ-
ment are “Production of Municipal Waste” (0,868) and “Use
of land” (0,75). Municipal waste produced by the workers
and people arriving to the facilities is inherent to every place
where human activity is present. Several potential effects are
the consumption of energy and materials used to make pack-

aging and products that are discarded later. Surface water is
polluted by garbage thrown away into wetlands, ponds, and
pipes. In places where garbage is concentrated, leachates
drain and contaminate underground water. Soil pollution is
another potential effect. The presence of oils, greases, heavy
metals and acids, among other contaminating residues, alter
physical, chemical and fertility properties of the soils. Air
pollution is also a potential effect: municipal solid waste left
in open dumps deteriorates the quality of the air we breathe,
both locally and in the surroundings, because of burns and
fumes that reduce visibility; dust raised by the wind in dry pe-
riods can transport harmful microorganisms to other places,
causing respiratory infections and nasal and eye irritations.
Degradation of organic matter present in waste produces a
mixture of gases composed mainly of methane and carbon di-
oxide (CH, and CO,) recognized as greenhouse gases (GHGs)
that contribute to climate change.

Land use represents a relevant item. The ponds cover a
large land: the total evaporation area required for the pro-
duction of 40,000 tpa of lithium carbonate is 1,200 ha when
including consideration for harvesting of salt deposited in the
ponds. Although the excavation is only superficial, the fact of
occupying a large part of land should be considered as an al-
teration of the environmental conditions, namely the Earth's
crust. The excavation will need to be refilled and recovered
afterwards, which is much easier than in the case of under-
ground or open pit mining. Using a large portion of land can
affect some living beings and alter their habitat. However,
since there is plenty of land available for their living, the ef-
fect would be just a temporary migration of some of them to
other areas. When the project comes to its end, the recovery
of the habitat for plants and animals must be ensured, which
- as mentioned previously - is less labour-intensive and easier
than in the case of other extractive methods.

Other items included in the hierarchy with low environ-
mental impact are “Pollutant emissions to the air” (0,392)
and “Infrastructure of Power Plants” (0,379). Air pollutants
are low in quantity as they are produced by diesel equipment.
In comparison with open pit mining or underground mining,
their impact is very low and has no high significance with one
exception: the development stages of the project where more
machinery is needed. The emissions from the power plant ser-
vicing the project are also low since the plant is totally pow-
ered by natural gas whose CO, emissions are low and with no
high significance compared with diesel and oil. In addition,
there are backup diesel generators used in case of emergency.
The infrastructure of the power plants does not affect the en-
vironment significantly, either. The habitat area they occupy is
not highly altered, nor substantially affected.

Other items with none or almost none impact on the
environment are “Noise and vibration” (0,228), “Unpleasant
odours” (0,228), “Reclamation activities” (0) and “Deforesta-
tion” (0). There is little noise and vibration as there is no blast-
ing needed and a few machines are used. There are no other
unpleasant odours but the ones from some salt in the ponds
that might affect some living beings but with no significance
in the overall scheme. Reclamation activities have no influ-
ence, and as the territory is a dry area, there is no deforesta-
tion carried on.
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The Elements analysis

As we can see in Figure 4, the most affected part of the
environment is the biosphere (2,28) highly impacted as a con-
sequence of altered hydrosphere. Due to a large number of
springs, the wetlands occupy an important area and are essen-
tial for camelid farming.

The groundwater system forms an internal tissue that
regulates external soil moisture, which is reflected in the for-
mation of springs, slopes, rivers, pools, lagoons and wetlands
that serve as a habitat for avifauna and human populations
settled in the region.

The greatest concern usually lies with the extraction of
fresh water since it is necessary not only for human life but
also for the plains, i.e. flora and fauna on the surface. Sim-
ilarly, the extraction of brine — which is much higher - can
adversely affect fresh water layers. The extraction of ground-
water can result in habitat alteration for terrestrial vegetation
and flora, fauna and aquatic fauna. Wildlife (e.g. birds) depen-
dent on ponds and wetlands could be particularly affected,
and camel flocks dependent on wetlands could be reduced or
disappear locally.

The greatest concern is the cumulative, permanent and
irreversible nature of brine extraction because the reservoir
will gradually diminish and extraction will not allow a return
to the original conditions. The brine levels, in turn, will be
recovering for a very long period of time (geologic time).
There are other potential impacts of adverse events that could
contaminate the biosphere, namely the potential pollution of
the soil due to leaking, waste, noise and vibration from ma-
chinery which could to some extent affect the lives of the sur-
rounding living beings.

Next hierarchical item affected by the project is the litho-
sphere (2,088). It has reached a very high impact level in the
overall scheme because of the accumulation of several po-
tential impacts. The main action showing the highest impact
is pumping industrial water. As brine extraction is basically
focused on pumping underground water, there is little alter-
ation made to Earth’s crust: a superficial excavation to create
the ponds where the water is pumped; punctual drillings to
create the pumping systems; roads built to facilitate the access
to the area; and in some parts the surface was altered by the
construction of buildings and facilities. The impact of these
factors on the environment and in the overall scheme is nei-
ther serious nor permanent.

The ponds are lined with a multi-layer liner made of a
polymer-based material and engineered granular bedding so
that insulation is assured and filtration to the ground is avoid-
ed. Using a large portion of land can affect some living beings
and alter their habitat. However, since there is plenty of land
available for their living, the effect would be just a temporary
migration of some of them to other areas. When the project
comes to its end, the recovery of the habitat for plants and
animals must be ensured, which - as mentioned previously
— is less labour-intensive and easier than in the case of other
extractive methods. Also, different types of waste have a high
potential for contaminating the lithosphere. Municipal waste
can lead to soil pollution.

Next item of the hierarchy to bear the project’s impacts is
the hydrosphere (1,358). Pumping immense amounts of brine
to the surface not only lowers the brine level, but also depress-

es fresh groundwater in the basin. There is the risk of degrad-
ing the locally formed meadows and lagoons being an essen-
tial water resource to the region. It is considered that 80% of
the water, so-called "fossil water" will not be renewed with
contemporary rainfall because it originated in much more
humid climatic conditions. As the modern water recharge is
very limited, water may rise very slowly or the place may be
even considered as a non-renewable water resource. Given the
aridity of the area, which is insufficient to recharge the water
aquifers, which in many cases are of non-renewable origin,
and the possible impact that the extraction of brine and water
has on the water table, extraction levels should be of major
concern and must be consistently overviewed.

Waste water as industrial waste has the risk of contam-
inating the lithosphere. When it comes to municipal waste,
surface water is polluted by garbage discarded into the wet-
lands, ponds and pipes. In places where garbage is concen-
trated, leachates are filtered out and contaminate the under-
ground water.

Next element of the hierarchy to be affected to a small ex-
tent is the atmosphere (0,354). The main pollutants are sand
and gravel because of the excavations and transport taking
place before the construction of access roads; then there are
greenhouse gases (CO2) emitted by diesel equipment and
transport vehicles. However, all these factors were only tem-
porary and had their impact at the stage of building the fa-
cility and infrastructure. Nonetheless, even at that time their
environmental impact was not significant.

In the operational phase of the project, there are still emis-
sions from diesel vehicles reaching the area, but they have a
small environmental impact because the need for transport
to the zone is very low due to a small number of workers re-
quired to the project. The plant includes a diesel storage and
dispensing station for mobile equipment and transport vehi-
cles. Diesel fuel will also be used in stand-by generators and
back up for dryers in the plant. The equipment will be mainly
fuelled with natural gas obtained from the Rosario gas com-
pression station which is on the Gas Atacama pipeline, 52 km
north of the project site.

The anthroposphere (0,23) is least affected item despite
the fact that local communities are trying to express their op-
position through the media. Given the importance of ground-
water to both surface water sources and wildlife and human
habitats, water resources alteration may be considered as hav-
ing some social and economic impact on local communities
and their overall wellbeing.

The population near the territory consists of relative-
ly small and dispersed groupings, often suffering from poor
infrastructure and high rates of material poverty. They are
characterized by a close relationship with the natural environ-
ment, and their integrity and reproduction depend on nature,
given that their main form of economic support is livestock
or agriculture, and nature around the ecosystem forms part
of their cultural heritage. However, they do not live in isola-
tion, nor outside the market economy, since they not only use
the products of these activities for sale or barter with other
regional products, but also complement their livelihood with
wage work in mining or tourism. Finally, they have or aspire
to legal recognition of indigenous territories with community
control over land and natural resources.
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The socio-economic and cultural impacts on the local
population whose main activity is camelid farming based on
the bogs, and whose culture is closely related to water is one of
the main concerns. Also the disappearance or degradation of
drinkable water sources (wells and springs) located near the
points of lithium extraction, or coming from the same aqui-
fers is going to affect drinkable water supplies.

In the early phases of the project some conflicts arouse
between local communities and companies because the latter
failed to provide information to local representatives [1].

Another important socio-economic aspect is that even
though companies usually claim that in the long term their
projects are going to generate employment and capacity for
the community, the experience so far shows that lithium min-
ing itself generates very few jobs in the mining regions since
conventional evaporation technology is not very labour-in-
tensive. About 500 workers are usually needed for the con-
struction of industrial plants while during production the
number decreases to about 200 people with little involvement
of local employees [2].

When national or sub-national states fail to comply with
established laws such as the right to consultation and par-
ticipation, local communities lose control over the territory
without their consent. This is reflected in the fact that local
populations have little access to concrete information about
projects and are characterized by uncertainty, sharing con-
cerns about water, the resource by which their main produc-
tive activities depend on [3].

The last item with very little impact and no significance in
the overall scheme is vulnerability to natural hazards (0,151).
The only probable potential risk is the appearance of tor-
rential rainfall events in the wet season that could cause the
ponds to overflow.

Conclusions

Mining for the mineral puts pressure on the environment.
The scale of the transformation of the environment depends
on the area occupied, the location of the deposit within the
natural habitat, and the sensitivity of the species to changes
in nature. During the exploitation of deposits, the relief of the
land is strongly transformed, the soil cover and vegetation are
removed, and adverse erosion processes occur. Mining oper-
ations have a significant impact on the landscape of the sur-
rounding areas [23].

Some stages of exploitation are very burdensome for the
environment. At the preparatory stage, the overburden is re-
moved, vegetation is destroyed and the land is prepared for
exploitation. The natural habitats are irretrievably destroyed
and the vegetation undergoes degradation. Some animal spe-
cies lose their habitats and others, deterred by the noise of
working equipment, move to other places.

The study case concerning the extraction of brine and
its processing into high-purity lithium carbonate by Lithium
Americas at the Cauchari and Olaroz Salars showed that it
is the hydrosphere that is most affected by these operations.
Pumping the brine to the surface on an industrial scale dis-
turbs the balance of water bodies. As a result, the groundwater
table is drawn down and resources in surface reservoirs are
depleted. The exploitation of water requires careful analysis in
order to eliminate or mitigate negative effects on ecosystems.
The availability of groundwater is a prerequisite for the oc-
currence of flora, terrestrial and aquatic fauna habitats. Even
small changes in the water balance can cause a dramatic de-
cline in plant vegetation [10].

The Cauchari and Olaroz Salars cover a large area of land,
which should be regarded as a transformation of the earth's
crust. A large part of the lithosphere is covered by evaporative
ponds. Leakage and drainage from ponds and tailing liquids
disposal are a source of lithospheric pollution. Soil contami-
nation by heavy metals, acids and grease contained in munic-
ipal waste is observed. Once the mineral has been used, plant
and animal habitats will need to be restored and rehabilitated.

The paper demonstrated that processing the brine into
lithium carbonate at the Olaroz Salars has negative conse-
quences. However, as long as the mining is carried out cor-
rectly, in a manner consistent with the idea of sustainable
development, and the rehabilitation is carried out in the right
direction, it can bring many benefits for people and the en-
vironment [26]. The positive impact of mining is reflected
in the creation of new habitats for plants and animals in the
post-mining areas and in landscape diversification activities.
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Ocena rzeczywistego ryzyka oddziatywania przemystu wydobywczego na srodowisko.
Studium przypadku

Celem artykulu jest analiza rzeczywistego ryzyka, jakie eksploatacja gornicza stwarza dla srodowiska, z uwzglednieniem wszystkich
glownych czynnikow zwigzanych z planowanymi dziataniami w projekcie i ich oddzialywaniem na srodowisko.

W celu przeprowadzenia doglebnej analizy przypadku praktycznego dotyczgcego rzeczywistego procesu wydobycia mineratéw, jako
metody pomiaru wykorzystano Analytic Hierarchy Process (AHP) - wielokryterialnag metode hierarchicznej analizy probleméw
decyzyjnych oraz macierz Leopolda.

Przedmiotem badai jest eksploatacja litu z naturalnej solanki znajdujgcej sie w tzw. Tréjkgcie Litowym Ameryki Poludniowej, w gra-
nicach geograficznych Argentyny, Boliwii i Chile, gdzie znajduje si¢ ponad 80% swiatowych zasobow litu. Studium przypadku wy-
kazato, ze elementami srodowiska najbardziej narazonymi na dziatalnos¢ gorniczq sq biosfera, litosfera i hydrosfera. Rozlegle tereny
przedsigbiorstwa gorniczego pokrywajg stawy osadowe z solankg. Wypompowanie solanki na powierzchnig powoduje utrate zasobow
wod podziemnych i w konsekwencji zmiang obiegu wody w zlewni. Siedliska fauny i flory wodnej i lgdowej ulegajg znacznym zmia-
nom lub nieodwracalnym uszkodzeniom.

Stowa kluczowe: dziatalnos¢ gornicza, lit, Srodowisko, AHE, macierz Leopolda
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