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Abstract: The determination of the impacts of marble exploitation on the surface and 
underground water at SAKALALINA-MADAGASCAR was determined by assessing the 
physico-chemical properties of the water samples obtained from SAKALALINA and its 
environs. The concentration of Fe, Mn, Cu, Zn, Pb, Cd, Hg, As and selected major ions in 
water samples were analyzed in the laboratory to assess their role in the contamination of both 
surface and ground water. The water in this Study area is mainly used for drinking and 
industrial purposes followed by agriculture to some extent.  

      The specific objectives are: to describe contamination process in surface water and groundwater 
due to mining activities; to identify and characterize the critical aspects relating to the water-related 
impacts of mining in the study area; to propose the best method and the risk management measures for 
the impacts. 
       The result of water quality parameters were compared with the standards laid down by United 
State Environmental Protection Agencies (USEPA) standard (2015) and World Health Organization 
(WHO), suitable for drinking and domestic purpose. The results reveal that levels for certain water 
quality parameters like EC, pH, alkalinity, nitrate, phosphate exceeded the desirable limits prescribed 
by the USEOA and WHO standards.  
       The results of physico-chemical analysis of groundwater level in the study area show high 
pollution level in the region. 

1. Introduction

Mining activities accelerate the rate and degree of changes in the natural environment. These
activities modify landscapes and can have long-term pollution impacts on communities and water 
resources due to their physical degrading nature, as well as their use of chemicals and other harmful 
substances [6].  
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      The mining product is a non-renewable resource that can be exploited on contact, or near the 
biosphere, which brings renewable resources and includes biodiversity. Therefore, it is necessary to 
reconcile the sustainable management of the environment with that of the resources of the subsoil [3]. 
       Biodiversity in Madagascar, which has a heritage of first importance, is already under threat and it 
is not necessary that the mining development come to aggravate the situation [17]. Currently, mining 
activities are prohibited within protected areas, but the discovery of a new deposit of gems in the 
vicinity of these areas may endanger it. This justifies the implementation of the institutional legislative 
measures necessary to make all mining activities compatible with the environment.  
    A question arises "under which condition, such mining brings a social and economic development 
with preservation of the environment of such a region? “. Such a question prompts us to choose the 
topic entitled “ENVIRONMENTAL IMPACT ASSESSMENT FROM MARBLE 
EXPLOITATION ON SURFACE AND UNDERGROUND WATER IN SAKALALINA-
MADAGASCAR". 
    This work was produced as part of the study environmental impact of marble mining on water in the 
SAKALALINA-MADAGASCAR area. This zone is located in the mining perimeters of the company 
MINE TANY HAFA (MTH), it belongs to the Rural Municipality of Sakalalina, Ihosy District, 
Ihorombe Region. The company MTH exploits the marble.          
     To better define the subject, the work consists of three parts: 
 The first part presents the introduction; 
 The second part deals with the materials and methods; 
 The third part concerns the results and discussion; 

2. Materials and methods 

2.1 Geographical and administrative location of study area 

      The general framework of the study site is in the Ihorombe Region, from the Province of 
Fianarantsoa to the South Center of the Island of Madagascar. The Region is served by the National 
Route number seven (RN7). The Ihorombe Region is made up of three Districts: Ihosy, Iakora and 
Ivohibe. Our study was conducted in the Iangaty Fokotany of Sakalalina Rural District, about 56 km 
east of the city of Ihosy. 
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Figure 1: Location map of the study area 

2.2 Methodology and approach 

      This section gives a brief description of the methods and approach that were used during this study. 
The strategy focuses on water quality and water pollution as well as source degradation of surface 
water and groundwater, among others. 
      Our method consists in identifying and measuring the positive or negative impacts depending on 
the receiving environment and the operations to be performed. So the work plan looks like this: the 
location of the perimeters; the description of the receiving medium; collect relevant information for the 
work in some institutions in Madagascar: Regional Water Administration, Ministry for Mineral 
Resources and Mining Company (MTH); Determination of parameters physicochemical in Water; the 
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description and characterization of the operations to be performed; the identification of the impacts to 
be incurred; mitigation measures and the recommendations.         
    The Groundwater quality at different 20 well locations was selected as per their distribution along 
the mining belt of the study area. 
    The data used for the basic configuration to carry out our study are: Previous map data: Geological 
map, Topographic map; Bibliographical data: Literature research: different articles and books were 
consulted in the research questions; the result of physico-chemical analyzes; data collected in the field; 
satellite image (Landsat7 ETM +). 
     The Landsat7 ETM + image has an area of 170km x 185.2km, it has eight (8) channels whose 
resolution and wavelength as well as the respective characteristics are illustrated by the following table. 
Landsat TM channels reflect the state of the land surface, which is influenced by lithology, 
hydrography, grain size, soil condition, and so on. Therefore, the RGB composition is used, combining 
in order the channels 7, 4, 2 which give a better basic picture for the description of the study area. 

 

Figure 2: Map of river system 
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Figure3: Landsat7 ETM image + 

 

                       Figure 4: Map showing the outcrop points of water collected in the study area 
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2.3 Organization of the methodology 

      The sequence of the different steps is illustrated in this figure. 

 

Figure 5: Organization of the methodology 
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3. Results and discussion 
3.1 Geology of study area 

      Madagascar is the product of several episodes of fragmentation and then reconstruction of 
Gondwana. It is geologically composed of two main entities [19]: 

• Precambrian crystalline basement polystructured by successive orogenic and tectono-
metamorphic events. It is outcropping on the eastern two-thirds of the island; 

• The sedimentary cover that rests unconformably on the crystalline base. It is from the 
Phanerozoic period and is known as the Phanerozoic cover of Madagascar. 

    The study area belongs exclusively to the crystalline basement of the southern center of Madagascar. 
The region has been subjected to a deep metamorphism belonging to the catzone [20]. This level of 
metamorphism is characterized by the following minerals: biotite, amphibole, pyroxene, and cordierite. 
Concerning regional tectonics, we found the succession of a synclinal structure and an anticlinal 
structure [16]. Our study area is framed in the tectono-metamorphic domain of Ikalamavony. 
    According to geological map and field observations, the geological formations in the study area 
consist of marble (cipolin), quartzite, gneiss, leucogneiss, pyroxenite, granitoid migmatite. 

3.2 Determination of parameters physicochemical in Sakalalina Water 

    Twenty water samples (river samples, quarry pits water samples, borehole water sample) were 
randomly collected and analyzed. The table below represents the water quality in different points of 
Sakalalina water.  The physicochemical, heavy metal and bacteriological analysis of the water sample, 
as well as the variables were compared with those of the World Health Organization (WHO) standard 
(2008), United State Environmental Protection Agencies (USEPA) standard (2010). 
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Table 1: parameters physicochemical from Laboratory data for samples analyzed 

                                                                                 Source : MTH Company (2016) 
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        Table 2: Comparison of obtained values with the World Health Organization (WHO) standard  

Parameter 
Highest 
desirable 

(mg/l) 

Maximum 
permissible level 

(mg/l) 

Range of values 
obtained from 
analysis (mg/l) 

Remarks 

Ph 7.0-8.9 6.5-9.5 6.94-8.92 It is neutral to alkaline 
Conductivity 900 (S/m) 1200 (S/m) 246-439 Extremely low 

Total hardness 100 100 65.43-164.34 Moderately to very hard 
water 

Magnesium 20 20 1.99-20.01 Extremely low 
Calcium 0.01 0.07 6.71-20.01 Highly concentrated 
Sulphate 250 500 1.02-5.02 Suitable for drinking 

Iron 1.0 3.0 0.08-0.16 ok 
Nitrate 10 50 0.01-0.08 ok 
Lead 0.01 0.01 0.01-0.01 ok 

Turbidity 5.0 5.0 1.16-15.32 18 samples out of 20 are 
not suitable 

Sodium - 200 1.72-8.34 Suitable for drinking 
Manganese 0.0 0.4 0.01-0.05 Suitable for drinking 

Zinc 0.01 3.0 0.01-0.08 Suitable for drinking 
Copper 0.05 2.0 0.01-0.02 Suitable for drinking 

Total Organic 
carbon - 5 0.01-0.07 ok 

Total dissolved 
solids (mg/l)  500 90-366 ok 

Potassium 10.0 11.0 0.02-0.18 ok 

      The variables determined are: pH ranges from 7.67-8.56mg/l which is suggestive of neutral to 
alkaline in character, calcium ranges from 5.12- 24.16 mg/l, turbidity ranges from 1.16-15.32mg/l, total 
dissolved solid (Tds) ranges from 90-366 mg/l and total hardness ranges from 58.65-187.37 mg/l. They 
are suggestive of concentration of detergent from soap, calcium, magnesium, suspended solid particles 
and colloidal matters from some of the water samples. While iron ranges from 0.08-0.16 mg/l, 
potassium ranges from 0.02-0.18 mg/l, chloride ranges from 30.03-120.13 mg/l, sulphate ranges from 
1.03-5.36 mg/l, nitrate ranges from 0.01-0.23 mg/l, lead ranges from 0-0.01 mg/l, Zinc ranges from 0-
0.08 mg/l, copper ranges from 0-0.02 mg/l and magnesium ranges from 1.38-6.56 mg/l, fall within 
standards. Coliform count ranges from 0-14 mg/l. The water should be treated before the consumption 
because of its high concentration of detergent, suspended particles, faecal materials and calcium from 
the water samples. The quarry pits should be reclaimed and rehabilitate after mining. Alkaline materials 
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should be used to neutralize the rock pile area, dumped site; tailing and mine pit itself to avoid acid 
generation. 
                                         Table 3: water classification according to its hardness [11] 

Hardness Types of hardness 
0-60 Soft water 

61-120 Moderately hard water 
121-180 Hard water 

>180 Very hard water 
      The result shows that turbidity, hardness, TDS, magnesium and calcium are very high in some 
samples. That calcium had the greatest values both for fresh water and drinking water respectively. 
That the environment is more of calcite than dolomite make it calcitic dolomite environment.  From the 
potential health effects like urinary tract infection, bacteraemia and diarrhoea from the injection of 
water containing such concentration above mentioned parameters, the water collected should be treated 
before consumption. The color of the samples collected, ranges from 0-1 hazen units were not all 
cleared as a result of high concentration of dissolved calcium and magnesium. The pH of surface and 
groundwater in the study area generally ranges from 7.61-8.65, which means that the pH is generally 
neutral to alkaline. Electrical conductivity generally ranges from 182.1-733 (μS/m), which means the 
sample are good conductor of electricity. 

3.3 Environmental risk analysis on surface water and underground water caused by marble 
mining 

3.3.1 Impact Analysis 

      The effects on water quality and availability of water resources in the project area constitute the 
most important impact. 
This section assesses the impacts of marble mining on the quality and quantity of water. This means 
that our work predicts how much the surface and groundwater reference levels would change as a result 
of contaminants from the mine. 
     There are six types of impacts from marble mining that affect the water quality of Sakalalina-
Madagascar: 
          - Discharge of pollutants from water from quarrying lake; 
          - The drainage of mining acid 
          - Metal contamination and filtration 
          - Pollution by chemicals 
          - Blasting and explosive substances 
          - Erosion of soils and mining waste in surface water 

Discharge of pollutants from water from Quarry Lake: 

     To analyze pollution from the quarry lake, it is estimated the precipitation and evaporation from the 
quarry lake surface, runoff from the high quarry walls, groundwater flow from the quarry, flow from 
any incoming surface water source [22]. According to the study, the oxidation of sulphide minerals in 
quarry lake walls is also releasing metals and acids into the groundwater. One perceived issue that has 
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been raised is that mine lakes could cause an increase in the evapotranspiration (ET) rates that would 
lower water levels and thus adversely impact sensitive environments on water. The lakes excavated 
into aquifer rock could allow for easier entry of pollutants or contaminants into the aquifer and 
ultimately, into the water supply. Public water supply wells are located a minimum 1 Km from mine 
lakes near both the study area and the transport processes of contaminants and pathogenic organisms 
from surface-water bodies into and through aquifers has been intensely studied and well documented in 
the scientific literature. 

Mining acid drainage: 

     Rocky Acid Drainage (ARD) is a natural process where sulfuric acid is produced when the sulphide 
in rocks is exposed to air and water. Acid Mining Drainage (DMA) is practically the same process but 
amplified. When the sulphides in the rock are extracted and exposed to water and air during mining, 
they form sulfuric acid. This acidic water can dissolve other harmful metals in the surrounding rock. If 
not controlled, mine acid drainage may flow into streams or rivers or into groundwater. This process 
can last for hundreds even thousands of years. Acid moves out of mine sites through rainwater or 
drainage and seeps into streams such as rivers, lakes and groundwater. DMA severely degrades water 
quality, destroys aquatic life and makes water virtually unusable [23]. 

Metal contamination and filtration: 

     Metal contamination is caused by arsenic, cobalt, copper, cadmium, lead, silver and zinc in rocks 
when in contact with water. The metals are filtered and the water that moves downstream cleans the top 
of the rocks. The metals can become stable when the pH level is neutral. On the other hand, the 
filtration process is accelerated when the pH level is low as in acid mine drainage (AMD) [22]. 

Pollution by chemicals: 

      This type of pollution occurs when chemical agents (such as cyanide or sulfuric acids are used to 
separate the mineral from the ore) spill or filter into nearby bodies of water. These chemicals can be 
very toxic to the fauna and the flora [15]. 

Pollution by the use of blasting and blasting substances: 

     This section shows the potential impacts of exploitation during the use of explosive and detonating 
substances on environmental components. Each component of the environment is affected by the use of 
explosive and detonating substances, which cause impacts on water. Blasting is faster, more efficient 
and more cost-effective for the company as it can produce up to several thousand tons of rock cut for a 
single firing flap. The fracking of the massif during the explosion is an element that facilitates the 
shaking and handling of the rock after collapse since the rock blocks from the shooting parameters, 
become more and easier to handle [14]. Despite these benefits during operation, this method of 
slaughter also has negative effects that have a much greater impact on water and that must not be 
neglected during the firing.           Indirect degradation of groundwater could result from blasting which 
causes a temporary shaking of the rock and results in the new rock fracture near working area of the 
mine. Blasting can also cause the old pre-existing rock fracture to become more open or permeable, by 
loosening mineral debris or cement in this fracture; this could affect nearly vertical fractures located up 
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to several hundred feet away from the surface mine causing vertical leakage of  mine drainage from 
nearby abandoned deep mines to underlying aquifers [13]. 

Erosion of soils and mining waste in surface water: 

      According to our research, for most mining projects, the potential for erosion of soil and sediment 
in surface water and the degradation of its quality is a serious problem. Due to the large area of land 
damaged by marble mining and the large amount of materials that are exposed on site, erosion is a 
major concern at the site. Erosion causes significant loading of sediments (and any accompanying 
chemical pollutants) to nearby bodies of water, especially during severe storms and periods of 
snowmelt [11]. 
     Major sources of erosion and sediment accumulation at the site include storage, heap leaching, rock 
waste and overburden, tailings piles and dams, transportation routes of materials and roadways access, 
ore stacks, vehicle and equipment maintenance areas, exploration zones and rehabilitation areas [9].  

Table 4: Summary of impact sources of marble mining. 

Sources of impact Possible impacts 

Discharge of pollutants from water 
from quarrying lake; 

Allow for easier entry of pollutants into the aquifer and public water 
Releases metals and acids in groundwater 
Risk of contamination of surface waters 

The drainage of mining acid et la 
lixiviation des contaminants 

Promotes the formation of sulfuric acid and facilitates the 
dissolution of other harmful metals in the surrounding rock 
Produces pollution of streams and rivers in the study area 

Destroys aquatic life 
Makes water almost unusable 

Metal contamination and filtration Produce the increases in pH and precipitation of Fe3+ 
Discoloration and turbidity of water 

Pollution by chemicals Reduction of flora and fauna 
Reduction of water quality 

blasting and explosive substances 

Facilitates the shaking and handling of rock 
Causes pollution of groundwater 

Facilitates the dissolution of other metals from the rock 
Indirect degradation of groundwater 

Causes a temporary shaking of the rock and results in the new 
rock fracture near working area of the mine 

Causes the old pre-existing rock fracture to become more 
open or permeable 

Affect nearly vertical fractures located up to several hundred 
feet away from the surface mine 

 

Erosion of soils and mining waste in 
surface water 

Causes significant change of sediments (chemical pollutants) to 
nearby water bodies 

Potential increase in risk of erosion, collapse and landslide. 
Risk of landslide 

Minimizes of water quality 
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3.3.2 Consequences related to water pollution 

     Impairment of the quality of natural waters affects the life of organisms in aquatic systems. Water 
pollution can alter natural living conditions in a variety of ways (changes in oxygen content, 
temperature, and water nutrients, direct toxic effects). When released into a river, metal pollutants can 
accumulate in sediments, plants and aquatic animals [3].   
     We will see the ecological consequences, the health consequences, the socio-economic 
consequences: 

Table 5: Consequences related to water pollution. 

Type of consequences Consequences 

The consequences caused by nitrates and 
phosphates 

Pause the phenomenon of eutrophication 
Poisoning and degradation of fauna and flora 

Causes a high mortality of fish 
Danger to public health and the origin of 

epidemic diseases 
Cause various nuisances 

Ecological consequences 
Causes the propagation of aerobic bacteria 

Causes poisoning and degradation of flora and fauna 
by toxic 

The health consequences 

Constitutes a major crisis of diarrhea in the 
active population 

Cause different kinds of diseases (Cholera, 
typhoid fever, stomach cancer ...) 

Diseases of the skin 

The socio-economic consequences 

Reduction of the number of usable resources 
for the Production of drinking water and 
increase additional costs of treatment of 

potabilisation 
The pollution of the water has a great 
consequence on the industry, on the 

agricultural 

3.3.3 Risk management measures  

     Protection must remain the primary goal of society even if it means reduced production. 
There was a lot of problem with water quality and waste management. For our present and future 
generations, we must safeguard the quality of our water. We must ensure that better prevention 
strategies in cases where pollution can be avoided. 
After identifying the different effects that it could potentially occur during the activity, corresponding 
mitigation measures are considered and recommended to ensure that the project operates in a more 
beneficial and less destructive way. 
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Risk control measures on the discharge of pollutants from water from quarrying lake: 

     The following measures are recommended for the prevention of the release of water pollutants from 
quarrying lakes:  basins to control pollution were built: polluted runoff and dirty rain water will be 
deposited in these basins and this water will be recycled and used for dust control; drainage channel 
and water pumps will be introduced inside the pits to collect mining water and transport it to a basin 
located at the surface; mine lake prevention: the mine lake causes substantial impacts on water in the 
study area. It is necessary to backfill and recreates its outline and revegetation, to recreate the 
conditions of pre-exploitation. 

General measures on mining acid drainage: 

      Precaution to avoid water pollution such as acid mine drainage has been done during the conception 
of MTH mining project in Sakalalina and the following measures have been taken to avoid the acid 
mine drainage: limit the exposure of potential acid generator materials by phasing development and 
construction, with coating, and separating runoff for treatment; implementation of water management 
techniques such as diversion of clean runoff water from potential acid generator materials and 
controlled placement of potential acid generator materials (including waste) to permanently create the 
conditions to avoid contact with oxygen or water; prevent future loss of aquatic life caused by Acid 
Mining Drainage; listed and cleaned the acid produced by the mine site; improve public access to 
information and strengthen the control of the treatment of Acid Mining Drainage by MTH society; 
prevent the Acid Mining Drainage process by better assessing environmental risks and adopting a 
prevention process. 

Measures on metal contamination and filtration / measures on chemical pollution: 

     To begin to address the issues related to metal contamination and filtration, we have to: isolate acid 
leaching generating equipment from oxidation or percolation water, such as tailings ponds with dams 
and dewatering and subsequent capping. Spreading disposal alternatives should be designed, 
constructed and operated in accordance with internationally recognized geotechnical safety standards; 
avoid the infiltration of toxic leachate solutions by the installation of appropriate coatings and 
underground drainage systems that allow the collection or recycling of these solutions for future 
treatment, and minimize infiltration into the soil; design the installation of pipelines carrying rich 
solutions with a confinement bordered by a secondary protection wall; install leak detection equipment 
in treatment systems with appropriate leak response systems; treatment solution settling ponds and 
other protective dams designed to retain non-potable water or untreated leachate process effluents 
should be covered and equipped with sufficient wells to permit level control and water quality. ...; 
decommissioned leach equipment facilities should use a combination of surface management systems, 
collection of leaks, and active or passive treatment systems to ensure that the quality of the water 
resource after shutdown is maintained; establishment of the appropriate drainage system starting from 
the extraction zone and at the periphery of the various zones of action and existing deposits (dewatering, 
use of pipes, construction of canals, dike, gutter, ...) to avoid leaks, spills, uncontrolled or uncontrolled 
infiltration; put the chemicals in containers and paying attention to their overflow. 
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Measures on effects by blasting and explosive substances: 

     The following measures for the prevention of impacts caused by the use of explosive and detonating 
substances are recommended: the risk of surface water contamination caused by the use of explosives 
must be avoided; it is necessary to manage polluting waste surface water; set up of settling basin; 
comply with all laws and regulations for the use of explosives. 

Measures on the impacts of soil erosion and mining waste in surface water: 

     Soil and mine waste erosion in surface and groundwater is a serious and adverse environmental 
consequence in the study area. So we recommend the following measures: domestic wastewater 
treatment plant for mining employees will be built; reducing the exposure of sediment-generating 
materials to wind or water (for example, proper placement of soil and rock piles); the diversion of 
runoff from undisturbed areas around disturbed areas including areas that have been leveled, sown, or 
planted. Such drainage should be treated for sediment removal; reduction or prevention of off-site 
sediment transport (eg, use of settling ponds, sludge barriers); rainwater drains, ditches, and stream 
beds should be protected against erosion by a combination of such factors as: adequate dimensions, 
slope limiting techniques, and use of riprap and coating; the timely implementation of an appropriate 
combination of contouring, earthworks, slope reduction / minimization, runoff rate limitation and 
appropriate drainage facilities to reduce erosion both in areas active and inactive; material access and 
transportation routes should have gradients or surface treatment to limit erosion, and road drainage 
systems should be provided; delimit the affected areas to a minimum; storm water settling facilities 
should be designed and maintained in accordance with internationally accepted good engineering 
practice, including provisions for the capture of debris and floating material; vegetation of disturbed 
areas including seeding should be done immediately after application of the substrate to prevent erosion. 
We try to minimize the clearing, to preserve as much as possible the vegetal cover bordering the zone 
of action of our activity, to arrange and proceed with the reforestation of the trees with strong growth to 
the contours of the various specific works to be put in place. 

Other measures and monitoring of surface water and groundwater quality: 

    Monitoring is one of the most important aspects of a water quality protection program. Drilling is 
normally required upstream and downstream (in the direction of groundwater flow) to monitor changes 
in water level and quality over all; comply with all applicable laws and regulations; carry out all the 
legal obligations that we incumbent on, especially with regard to municipal regulations, and concerning 
sanitary controls (diseases) and safety (animals, plants and dangerous insects); description of the 
operation of the sanitary facilities, garbage treatment in the camp; water pollution should be prevented 
both inside and outside the site. 
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Table 6: Follow-up activities of the water management plan. 

Sector 
component Follow up action 

Follow 
up 

parameter 

Follow up 
indicator 

Follow-up 
program 

Source of 
control 

Frequency 
of follow-

up 
Surface 

water and 
groundwater 

Water 
management 

(quantitative and 
qualitative 

management of 
water resources): 
1. preservation of 
the quality of the 

water against 
pollution by solid 
and liquid waste 
resulting from 
construction 

work 
2. respect of the 

load capacity 
(pressure) on the 

water points 
3. maintenance 
of normal water 

flow and 
preservation of 

stormwater 
drainage systems 
4. Groundwater 
supply 
5. protection of 
watersheds 

Qualities 
and 

quantities 
of water 

Numbers 
and water 

points 
frequented 
before and 
after the 
works 

Chemical 
quality (ph, 
phosphorus, 
nitrate, etc.) 
Ccolor of 

water 
 Biological 
properties 
of water 

Source of 
diseases 

from water- 
flow, water 

level 

Control of 
hydrological 

regime of 
watercourse 

and 
groundwater 
Control of 

the physico-
chemical 

and 
biological 
quality of 

watercourses 
Knowledge 

of the 
maximum 
capacity of 
the aquifer 

Sampling 
campaign 

-
investigation 

Report of 
laboratory 

water 
analyzes 
Technical 

study report 

During and 
after 

exploitation 
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3.3.4 Synthesis of the impact study and the various negative impact mitigation measures 

Table 7: Synthesis of sources of impacts and mitigation / compensation measures. 

Sources Possible impacts Mitigation measures 

Pollutants of water from 
quarrying lake 

Allow for easier entry of pollutants into the 
aquifer and public water 

Releases metals and acids in groundwater 
 Risk of contamination of surface waters 

Basins to control pollution 
were built 

 Drainage channel and water 
pumps will be introduced 
inside the pits to collect 

mining water and transport it 
to a basin located at the 

surface 

Mine acid drainage and 
leaching of 

contaminants 

Promotes the formation of sulfuric acid and 
facilitates the dissolution of other harmful 

metals in the surrounding rock 
Produces pollution of streams and rivers in 

the study area 
Destroys aquatic life 

Makes water almost unusable 

Limit the exposure of 
chemical materials 

Application of water 
management techniques 

Prevent future loss of aquatic 
life 

Listed and cleaned the acid 
produced by the mine site 
Strengthen the control of  

Mine acid drainage  treatment 

Chemicals / Metal 
Contamination and 

Filtration 

Produce the increases in pH and 
precipitation of Fe3+ 

Discoloration and turbidity of water 
Reduction of flora and fauna 
Reduction of water quality 

Isolate acid leaching 
generating material from 

oxidation 
Avoid the infiltration of toxic 

solutions of leaching 
Install leak detection 

equipment 
Setting up the proper drainage 

system 

Blasting and explosive 
substances 

Facilitates the shaking and handling of 
rock 

Causes pollution of groundwater 
 Facilitates the dissolution of other metals 

from the rock 

Avoid the risk of 
contamination of surface 

waters 
Manage polluting waste 

surface water 
Set up of settling basin 
Respect all laws and 

regulations for the use of 
explosives 

Erosion of soil and 
mining waste 

-Causes significant change of sediments 
(chemical pollutants) to nearby water 

bodies 
Potential increase in risk of erosion, 

Domestic wastewater 
treatment plant for mining 

employees will be built 
Prevention of off-site 
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4. Conclusion

Water pollution is an environmental problem that is of major concern to us in Madagascar. Water
pollution has adverse effects on aquatic ecosystems, on living beings. This work was produced as part 
of the environmental impact study of the marble mining on the water of the SAKALALINA-
MADAGASCAR area based on environmental risk analyzes on surface water and water underground 
and risk management measures. We know that Sakalalina's marble exploitation contributes to the 
promotion of the socio-economic development of the area through the creation of jobs, the 
reinforcement of infrastructures, the contribution of taxes and mining royalty. But this marble 
exploitation has negative impacts in the study area, especially at the level of water resources. 
    The main conclusion that can be taken from this work is more than 60% of household in Sakalalina 
use water from unprotected wells and rivers. If ground water and surface water be contaminated, the 
quality of drinking water will also be bad and the people can suffer. And the People in Sakalalina use 
water from the river for agriculture and fishing which means that if water resources be contaminated, 
people living there will suffer to survive. Various environmental measures are proposed in this work 
such as mitigation measures, avoidance measures, rehabilitation measures and safety measures. These 
measures are designed to reduce, avoid and limit impacts on the components of the environment.  A 
Water Management Plan and monitoring program are formulated in this work which describes the 
obligations of the promoter but with a predefined schedule. 
    We hope that this book will serve as a basic document for those who want to continue or use the 
results of this study, even if it is only a modest contribution from us in the study of water management. 
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