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Abstract. In the case of mine works, the waters coming from underground which are discharged in emissaries 

are charged with harmful substances. This situation imposes additional depolluting measures of these waters 

before the discharge, for reaching to the maximum admissible contents. The paper analysis the negative effects 

of the extracting activity of ores on the water quality and presents the depolluting methods which should be 

applied in order to reduce the concentration of harmful substances present in the mine waters. 
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1. INTRODUCTION  

  

 The extracting activity of ores in the mine from underground or from the surface, leads 

to significant changes of the earth’s crust, involving thus the change of the areal hydrological 

system, both quantitatively and qualitatively. Any mine is an important consumer of clear 

water, but it also represents a significant polluting source because it gives back to the natural 

receivers significant water debits charged with harmful substances, either by dissolving the 

exploited mineral substances, or by the chemical transformations born underground at the 

contact between certain substances and water. The main forming sources of the mine waters 

are: 

- waters coming from the water tables of the surface waters and from the atmospheric 

precipitations infiltrated underground; 

- the underground waters accumulated in the aquifer formations opened by the mining 

works of exploitation; 

- the technological water introduced underground for combating dust, humid 

perforation, hydraulic liquidation etc.  

During the water infiltration through the rock formations which are in the mineralisation 

area in exploitation, there are complex processes of transfer, disintegration, dissolution, 

decomposition and deposit of the chemical substances or of the components resulted from the 

component minerals, which offers specific physical-chemical features to the underground 

waters. The chemical composition of the used mine waters shows the composition of the 

rocks which came into contact with the water. Since the underground waters mainly come 

from the surface ones, they initially contain solid suspensions such as clay, organic matters, 

colloidal silica, bacteria and sometimes dissolute chemical substances.  An important source 

of waters impurification with radioactive substances comes from the extraction and 

processing of radioactive ores in order to get nuclear fuel. The operations of radioactive ores 

concentration: extraction, breakage, grinding, as well as refining and purification are made 

with large consumption of water. It is loaded with particulate matters, dissolved salts and 

radioactive impurities. The resulting mud also comprises radioactive elements [2]. 
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 2. FEATURES OF THE RESIDUAL MINE WATERS AND THEIR PURIFYING 

TECHNOLOGIES 

  

 The main polluting sources of the river waters from the mining areas are the waters 

resulted from the extraction process and from the processing one of the ores of the preparation 

factories. The water quantity evacuated from underground, as a result of the infiltrations from 

the surface in the networks of the mining works or of the technological waters introduced in 

order to provide the protecting measures of work and of the deposit, directly discharged into 

the emissaries, varies from 1,3 to 8 m
3
/t, having as main impurifiers the solid suspensions 

reaching 8500 mg/l. It is also noticed the very acid feature, the high degree of mineralisation 

and the very high content of metallic ions (Cu, Zn, Fe) of the mine waters. In most of the 

cases, the waters coming from the mines are pent to the decanting pounds of the preparations 

factories, where there purification is made. The purifying technologies of the used mine 

waters may be grouped as such [1]: 

 Preventing technologies of the formation of the acid mine waters. These include the 

change of the preventing methods of the formation of the underground waters, so that it 

could avoid the sulphurs exposal to the long contact  with the mine water and with the 

mine atmosphere, for preventing the formation of the sulphuric acid; 

 Working technologies with the already polluted waters, such as the injection of the 

deep-seated used waters; 

 The dilution of the acid waters to the accomplishment level of an effluent having a 

corresponding quality; 

 Standard technologies of treating the used mine waters to their neutralisation and the 

recovery of the solid substances existing in the water. 

 The physical proceedings which are used the most often are: the draught of the solid 

particles; the centrifugation or the hydrocycloning of the waters charged with mineral 

suspensions, in order to separate them and the magnetic or electric treatment of the residual 

waters. The physical-chemical proceedings consist of treating the residual waters with rinsing 

agents, followed by the suspension draught and the slurry filtration. The purification practice 

of the used mine waters also applies a series of proceedings placed at the limit between the 

physical-chemical proceedings and the chemical ones, such as the coagulation and the 

flocculation of the mineral suspensions, the pH neutralisation, the anions and cations 

precipitation, the extraction on ion shifts, the ionic flotation, the special proceedings based on 

electrokinetic phenomena: electrophoresis, electro-osmosis, combined proceedings.  

 The neutralisation of the acid waters is generally accomplished with calcium hydroxide 

in a 5-10% concentration, as the CaO quantity is established depending on the total water 

acidity and on the content of dissolved heavy metals of roasted dolomite. The neutralisation 

process of the acid waters is generally followed by a flocculation process with 

polyacrylamide. The neutralisation of the alkaline waters is accomplished with residual acids 

resulted in different industrial processes. A cheap neutraliser for the alkaline residual waters is 

represented by the burning gases from the roasting installations of the ores, from the dolomite 

roasting or from other industrial installations working with fuel. The gases with contents 

higher than 25% CO2 provide the water neutralisation by the simple bubbling of the used 
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water in a mixture basin before the discharge in the draught pound. If the residual water 

contains the anions S
2-

 and CN
-
, the mixture basin should have an absorption bound and a 

high chimney for evacuating the sulphured hydrogen and the hydrogen cyanide acid or means 

for capturing and distributing them. 

 

3. THE EXPLOITATION IMPACT OF THE RADIOACTIVE MINERAL 

RESOURCES ON THE WATER QUALITY AND DEPOLLUTING METHODS OF 

THE MINE WATERS RADIOACTIVELY CONTAMINATED  

 

 The characteristics of waters radioactive contamination are the high toxicity of some 

radionuclides which have very high effects in large amounts and the impossibility to interfere 

on their radioactive disintegration speed. The action of radioelements on the living matter is 

double. They have chemical toxicity over the organism, which acts first of all within the 

general metabolism, according to the physical and chemical properties of these elements, and 

second of all, radioactive toxicity, acting through irradiation. An important characteristic of 

radioactive substances in the water is the fact they undergo any neutralization process of 

decrease of the initial concentration only through dilution. Dilution with the receiver waters of 

radioactive waste waters has an activity low enough to little exceed the admitted activity of 

surface waters. One solution for decreasing the severe effects of radioactive waste waters 

consists in their removal in geological formations. It is a method more and more often used 

which consists in introducing radioactive waters, with little or medium activity, under 

pressure, in deep, porous or cracked underground formations, provided they are completely 

isolated through impermeable layers from the waters that can be part to biologic cycles.  

 Satisfying results were achieved by introducing residual and radioactive waters in 

cavities formed by underground works. In order to inject radioactive waters in deep geologic 

formations and layers, very thorough studies have to be made not only in the field of geology, 

hydrogeology and seismic movements but also on blocking permeable layers and chemical 

reactions that may occur between waste waters and constitutive rocks [4]. 

 In the areas of uraniferous mineral resources, environmental contamination can occur 

with all the elements in the uranium family. The main radionuclides responsible for 

radioactive pollution of these areas are: 

 natural uranium under the form of matter which can cause waters pollution in dissolved or 

particulate state. Through atmosphere and waters, the soil, flora, aquatic and terrestrial fauna 

as well as man can be contaminated; 

 radium-226 (can pollute the environment under the same conditions as natural uranium); 

 radon-222 which together with its active alpha descendants, can contaminate the 

atmosphere through gaseous effluents, resulted from mining plants in the underground and the 

surface. 

 After closing the uraniferous mines, permanent monitoring measures are required with 

the main objective of waters quality discharged from mines. The depollution methods of mine 

waters radioactively contaminated consist in passing uranium and/or radium radionuclides 

from a large volume of fluid to a lower volume, which can be stored or processed in 

conditions of radioprotection. The researches on the purification methods of the radioactive 

waters show that they depend on a series of factors such as: the quality of the used waters, 
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their debit, the nature of the radioisotopes present in the water, the total activity of the water, 

the environment where it is evacuated. 

 Precipitation methods applied for separating radium from residual waters. Because 

the concentration was low in contaminated effluents (10
-10

 g/dm
3
), co-precipitation with 

calcium and barium is used most often. The use of barium allows co-precipitation of the 

barium and radium sulphate, whose solubility product is very low. Therefore, barium chloride 

is used and sulphate ions can come from various salts; in order for natural sedimentation to be 

efficient, various coagulants are used. 

 Barium and radium sulphate co-precipitation followed by coagulation and 

flocculation, can continue with sedimentation or filtration on a granular environment. The 

researches made on precipitation methods have resulted in drawing-up and patenting 

numerous depollution methods of the waters contaminated with radioactive substances, 

described in short as follows: 

- the elimination of Ra with BaSO4 during in-situ leaching of uranium, a technique 

proposed by an american patent; 

- treating the waters contaminated with residues from liythopan making which contain 

BaCl2 şi BaSO4 (German patent). The leach of coals which contain radioactive 

impurities of U, Ra and Th, with activity of 2664 Bq/dm
3
 was decontaminated through 

precipitation with BaSO4 to an activity below 3,7 Bq/dm
3
. 

- purification of residual waters coming from black blende processing by treating with 

Na2CO3, Na2SO4, BaCl2, NaOH and Fe(OH)3, resulting in effluents with 0,028-0,014 

Bq/dm
3
; 

- co-precipitation of radium with barium, followed by coagulation with FeCl3 and 

flocculation for removing Ra-226 from the effluents from uranium processing. The 

addition of softeners in drinking waters treatment plants decreased the activity given by 

Ra-226 from 1,85 to 0,18 Bq/dm
3 

. 

In order to facilitate radium and barium sulphate co-precipitation on a granular 

environment with a large surface, fluidized precipitation was used. Because the granular 

material separates itself, filtration is not necessary. In this case, the output was 90%, for a 

contact time of 20 seconds. 

Another method mention in references consists in decontaminating residual waters 

through simultaneous precipitation of U, Ra and As through treatment with H2O2, Fe
3+

 salt 

and H3PO4, pH adjustment from 8-10,5 with Ca(OH)2 and the addition of flocculants.  

Ionic exchange methods are most often used for treating radioactive waters in order to 

reduce various contaminated ions, using anionite, cationite resins or combined columns. 

Resins are used as a singular method or as a subassembly in a complex technology. Uranium 

and radium are found in water under the form of different ions which requires the use of ion 

exchanging resins for every element separately, for instance: 

- the separation Ra-226 by means of a strongly acid resin, in a certain number of cycles, 

may lead to the removal of 99% of the activity of water contaminated by 0,74 Bq/dm
3
, 

and the regeneration is made by NaCl; 

- for the absorption Ra-226, by using a weakly acid resin, it was noticed the fact that 

there is a capacity 2,3 times higher than the one of the strongly acid resin, when 

decontaminating mine water with 200 mg/dm
3
 density and 0,74 Bq/dm

3
, by using a 
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column of cationite such as H
+
 and regenerated by HCl; 

- the use of the ionic exchange, for reducing the concentration of Ra-226 of the mine 

waters, by adding a small quantity of strong anionite to a strong cationite, in a classic 

installation of water softening, led to the efficient removal of U and Ra-226. By 

introducing in the installations mine waters having a uranium content of 120 mg/dm
3
 

and 0,92 Bq/dm
3
 de radium, a mixed bed of 10% anionite and 90% cationite, finally 

there were waters with less than 20 mg/dm
3
 and 0,037 Bq/dm

3 
[3]. 

In Romania, for removing Ra-226 of the water, the ionic exchange combined with a 

precipitation is applied. The acid resins allow the removal of Ra-226 in a percentage of 95%, 

and the weakly acid ones have the advantage that they do not introduce additionally sodium 

ions to the water. 

  

 Purification of the uraniferous residual waters by biological methods. These 

methods of radioactive decontamination are called passive, unconventional systems of 

bioremediation such as weat-land. They may work independently, as a unique method of 

depollution or associated to some conventional methods, as the final technological phase. The 

natural aquatic ecosystems proved a higher capacity of purification of the polluted waters. 

Moreover, the biological systems are considered as having a self-regulation capacity, without 

needing complicated systems of maintenance. According to a Japanese patent, the 

decontamination of the used waters in the uranium industry is accomplished by means of a 

green algae of the Clamydomonas family, for keeping U, Ra-226, Th and other ions, in certain 

conditions of light, temperature and nutritive sources. An algae working as a biologic ion shit 

is ALGA SORB.  

 A natural material having a high content of nitrogen, known as Chitosan, is used for 

keeping U from diluted effluents, obtaining a recovery of 95% with a charging of about 400-

600 mgU/g. This material is indicated for the recovery of U from the mine waters, because the 

repeated absorption-desorption cycles do not decrease the sorbent capacity of the compound. 

 The keeping of U of the non-saline waters with 2500 mgU/dm
3
 on the silk fibroin is 

considerable. The process depends on the concentration, the pH, the temperature and the 

retention time, and the elution is almost complete with an ammonium acetate 1 mol/dm
3 
[3].  

 The relevant techniques used for the uranium exploitations and the processing 

factories of ores include: 

- artificial swamps with adequate bio-accumulators which may usually settle 700 g 

uranium per year. Depending on the uranium contents and the features of the plants 

and/or the algae used in the process, such arrangements could need relatively big 

surfaces, and this represents an inconvenient of this proceeding. The factors which may 

compromise the operation of the artificial swamps are represented by: too low or too 

high values of the pH (they need pre-purifications, for example, in case of too acid 

waters, by means of drainages sided by limestone), high contents of bicarbonates or 

other salts, and also high concentrations of phyto-toxic heavy metals. 

- filtering active materials placed in the reactive walls or filtering units in the areas of 

gravitational flow of the water. Such materials may be FeO or granular aggregates of 

iron hydroxide or of materials based on titanium oxide. Each material needs a certain 

field of pH, the potential oxidoreductase or the salinity and they should be tested 
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depending on the specificities of the mining or underground effluent which will be 

submitted to the purification. 

Based on the practice and on the gained experience, it is recommended to proceed to the 

choice of the purification “strategy” in time, depending on the type, the content and the 

concentration of contaminants in the mine water, such as: 

 in case of an increased water contamination, it is recommended the decontamination by 

conventional methods which may take to 10 years, depending on the concentration of the 

contaminants; 

 in case of an average water contamination, a passive method of purification may be applied 

in combination with the conventional methods; 

 in case of low concentrations of the contaminants in the mine waters, the conventional 

purification may become really costly and the unconventional methods are more profitable. 

 The time transition from the active systems of conventional purification to the ones of 

passive purification will consider the conclusions resulted from the monitoring of the results 

obtained from the water purification. 

 

4. CONCLUSIONS 

  

The entire mining activity produces, due to its specificity, multiple and diverse 

negative effects on the water quality, mainly concretised by the purification of the surface 

streams and of the groundwater and the hydrodynamic misbalance of the underground waters. 

The mining industry, by means of its exploiting activities, is a great consumer of industrial 

water, contributing thus to the pollution of the natural receivers in the area. The natural 

streams of the mining areas have a composition that changes during the ore exploitation, 

depending on the quantity and quality of the received underground waters, of the meteoric 

waters and of the residual waters discharged in them. The exploiting activities of the ores 

exert a special impact on the quality of the surface waters and of the underground waters, an 

impact manifested in every phase of the technological processes of production. The negative 

influence of the mine works starts with the prospecting and exploring activity of the deposits, 

continues and gets stronger during the productive activities, and it may manifest for a long 

time, even after the total stop of the productive activity in the area.  

 The water evacuated from the mines is polluted (the circulation of the underground 

waters in mineralised rocks charges these waters with heavy metal ions and polluting salts) 

and their discharge in the surface waters produces a chemical pollution of these waters. The 

strong evacuation of the aquifer table waters leads to the permanent and irreversible 

destruction of the hydro-geological system in the areas with low precipitations, with the loss 

of the fresh water resources. The mining activity frequently gives birth to dangerous effects 

on the natural hydrological and hydro-geological system, imposing for the hydro-geological 

aspects to be carefully studied and for the evolution of the mining works to be followed in a 

tight correlation with the hydro-geological situation. The gravity of the problems related to 

the influence of the exploiting industry of the radioactive deposits on the water needs the 

knowledge of the toxic effects of the radioactive substances and the application of the 

decontamination measures before the discharge in natural receivers, and also a permanent 

monitoring of the residual waters after closing the mining exploitations. The exploiting 
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industry of the deposits of useful mineral substances should emphasize its future concerns for 

the protection of the environmental factors, this is why the mining areas need the 

implementation of efficient systems for the continuous monitoring of the environmental 

factors quality and for the surveillance of the application of the reducing measures for the 

impact generated by the specific activities on the environment.  
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