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ABSTRACT 

The muriatic and aqueous extractions of surface samples from waste dumps of Rudabánya have 
been investigated to determine the amount of mobile heavy metals at different pH values. The 
minerals of heavy metals were found immobile using distilled water at pH 7 but 0.1 M HCl solution 
could solve several mineral compounds. The highest measured concentrations after muriatic 
extraction for Zn, Pb, Hg were 1.97 mg/kg, 0.27 mg/kg, 0.022 mg/kg respectively on the selected 
waste dump. Due to the fact that the process in real-world takes place at weak acidic conditions the 
data of muriatic extractions are overestimated meanwhile those of aqueous extraction are 
underestimated. To model the real situation more accurately multi-step extraction is to be performed 
in the future.  

 

INTRODUCTION 

Generally, the waste dumps of abandoned multi-ore mines have huge heavy metal 
content which influences significantly the quality of surface and subsurface water. There are 
some dangerous ones which have high toxicity. To know the migration processes of these 
metals is important because their ecological and health risks are notable. Our research site is 
the abandoned ore mine site of Rudabánya where mainly the migrations of mercury, lead, 
copper, and zinc are investigated.  

Rudabánya is one of the old multi-ore mines of North Hungary but the exploitation of 
mine was finished in 1985. The genesis of ores at Rudabánya was hydrothermal by 
metasomatism in the Jurassic period. The geology of site in this geological age was favorable 
for metasomatism, because the dolomite (Gutenstein Formation), and the limestone (Jósvafő 
Limestone) which are the main host rocks of ores, were broken up and the metasomatism 
could come off on the higher surface of the rocks [1]. During metasomatism the calcium and 
magnesium ions of dolomite (CaMg[CO3]2) were changed to iron. Firstly the siderite 
(FeCO3) (iron spar) and limonite (Fe2O3×nH2O) (brown iron-ore) ore deposits were 
generated. Later these iron ore bed were impregnated by another hydrothermal solution 
which generated the ores of special elements on the site [2]. These elements are copper, lead, 
mercury and zinc. The main ore in the case of copper is chalcopyrite (CuFeS2) (copper 
pyrite), in the case of lead it is galena (PbS) (lead sulfide), and in the case of zinc it is 
sphalerite ([Zn, Fe]S) (zinc-blende). 

Heavy metals in the residues from mining and metallurgical operations are often 
dispersed by water after their disposal [3]. In Rudabánya a lot of waste dumps were created 
during hundred years long mining activities which still have significant heavy metal content. 

The contamination of water by dissolved metals in mining areas has mainly been 
associated with the oxidation of sulfide-bearing minerals. By help of precipitation liquids of 
result acidic pH is formed which can mobilize the heavy metals and cause a high level of 
dissolved metals in the groundwater, such as copper and zinc, and anions, such as sulfates 
and carbonates [4, 5]. 

The extent and degree of heavy metal contamination around mines depends on 
geochemical characteristics and degree of mineralization of the tailings [6]. Rudabánya mine 
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has a special geochemistry among multi-ore mines because carbonate ores have domination 
on the site.  

Sequential extraction is a method to evaluate secondary mineralogy as a product of 
sulfide oxidation, and sorption of hazardous heavy metals which based on the chemical 
composition of gradual stronger leach solution starting with distilled water and ending with 
strong acids for total digestion [7, 8]. 

 In the literature several sequential extraction methods are known like as Tessier’s [10] 5 
steps method, BCR [11] 3 steps method, MSZ-21470-50:2006 [12] 4 steps method and 
Dold’s [9] 7 steps method. The eye-catching differences between methods are the steps of 
extractions. The most refined method is the Dold’s sequential extraction because in the long 
stepwise digestion the separations of different minerals are more accurate (Table 1).  

 

In our paper the aqueous and muriatic extractions will be investigated which are 
generally the start and the end or before end steps of sequential extractions. 

Table 1 

Steps of Dold extraction [9] 

Step Leaching Preferentially dissolved minerals 

1 

Water-soluble fraction (1.0 g sample into 
50 ml deionizied H2O shake for 1 h) 

secondary sulfates, e.g., bonattite 
/CuSO4·3(H2O)/, chalcanthite 
/CuSO4·5(H2O)/, gypsum 
/CaSO4·2(H2O)/, pickeringite 
/MgAl 2(SO4)4·22(H2O)/ 

2 
Exchangeable fraction (1 M  ammonium-
acetate pH 4.5 shake for 2 h) 

calcite /CaCO3/, vermiculite-type mixed 
layer, adsorbed and exchangeable ions 

3 

FeIII  oxyhydroxides (0.2 M ammonium-
oxalate pH 3.0 shake for 1 h in darkness) 

schwertmannite /FeIII
16O16(OH)12(SO4)2/, 

two-line ferrihydrite, secondary jarosite 
/KFeIII

3(SO4)2(OH)6/, pyrolusite /MnO2/ 

4 

FeIII  oxides (0.2 M ammonium-oxalate pH 
3.0 heat in water bath 80 °C for 2 h) 

goethite /FeIIIO(OH)/, jarosite 
/KFeIII

3(SO4)2(OH)6/, Na-jarosite 
/NaFeIII 3(SO4)2(OH)6/, hematite /Fe2O3/, 
manganite /MnO(OH  

5 

Organics and secondary Cu sulfides (35% 
H2O2 heat in water bath for 1 h) 

organics , covellite /CuS/, chalcocite – 
digenite (chalcocite /Cu2S/, 
djurleite /Cu31S16/ and digenite /Cu9S5/) 

6 

Primary sulfides (combination of KClO3 
and HCl, followed by 4 M HNO3 boiling) 

pyrite /FeS2/, chalcopyrite /CuFeS2/, 
bornite /Cu5FeS4/, sphalerite /(Zn,Fe)S/, 
galena /PbS/, molybdenite /MoS2/, 
cinnabar /HgS/, orpiment /As2S3/,  

7 
Residual (HNO3, HF, HClO4, HCl 
digestion) 

silicates, residual 
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MATERIALS AND METHODS 

Several waste dumps are located on the mine site of Rudabánya. The investigated one is 
shown on Figure 1. Eight sampling points were denoted, seven were on the top of waste 
dump and one was at the foot of dump (signed by L.A.). Two cross-sections were formed by 
the seven points, the first cross-section (signed by points 1/1, 1/2, 1/3, 1/4, 1/5) was in north-
south direction and the second cross-section (signed by points 2/1, 2/2) was in east-west 
direction (Figure 1).  

The soil samples were prepared in pestle and after sieving the fractions down to 0.2 mm 
diameters were utilized in extraction investigation also in determination of aqueous and 
potassium chloride pHs.  

In pH determination the ratio of soil and liquid was 1:2.5 and the investigation was 
performed after 12 hours’ rest by potentiometer. 

At aqueous extraction 5 g sample was extracted at room temperature for 2 hours with 
100 cm3 distilled water with continuous agitation. After extraction the solutions were filtered 
twice by GE Laboratory membrane filters (GE FILT. SA710F 11CM), the second was after 

boiling of filtrate to improve the effect of filtering. The prepared filtrates were analysed in a 
UniCam 929 atomic absorption spectrophotometer (AAS). 

At muriatic extraction 5 g sample was extracted at room temperature for 2 hours with 
100 cm3 hydrochloric solution (0.1 M HCl) with continuous agitation. After extraction the 
solutions were filtered. The prepared filtrates were also analysed in AAS. 

Ca, Mg, Hg, Pb, Zn, Fe elements were analysed in the AAS while sodium and potassium 
were also analysed in the UniCam 929 but with atomic emission spectrometer (AES) function 
of equipment. 

 

 

     

 
Figure 1. 

The location of investigated waste dump on the mine site of Rudabánya  
and location of sampling points 
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RESULTS 

The pH of samples shows that the environment has alkaline reaction which was caused 
by carbonates (Table 2). 

To compare the applied extraction 
methods with Dold’s sequential 
extraction the distilled water extraction 
is the first step, the muriatic extraction 
is the reduced sixth step of Dold 
extraction. During aqueous extraction 
the secondary sulfates were dissolved 
but the muriatic extraction was a huge 
jump after distilled water which 
skipped across 4 steps (Table 1) so this 
extract included the absorbed and 
exchangeable ions, residue of 
dissolution of FeIII  oxyhydroxides, FeIII  oxides, organics and secondary Cu sulfides and 
maybe the primary sulfides as well. After extraction the changes in the pH were not detected 
but probably they changed due to the high carbonate content of samples. This buffer capacity 
of soil samples could inhibit the dissolution of primary sulfides.  

After aqueous extraction lead and zinc were detected in case of some sample points 
(Table 3). In the case of zinc it means that samples included zinc sulfates which could be 
solved in water easily. In the case of lead there were three samples where lead was observed 
but it must be a mineral different from secondary sulfates because the lead sulfate is insoluble 
not only in water but also in weak acid. The calcium and magnesium content of samples was 
higher than sodium and potassium content. The presence of calcium and magnesium in 
aqueous extract proves its calcium and magnesium sulfate content. 

After muriatic extraction the concentration of investigated elements increased 
significantly. The calcium and magnesium content of samples was high due to the presence 
of carbonates which could be easily solved by hydrochloric acid. The host rock of 
mineralization was limestone (CaCO3) and dolomite (CaMg[CO3]2) that originates the high 
concentration of calcium and magnesium. Also the high carbonate content has correlation 
with alkalinity of soil samples (Table 4).  

Table 2 
Reaction of samples  

 Sample Aqueous pH Potassium chloride pH 
1/1 7.82 8 
1/2 8.08 8.14 
1/3 8.15 8.13 
1/4 7.99 8.07 
1/5 7.96 8.08 
2/1 7.95 7.95 
2/2 7.85 7.82 
L.A. 7.88 7.81 

 

Table 3 
Results of aqueous extraction 

 Sample Ca Mg Na K Fe Hg Pb Zn 
  mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

1/1 0.226 0.143 0.051 0.034 udl udl udl udl 
1/2 0.205 0.193 0.036 0.041 udl udl 0.006 udl 
1/3 0.176 0.083 0.039 0.035 udl udl udl 0.001 
1/4 0.172 0.081 0.032 0.026 udl udl udl 0.001 
1/5 0.193 0.080 0.041 0.033 udl udl udl 0.001 
2/1 0.187 0.105 0.077 0.066 udl udl 0.001 0.001 
2/2 0.202 0.095 0.056 0.071 udl udl 0.003 0.001 
L.A. 0.101 0.045 0.063 0.106 udl udl udl 0.003 

udl – under detectable limit (< 0.001) 
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To compare the aqueous and muriatic extraction the concentration of sodium and 
potassium were not changed. It means there are no other minerals on higher dissolution steps 
on the site which have sodium and potassium content. 

The iron content of extracts was changed significantly in muriatic extraction. This 
additional iron content could be originated from iron carbonates because sideritic ore was 
also exploited on the site or from FeIII  oxyhydroxides and FeIII  oxides or from primary 
sulfides.  

The heavy metal content of the muriatic extracts was also higher compared to aqueous 
ones. It was caused by dissolution of sulfides like sphalerite, galena and cinnabar or 
mobilization of metals from surface of inorganic, organic colloids, like fulvates and humic 
acid. The highest mercury content were detected at the sampling points 2/1 and 2/2, in the 
case of lead point 1/2,  in the case of zinc point 1/4 was found to be the most concentrated.  

 

CONCLUSIONS 

The extraction test can provide information about the mobilization of heavy metal 
content of waste dumps of Rudabánya. This information is integrant to model the correct 
migration process of heavy metals. 

The dissolution of minerals largely depends on aggressivity of solvent. In our 
experiments extractions of distilled water and 0.1 M HCl solution were investigated on 
samples of the waste dump. In aqueous extraction on neutral pH the heavy metals (mercury, 
lead, zinc) could not be dissolved or the dissolved volume was negligible (Table 3). But 
during muriatic extraction the mobilization of heavy metals became significant (Table 4). 
This extreme acidic environment is not typical on the mine site of Rudabánya so the amount 
of mobile heavy metals in muriatic extraction is over-estimated. Generally, the reaction of 
rainfall is not neutral because of dissolution of CO2, SO2 etc. so the dissolved amount of 
heavy metals in aqueous extraction is under-estimated. By the application of Dold’s 
extraction method the amounts of heavy metals are determined which could also be 
mobilized by effect of weak acid.  

The results of sequential extractions will be more useful to model the natural conditions 
at the site.  

Table 4 

Results of muriatic extraction 

 Sample Ca Mg Na K Fe Hg Pb Zn 
  mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

1/1 18.07 8.70 0.04 0.05 0.69 udl 0.06 0.59 
1/2 18.15 9.12 0.04 0.07 3.35 0.001 0.27 0.95 
1/3 18.43 9.02 0.04 0.05 2.31 0.001 0.12 0.31 
1/4 18.14 9.12 0.05 0.04 2.66 udl 0.08 1.97 
1/5 18.37 9.17 0.04 0.04 1.47 udl 0.06 0.66 
2/1 21.54 6.62 0.05 0.05 0.03 0.021 udl 0.33 
2/2 24.78 5.14 0.04 0.06 udl 0.022 udl udl 
L.A. 19.02 10.01 0.05 0.08 1.03 0.009 0.03 0.32 

udl – under detectable limit (< 0.001) 
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