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Abstract. Jarosite waste, originating from zinc extraction industry, is considered hazardous due to the 
presence and the mobility of toxic metals that it contains. Its worldwide disposal in many tailing damps 
has become a major ecological concern. Three different methods, namely modified Synthetic Precipitation 
Leaching Procedure (SPLP), three-stage BCR sequential extraction procedure and Potential Ecological 
Risk Index (PERI) Method were used to access the ecological risk of jarosite waste disposal in Mitrovica 
Industrial Park, Kosovo. The combination of these methods can effectively identify the comprehensive 
and single pollution levels of heavy metals such as Zn, Pb, Cd, Cu, Ni and As present in jarosite waste. 
Moreover, the great positive relevance between leaching behavior of heavy metals and F1 fraction was 
supported by principal component analysis (PCA). PERI results indicate that Cd showed a very high risk 
class to the environment. The ecological risk of heavy metals declines in the following order: 
Cd>Zn>Cu>Pb>Ni>As. 
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INTRODUCTION 

The deposition of jarosite waste in open tailing dumps is 
not a liable method because of future environmental 
cost. Open tailing dumps are exposed to weathering, 
acid mine drainage and mobilization of metals. There 
are many documented cases in which the long-term 
investigation of bioavailability of heavy metals in envi-
ronment have built up toxic metal concentration in soil, 
water, air and organisms.1 Today, it is widely discussed 
that the mobility and distribution of heavy metals from 
solid waste (including mining and industrial waste) 
depends not only on their concentration but also on their 
association form. Maximum contamination levels for 
toxic metals and other inorganic and organic compo-
nents in soil, water, waste and food chain have been set 
by different organizations such as: The United States 
Environmental Protection Agency (US EPA), World 
Health Organization (WHO), European Union, United 
States, etc. In order to avoid the environmental prob-
lems caused by the disposal and uncontrolled leaching 
of mining waste, the researchers are making great ef-
forts in developing different cleaner processes.2,3 The 
increase of economic and financial factors dictate that 

the industry should look forward for development of 
better opportunities on regard to the recycling or reusing 
of the industrial hazard waste. In this regard, the re-
searchers in India, China and Italy have intended to 
produce construction material from jarosite waste.4−7 
While, other researchers in the frame of sustainable 
development and waste management intended to recov-
er lead, zinc and precious metals through hydrometal-
lurgical route. This method was considered complex and 
with high economical cost.8 Acid leaching is another 
effort that was developed by cleaner’s processes. The 
metal ions are mainly associated with or are present in 
form of organic matter, oxyhydroxides of iron, alumi-
num and manganese, phyllosilicate minerals, carbonate 
and sulphides.9 In order to determine the chemical form 
and to evaluate the mobility and bioavailability of trace 
elements under different environmental conditions the 
sequential extraction techniques have been devel-
oped.10−13 In several countries, the problems of contam-
ination with heavy metals are increasing; therefore the 
application of principal component analysis and risk 
index method can be very useful tool for assessing the 
environmental impact of ecological risk of heavy metals 
in environment. Previous researchers had used several 
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methods, such as Geoaccumulation index, Principle 
component analysis and Set pair analysis to assess soil 
contamination levels of heavy metals. The Potential 
Ecological Risk Index (PERI) is a method that is used 
for the risk assessment of heavy metals. This method 
was first suggested by Håkanson in 1980 with the aim 
of indicating the environmental agents and prioritizing 
contamination studies in lakes and coastal systems.14 
Although potential risk factor was originally used by 
Håkanson for the purpose of controlling water pollution, 
in recent years it was very successfully used for the 
quality of sediments and soil in the environment with 
heavy metals. In order to assess the potential risk of 
heavy metals in lake sediments Håkanson used pre-
industrial reference levels as background infor-
mation’s,14−17 while others used various reference val-
ues.7,13−22 In general, this method was reported as pow-
erful diagnostic tool for the risk assessment of heavy 
metals in sediments and soil. 

Numerous authors have used the total metal content 
of heavy metals to determine the assessment of potential 
risk, while others think that total concentration of heavy 
metals does not provide the adequate information for 
assessing the toxicity. Recently, the toxicity of heavy 
metals was applied after the application of sequential 
extraction technique by using the concentration of heavy 
metals in exchangeable fraction. From the ecological 
point of view the pollution indexes provides useful in-
formation to public, decision makers and managers in 
processing and analyzing the environmental data.17 

The researchers report that multivariate statistical 
techniques are the right tool for viewing and analyzing 
some of complex data.18,19 The PCA is one of unsuper-
vised methods that estimate the correlation structure of 
the variables by finding hypothetical new variables 
(principal components − PC) that account the variance 
(or correlation) in a multidimensional data set.19 This 
method helps us to identify simultaneous analysis of 
several factors and explains the variability of the data 
during the reduction of a great number of variables to a 
few unrelated components. 

The objective of this study was to assess the eco-
logical risk of deposited waste in Mitrovica Industrial 
Park, Kosovo through the following work: (i) the total 
content of Zn, Pb, Cu, Cd, Ni and As in jarosite samples 
in Kosovo; (ii) a modified three-stage chemical extrac-
tion of heavy metal fractions and modified Synthetic 
Precipitation Leaching characteristics of heavy metals 
(SPLP); (iii) the principal component analysis (PCA) 
method to establish the correlations between speciation 
and leaching characteristic of heavy metals; (iv) Poten-
tial Ecological Risk Index Method (PERI) to assess 
potential environmental risks of jarosite. 
 
MATERIALS AND METHODS 

Sample Collection and Preparation 

The jarosite waste released from Trepça zinc smelter in 
Mitrovica Industrial Park (MIP), situated in northern-
eastern Kosovo is considered for the study. MIP is situ-
ated very close to the residential area of Mitrovica town, 
20 m next to the banks of Sitnica River. At present tail-
ings in MIP contains over 1.5 million tons of waste, out 
of which 500 thousand tons of these waste is released 
from jarosite process of Trepça zinc industry.20,23 Within 
the sampling framework the jarosite samples were col-
lected form open tailing damp. After sampling, jarosite 
waste was air-dried at room temperature, sieved through 
2 mm size sieve, mixed and homogenized using coning 
and quartering method and stored in polyethylene con-
tainers until analyzed. 
 
Chemical Analysis 

The chemical composition of jarosite samples was de-
termined by treating 0.3 g sample with HCl/HF/HNO3/ 
H3BO3 acid mixture digestion method at about 210 °C 
until the digested solution was clear.20  

A modified three-stage (BCR) sequential extrac-
tion method (Table 1) was adopted to fractionate heavy 
metals in acid soluble fraction, reducible fraction, oxi-

Table 1. Modified BCR three-step sequential extraction procedure 

Extraction step Solid phase Extraction procedure 

F1 Exchangeable, 
Acid-soluble fraction 

40 mL of 0.11 mol/L CH3COOH, shake 16 hours, room temperature. 

F2 Reducible fraction 40 mL of 0.5 mol/L NH2OH·HCl (pH=1.5, 2 mol HNO3), shake 16 hours at 
room temperature. 

F3 Oxidizing fraction 5 mL of 8.8 mol/L H2O2 (pH 2) shake for 2 h at 85 °C, cool, then 25 mL of 1 
mol/L CH3COONH4 (pH=2, HNO3 conc.), shake 16 hours, room temperature. 

F4 Residual fraction The pseudo total minus the three fractions. The pseudo total: digestion in aqua 
regia (3 mL HCl + 1 mL HNO3), shake for 16 h. 
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dizable fraction and residual fraction digested from the 
third stage.20,24 After each extraction, the separation was 
achieved by centrifuging at 3000 rpm for 30 min and the 
supernatant was filtered through 0.45 μm membranes. 
The extracts after each extraction step were evaporated 
to near dryness. Each extract was completed to 5 mL 
with 2 % nitric acid. Zn, Pb, Cu, Cd, Ni and As concen-
tration in digested solutions and extracts were analyzed 
by inductively coupled plasma optical emission spec-
troscopy (ICP-OES). A Teledyne Leeman Labs (Hud-
son, NH, USA) Prodigy High Dispersion ICP system is 
used. The samples were performed in triplicate through-
out all the analysis and the results reported were the 
average values. Blank determination was done using the 
same reagents as described in the analysis procedure. In 
order to evaluate the stability and accuracy of the pro-
cedure in all samples, the reference material BCR-701 
was used with the same procedure. 
 
Leaching Behaviour 

The jarosite samples were characterized for heavy metal 
leachability according to US EPA Method 1312:1994 
Synthetic Precipitation Leaching Procedure (SPLP).21 
The leaching procedure was as followed: 1 g (dry 
weight) of jarosite samples were added to polyethylene 
bottles and mixed with 50 mL acid rain (liquid to sol-
id=50:1) in a horizontal shaker at room temperature. 
Synthetic acid rain extraction fluid was prepared by 
adding the 60/40 weight percent sulphuric acid and nitric 
acid to distilled water until the pH is 3.0 ± 0.2. After the 
planned leaching time, the eluates were filtered using a 
0.45 μm membrane filter. Heavy metal contents were 
tested by ICP OES. The samples were also performed in 
triplicate and the results reported were the average val-
ues. All reagents used in this work were analytical or 
HPLC grade and used without any further purification. 
 
Statistical Analysis 

Principal components analysis (PCA) was carried out to 
find the relationship between leaching and various spe-
ciations. The number of significant principal compo-

nents was selected on the basis of Varimax orthogonal 
rotation with Kaiser Normalisation at eigenvalues great-
er than 1. The statistical analyses were preceded using 
Statistica version 10 software. 

The Potential Ecological Risk Index Method was 
used to assess the level of risk of heavy metals from 
jarosite samples. The assessment of heavy metal con-
tamination was carried out using the Contamination 
factor ( i

fC ).13 The design formula is as follows: 

sample reference
i i i
fC C C  (1) 

Where i
fC  S is the contamination factor for a single 

heavy metal; sample
iC  is the measured value of the heavy 

metal in the sample; reference
iC  are the parameters for 

calculation, with reference to the Kosovo standards for 
heavy metals in soil,22 Table 5. Potential ecological risk 
factor and potential toxicity response index of heavy 
metals was estimated in the version suggested by 
Håkanson14 using the following relationship: 

i i i
f f fE C T   (2) 

Where i
fT  is toxic response factor for a given element 

(Zn = 1, Pb = 5, Cd = 30, Cu = 5, Ni = 5, As=10). The 
sum of the potential ecological risk index ( i

fE )all ele-
ments examined represent the potential toxicity index of 
the environment which is calculated as follows: 

i
fR E  (3) 

The evaluation criteria of potential ecological risk of 
heavy metals are shown in Table 2. 
 
RESULTS AND DISCUSSIONS 

The chemical composition of jarosite waste in Kosovo 
obtained by ICP-OES is shown in Table 3. As can be 
seen from the Table 3, iron in form of Fe2O3 has the 

Table 2. Relationship between potential toxicity index (R), potential ecological risk index ( i
fE ) and pollution level13,14 

Scope of potential ecological 
risk index ( i

fE ) 
Ecological risk of single-
factor pollution  

Scope of potential  
toxicity index (R)  

General level of potential 
ecological risk  

i
fE <40 Low R<150 Low grade 

40≤ i
fE <80 Moderate 150≤R<300 Moderate 

80≤ i
fE <160 Higher 300≤R<600 Severe 

160≤ i
fE <320 High 600≤R Serious 

320≤ i
fE  Serious   
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highest content (44.94 %) among all other elements. SiO2 
is also important component with 6.31 %. The ranges of 
the total concentration for Zn, Pb, and Cu were 10.91 %, 
7.51 % and 0.97 %. In comparison, concentration varia-
tions of Cd, Ni, Mn and As were smaller. The ranges of 
total concentration for Cd, Ni, Mn and As were 2308.69 
mg/kg, 93.50 mg/kg, 6391.71 mg/kg and 5075.53 mg/kg, 
respectively. This observation indicates that the total 
concentration of heavy metals might be significantly 
affected by very high or low values. Therefore, the aver-
age concentration was used here to describe the charac-
teristic of heavy metal in jarosite waste. As a whole, the 
total concentrations of Zn and Pb were much higher than 
that of Cu, Cd, Ni, Mn and As. Lower concentrations of 
elements such as Co, Cr, Ba, Sr and Ag were recorded as 
well. The high total content of Pb and Zn in jarosite is 
contributed to chemical speciation of these two heavy 
metals formed during the zinc extraction process. 

A modified three-stage sequential extraction 
method was used to characterize the chemical speciation 
of heavy metals in jarosite waste in this study. The ex-
tracted fractions were exchangeable and acid soluble 
fraction, reducible fraction, oxidizable fraction and 
residual fraction, which were correspondingly noted as 
F1, F2, F3 and F4. As shown in Table 4, Zn showed the 
highest proportion of F1 fraction with an average of 
2224.05 mg/kg. The analyzed jarosite samples con-
tained F1 fraction for Cd 14.76 mg/kg, Cu 19.33 mg/kg, 
Ni 1.05 mg/kg, while the lowest proportion of F1 frac-
tion was for As is 0.44 mg/kg and Pb. The results show 
that apart from Zn all other heavy metals in F1 fraction 
were considered as having a weak binding and a weak 
potential bioavailability and leaching ability. The aver-

age of F2 fraction for Pb, Zn and Cu was 11700.3 
mg/kg, 3841.61 mg/kg and 1055.1 mg/kg, respectively. 
In comparison, F2 fraction for Cd was close to that for 
As. F2 fraction for Ni was the lowest in all six metals, 
and the average was 1.12 mg/kg. Ni and As had an 
approximate proportion in F3 fraction. The highest 
values were observed in Pb with an average of 11339.8 
mg/kg and Zn with 5233.25 mg/kg. Meanwhile, Cd 
showed the proportion of F3 fraction with an average of 
20.56 mg/kg and Cu with 104.32 mg/kg. In contrast, Zn, 
Pb, Cu, As, Cd and Ni were quite high in F4 fraction 
with their average values of 63311.19 mg/kg, 39426.55 
mg/kg, 4270.13 mg/kg, 5061.04 mg/kg, 861.60 mg/kg 
and 52.52 mg/kg, respectively. The highest values of 
heavy metals in F4 fraction shows that the F4 was the 
most difficult fraction to leach under natural conditions. 
Kruger et al.,25 confirmed that heavy metals in F1 frac-
tion represent a small fraction of the total metal content 
present in soil samples. Thus, the authors reported that 
this fraction generally accounted for less than 2 % of the 
total metals in soil samples, while in our case this frac-
tion generally presents 0.24 % of the total metal content. 

Table 3. Chemical composition of jarosite sample 

Element mean ± σ 
Al2O3, wt.% 1.42 ± 0.02 
Fe2O3, wt. % 44.94 ± 0.05 
SiO

2
, wt.  % 6.31 ± 0.7 

Zn, wt. % 10.91 ± 0.02 
Pb, wt. % 7.51 ± 0.13 
Cu, wt. % 0.97 ± 0.01 

Ag, mg kg−1 133.82 ± 11.82 
Ba, mg kg−1 578.90 ± 194.73 
Co, mg kg−1 30.38 ± 0.27 
Cd, mg kg−1 2308.69± 24.47 
Cr, mg kg−1 416.59 ± 14.35 
Mn, mg kg−1 6391.71 ± 84.06 
Ni, mg kg−1 93.50 ± 1.10 
Sr, mg kg−1 156.20 ± 2.01 
As, mg kg−1 5075.53 ± 5.52 

 

Table 4. The mean values of SPLP and three stage BCR se-
quential extraction of jarosite sample 

Elements SPLP 
(mg kg−1) 

BCR 
(mg kg−1) 

Cd 63.79 

F1 
F2 
F3 
F4 

14.76 
10.22 
20.56 

861.60 

Cu 133.66 

F1 
F2 
F3 
F4 

28.82 
1055.1 
104.32 
4270.13 

Ni 3.02 

F1 
F2 
F3 
F4 

1.08 
1.12 
0.79 
52.52 

Pb 120.00 

F1 
F2 
F3 
F4 

0.00 
11700.3 
11339.8 

39426.55 

Zn 4901.83 

F1 
F2 
F3 
F4 

2162.09  
3841.61 
5233.25 

63311.19 

As 0.45 

F1 
F2 
F3 
F4 

0.44 
12.99 
0.96 

5061.04 
F1: Exchangeable/Acid-soluble fraction; F2: reducible frac-
tion; F3: oxidizable fraction; F4: residual fraction. The results 
presents mean of triplicate samples. 
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US EPA SPLP test is a common method to predict 
possible leaching of heavy metals in different environ-
mental media. Figure 1. shows the leaching amount of 
heavy metals in jarosite samples by SPLP. Kosovo 
standard limits for heavy metals in soil22 were employed 
as supplementary in the study. As shown in Table 4, the 
leaching concentration of Cd was 63.79 mg/kg, where 
the amount of leached Cd is more than 2.0 mg/kg of the 

regulated limit. Cu had a SPLP leaching amount higher 
than 100 mg/kg of the regulatory limit. The leaching 
concentrations of Ni and As in jarosite samples were 
also smaller than 50 mg/kg of Ni regulatory limits and 
20 mg/kg of As regulatory limits. This result soundly 
established that SPLP leaching value did not have a 
fixed relationship with total concentration of heavy 
metals. 

  

 

  
Figure 1. Leaching amount and speciation in each fraction of heavy metals in jarosite waste (the horizontal red line means corre-
sponding standard limits). 
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Figure 2. Principal components analysis (PCA) results of SPLP leaching (LE) and BCR sequential extraction fractions for Pb, Zn, 
Ni, Cd, Cu and As. 
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On the other hand, the leaching concentration of 
Pb and Zn in jarosite sample exceeded the limits. For 
Pb, the leaching concentration was 133.66 mg/kg, com-
pared to the regulatory limit of 50 mg/kg. The leaching 
concentration of Zn was 4901.83 mg/kg. The excess of 
Zn leaching amount over the regulatory limits of 300 
mg/kg observed in jarosite samples suggested that Zn 
had the strongest mobility, followed by Pb, Cu and Cd. 
Based on the above sequential extraction and leaching 
results, something interesting could be found. For an 
instance, Pb had a total content of 7.51 %, 120 mg/kg 
leaching amount and no proportion in F1 fraction. Fur-
ther, it was observed that Pb had a high proportion in F2 
and F3 fractions. 

Principle components analysis (PCA) was applied 
to evaluate the possible relevance between chemical 
speciation and leaching toxicity. The dataset used in 
PCA were collected from the results of sequential ex-
traction procedure and leaching test. The variables were 
the concentration of heavy metals in modified BCR 
extraction speciations (F1, F2, F3 and F4) and SPLP 
leaching (LE). LE means the ratio of leaching concen-
tration to standard SPLP method, describing the degree 
of leaching ability for Zn, Pb, Cu, Cd, Ni and As. Two 
principal components (PC1 and PC2) were extracted 
through PCA for each metal. As shown in Figure 2, the 
location of speciation and LE in the graph determined 
the relevance among these variables. It was suggested 
that the location in the same scope showed the most 
closely relevance. Obviously, for Ni, Cu, and Cd, the 
LE was well in accordance with F1. Thus, the propor-
tion of Ni, Cu and Cd were leached into the acid (LE) 
and bio-available fraction (water/acid soluble fraction, 
i.e. F1). Whereas, As showed significant correlation 
between LE, F1 and F3 fractions. As in leaching toxici-

ty and acid-soluble form (F1) had almost the same po-
tential of mobility and availability. While, in F3 there 
are also, concentrations of As in the reducible fractions 
associated with Fe and Mn oxy-hydroxides. On the 
other hand, for Zn, the LE was in close relevance with 
F2 and F3 fractions. Zn is marked in the jarosite sam-
ples by a high potential of bioavailability, especially in 
oxidizable and reducible fractions with high concentra-
tion. The speciation of Zn in F2 and F3 reflects the 
dissolution of sulphides (sphalerite) and adsorption and 
co-precipitation with Fe oxides. However, no distinct 
connection was obtained among the LE and speciation 
for Pb. Due to the low leaching rate and Pb speciation in 
F1 (concentration rate set to zero), it may be unneces-
sary to pay more attention. 

Nevertheless, using component analysis, we ob-
tained a statistically highly significant correlation be-
tween metal speciation and acid leachability. These 
findings could be important for building future models 
predicting the bioavailability, mobility and leachability 
of heavy metals in jarosite waste. Such models could be 
of a great importance for utilization of jarosite waste. 

In order to assess the environmental risk of heavy 
metals present in jarosite tailing waste, individual con-
tamination factor ( i

fC ) of elements was calculated. In 
this study, i

fC  was calculated as a fraction of exchange-
able and acid-soluble (F1) with the reference to Kosovo 
limits of heavy metals in soil.22 The results of SPLP and 
F1 were selected since other researchers confirmed that 
the exchangeable and acid-soluble form were the direct 
phases that polluted the environment.26−29 Min et al.13 
suggested that total metal content of heavy metals pro-
vides inadequate information about the toxicity or bioa-
vailability.25,30 PERI results (Table 5) showed that 
leaching of metals under acidic conditions present the 

Table 5. Potential ecological risk assessment results of metals present in jarosite waste 

 Element sample
1mg kg

iC
  reference

1mg kg

iC
  i

fC   i
fT  i i i

f f fE C T   i
fR E  

SPLP 

Cd 63.79 2 21.26 31.8 676 711.5 
Zn 4901.83 300 16.33 1 16.33  
Cu 133.67 100 1.33 5 6.65  
Ni 3.02 50 0.06 5 0.3  
Pb 120.00 50 2.4 5 12  
As 0.45 20 0.02 10 0.22  

BCR (F1) 

Cd 14.76  2  7.38  30  221.4  230.37 
Zn 2162.09  300 7.206  1 7.206   
Cu 28.82  100 0.28  5 1.441   
Ni 1.08 50 0.021 5 0.108  
As 0.44 20 0.022 10 0.22  

SPLP: Synthetic Precipitation Leaching Procedure, BCR (F1): BCR exchangeable fraction 
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direct form that pollutes the environment. PERI results 
suggested that Cd in jarosite waste was the main risk 
source. As shown in Table 5, there were about high to 
very high risk class due to the high PERI values of Cd. 
Zn and Pb also exhibited low PERI values varied from 
7.2 to 16.3. In addition, Cu, Ni and As showed no risk 
class. 

In general, the calculated PERI values under SPLP 
conditions showed serious ecological risk (600 ≤ R) 
with 711.5. The scope of potential toxicity index of the 
elements extracted on F1 have moderate ecological risk 
(150≤ R <300) with 230.37. 

In general, PERI results showed that not only the 
high content heavy metals Zn and Pb, but also some low 
content heavy metal Cd posed potential risks to the 
environment because of their proportion in acid soluble 
fraction and toxic response factor. 
 
CONCLUSION 

Jarosite waste in Kosovo was investigated to determine 
the characteristics, leaching behavior and ecological 
risks of heavy metals. The content of analyzed heavy 
metals in jarosite decreased in the order Zn > Pb > Cu 
>As> Cd > Ni. The predominant speciation of Cd was 
F1 and F3 fraction. Although Pb had no proportion in 
F1 fraction, it had relatively high proportion in F2 and 
F3 fraction. F4 fraction was the major speciation for all 
analyzed metals. The leaching concentration of Zn, Cd, 
Cu and Pb also exceeded the standard limits. However, 
the SPLP leaching concentrations of Ni and As were 
under the standard limits. The close relevance of SPLP 
leaching toxicity and F1 fraction was observed in Zn, 
Cu, Cd, Ni and As by PCA method. No close relevance 
was obtained among the LE and speciation for Pb. Fur-
thermore, PERI results showed that Zn has the highest 
contamination factor, while Cd posed very high ecolog-
ical risk to the environment due to the high toxic re-
sponse factor. 
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