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Abstract: The study presents the current status of contamination with metals 
(Cu, Cr, Cd, Pb, Ni, Zn and As) and their anthropogenic or natural origin in the 
sediments of the Aries River Basin, Romania, affected by mining activities. 
The results indicated an enrichment of metals in the sediments. Different con-
tamination levels of the Aries River and its tributaries were identified. Accord-
ing to sediment quality guidelines and contamination indices, the sediments 
from the Aries River were found to be highly contaminated with Cd, Cu and 
As, considerably with Zn and moderately with Pb and Ni. The right-bank 
tributaries were found to be more contaminated than the left-bank effluents, 
where only contamination with As of geogenic origin was identified. Principal 
Component Analysis enabled the identification of five latent factors (86 % total 
variability), reflecting the anthropogenic and natural origins of the metals. 
Arsenic, Cd and partially Pb were found to have a common anthropogenic 
origin, different from that of Cu. The statistical approach indicated also the 
geogenic origin of Pb due to its association with Ca, K, Na and Sr. Chromium 
and Ni were attributed to natural sources through their association with Mn, Fe, 
Al and Mg. 

Keywords: river sediment; sediment quality guideline; contamination index; 
multivariate statistics. 

INTRODUCTION 

Although an important branch of the economy, mining has a negative repu-
tation for polluting surface water and sediments with solid wastes and acidic or 
circumneutral mine drainage that may contain significant metal levels.1–3 Consi-
dering their toxicity and high bioaccumulation capacity, metals are among the 
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most common pollutants of soil, water and biota. Sediments are preferred in 
regular environment monitoring as they represent a major sink for contaminants, 
have higher metal concentrations than water and lower temporal variability.4–9 

Romania has a long mining history of precious (Au and Ag) and base metals 
(Cd, Cu, Pb and Zn), but the inappropriate management of wastes has generated 
long-term pollution and even accidents with transboundary effects.10–15 These 
events were the starting point for studies on water and sediment quality in mining 
affected catchments.16–18 There are several studies regarding the impact of the 
opencast mining of porphyry Cu deposits and underground mining of auriferous 
pyrites on the Aries River Basin, but the origin and distribution of the contam-
inants in the area are still under debate.19–25 The aim of this study was to assess 
the contamination level in relation to Romanian Sediment Quality Guidelines 
(RSQGs),26 Consensus-Based Sediment Quality Guidelines (CBSQGs) of fresh-
water ecosystems27 and several contamination indices, as well as to identify the 
origin of several metals (Cu, Cr, Cd, Pb, Ni, Zn and As) in the sediments of the 
Aries catchment, Romania. 

MATERIALS AND METHODS 

Site description 

The Aries River (164 km in length) springs from the Bihorului Mountains and collects its 
tributaries on an area of around 3000 km2. The River crosses two towns (Campeni and Baia de 
Aries) and several villages with a total population of 40000 inhabitants. The riverbed is 
surrounded by forested hills at an altitude of 1000–1200 m. The Aries Basin is of high eco-
nomic importance because of the large reserves of gold and base metals and also has out-
standing tourism potential through its natural reservations and caves.20,28 The mining acti-
vities in the area encompassed the extraction of auriferous pyrite (Baia de Aries), Cu and Au 
ores (Rosia Montana), porphyritic Cu (Rosia Poieni) and Fe and Mg ores (Masca Baisoara). 
The ores were processed by flotation, while Au was extracted by the cyanide leaching pro-
cedure in Baia de Aries. Tailings and wastewaters were stored in several tailing ponds in the 
floodplain of the Aries River and its right-bank tributaries. Some of the mining and ore 
processing facilities were demolished, while others were conserved or have been abandoned. 
Currently, the opencast Cu mine at Rosia Poieni is in operation and the exploitation of gold 
and silver ores at Rosia Montana is planned to start. Although remediation measures have 
been undertaken, the centuries of mining activities and the poor management of the resulting 
wastes have led to deterioration of the ecosystem.21,23 

Sampling  

Fifteen spot samples from the sediment top layer (about 0–10 cm) were collected along 
the Aries riverbed over a distance of 92 km (Fig. 1). Sediment samples were also collected 
from tributaries in order to evaluate their possible contribution to the pollution of the main 
stream. Thus, samples were collected from 8 right-bank tributaries (Abrud, Stefanca, Muscani, 
Sesei, Harmaneasa, Cioara, Morilor and Rimetea), exposed in different extents to pollution by 
mining activities, and from 7 left-bank tributaries (Bistra, Valea Mare, Lupsa, Posaga, Ocolis, 
Ocolisel and Iara), situated outside the mining area. The sediment samples were collected 
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using plastic shovels and transported to laboratory in polyethylene bags. The bulk sediment 
samples were oven dried at 105±5 °C, homogenized and sieved to pass through a 63-μm sieve. 

 
Fig. 1. Map of the sampling points and mining facilities in the Aries catchment. 

Sample preparation and instrumentation 

The mineral composition of the river sediments was characterized by recording X-ray 
powder diffraction patterns employing a high-resolution Bruker D8 Advance diffractometer 
(Bruker-AXS, Karlsruhe, Germany) using the CuKα line. The metal contents in the sediments 
were determined by inductively coupled plasma optical emission spectrometry (ICP-OES) 
using OPTIMA 5300DV multichannel spectrometer (Perkin–Elmer, Norwalk, CT, USA), 
after aqua regia digestion according to ISO 11466:1995.29 Thus, 1 g of sediment sample was 
subjected to digestion with 21 mL of 37 % HCl and 7 mL of 65 % HNO3. The mixture was 
allowed to react overnight at room temperature, and then boiled under reflux for 2 h. After 
cooling, the mixture was filtered and diluted to 100 mL with ultrapure water. 

Accuracy of metals determination 

The accuracy of metals determination by ICP-OES was tested by analyzing two certified 
reference materials (CRMs), namely BCR 701 Freshwater sediment and NCS DC 78301 
River sediment purchased from LGC Promochem (Wessel, Germany). In accordance with 
Table I, the accuracy and precision for the determination of metals in the CRMs by ICP-OES 
were in the range of 92–105 % and 2.0–5.5 %, respectively. 

Sediment quality guidelines and contamination indices 

In order to screen sediments contamination, the metal contents were compared with the 
threshold values in RSQGs26 complying with EU legislation. For the assessment of ecotoxic-
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ological risk and to predict the potential effects of metals on sediment dwelling organisms, the 
metal concentrations were compared with the CBSQGs for freshwater ecosystems.27 For 
assessment of the extent of contamination in the catchment, several indices were calculated 
for the metals: the enrichment factor (EF, Eq. (1)) according to Sinex and Helz,30 the geoac-
cumulation index (Igeo, Eq. (2)) introduced by Muller,31 and the contamination factor (CF, 
(Eq. (3)) and contamination degree (CD) according to Hakanson.32 The background level used 
to calculate the indices was the elemental composition of the continental crust according to 
Taylor and McLeenan:33 Pb 20, Cu 25, Zn 71, As 1.5, Cd 0.098, Ni 20, Cr 35 and Fe 35000 
mg kg-1. Considering that Fe in sediments results mainly from natural weathering processes, it 
was used for the geochemical normalization of the metals:34 

 sample

background

([Me]/[Fe])

([Me]/[Fe])
=EF  (1) 

where [Me]/[Fe] refers to the metal-to-Fe ratio in the sediment sample or background. 

TABLE I. Comparison of the found content of metals (mg kg-1, n = 3 parallel samples) with 
the indicated/certified values in the certified reference materials 

Element 
BCR 701 Freshwater 

sediment 
NCS DC 78301 River 

sediment Average recovery 
% 

Pooled SD 
% 

Certifieda Founda Certifieda Founda 
As  –b 56±6 56±5 59±5 105 4.0 
Cd  11.7±1.0 10.3±1.5 2.45±0.2 2.35±0.3 92 5.5 
Cr  272±20 280±12 90±4 88±5 100 2.0 
Cu  275±13 276±15 53±3 52±3 99 2.3 
Mn  –b 675±45 975±17 920±40 94 2.3 
Ni  103±4 100±8 32c 30±3 95 3.6 
Pb  143±6 140±6 79±6 83±8 102 3.0 
Zn  454±19 458±14 251c 245±25 99 3.0 
aMean±U, where U expanded uncertainty for 95 % confidence level; bnot certified; cindicative value 

Values of EF < 1 indicate no enrichment, while values >1 indicate different degrees of 
enrichment.  

Geoaccumulation index resulted from comparing the current concentration of the 
elements in the sediments with their background values: 

 n
2

n
geo log

1.5

 
=  

 

c
I

B
 (2) 

where cn is the concentration of metal examined in sediments and Bn is the geochemical 
background concentration of metal (n). Based on the Igeo values, seven pollution classes were 
defined, ranging from unpolluted to extremely polluted. 

Contamination factor of a metal was computed by dividing its concentration in sediment 
by its background concentration. According to CF values, sediments contamination was 
classified as low, moderate, considerable or very high: 

 n

n

 
=  
 

c
CF

B
 (3) 
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Summation of CF values for seven metals (As, Cd, Cr, Cu, Ni, Pb and Zn) gave the 
contamination degree (CD) describing, according to Hakanson,32 the quality of the sediments. 
Based on the CD values, the sediments were classified into four classes corresponding to: low 
(CD ≤ 8), moderate (8 < CD ≤ 16), considerable (16 < CD < 32) and very high contamination 
(CD > 32). 

Statistical analyses 

The normality of all data was assessed by the Shapiro–Wilk test, while the Mann– 
–Whitney U test was used to assess significant differences between the metal contents in the 
main stream and its tributaries. 

Multivariate exploratory techniques, such as principal component analysis (PCA), 
hierarchical cluster analysis (HCA) and linear discriminant analysis (LDA) are widely applied 
to evaluate water and sediment quality through data reduction and classification.35-37 These 
techniques can be used to obtain relationships between parameters and sampling sites, or to 
identify the important factors and sources influencing sediment quality.38 PCA was used to 
outline the anthropogenic or natural origin of contaminants and to assess their specific input 
from tributaries to the main stream. A previous study revealed that tailings deposited in the 
Aries River Basin pose high contamination risk for the sediments, especially by As, Cd, Cu 
and Pb.39 

HCA and LDA were used to group the sediments (sites) in relation to their degree of 
metal contamination. The statistical approach is useful in case of complex systems such as 
sediment as it offers the possibility to establish correlations or differences between multiple 
parameters or sites considered in a study.40,41 Given the complexity of real field circum-
stances, the study took into consideration seven metals likely to be of anthropogenic origin 
and metals normally present in sediments from natural sources (Na, K, Ca, Mg, Ba, Sr, Al, Fe 
and Mn). For the multivariate statistical analysis, all parameters were z-scale standardized 
(mean = 0; variance = 1) in order to avoid misclassifications arising from the different orders 
of magnitude of the studied parameters.42 In order to define the geogenic and anthropogenic 
origin of the contaminants, PCA was applied on the standardized data, as this method is con-
sidered very efficient for this purpose. According to the Kaiser criterion, only the PCs with 
eigenvalue higher than 1.0 were retained and subjected to varimax rotation. Factor loadings 
used to determine the relative importance of a variable as compared to other variables in a PC 
were classified as “strong”, “moderate” and “weak” corresponding to absolute loading value 
of >0.75, 0.50–0.75, and 0.30–0.50, respectively.43 Positive values on each component are 
related to important inputs, whereas negative values correspond to low input. Hierarchical 
Cluster Analysis (HCA) and LDA allow the grouping of sampling sites based on their simil-
arities. HCA was realized by means of the Ward linkage method using squared Euclidian 
distance as a measure of similarity. LDA in the standard mode was applied to construct the 
discriminant function for an adequate classification of sediments/sites sharing similar 
pollution levels.41 The statistical analysis was performed using Microsoft Office Excel 2007 
with XLSTAT plug-in (Addinsoft). 

RESULTS AND DISCUSSION 

Mineralogical composition of the sediments 

The X-ray diffraction analysis emphasized the presence of silicates (quartz, 
SiO2 and albite, NaAlSi3O8) as the major class of minerals (20–50 %) in all 
sediments. However, differences in the mineralogical composition of sediments 
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were observed. Muscovite (KAl2(Si3Al)O10(OH,F)2) was found as the major 
constituent (20–50 %) in all tributaries and as a minor constituent (5–20 %) in the 
Aries River sediments. Orthoclase (AlKSi3O8) and illite (KAl2(Si3Al)O10(OH)2) 
were identified as minor minerals (5–20 %) in the sediments of the tributaries, 
while in those from the Aries River, they were present only in traces (<5 %). In 
contrast, feldspar (Al2CaO8Si2) and clinochlore ((Mg,Fe,Al)6(Si,Al)4O10(OH)8) 
were identified as minor minerals (5–20 %) in the Aries River sediments and in 
traces (<5 %) in the tributaries. Traces of cuprite (Cu2O) and calcopirite (CuFeS2) 
were found in the sediments of the Muscani and Sesei Tributaries, respectively. 
Effenbergerite (BaCu(Si4O10)) was identified as a minor mineral (5–20 %) in the 
Muscani, Sesei and Cioara Tributaries. Anglesite (PbSO4) was identified in 
traces (<5 %) in the sediments from sampling points S6–S10, situated in the area 
with maximum pollution. Minerals from the carbonate group, such as dolomite 
(CaMg(CO3)2) were identified as a minor component (5–20 %) in the sediments 
of the Aries River upstream from the pollution sources (S1–S3), while calcite 
(CaCO3) was identified in some of sediments of the right side tributaries. 

Metal contents and sediment quality 

The metal concentrations in the sediments from the Aries River and its tribu-
taries are presented in Tables II and III. Although strictly speaking, As is a metal-
loid, the term metal will be used in this paper to include all the elements under 
discussion. Examination of data revealed high variability of the Cu, Zn, Cd and 
Fe content in the sediments collected from the main stream. Differences among 
metal concentrations in sediments from the left-side tributaries were small, while 
sediments from the right-bank exhibited a much larger variability for As, Cd, Cu, 
Pb and Zn. The Shapiro–Wilk test showed that the metal contents in the sedi-
ments did not follow a normal distribution (p < 0.05). Thus, to evaluate the simil-
arity or difference in the contents of each metal between the main stream and its 
right/left side tributaries, the non-parametric Mann–Whitney U-test was applied. 
According to this test, the main stream was differentiated (p < 0.05) from the left 
side tributaries, situated outside the mining area, with respect to the Pb, Cu, Zn, 
As and Cd contents, and from the right side tributaries that drain the mining area 
with respect to the Pb, Zn, Cd, Ni and Cr contents.  

The guideline values for metals used for the characterization of sediment 
quality are presented in Table IV. According to Romanian legislation, sediments 
are considered unpolluted if the metal content is lower than the corresponding thres-
hold value. According to the CBSQGs, sediments are predicted to be non-toxic if 
the metal concentration is lower than the corresponding threshold effect 
concentration (TEC), while those with a metal content exceeding the probable 
effect concentration values (PEC) are predicted to be toxic. Sediments with a 
metal concentration between the TEC and PEC values are predicted to be neither 
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TABLE IV. Guideline values for metals for characterization of sediment quality 

Element 
RSQGsa CBSQGsb

Threshold value, mg kg-1 TECc, mg kg-1 PECd, mg kg-1 
Pb 85 35.8 128 
Cu 40 31.6 149 
Zn 150 121 459 
As 29 9.79 33.0 
Cd 0.8 0.99 4.98 
Ni 35 22.7 48.6 
Cr 100 43.4 111 
aRomanian Sediment Quality Guidelines26; bconsensus-based Sediment Quality Guidelines27; cthreshold effect 
concentration; dprobable effect concentration 

toxic nor non-toxic. The status of metal contents in the sediments according to 
the RSQGs and CBSQGs associated to relative frequency of occurrence (%) are 
exhibited in Fig. 2. Sediments in the main stream were found to be polluted with 
Cu, Cd and Zn. Sediments from the left-side tributaries exhibited values below 

 
Fig. 2. Status of metal contents in the sediments of the Aries River and its tributaries in 
relation to the RSQGs and CBSQGs values and the relative frequency of occurrence. 
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the RSQGs for Pb, Cu, Zn, As, Ni, Cd, and Cr, while the TEC value for As was 
exceeded in 3 tributaries. Sediments from the right-bank tributaries revealed dif-
ferences in terms of pollution and toxicity in relation to a particular contaminant. 
Differences in sediments ranking according to the two guidelines are because the 
RSQGs set the threshold values for the polluted or unpolluted status assessment, 
while the CBSQGs provide a basis for toxicity or non-toxicity prediction. How-
ever, good agreement between the rankings of sediments by the two guidelines 
was observed for Cu, Zn, Pb and Cr, while differences appeared in the case of 
As, Cd and Ni. 

The classification of the sediments from the Aries River and its tributaries of 
different pollution levels according to contamination indices are presented in 
Figs. 3–6. Figure 3 shows the enrichment of the metals in the sediments of the 
Aries River and the increase in pollution from upstream to downstream, which 
supports the role of the river in collecting contaminants from its tributaries. 
Values of the EF < 1.5 indicate a lithological source of the element, while values 

 

Fig. 3. Metal enrichment factor (EF) in the 
sediments: a) Aries River, b) left-bank tri-
butaries, c) right-bank tributaries. No enrich-
ment (EF < 1), minor (1 ≤ EF < 3), moderate 
(3 ≤ EF < 5), moderately severe (5 ≤ EF < 10), 
severe (10 ≤ EF < 25), very severe (25 ≤ EF < 
< 50) and extremely severe (EF > 50) enrich-
ment.30 
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of the EF > 10 suggests an anthropogenic origin.44 Values of the EF > 10 were 
found for As, Cd and Cu in sediments from the Aries River, for As, Cd, Cu and 
Pb in the right bank tributaries and As in the left bank tributaries, suggesting 
anthropogenic origins of these elements. 

 

Fig. 4. Metal geoaccumulation index (Igeo) in 
the sediments: a) Aries River, b) left-bank 
tributaries, c) right-bank tributaries. Practically 
unpolluted (Igeo ≤ 0), unpolluted to moderately 
(0 < Igeo ≤ 1), moderately (1 < Igeo ≤ 2), mode-
rately to heavily (2 < Igeo ≤ 3), heavily (3 < 
< Igeo ≤ 4), heavily to extremely (4 < Igeo ≤ 5) 
and extremely (Igeo > 5) polluted.31 

Figure 5 shows that the enrichment of metals in the sediments followed the 
order: Cr < Ni < Pb < Zn < Cu < Cd < As, which corresponded to different levels of 
contamination: very high for Cu, Cd, As (10 < CF < 11), considerable with Zn 
(CF =3.8), moderate with Pb and Ni (CF =1.4) and no contamination with Cr. 
Results indicated also the existence of local peaks, of which the most repre-
sentative was S10 site with a CF values of 21 (Cu), 16 (Cd), 12 (As) and 8.4 (Zn) 
and an overall CD of 61. The sediments of the right-bank tributaries were found 
to exhibit moderate to very high degrees of contamination. The data showed dif-
ferent index pattern of right-bank tributaries with respect to As, Cu, Cd and Pb 
(Harmaneasa, Muscani, Sesei, Cioara and Stefanca). The Abrud River different-
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iated itself from the other tributaries by the high Zn content in the sediment. 
After the confluence of the right-bank tributaries with the Aries River, an inc-
rease of the metal loading in the sediment was observed (sites S4–S7), corres-
ponding to a considerable contamination with Cu and Zn and very high cont-
amination with Cd and As. Sediments from the left-bank tributaries showed 
moderate degrees of contamination and lower metal loadings. Their classification 
as moderately to heavily polluted according to Igeo and very high contaminated 
according to CF was mainly due to As. Interestingly, the contamination of sedi-
ments with As was found to increase from west to east (Posaga, CF = 4.5; Igeo =  
= 1.6; EF = 15; Ocolis, CF = 6.0; Igeo = 2.0, EF = 21; Ocolisel, CF = 8.2, Igeo =  
= 2.5, EF = 30; Iara, CF = 10; Igeo = 2.8 and EF = 40) and the same was true for 
the main stream. In the absence of anthropogenic sources on the valley of the 
left-bank tributaries, the presence of As was attributed to the mineralogy of the 
local bedrock. 

 

Fig. 5. Metal contamination factor (CF) in the 
sediments: a) Aries River, b) left-bank tributaries 
and c) right-bank tributaries. Low (CF < 1), 
moderate (1 ≤ CF < 3), considerable (3 ≤ CF < 6) 
and very high (CF ≥ 6) contamination.32 
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Fig. 6. Contamination degree (CD) 
of the sediments in the Aries River 
and its tributaries. Low (CD ≤ 8), 
moderate (8 < CD ≤ 16), consider-
able (16 < CD < 32) and very high 
(CD > 32) contamination degree.32 

Multivariate statistics 

The varimax rotated loadings of the five PCs with eigenvalues higher than 1 
of the metal contents in sediments are presented in Table V. Five latent factors 
cumulated 86 % of the total variance and described different sources for the 
metals in the sediments. The first latent factor explaining 32 % represents sedi-
ment pollution with As and Cd (strong influence) and Pb and Cu (moderate inf-
luence) of anthropogenic origin, as suggested by the lack of correlation with 
naturally occurring metals, such as alkaline and alkaline earth elements. This 
factor was ascribed to the right-bank tributaries with very highly contaminated 

TABLE V. Varimax rotated factor loadings of significant PCs; * – strong influence on the 
latent factor; ** – moderate influence on the latent factor 

Metal PC1 PC2 PC3 PC4 PC5 
Pb 0.630** 0.612** –0.123 –0.156 0.246 
Cu 0.571** –0.412 0.351 –0.081 0.502** 
Zn 0.301 –0.197 0.821* –0.135 –0.155 
As 0.809* 0.075 0.037 0.414 –0.004 
Cd 0.825* 0.025 0.382 0.267 0.068 
Ni 0.292 –0.035 0.117 0.834* 0.069 
Cr 0.163 –0.044 0.025 0.924* 0.009 
Mn 0.405 0.433 0.686** 0.154 0.018 
Fe –0.068 0.110 0.872* 0.067 0.061 
Al 0.111 0.027 0.851* 0.335 0.197 
Ca 0.038 0.945* 0.027 –0.077 0.152 
K 0.032 0.570** 0.384 0.079 0.282 
Mg –0.071 –0.140 0.381 0.699** –0.053 
Na –0.140 0.463 0.241 –0.371 0.651** 
Sr –0.039 0.557** 0.017 –0.067 0.755* 
Ba 0.232 0.056 –0.045 0.216 0.889* 
Variability, % 32 22 14 10 8 
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sediments, namely Harmaneasa (Pb, As and Cd), Muscani (As, Cd and Cu), Sesei 
(As and Cu) and Cioara and Stefanca (As). The second PC with 22 % of total 
variance was correlated with the natural input of Pb (moderate influence), as 
shown by the positive loadings with alkaline and alkaline earth elements of geo-
genic origin. The third factor exhibiting 14 % of the total variance was indicative 
for the natural origin of Zn (strong influence) in the sediments, confirmed by the 
concomitant positive loadings with Mn, Fe and Al. The most probable source of 
Zn was the Abrud River, as shown above. The fourth factor accounting for 10 % 
of the total variance had positive loadings with Ni and Cr of geogenic origin, 
since most sediments exhibited minor enrichment/low contamination with these 
metals. The natural source of Ni and Cr is consistent with the moderate influence 
of Mg on PC4, as its minerals act as host-rocks for Ni and Cr.45,46 In the Aries 
Basin, Mg minerals are associated with those belonging to the silicate and carbo-
nate group, which explains the presence of Al in this factor, albeit with a weak 
influence on this factor.45 The last PC explaining 8 % of the total variance is 
associated with anthropogenic contamination of sediments by Cu, especially 
through the Muscani and Sesei Tributaries as their sediments were found to be 
very high contaminated with Cu. The results are in good agreement with the 
mineralogical analysis. The presence of Ba in this factor is related to wastes from 
the processing of Cu ores.47 The results of the HCA are displayed in Fig. 7. The 
cluster C1 groups the elements of geogenic origin (Pb, Ca, K, Na and Sr) and 
supports the idea that the natural input of Pb from bedrock in sediments is more 
significant than the anthropogenic source identified by PCA. The association of 
Zn with Mn, Fe and Al in the cluster C2 confirmed the natural origin of Zn. The 
cluster C3 is divided in two sub-clusters, one of which confirms the natural origin 
of Cr and Ni following the correlation with Mg, and the other proving the anthro-
pogenic origin of As, Cd and Cu. A similar origin of Ni and Cr was also found in 
the case of mine tailings deposited in the Aries River basin.39 This shows the 
greater influence of the anthropogenic origin of As from the right-bank tribut-
aries compared with the natural source of the left-side tributaries on the sedi-
ments in the main stream. The natural origin of Cr, Ni, Zn and the anthropogenic 
origin of As, Cd and Cu identified by the PCA and CA is in accordance with that 
suggested by their enrichment factors. 

The clustering of the sampling sites according to their contents of metals is 
presented in Fig. 8. The sampling sites were clustered in two groups according to 
the contamination degree: moderate to considerable (C1) and considerable to 
very high contamination (C2). This grouping is in agreement with the contam-
inant distribution in the studied sites and was confirmed by LDA with a 90 (C1) 
and 85 % (C2) prediction, respectively. 
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Fig. 7. Dendrogram showing the clustering of the metals in the sediments from the 

Aries River catchment. 

 
Fig. 8. Dendrogram showing the clustering of the sediments sampling sites from the Aries 

River catchment considering their metals contents. 

CONCLUSIONS 

A comprehensive insight of the current status of sediment contamination 
with metals and the potential origin of contaminants in the Aries River catchment 
has been provided. Guidelines and contamination indices were used to evaluate 
the contamination of the sediment, while multivariate statistical approaches 
allowed for the clarification of the anthropogenic or natural origin of seven metals. 
The obtained results indicated metal enrichments in sediment in the order 
Cr<Ni<Pb<Zn<Cu<Cd<As. The enrichment factors of the metals and the degree 
of contamination of the sediments in the Aries River increased from upstream to 
downstream with local peaks, demonstrating that the River remained a collector 
for pollutants coming mostly from the mine-affected right-side effluents. Sedi-
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ments of the Aries River were found to be very highly contaminated with Cd, Cu 
and As, considerably with Zn, moderately with Pb and Ni, and low with Cr. The 
right-bank tributaries were found to be very highly contaminated with Pb, As and 
Cd (Harmaneasa), As, Cd and Cu (Muscani), Cu and As (Sesei), As (Cioara and 
Stefanca) and Zn (Abrud). In contrast, the sediments from most of the left-side 
effluents were classified as very high contaminated only because of As. The PCA, 
HCA and LDA brought increased knowledge and contributed to a better under-
standing of the sediment pollution phenomena in the Aries River basin. The 
anthropogenic origin of As, Cd, Cu and some Pb in the main stream and the 
right-side tributaries was established. However, the anthropogenic source of Cu 
was found to be different from that of As, Cd and Pb. The geogenic input of Pb 
was confirmed by its association with Ca, K, Na and Sr in a common PC and 
cluster. The anthropogenic loading of As in the sediments from the right-side tri-
butaries was much higher as compared to the geogenic one from the left-bank tri-
butaries. Zinc occurred especially from natural source due to its retention on mine-
rals containing Mn, Fe and Al and came mainly from the Abrud River. Nickel 
and Cr were found to be of natural origin according to their association with Mg. 
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И З В О Д  

ПРОЦЕНА ЗАГАЂЕЊА И ПОРЕКЛА МЕТАЛА У РЕЧНИМ СЕДИМЕНТИМА 
ПОГОЂЕНИХ РУДАРСТВОМ: СТУДИЈА СЛУЧАЈА ЗАХВАТА НА РЕЦИ ARIES У 

РУМУНИЈИ  

ERIKA LEVEI
1
, MICHAELA PONTA

2
, MARIN SENILA

1
, MIRELA MICLEAN

1
 и TIBERIU FRENTIU

2 

1INCDO-INOE 2000, Research Institute for Analytical Instrumentation, 67 Donath, 400293, Cluj-Napoca, 
Romania и 2Faculty of Chemistry and Chemical Engineering, Babes-Bolyai University, 11 Arany Janos, 

400028, Cluj-Napoca, Romania 

Ова студија представља тренутни статус загађења металима (Cu, Cr, Cd, Pb, Ni, Zn и 
As) и њиховог антропогеног порекла у седиментима базена реке Aries у Румунији, који је 
погођен рударским активностима. Резултати указују на обогаћење седимената мета-
лима. Идентификовани су различити нивои загађења у реци Aries и њеним притокама. 
Према упутствима за квалитет седимената и индекса загађења, нађено је да су седи-
менти из реке Aries високо загађени са Cd, Cu, As, значајно са Zn и умерено са Pb и Ni. 
Нађено је да су десне притоке више загађене него леве, у којима је нађен само As гео-
лошког порекла. Статистичком PCA методом је идентификовано пет латентних фактора 
(са укупном варијабилношћу од 86 %), што одражава антропогено и природно порекло 
метала. Нађено је да As, Cd и делимично Pb имају заједничко антопогено порекло, раз-
личито од Cu. Статистички приступ је такође указао на геолошко порекло Pb, због своје 
повезаности са Ca, K, Na и Sr. Хром и Ni су приписани природном извору, на основу 
њихове повезаности са Mn, Fe, Al и Mg. 

(Примљено 1. маја, ревидирано 5. августа, прихваћено 24. августа 2013) 

_________________________________________________________________________________________________________________________

(CC) 2014 SCS. All rights reserved.

Available on line at www.shd.org.rs/JSCS/



 METALS IN THE SEDIMENTS OF ARIES RIVER, ROMANIA 1035 

REFERENCES 

1. B. Dold, Rev. Environ. Sci. Biotechnol. 7 (2008) 275 
2. J. Zobrist, M. Sima, D. Dogaru, M. Senila, H. Yang, C. Popescu, C. Roman, B. Abraham, 

L. Frei, B. Dold, D. Balteanu, Environ. Sci. Pollut. Res. Int. 16 (2009) 14 
3. M. Sima, B. Dold, L. Frei, M. Senila, D. Balteanu, J. Zobrist, J. Hazard. Mater. 189 

(2011) 624 
4. G. Bird, P. A. Brewer, M. G. Macklin, M. Nikolova, T. Kotsev, M. Mollov, C. Swain, 

Water Air Soil Pollut. 206 (2010) 105 
5. A. K. Krishna, K. R. Mohan, N. N. Murthy, Res. J. Environ. Earth Sci. 3 (2011) 103 
6. M. Varol, J. Hazard. Mater. 195 (2011) 355 
7. L. Djordjević, N. Živković, L. Živković, A. Djordjević, Soil Sediment Contam. 21 (2012) 

889 
8. K. T. Singh, G. N. Nayak, L. L. Fernandes, Soil Sediment Contam. 22 (2013) 256 
9. Z. Vuković, M. Radenković, S. J. Stanković, D. Vuković, J. Serb. Chem. Soc. 76 (2011) 

795 
10. J. M. Pope, M. E. Farago, I. Thornton, E. Cordos, Water Air Soil Pollut. 162 (2005) 1 
11. E. A. Cordos, T. Frentiu, M. Ponta, I. Marginean, B. Abraham, C. Roman, Chem. Spec. 

Bioavail. 18 (2006) 11 
12. A. Rusu, G. C. Jones, P. D. Chimonides, O. W. Purvis, Environ. Pollut. 143 (2006) 81 
13. T. Frentiu, M. Ponta, E. Levei, E. Gheorghiu, M. Benea, E. A. Cordos, Chem. Spec. 

Bioavail. 20 (2008) 99 
14. E. Cordos, R. Rautiu, C. Roman, M. Ponta, T. Frentiu, A. Sarkany, L. Fodorpataki, K. 

Macalik, C. McCormick, D. Weiss, Eur. J. Mineral Process. Environ. Prot.. 3 (2003) 324 
15. M. Macklin, P. Brewer, D. Balteanu, T. Coulthard, B. Driga, A. Howard, S. Zaharia, 

Appl. Geochem. 18 (2003) 241 
16. M. Ponta, T. Frentiu, A. Sarkany-Kiss, E. A. Cordos, Croat. Chim. Acta 75 (2002) 307 
17. G. Bird, P. A. Brewer, M. G. Macklin, D. Balteanu, B. Driga, M. Serban, S. Zaharia, 

Appl. Geochem. 18 (2003) 1583 
18. G. Bird, M. G. Macklin, P. A. Brewer, S. Zaharia, D. Balteanu, B. Driga, M. Serban, 

Environ. Geochem. Health 31 (2009) 741  
19. F. L. Forray, D. K. Hallbauer, Environ. Geol. 39 (2000) 1372 
20. M. Buza, L. Dimen, G. Pop, D. Turnock, GeoJournal 54 (2001) 631 
21. G. Bird, P. A. Brewer, M. G. Macklin, M. Serban, D. Balteanu, B. Driga, J. Geochem. 

Explor. 86 (2005) 26 
22. R. M. Florea, A. I. Stoica, G. E. Baiulescu, P. Capota, Environ. Geol. 48 (2005) 1132 
23. M. J. Friedel, J. A. Tindall, D. Sardan, D. L. Fey, G. L. Poputa, Reconnaissance study of 

water quality in the mining-affected Aries River basin, Romania, U.S. Geological Survey 
Open-File Report 2008-1176, 2008 

24. C. Marin, A. Tudorache, O. T. Moldovan, I. Povara, G. Rajka, Carpath. J. Earth Environ. 
Sci. 5 (2010) 13 

25. O. Moldovan, E. Levei, C. Marin, M. Banciu, H. Banciu, C. Pavelescu, T. Brad, M. 
Cimpean, I. Meleg, S. Iepure, I. Povara, Hydrobiologia 669 (2011) 63  

26. Romanian Ministry of Environment and Water Management, Ministerial Order No. 
161/2006 for the approval of the Normative regarding the surface water quality class-
ification in order to establish the ecological status of water bodies, Official Gazette, part 
I, 2006, p. 511 (In Romanian) 

27. D. D. MacDonald, C. G. Ingersoll, T. A. Berger, Arch. Environ. Contam. Toxicol. 39 
(2000) 20  

_________________________________________________________________________________________________________________________

(CC) 2014 SCS. All rights reserved.

Available on line at www.shd.org.rs/JSCS/



1036 LEVEI et al. 

28. V. Milu, J. L. Leroy, C. Peiffert, Environ. Geol. 42 (2002) 773  
29. ISO 11466, Soil quality – Extraction of trace elements soluble in aqua regia, 1995  
30. S. A. Sinex, G. R. Helz, Environ. Geol. 3 (1981) 315  
31. G. Muller, Umschau 79 (1979) 778  
32. L. Hakanson, Water Res. 14 (1995) 975  
33. S. R. Taylor, S. M. McLennan, Rev. Geophys. 33 (1995) 241  
34. S. Yilgor, F. Kucuksezgin, E. Ozel, Bull. Environ. Contam. Toxicol. 89 (2012) 512 
35. E. Levei, T. Frentiu, M. Ponta, M. Senila, M. Miclean, C. Roman, E. Cordos, Int. J. 

Environ. Anal. Chem. 89 (2009) 635 
36. T. Frentiu, M. Ponta, A. Mihaltan, E. Cordos, M. Frentiu, G. Lazaroiu, L. Traista, R. 

Indries, J. Optoelectron. Adv. Mater. 11 (2009) 697 
37. H. H. Ho, R. Swennen, V. Cappuyns, E. Vassilieva, G. Neyens, M. Rajabali, T. V. Tran, 

Soil Sediment Contam. 22 (2013) 415 
38. K. Nosrati, M. Van Den Eeckhaut, Environ. Earth Sci. 65 (2012) 331 
39. E. Levei, T. Frentiu, M. Ponta, C. Tanaselia, G. Borodi, Chem. Cent. J. 7 (2013) 5  
40. O. Abollino, M. Malandrino, A. Giacomino, E. Mentasti, Anal. Chim. Acta 688 (2011) 

104  
41. A. Giacomino, O. Abollino, M. Malandrino, E. Mentasti, Anal. Chim. Acta 688 (2011) 

122  
42. F. Zhou, H. Guo, Y. Liu, Y. Jiang, Mar. Pollut. Bull. 54 (2007) 745 
43. K. L. Lu, C.W. Liu, C. S. Jang, Environ. Monit. Assess. 184 (2012) 6071 
44. L. Zhang, X. Ye, H. Feng, Y. Jing, T. Ouyang, X. Yu, Mar. Pollut. Bull. 54 (2007) 974 
45. C. Ionescu, The Brucite–Mg(OH)2. Mineralogy and Mineralogenesis. Brucite Deposits in 

Romania, Didactica si Pedagogica, Bucuresti, 1999 (In Romanian) 
46. Jeffrey, Chemical methods of rock analysis, Pergamon, New York, 1975 
47. J. Van Deuren, T. Lloyd, S. Chhetry, R. Liou, J. Peck, Remediation Technologies 

Screening Matrix and Reference Guide, 4th ed., 2002, ahttp://www.frtr.gov/matrix2/  
/section2/2_8_1.html (Accessed 10 February 2012).  

_________________________________________________________________________________________________________________________

(CC) 2014 SCS. All rights reserved.

Available on line at www.shd.org.rs/JSCS/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




