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Abstract: By directly assessing, through atomic absorption spectrometry (AAS), the heavy metals and the 
arsenic contents of natural water-flows that cross regions where large-scale mining activities are carried 
out, there are quite accurately estimated the corresponding amounts of contamination. The present paper 
describes the methodology which was employed in order to assess the contents of Mn, Fe, Cu and Zn, by 
means of flame-AAS, and the contents of Cr, Co, Ni, Cd, Al, Pb, Sb and As, by means of direct 
electrothermal-AAS. The analytical methods which had been developed have been further utilized in 
surveying the chemical composition of an almost 110 km long stream section of Arieş river, by 
considering water samples collected both from the surface flow, and from the adjoining hyporheic zone. 
The experimental activities managed to identify two distinct regimes, one that was relatively normal in 
terms of contaminants distribution and, in contrast, one episode of severe pollution. Through the adopted 
approach there was ascertained that also the hyporheic zone was contaminated with heavy metals carried 
by the stream Arieş, yet the corresponding concentration levels were significantly smaller, the latter 
circumstance outlining the role played by that zone in the processes of self-decontamination. 
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 1. INTRODUCTION 
 
 The contamination of surface water and of 
groundwater with various metals and semimetals 
(metalloids) derived from anthropogenic activities is 
an investigation field which in the recent years made 
the object of intensive studies, the latter 
circumstance being a consequence of the 
corresponding high toxicological potential and of the 
undesirable effects exerted on the associated 
ecosystems (Damian & Damian, 2006; Jelea et al., 
2007; Bogatov & Bogatova, 2009; Custer et al., 
2009), and - last but not least - of the effects exerted 
on the general health condition of the human 
communities which use of the concerned water 
supplies. In particular, conspicuously high pollution 
levels are recorded in stream-courses that flow 
across areas where mining activities are carried out. 

The weathering of sulphide-rich mining waste 
causes acid mine drainage. Those efluents are 
characterized by low pH and contain significant 
quantities of sulphates, As, and heavy metals 
(Nordstrom, 2000; Herbert Jr., 2006; Rieuwerts et 
al., 2009; Casiot et al., 2009; Luís et al., 2009; 
Lizárraga-Mendiola et al., 2009). As a general rule 
however, the contamination of those stream-courses 
is a much more complex process, requiring that not 
only water was taken into account, but also the 
water-carried suspensions, as well as the 
accumulated sediments Boult (1996); Bird et al. 
(2003); Kraft et al. (2006); Matache et al. (2002). 
 An outstandingly important part in the 
dynamics of the processes of contaminants transport 
and of surface flows self-decontamination is played 
by the transition zone between streams and 
groundwater. Orghidan (1955, 1959) was the first to 
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recognize the groundwater/surface water interface as 
a distinct zone, with a specific ecological 
significance, that zone being designated by him as 
the hyporheic biotope". The term "hyporheic" 
originates in the Greek roots hypo, meaning under, 
and rheos, meaning a stream. There is so far no 
unanimously accepted definition of the hyporheic 
zone, each of the several disciplines that investigate 
it making use of its own definition. Until recent 
times, related biology, ecology (Brunke & Gonser, 
1997) or microbiology studies (Feris et al., 2003, 
2004) were prevalent. During the last decade, the 
focus of the studies has however shifted toward 
investigations that addressed the hyporheic zone in 
terms of the surface-flows and groundwater-flows 
hydrology (Bencala, 2000; Sophocleous, 2002; 
Smith, 2005; Dogwiler & Wicks, 2006; Burkholder 
et al., 2008), of geochemistry (Harvey & Fuller, 
1998; Jonsson, 2003; Zaramella et al., 2006) and of 
biogeochemistry (Bridge, 2005) of the contaminants 
transport, the nitrogen cycle included (Hinkle et al., 
2001; Marshall & Hall Jr., 2004). A special attention 
was devoted to the role played by the hyporheic 
zone in the self-decontamination of the surface 
waters subject to pollutions that involved heavy 
metals (Gandy et al., 2007; Fuller & Harvey, 2000; 
Grosbois et al., 2009) and arsenic (Nagorski & 
Moore, 1999; Brown et al., 2007) resulted from 
mining activities. 
 Arieş ranges among the stream-courses in our 
country which are the most heavily affected by 
mining activities carried out in the associated 
catchment areas. The mines, the quarries, the waste 
dumps, the tailing ponds, the fluid pipes and the ore 
dressing plants - all of them are major pollution 
sources, especially as far as heavy metals are 
concerned (Luca et al., 2006). In this respect, a 
series of studies have already addressed the 
mineralogy (Neacşu et al., 2009), soil contamination 
(Lăcătuşu et al., 2009) and surface water pollution in 
that area (Forray & Hallbauer, 2000; Bird et al., 
2005; Florea, 2007; Senila et al., 2007; Friedel et al., 
2008). 
 In terms of concerned analytical techniques, 
assessments of the heavy metals contents are usually 
carried out both by atomic spectrometry including 
flame (F-AAS) or graphite furnace (GF-AAS) 
atomic absorption spectrometry, and by inductively 
coupled plasma mass spectrometry (ICP-MS). 
However, due to the high complexity of the matrices 
and to the low levels of the metal ions 
concentrations in the aquatic samples, their 
separation, and also the use of a pre-concentration 
step prior to the metal analysis are usually required. 
To this purpose, a multitude of separation and pre-

concentration procedures have been developed for 
trace metal ion determination, including: solid phase 
extractions (Tuzen et al., 2005; Liu et al., 2005; 
Tokalıoğlu et al., 2009; Shabani et al., 2009), ion 
exchange (Kara et al., 2005, 2006), coprecipitation 
(Tokalıoğlu & Yıldız, 2009) or size exclusion 
chromatography (Laborda et al., 2009). 
 In the following, there are described the direct 
procedures based on atomic absorption spectrometry 
which have been used for assessing the contents of 
certain metals and of arsenic in the stream-water of 
Arieş and in the hyporheic zone associated to the 
latter. To this purpose there have been employed 
both atomization techniques that are currently of 
common use, namely the flame AAS (for the 
assessment of the Mn, Fe, Cu, and Zn contents) and 
the electrothermal AAS (for the assessment of the 
Cr, Co, Ni, Cd, Al, Pb, Sb, As contents). The 
accuracy of the method was confirmed by analyzing 
the certified reference materials and the recovery 
studies. Relying on the indicated experimental 
approach, there were outlined the inter-relationships 
which existed between the surface water and the 
hyporheic zone. 
 
 2. THE STUDY AREA 
 
 The stream Arieş is the most important right-
hand side tributary of Mureş, which at its turn is one 
of the main rivers in north-western Romania. The 
stream-flow of Arieş ranges between 5 and 63 m3/s, 
with the corresponding multi-annual average 
amounting to 24 m3/s (Forray & Hallbauer, 2000). 
On both sides of the valley, hill-tops reach 
elevations in the1000–1200 m a.s.l. range, while the 
river streambed, in the neighborhood of Baia de 
Arieş, reaches an elevation of about 480 m a.s.l.. 
The catchment area of Arieş stream extends over 
2540 km2, the actual stream-course being directed 
eastward, along the northern edge of Metaliferi 
Mountains - a sub-unit of Romania’s Western 
Carpathians (the latter mountains unit being 
designated in Romanian as “Munţii Apuseni”). 
Starting from its headwaters located at 1160 m a.s.l., 
Arieş flows mainly on a gravel-bed. Various sources 
of contaminants occurring along its stream-course 
make it one of the most polluted rivers in Romania 
(Friedel & Linard, 2008). 
 The pollution levels induced by mining 
activities vary as a function of the ore-type which is 
mined, of the type of the host-rock, and of the 
exploitation methods that are employed (Forray, 
2002). The richest ore-potential of the Arieş River 
catchment area is concentrated in 20 metalliferous 
deposits, the most important of which are located at  
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Fig. 1. Location map indicating the surface and underground water sampling sites and the main tailing ponds associated 
to the mining works located within the Aries stream catchment area. Legend: 1 - Sampling point, 2 - Tailing pond, 3 - 
River, 4 - National road, 5 - urban and 6 - rural localities. The sampling points are: 1 - Scărişoara 1, 2 - Scărişoara 2, 3 - 
Vadul Moţilor, 4 - Pod Hădărău, 5 - Baia de Arieş, 6 - Sărtaş, 7 - Brăzeşti 1, 8 - Brăzeşti 2, 9 - Sălciua de Jos, 10 - 
Lunca Arieşului, 11 - Vidolm, 12 - Buru 1, 13 - Buru 2. The indicated tailing ponds are: A - Sălişte, B - Gura Roşiei, C 
- Ştefanca 1, D - Ştefanca 2, E - Valea Şesei, F - Valea Cuţii, G - Valea Sărtaşului, H - Brăzeşti, I - Făgetu Ierii şi J - 
Bărişoara. 
 
Roşia Montană and at Roşia Poieni (Luca et al., 
2006). Four important mines actively operate in the 
Arieş River catchment area: Roşia Montană, Abrud, 
Baia de Arieş, and Iara (Serban & Bălteanu, 2004). 
 The geologic structure of the Arieş stream 
catchment area includes sedimentary formations, 
volcanogenic-sedimentary formations, igneous and 
volcanic rocks with different chemical compositions, 
from acid to basic, as well as metamorphic 
formations. The tectonic structure is also complex, 
and so is the lithology of the area (Forray, 2002). 
Since ancient times, large amounts of Au, Ag, Cu, 
Pb, Zn have been extracted from that region (Neacşu 
et al., 2009). Ensuing to the mining operations, 
phenomena of chronic and acute environmental 
pollution have been induced to the surface-flows and 
to the groundwater, which became therefore 
contaminated with heavy metals and with other 
hazardous substances. The tributaries of Arieş are 
small, yet some of them still underwent a severe 
pollution induced by the extraction industry. Baia de 
Arieş and Roşia Poieni are the main extractive 
industry centers within the Arieş stream catchment 
area, being at the same time responsible for the most 
intense pollution phenomena. The latter originate 
mostly in mining activities, in non-treated waste-
water leakages, and to a lesser extent in sewage 
water discharges, in waste dumps, in settlements and 
in agricultural activities (Luca et al., 2006; Forray, 
2001). Besides metals, the stream-water of Arieş 

also contains organic pollutants, such as flocculants, 
surfactants, frothers and others, which all originate 
in ore dressing plants (Forray & Hallbauer, 2000). 
 
 3. SAMPLING AND ANALYTICAL 
METHODS 
 

The present study required that 13 water-
sampling stations were periodically set up along the 
stream-course of Arieş (Fig. 1). The sampling site 
occurring at the upstream extremity was set up in the 
area of Scărişoara village, while the one located at 
the downstream extremity, 108.42 km away from the 
first one, was set up in the village Buru. There have 
been collected two series of samples, the first one on 
18 April 2008, and the second one on 21 and 22 July 
2008. Water-samples from the stream-water of Arieş 
have been collected directly in HDPE Nalgene 
sampling bottles, at least 1m away from the stream-
border, in places where the thickness of the stream-
water layer exceeded 20 cm. In correspondence to 
the stream-water sampling sites, sampling operations 
have also been conducted on the stream-border, in 
order to collect, by means of the Bou & Rouch 
(1967) method, water from the hyporheic zone, from 
the 1–1.5 m depth range. The indicated Bou-Rouch 
procedure is widely used for collecting interstitial 
fauna, or for microbiological sampling (Guemmouh 
et al., 2005). Prior to sampling, every sampling 
bottle has been washed with Ultra-pure quality 
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acids, with ultra-pure water and, repeatedly, with the 
water that was finally meant to be sampled. 

When collected, water samples were filtered 
in situ by means of a Chromatography Research 
Supplies filtering system, provided with a manual 
Nalgene vacuum pump. MCE-Millipore membranes, 
mixed cellulose esters, of 0.45 µm porosity and of 
47 mm diameter have been used for filtering. Each 
membrane filter was washed in ultra-pure water 
before the experiment and used only once. During 
filtration, the first 250 mL of solution were 
discarded, thus allowing the saturation of the 
membrane surface prior collecting the filtrate. 
Filtered water samples were acidified with 
Ultrapur®60% Nitric acid (Merck) to pH 2 and 
stored at 4°C. Heavy metal and arsenic 
concentrations were subsequently determined using 
atomic absorption spectroscopy. 

The water temperature was measured at the 
sampling site by using a Crison portable 
thermometer TM65 with Immersion probe Pt 1000 
sensor (measuring error ≤ 0.2°C, reproductibility 
±0.1°C). When samples were being collected, a 
Crison PH 25 portable instrument has been used in 
order to perform all pH measurements (50 51 
Electrode with integrated Temperature Probes ATC, 
NIST-traceable pH buffer solutions pH 4.01 and 
7.00), according to (Wilde et al., 2006) 
recommendations. 

The Mn, Fe, Cu, and Zn concentrations in 
water samples were determined in laboratory by 
flame-AAS, while the Cr, Co, Ni, Cd, Al, Pb, Sb, 
and As concentrations were determined in laboratory 
by electrothermal-AAS. The determinations were 
carried out with a Perkin-Elmer atomic absorption 
spectrometer, model AAnalyst 700, with deuterium  

 
Table 1. The operating instrumental condition for flame AAS methods. 

Element Mn Fe Cu Zn 
Lamp HCL HCL HCL EDL 
Wavelength (nm) 279.5 248.3 324.8 213.9 
Slit (nm) 0.2 0.2 0.7 0.7 
Mode AA-BG AA-BG AA AA-BG 
Calibration Linear Nonlinear Linear Linear 
Standards (mg/L) 0.5, 1.0, 2.0 1.0, 3.0, 6.0 0.5, 1.0, 2.0 0.1, 0.3, 0.6 

 

Table 2 – The operating instrumental condition for electrothermal AAS methods. 

Element Cr Co Ni Cd 
Lamp HCL HCL HCL HCL 
Wavelength (nm) 357.9 240.7 232.0 228.8 
Slit (nm) 0.7 0.2 0.2 0.7 
Applied Current (mA) 25 30 25 8 
Energy 71 29 25 35 
Mode AA AA-BG AA-BG AA-BG 
Calibration Linear Linear Linear Nonlinear 
Standards (µg/L) 2, 6, 12 5, 15, 30 5, 15, 30 0.5, 1.5, 3.0 

Matrix modifier (5 µL) 1.0% Mg(NO3)2 1.0% Mg(NO3)2 1.0% Mg(NO3)2 
0.3% Pd + 0.2% 

Mg(NO3)2 
Element Al Pb Sb As 

Lamp HCL HCL HCL EDL 
Wavelength (nm) 309.0 283.3 217.6 193.7 
Slit (nm) 0.7 0.7 0.7 0.7 
Applied current (mA) 25 10 25 380 
Energy 55 42 71 29 
Mode AA-BG AA-BG AA-BG AA-BG 
Calibration Nonlinear Linear Linear Linear 
Standards (µg/L) 10, 30, 60 3, 9, 18 10, 30, 60 10, 30, 60 

Matrix modifier (5 µL) 1.0% Mg(NO3)2 4.0% NH4H2PO4 
0.3% Pd + 0.2% 

Mg(NO3)2 
0.3% Pd + 0.2% 

Mg(NO3)2 
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arc background correction, equipped with an HGA-
800 graphite furnace, an AS-800 autosampler (for 
GF-AAS) and S10 autosampler (for F-AAS). The 
calibration lines were traced using solutions 
prepared from standard solutions CertiPUR® 
(Merck). The methods accuracy, precision and 
sensitivity were tested by using the reference matters 
provided by Perkin-Elmer groundwater and 
wastewater pollution control certified reference 
materials (Trace Metals I - 15 elements - Part No. 
N9300211, Trace Metals II - 3 elements - Part No. 

N9300212 and Trace Metals III - 6 elements - Part 
No. N9300213). All the solutions were prepared 
with ultra-pure water (TKA Ultra Pure System 
GenPure, electric resistance 18.2 MΩ×cm). 
 In F-AAS determinations, all measurements 
were carried out in an air/acetylene flame, at flow 
rates of 17 and 2.0 L/min, with a 10 cm long slot-
burner head (Tab. 1). In GF-AAS determinations, 
pyrolytically coated graphite tubes with integrated 
platforms (Perkin-Elmer catalog No. B3001262) 
were used (Tab. 2). 

 
 

Table 3. Analytical performance and validation for flame AAS methods. 

Element Mn Fe Cu Zn 
n 10 10 10 10 

mg/L 0.04 0.11 0.008 0.024 Method 
detection limit 

St. dev. 0.013 0.035 0.0026 0.0081 
n 7 (at 0.5 6 (at 1.0 8 (at 0.5 6 (at 0.2 mg/L) Precision-

repeatability  0.021 0.041 0.087 0.0054 
n 24 (at 0.5 24 (at 1.0 24 (at 0.5 24 (at 0.2 Precision-

reproductibility  0.018 0.032 0.010 0.0132 
n 24 (at 0.5 24 (at 1.0 24 (at 0.5 24 (at 0.2 Trueness 

("bias") % 0.46 3.92 0.86 1.58 
Experimental 
recovery % 97.6–106.5 88.3–101.6 89.1–104.7 87.4–108.0 

 
Table 4. Analytical performance and validation for electrothermal AAS methods. 
Element Cr Co Ni Cd 

n 10 10 12 18 
µg/L 0.30 0.34 1.39 0.012 Method 

detection limit St. dev. 0.099 0.112 0.462 0.040 
n 8 (at 10 µg/L) 5 (at 20 µg/L) 5 (at 20 µg/L) 8 (at 2 µg/L) Precision-

repeatability  0.195 0.681 0.994 0.0542 

n 19 (at 10 
µg/L) 

12 (at 20 
µg/L) 

13 (at 20 
µg/L) 15 (at 2 µg/L) Precision-

reproductibilit
y  0.618 0.702 1.384 0.1503 

n 19 (at 10 
µg/L) 

12 (at 20 
µg/L) 

13 (at 20 
µg/L) 15 (at 2 µg/L) Trueness 

("bias") % 0.65 1.85 6.21 3.06 
Experimental 
recovery % 86.6–98.5 91.9–105.2 89.0–103.9 93.2–107.4 

Element Al Pb Sb As 
n 12 15 10 16 

µg/L 0.22 0.45 3.89 0.42 Method 
detection limit St. dev. 0.075 0.150 1.296 0.139 

n 5 (at 20 µg/L) 6 (at 10 µg/L) 4 (at 40 µg/L) 5 (at 20 µg/L) Precision-
repeatability  1.924 0.390 0.587 1.924 

n 12 (at 20 
µg/L) 

12 (at 10 
µg/L) 8 (at 40 µg/L) 12 (at 20 

µg/L) 
Precision-
reproductibilit
y  1.304 1.159 4.961 1.304 

n 12 (at 20 
µg/L) 

12 (at 10 
µg/L) 8 (at 40 µg/L) 12 (at 20 

µg/L) Trueness 
("bias") % 6.58 0.65 5.38 6.58 
Experimental 
recovery % 93.9–100.8 89.9–105.1 86.0–105.4 93.9–100.8 
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The graphite furnace temperature programs 
were carried out according to the manufacturer 
recommendations. In most cases the water samples 
were analyzed directly, with an injected sample 
volume of 20 µL. 

In the case of the Al determinations, certain 
samples required preliminary dilutions, since the 
dilution capability of the auto-sampler was 
exceeded. The atomic absorption signal was 
measured as a peak area mode against an analytical 
calibration curve. The performance of the employed 
analytical procedures was determined according to 
the International Union of Pure and Applied 
Chemistry (IUPAC) (Thompson et al., 1999, 2002) 
and EURACHEM (Ellison et al., 2000) 
recommendations (Tabs 3, 4). 

 
4. RESULTS AND DISCUSSION 

 
 In Figs. 2-8 there are plotted the pH values 
and the values of the heavy metals and arsenic 
concentrations, determined for the two series of 
samples collected in the months of April and July 

2008 from the stream-water of Arieş and from the 
corresponding hyporheic zone. 
 The acquired experimental data point to a few 
general conclusions. In terms of hydrochemical 
characteristics, two distinct sections can be separated 
along the stream-course of Arieş: the section 
extending upstream Baia de Arieş, where the 
pollution level is comparatively low, and the section 
extending further downstream, where the heavy 
metals concentrations amount to significant values. 
The two right-hand side tributaries of Arieş are 
responsible for the indicated setting. The first among 
those streams is Abrud, whose catchment area 
includes the mining exploitation Roşia Montană. All 
the tributaries of that stream, many of which are 
subject to stream-courses that the mining works 
severely disrupted, are highly polluted (Bird et al., 
2005; Florea, 2007). The other Arieş tributary which 
poses serious contamination threats is Valea Şesei. 
The large tailing pond located in its area 
accumulates most part of the meteoric water that 
leaches the huge waste dumps derived from the 
quarry of Roşia Poieni. 

 
 

Figure 2. The variation of the pH and of the Mn, Cu and Zn concentrations along the stream-course of Arieş (lines) and 
at the corresponding hyporheic sampling sites (bars). 
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Figure 3. The variation of the Fe 
concentrations along the stream course 
of Arieş (lines) and at the hyporhe
sampling sites (bars). 
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Figure 4. The variation of the Al 
concentrations along the stream course 
of Arieş (upper field of the diagram) and 
at the hyporheic sampling sites (lower 
field of the diagr
 
 
 
 
 
 
 

 
Two distinct settings have been delineated by 

the two series of water samples. In April 2008, a 
high flow rate was discharging along the stream 
Arieş, being supplied mostly by snowmelt occurring 
in the mountainous, elevated region of the catchment 
area. Alternatively, the stream discharge was low in 
the month of July 2008, and subject to that 
circumstance there has occurred a severe pollution 
accident which originated in the Valea Şesei tailing 
pond, and that we detected as it evolved. Water that 
was strongly acid and extremely rich in heavy 
metals overflowed from the indicated pond and 
contaminated the stream water of Arieş over a 
distance that exceeded 50 km, resulting in pH values 
as low as 4.5–5.0 (Fig. 2), while the heavy metals 
concentrations rose significantly. By considering the 
heavy metals concentration distributions, there 
results that our sampling operation managed to 
detect the plume displacement prior to its arrival at 

the two sites located at the downstream extremity of 
the sampled stream section (which are specifically 
located within the premises of the village Buru). 
 Another general observation concerns the 
hyporheic domain heavy metals concentrations, 
which in most cases are lower than those of the 
stream-water. That circumstance substantiates the 
significant role that the hyporheic zone plays in the 
self-decontamination processes (Brunke & Gonser, 
1997; Gandy et al., 2007). Yet in the case of certain 
sampling stations, notable exceptions may occur: for 
instance, the sampling sites located within the Baia 
de Arieş–Brăzeşti section undergo obvious impacts 
due to the tailing ponds of Valea Sărtaşului and of 
Brăzeşti. 
 Specifically, small iron concentrations were 
recorded in the hyporheic zone water for most of the 
analyzed cases (Fig. 3). In addition, the Co and Ni 
concentrations of that area ranged - except for two 
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sampling sites of the hyporheic zone - below the 
detection limits of the employed methods (Fig. 5). 
Analogous situations were recorded also in the case 
of Sb and Pb (Fig. 7). Additionally, the contaminants 
concentrations in the hyporheic zone appear to 
experience seasonal variations, a fact which was also 
noticed by former investigators (Herbert Jr., 2006). 
Those fluctuations are however subject to intense 
distortions, which are a result of accidental dumping 
of waste-water originating in the tailing ponds 
located within the Arieş stream catchment area. 
Such incidents frequently lead to excessive 
accumulations of contaminants. Highly illustrative 
in this respect are the excessive concentrations of Fe 
(Fig. 3), Cd (Fig. 6) or As (Fig. 8) detected in certain 
water samples collected from the hyporheic zone.  
 The hyporheic domain behavior in terms of 
geochemistry is closely related to the local 
hydrology. Reciprocal recharge relationships exist 
between the streams network and the groundwater 
accumulations. The intensity and the direction of the 

water exchanges are controlled (among other) by the 
aquifer formations permeability and by the recharge 
sources of superficial or underground origin. The 
water exchange between the stream Arieş and the 
hyporheic accumulations located within the 
unconsolidated detritic deposits of the floodplain is 
controlled by the stream water-level. As a general 
rule, during drought periods, the streambed of Arieş 
is supplied by groundwater inflows provided by the 
deposits that build up the floodplain and the terraces. 
High discharge occurring during spring time, as well 
as summer time flash floods may induce temporary 
reversals in the groundwater flow direction, so that 
hyporheic groundwater accumulations within the 
floodplain start being recharged by the stream water. 
This is the setting which favors the pollutants 
transfer from the stream-course to the hyporheic 
water accumulations, the concerned process 
reaching its maximum intensity when the lower 
floodplain is actually flooded. 

 
 
 
 
 
 
 
Figure 5. The variation of the Co and Ni 
concentrations along the stream course of 
Arieş (lines) and at the hyporheic sampling 
sites (bars). 
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Figure 6. The variation of the Cd 
concentrations along the stream course of 
Arieş (upper field of the diagram) and at 
the hyporheic sampling sites (lower field 
of the diag
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Figure 7. The variation of the Sb and Pb 
concentrations along the stream course of 
Arieş (lines) and at the hyporheic sampling 
sites (bars).  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 8. The variation of the As 
concentrations along the stream course of 
Arieş (lines) and at the hyporheic sampling 
sites (bars). 
 
 
 
 
 
 
 

 
 The Al, Fe, and Mn contents of groundwater 
which saturates the hyporheic aquifer associated to 
Arieş stream are about one order of magnitude 
smaller than the corresponding contents of the 
surface water (Figs. 2-4). The weaker contamination 
of the hyporheic domain with those elements is due 
to the circumstance that in solution, they are liable 
to precipitate as hydroxides, generating fine colloids 
(Gandy et al., 2007; Harvey & Fuller, 1998). The 
latter, although being precipitation products, behave 
in terms of transport mechanisms similarly to the 
dissolved compounds. The generation of colloids, 
prevalently as a result of the trivalent cations 
hydrolysis, has also a significant operational 
outcome. Colloids penetrate the 0.45 µm filtering 
membrane (Kennedy et al., 1974; Boult, 1996; 
Cortecci et al., 2009). When water samples filtered 
in that way are analyzed by means of spectrometric 
methods (AAS or ICP), both phases - solution and 

colloidal - will be analyzed together, resulting in a 
positive deviation of the charges balance. 
 
 5. CONCLUSIONS 
 
 By directly assessing, through atomic 
absorption spectrometry (AAS), the heavy metals 
and the arsenic contents of natural water-flows that 
cross regions where large-scale mining activities 
are carried out, there are quite accurately estimated 
the corresponding amounts of contamination. The 
reasonably low detection limits of the indicated 
method, as well as its high accuracy, recommend it 
for performing detailed analytical investigations, in 
spite of the fact that it is less fast as compared to 
ICP methods. 
 The utilized AAS methods capabilities have 
been illustrated by the results of a water-chemistry 
survey that was conducted over an almost 110 km 
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long section of the stream Arieş, and that addressed 
both the surface flow and the adjoining hyporheic 
zone. By analyzing two series of samples, a 
relatively normal distribution of the contaminants 
has been identified on the one hand, while on the 
other, a severe surface-water pollution accident was 
detected. As a general rule, also the hyporheic zone 
was contaminated with heavy metals carried by the 
stream Arieş, yet the corresponding concentration 
levels were significantly smaller, the latter 
circumstance outlining the role played by the 
indicated zone in the self-decontamination 
processes. 
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