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Abstract: By means of atomic absorption spectrometry with atomization in flame and in graphite oven, 
the concentration of heavy metals (Cu, Zn, Ni, Cr, Cd and Pb) has been determined in suspended 
particulate matter and in groundwater occurring in the area of the future weak- and medium-radioactive 
waste repository at Saligny-Romania. Experimental results have shown that for certain heavy metals (for 
instance Zn and Ni), which in the dissolved phase occurred in concentrations that ranged close to, or 
below the detection limit of the utilized methods, quantitative determinations could be nonetheless 
obtained for the corresponding contents in the suspended particulate matter (for Zn: 611.7-40527.7 ppb 
and for Ni: 80.7-3053.7 ppb). It was thus outlined the important part that the suspended particulate matter 
played in the pollutants transfer in natural aqueous environments.  
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1. INTRODUCTION 
 

Among the elements with elevated toxic 
potential that occur in the environment, the heavy 
metals are the most toxic inorganic pollutants. Their 
impact is quite severe, since in this respect, the 
underground aquatic ecosystems have only a poor 
self-cleaning capacity. In particular, heavy metals 
accumulate in the water, in the sediments and in the 
particulate matter. It is nowadays unanimously 
recognized the fact that the suspended particulate 
matter (SPM) plays an important role in the 
contaminants transport: most elements with elevated 
toxic potential are partly or almost entirely carry 
away by SPM (Fetweis et al., 2007; Minaberry & 
Gordillo, 2007). A multitude of complex chemical 
and biogeochemical processes, as well as existing 
hydrogeological settings contribute to heavy metals 
becoming more concentrated by adhering to these 
active surfaces (Audry et al., 2006; Minaberry & 
Gordillo, 2010). Consequently, it is quite frequent 
that heavy metals which in the water samples are 
present just at (or below) the detection limit of the 
analytical methods, become quantitatively detectable 
when occurring on the SPM; this latter circumstance 

requires corresponding appropriate investigations to 
be included in the monitoring programs. There are 
two different ways for assessing the concentrations 
of heavy metals attached to SPM, namely a direct, 
and an indirect one. The direct assessment methods 
consist in separating the suspensions, by means of 
filtering, after which the separated matter is digested 
and analyzed as a general rule (Ödman et al., 1999, 
2006; Marin et al., 2010a). The indirect assessment 
consists in separately analyzing the filtered and the 
unfiltered water sample, and in ascribing the 
difference in concentration between the two 
analyzes to the concentration of the element attached 
to the SPM (Cidu & Frau, 2009; Gammons et al., 
2005; Pokrovsky & Schott, 2002; Cortecci et al., 
2009; Guéguen et al., 2004). A comparative study of 
the results obtained through the two methods has 
been performed by Butler et al., (2008). 

In terms of concerned analytical techniques, 
assessments of the heavy metals contents are usually 
carried out by atomic spectrometry including flame (F-
AAS) or graphite furnace (GF-AAS) atomic absorption 
spectrometry, inductively coupled plasma mass 
spectrometry (ICP-MS) and X-ray fluorescence (XRF) 
(Florea et al., 2005; Tudorache et al., 2010, 2011; 
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Matache et al., 2009; Munteanu et al., 2012; Balaban et 
al., 2011; Huzum et al., 2012). In addition, the AAS and 
ICP-MS spectrometric techniques have been 
successfully utilized for investigating the distribution of 
certain heavy metals in the dissolved phase, in the SPM 
and in the sediments (Vasile & Vlădescu, 2010; 
Campean et al., 2012; Nguyen et al., 2005; Basha et al., 
2010). However, due to the high complexity of the 
matrices and to the low levels of the metal ions 
concentrations in the water samples, their separation, 
and also the use of a preconcentration step prior to the 
metal analysis are usually required. To this purpose, a 
multitude of separation and preconcentration 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).  

At the present time in Romania there is one 
operational Nuclear Power Plant (NPP) at Cernavodă. 
The low and intermediate level radioactive waste 
resulted from the operation of Cernavodă NPP i.e. 
compactable waste, non- compactable waste, organic 
liquids, spent filter cartridges and the low activity spent 
resins, will be deposited in the Saligny Repository, 
planned to be built in the vicinity of the Cernavodă 
NPP (Niculae et al., 2009). The disposal of radioactive 
waste needs to be carried out in a manner that provides 
an acceptable level of safety and which can be 
demonstrated to comply with the established regulatory 
requirements and criteria.  

The main objective of the present study was to 
evaluate the distribution of Cu, Zn, Cd, Pb, Cr and 
Ni concentrations in groundwater and in suspended 
particulate matter from Saligny area where the low 
and intermediate level radioactive wastes generated 
at Cernavodă Nuclear Power Plant are planned to be 
disposed into a future repository. 
 
 2. EXPERIMENTAL SECTION 

 
2.1. Hydrogeological setting of the sampling sites 

 
An area extending between the Danube and the 

Black Sea-Danube Channel, in close vicinity of the NPP 
at Cernavodă, is being currently considered for the 
development of a future weakly and medium active 
waste repository (Saligny FWMAWR). The highest 
elevation in this region reaches 72 m above the Black 
Sea level, and there is no dense network of perennial 
streams flowing in the area. The main surface-water 
bodies are the Danube-Black Sea Channel and 
Ţibrinului Pond, the latter being located about 2 km to 
the north with respect to the study area. During heavy 

rainfall seasons, a stream flows along Cişmelei Valley, 
its supply being provided by a spring which discharges 
from a nearby outcrop of Eocene limestone. The rocks 
lithology in this region is dominated by: loessoid clayey 
silts; loessoid siltic clays; loessoid clays; red clays; Pre-
Quaternary clays (consisting of kaolinitic and marly 
clays, glauconitic and kaolinitic sands, kaolinite clays, 
sands with gravel and limestone intercalations); 
Berriasian-age sandstone and limestone having 
undergone weathering and fracturing. The main aquifers 
in this region are: (1) Berriasian, a quasi-continuous 
aquifer directly connected to the Danube and to the 
Danube-Black Sea Channel; (2) Aptian, a discontinuous 
aquifer consisting of carbonate and sandy lens; (3) 
Eocene, an aquifer developed in limestone having the 
indicated age and which occurs only locally, in Cişmelei 
valley, and (4) the Quaternary aquifer (Danchiv et al., 
2004). In terms of mineral content, in that area there 
occur prevalently clay minerals (such as: 
montmorillonite, smectite, illite, kaolinite), but also 
carbonate minerals (calcite, dolomite) (Durdun, 2001). 
 

2.2. Sampling and analytical methods 
 

In order to provide a characterization of the 
repository area in terms of some heavy metals 
concentrations, groundwater samples have been 
collected during November 2011 from 15 piezometric 
observation drillholes and 2 wells (Fig. 1). Out of a total 
of 17 sampling sites, the Berriasian aquifer was sampled 
by 8 sites (FC22, FS20, FC25, PH06, FS27, GP-C, GP-
V and well B7), the Aptian aquifer by 4 sites (FC17, 
PH02, APT1 and APT2), the Eocene aquifer by 2 sites 
(PH05 and well V. Cişmelei) and Quaternary aquifer by 
one site (FS09), while 2 sites sampled water mixtures 
from several aquifers (FS21 and FS24). In all cases 
samples were collected using bailers in agreement with 
Schoenleber (2005). 

When samples were being collected, a Crison PH 
25 portable instrument was used in order to perform all pH 
measurements. The pH-meter was calibrated using two pH 
standard solutions purchased from CRISON: one having 
the pH 4.01 and the other pH 7.00. In situ temperatures 
have been measured by means of a Crison TM 65 portable 
thermometer. Water samples were filtered in situ by means 
of a Chromatography Research Supplies filtering system, 
provided with a manual Nalgene vacuum pump. Pre 
weighed (Kern 770-60) MF-Millipore Membrane, mixed 
cellulose esters of 0.45 μm porosity and of 47 mm diameter 
have been used for filtering. Each filtered membrane was 
washed in ultra-pure water before the experiment and used 
only once. Filtered water samples have been collected in 
HDPE Nalgene sampling bottles which had been 
previously washed with ultra-pure water. For the AAS 
determinations, the samples were acidified with Ultrapur® 

166 



In F-AAS determinations (for Cu and Zn), 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 (Table 1). In GF-AAS 
determinations (for Ni, Cr, Cd, and Pb), pyrolytically 
coated graphite tubes with integrated platforms (Perkin-
Elmer catalog No. B3001262) were used (Table 2). 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. 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) EURACHEM (Ellison et al., 2000) 
recommendations (Tables 3, 4). The filtered membranes 
digestion has been performed in laboratory in 
accordance with the specifications indicated by Marin et 
al., (2010a). Thus, filtered membranes were dried at 
room temperature in a laminar flow hood overnight 
and then weighed. The filters were then digested at 
room temperature for 48 h with 5 ml of 1:1 (v/v) 
solutions Ultrapur 60% HNO3 and 30% HCl (Merck). 

60% nitric acid to pH 2 and stored at 4°C. The filtered 
membranes with the collected material have been stored in 
individual polystyrene Petri dishes, both during their 
shipment and in laboratory, in refrigerating boxes at 4°C.  

The Cu and Zn concentrations in samples were 
determined in laboratory by F-AAS (SR ISO 2001), 
while the Ni, Cr, Cd, and Pb concentrations were 
determined in laboratory by GF-AAS (SR EN ISO 
2004). The determinations were carried out with a 
Perkin-Elmer atomic absorption spectrometer, model 
AAnalyst 700, with deuterium 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).  

 

 
Figure 1 – Location map indicating groundwater sampling sites 

 
Table 1 – The operating instrumental condition for the F-AAS methods 

ELEMENT 
Parameter 

Cu Zn 

Lamp HCL EDL 
Wavelength (nm) 324.8 213.9 
Slit (nm) 0.7 0.7 
Calibration curve Linear Linear 
Calibration points (mg/L) 0.5; 1.0; 2.0 0.1; 0.3; 0.6 
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Table 2 – The operating instrumental condition for GF-AAS methods 
ELEMENT 

Parameter 
Cd Pb Cr Ni 

Lamp HCL HCL HCL HCL
Wavelength (nm) 228.8 283.3 357.9 232.0
Slit (nm) 0.7 0.7 0.7 0.2
Calibration curve Nonlinear Linear Linear Linear
Calibration points (µg/L) 0.5; 1.5; 3.0 3; 9; 18 2; 6; 12 5; 15; 30
Matrix modifier (5 µL) 0.3% Pd + 0.2% 4.0% NH4H2PO4 1.0% 1.0% 

 

Table 3 – Performance parameters for F-AAS methods 
ELEMENT 

Parameter 
Cu Zn 

n 10 10 
mg/L 0.019 0.042 

Limit of detection 

St. dev. 0.003 0.008 
n 8 8  Repeatability 

St. dev. 0.087 (at 0.5mg/L) 0.008 (at 0.2 mg/L)
n 19 24  Reproductibility 

St. dev. 0.008 (at 0.5mg/L) 0.013 (at 0.2 mg/L)
n 8 8  Trueness ("bias") 
% 0.425 (at 0.5mg/L) 1.063 (at 0.2 mg/L)

Experimental recovery % 89.1–104.7 87.4–108.0 
 

 
Table 4 – Performance parameters for GF-AAS methods 

 

ELEMENT 
Parameter 

Cd Pb Cr Ni 

n 17 16 14 10 
µg/L 0.019 0.742 0.898 1.608

Limit of detection 

St. dev. 0.004 0.150 0.179 0.310
n 7 5 6 5  Repeatability 

St. dev. 0.053 (at 2 µg/L) 0.340 (at 10 µg/L) 0.129 (at 10 µg/L) 0.321 (at 20 µg/L)
n 15 9 22 17 Reproductibility 

St. dev. 0.100 (at 2 µg/L) 0.530 (at 10 µg/L) 0.418 (at 10 µg/L) 0.965 (at 20 µg/L)
n 7 7 10 10 Trueness ("bias") 
% 1.078 (at 2 µg/L) 6.607 (at 10 µg/L) 1.365 (at 10 µg/L) 3.175 (at 20 µg/L)

Experimental recovery % 93.2–107.4 92.5–104.8 87.5–105.7 88.9–104.8
 
The digest solutions were mixed occasionally 

during the digestion time. A 2 mL aliquot of the digest 
solution (not including any visible solid) was diluted to 
50 mL with ultrapure water and analyzed by AAS. 
This process was repeated for duplicate unused filters 
and the average elemental content in the filter blanks 
was subtracted from the sample results.  
 

3. RESULTS AND DISCUSSION 
 

In table 5 there are indicated the results of the 
heavy metal content determinations for the 
groundwater samples collected from the studied area. 
For 7 sampling sites, there have been performed 
quantitative determinations of the heavy metal contents 
associated to the SPM. The results are indicated in 
table 6. For the groundwater samples there have been 
recorded pH values ranging between 7.23 and 10.65, 
while the sampled groundwater temperatures ranged 
between 10.3°C and 11.5°C. No clear relationship 
between dissolved and particulate Cu, Zn, Cd, Cr, Ni 
and Pb concentrations and any physical parameters 
(e.g., pH and temperature) was observed. 
 

3.1. Copper and Chromium 
 

Out of all heavy metals having been analyzed 
in the aqueous phase, the Cu and Cr contents 
determined for the sample collected from the 
drillhole APT2 displayed the highest values, namely 
315.1 ppb Cu and 245.9 ppb Cr. Those large 
concentrations are interpreted to be a result of the 
fact that in the year 2006, a tracer experiment was 
performed by injecting salts of Cu (II) and Cr (III) in 
the drillhole APT2. Excessive Cu concentrations 
associated to SPM were recorded in the samples 
collected from the well B7 (18999.6 ppb) and from 
the drillholes APT2 (776881.6 ppb) and FS24 
(156150.3 ppb). It is obvious that in the case of the 
APT2 drillhole, an actual adsorption on the 
particulate matter is not involved; in fact, there have 
been most probably collected the Cu (II) salts used 
as a tracer, and which were still not dissolved, while 
for the well B7 and the drillhole FS24, it might be 
possible that the Cu migration pathways which 
diverged from the injection point (the drillhole 
APT2) included those two sampling sites. In the case 
of the SPM-associated Cr, the largest concentration 
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(4165.9 ppb) was recorded in the particulate matter 
collected from the B7 well, located in Saligny 
village. It is most probable that this element 
migrated from the APT2 drillhole toward the 
southern part of the study area, whil simultaneously 
there has also occurred an accumulation of deposited 
cinder, resulting from coal burning for domestic 
heating (Li et al., 2005; Huffman et al., 1993). 

 
3.2. Cadmium 

 
Cd is a highly mobile and toxic element and it 

can be easily released into the environment through 
weathering and leaching (Schipper et al., 2008). Its 
mobility in natural aqueous systems is directly 
influenced by temperature, pH and the carbonate ions 
concentration; accordingly, for the water samples 
collected in the month of November 2011 and for 
which the in-situ temperatures ranged between 10.3°C 
and 11.5°C, the Cd concentration levels were relatively 
low, between 0.042 and 0.118 ppb. 

For five sampling sites (FC17, FC22, FC20, PH02 
and FC25) the concentration of this metal in the dissolved 
phase was below the detection limit of the utilized method 

(0.019 ppb). As compared to the other SPM-associated 
heavy metal contents, Cd associated to SPM displayed 
the lowest concentration levels, between 2.25 and 107.9 
ppb. Similar Cd concentrations in the SPM have been 
determined in two coupled Mediterranean coastal 
ecosystems (Rossi & Jamet, 2008). 

 
3.3. Zinc 

 
By the method we utilized, no Zn could be 

detected in the aqueous phase, because the 
corresponding concentrations ranged below the method 
detection limit (42 ppb); in contrast, significant 
concentrations, between 611.7 and 40527.1 ppb, were 
determined in the case of the SPM. The adsorption of 
the Zn2+ ions on the SPM is due to certain polarization 
phenomena. Specifically, since no electron is left 
without pair in the 3d orbital of Zn2+, the latter displays 
an increased affinity for the still free anion positions in 
the clay sediments. Therefore, Zn was characterized by 
high potential mobility, as binding to highly reactive 
phases (Audry et al., 2006). 

 
Table 5 – Heavy metals concentrations determined for groundwater samples collected from the  

Saligny FWMAWR area (concentrations are expressed as ppb) 
 

Source Cu Zn Ni Cr Cd Pb 
FC17 < LOD < LOD < LOD < LOD < LOD 0.789 
FC22 < LOD < LOD < LOD < LOD < LOD 10.55 
FS20 19.02 < LOD < LOD < LOD < LOD 2.477 
PH02 21.11 < LOD < LOD 1.721 < LOD < LOD 
PH05 < LOD < LOD 4.084 < LOD 0.044 138.2 
FC25 < LOD < LOD 1.918 0.933 < LOD 0.818 
APT2 315.1 < LOD < LOD 245.9 0.084 < LOD 
FS21 < LOD < LOD < LOD < LOD 0.071 < LOD 
FS24 19.08 < LOD < LOD < LOD 0.118 < LOD 
PH06 19.10 < LOD < LOD 3.614 0.075 37.58 
FS27 25.21 < LOD < LOD < LOD 0.046 1.093 
GP-C 27.11 < LOD < LOD 10.79 0.066 < LOD 
GP-V 35.05 < LOD < LOD 11.35 0.066 < LOD 
APT1 19.41 < LOD 5.963 1.641 0.105 < LOD 
FS9 < LOD < LOD < LOD 0.991 0.045 < LOD 

WELL  CIŞMELEI V. < LOD < LOD < LOD 74.34 0.042 < LOD 
WELL B7 34.04 < LOD < LOD 0.971 0.064 < LOD 

 
Table 6 – Concentrations of heavy metals associated to the suspended particulate matter occurring in groundwater 

samples collected from the Saligny FWMAWR area (concentrations are expressed as ppb) 
 

Source Cu Zn Ni Cr Cd Pb  
APT2 776881.6 1381.3 246.3 680.1 49.5 721.5 
FS21 2386.8 718.2 708.3 292.2 41.6 893.9 
FS24 156150.3 40527.1 1347.8 838.2 34.8 3997.1 
FS27 499.5 611.7 80.7 34.8 2.25 2665.8 
GP-C 2463.7 1116.9 317.1 483.1 2.25 122.4 
GP-V 4106.3 1865.6 318.8 86.8 4.50 303.3 

WELL B7 18999.6 13573.7 3053.7 4165.9 107.9 4400.5 
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3.4. Lead  
 

Due to a long-time utilization of lead-
containing fuels (tetraethyl-lead is added to 
gasoline in order to increase their octane rating), 
this metal frequently occurs in natural waters 
(Matache et al., 2009; Jalgaonkar, 2008, Marin et 
al., 2010b). 

For example, Pb isotopic studies in the 
Seine River (France) have shown that almost half 
of the Pb transported is of anthropogenic origin 
(Masson et al., 2006; Audry et al., 2004). The 
highest Pb concentrations have been detected in 
the water samples collected from the wells PH05 
(138.2 ppb), PH06 (37.58 ppb) and FC22 (10.55 
ppb). As these sites occur in the proximity of local 
and national roads, such elevated concentrations 
must be ascribed to emissions from vehicles which 
travel across the study area. In order to explain 
why there was no lead detected in the dissolved 
phase of other analyzed samples, one should take 
into account that: (1) having similar ionic radius 
lead ions can easily substitute potassium ions 
frequently present in the clays; (2) lead ions also 
compete with calcium ions to the adsorption on 
clays, Pb2+ adsorption being favored by a factor of 
2 or 3 compared to Ca2+. Such explanations may 
be invoked for the high concentrations of SPM-
associated Pb detected in the drillholes FS24 
(3997.1 ppb), FS27 (2665.8 ppb) and in the well 
B7 (4400.5 ppb). 

 
3.5. Nickel 
 
An evolution similar tot that of Zn was also 

noticed in the case of Ni. The concentrations of most  
water samples ranged below the method detection 
limit (1.608 ppb), except for the samples collected 
from the drillholes PH05 (4.084 ppb); APT1 (5.963 
ppb) and FC25 (1.918 ppb). The highest Ni content 
associated to the SPM has been determined for the 
sample collected from the well B7 (3053.7 ppb). 
Since the Berriasian aquifer tapped by the well B7 is 
subject to a continuous communication with the 
river Danube and with the Danube-Black Sea 
Channel, local pollution sources  are the probable 
cause for the large concentration of SPM-associated 
Ni detected in the well B7 (Dinu, 2009). On the 
other hand, the presence of SPM-associated Ni in the 
B7 well, suggests that in natural aqueous 
environments, the mobility of this ion is much larger 
than that of Cd. These results are consistent with the 
heavy metals mobility in the estuarine mixing zone, 
for which researches have shown, based on 
adsorption–desorption kinetic studies (Zhang et al., 

2008), that Ni was more mobile than Cd. It therefore 
becomes obvious that as far as the heavy metals 
transport in groundwater is concerned, the SPM 
represents the main conveying agent (Cobelo-García 
et al., 2004; Coynel et al., 2007). The nature of 
suspended particles occurring in groundwater is 
highly diverse. Specifically, they may be solid 
fragments removed from the substratum by the 
flowing water, or particles generated within the very 
water body as a result of the latter becoming super-
saturated with respect to certain components (e.g. 
metal oxyhydroxides), but they may be also living or 
decaying organisms, as well as their exudates. The 
active surface of those particles is the most 
important carrying-phase for heavy metals, being 
able to outpace significantly the transport by 
solution (Munk et al., 2002). 
 

4. CONCLUSIONS 
 

An assessment of the Cu, Zn, Ni, Cr, Cd and Pb 
contents existing in groundwater and associated SPM 
has been provided by the present paper, by considering 
samples collected in November 2011 from 15 
piezometric observation drillholes and 2 wells that are 
situated in the area of the future weak and medium 
active waste repository at Saligny (Romania). The 
analyses were performed by means of atomic 
absorption spectrometry with thermal and 
electrothermal atomization. The results indicate that in 
the dissolved phase, the maximum concentrations of 
Cu and Cr occurred in the sample collected from the 
drillhole APT2 (which taps the Aptian aquifer); the 
maximum Cd concentration was recorded for the 
sample collected from the drillhole FS24 (water 
mixture), as for Pb, the sample collected from the 
drillhole PH05 (the Berriasian aquifer) displayed the 
maximum concentration. Most analyses of Ni contents 
in the dissolved phase indicated concentrations that 
ranged below the method detection limit, except for the 
samples collected from the drillholes PH05, FC25 and 
APT1. A similar behavior was also noticed in the case 
of Zn. The analysis of the SPM highlighted the very 
significant part played by this phase in the transport of 
the elements chemical species through natural aqueous 
environments. The presence of clays favors the 
occurrence of very large amounts of SPM in 
groundwater. Into the SPM there are accumulated and 
concentrated the chemical species of certain elements 
which in solution are present just as trace-
concentrations, and so the SPM behaves as the most 
important vector in conveying such constituents. 
Accordingly, it has been possible to detect Zn in the 
SPM, although its presence in the dissolved phase 
could not be ascertained. In contrast, significant 
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concentrations of Cu and Cr were identified both in the 
SPM, and in the water samples from which the SPM 
separation had been performed. 

 
ACKNOWLEDGEMENTS 
 
This work was supported by a grant of the 

Romanian National Authority for Scientific Research, 
CNCS – UEFISCDI, project number PN – RU – PD – 
2011 – 3 – 0081.  

 
REFERENCES 

 
***, 2001. Water quality. Determination of cobalt, nickel, copper, 

zinc, cadmium and lead. Flame atomic absorption 
spectrometric methods. SR ISO 8288. 

***, 2004. Water quality - Determination of trace elements using 
atomic absorption spectrometry with graphite furnace. 
SR EN ISO 15586. 

Audry, S., Schäfer, J., Blanc, G. & Jouanneau, J-M., 2004. 
Fifty-year sedimentary record of heavy metal pollution 
(Cd, Zn, Cu, Pb) in the Lot River reservoirs (France). 
Environmental Pollution, 132(3), 413-426.  

Audry, S., Blanc, G. & Schäfer, J., 2006. Solid state partitioning of 
trace metals in suspended particulate matter from a river 
system affected by smelting-waste drainage. Science of the 
Total Environment, 363(1-3), 216-236. 

Balaban, S-I., Iancu, O.G. & Bulgariu, D., 2011. The 
geochemical distribution of heavy metals for some 
mine tailings from the Fundu Moldovei area, Romania. 
Carphatian Journal of Earth and Environmental 
Sciences, 6(2), 279-288. 

Basha, S., Jhala, J., Thorat, R., Goel, S., Trivedi, R., Shah, K., 
Menon, G., Gaur, P., Mody, K.H. & Jha, B., 2010. 
Assessment of heavy metal content in suspended particulate 
matter of coastal industrial town, Mithapur, Gujarat, India. 
Atmospheric Research, 97(1-2), 257-265. 

Butler, B.A., Ranville, J.F. & Ross, P.E., 2008. Direct versus 
indirect determination of suspended sediment 
associated metals in a mining-influenced watershed. 
Applied Geochemistry, 23(5), 1218- 1231. 

Campean, R.F., Petean, I., Bărăian, M., Hosu-Prack, A.G., 
Ristoiu, D., & Arghir, G., 2012. Mineral particulate 
matter from the St. Ana lake sand related to the water 
suspensions. Carphatian Journal of Earth and 
Environmental Sciences, 7(2), 57-66. 

Cidu, R. & Frau, F., 2009. Distribution of trace elements in 
filtered and non filtered aqueous fractions: Insights 
from rivers and streams of Sardinia (Italy). Applied 
Geochemistry, 24(4), 611-623. 

Cobelo-García, A., Prego, R. & Labandeira, A., 2004. Land inputs of 
trace metals, major elements, particulate organic carbon and 
suspended solids to an industrial coastal bay of the NE Atlantic. 
Water Research, 38(7), 1753-1764. 

Cortecci, G., Boschetti, T., Dinelli, E., Cidu, R., Podda, F. & 
Doveri, M., 2009. Geochemistry of trace elements in surface 
waters of the Arno River Basin, northern Tuscany, Italy. 
Applied Geochemistry, 24(5), 1005-1022. 

Coynel, A., Schäfer, J., Blanc, G. & Bossy, C., 2007. Scenario of 
particulate trace metal and metalloid transport during a 
major flood event inferred from transinet geochemical 
signals. Applied Geochemistry, 22(4), 821-836. 

Danchiv, A., Didiţa, L. & Ilie, P., 2004. Radionuclides 

transport at the site of a low-and intermediate-level 
waste repository, Saligny, Romania. Hydrogeology 
Journal, 12(6), 688-697.  

Dinu, I., 2009. Considerations concerning the possibility of 
contamination in the area of the Poarta Albă – Midia – 
Năvodari Canal. GEO-ECO-MARINA, 15, 63-75. 

Durdun, I., 2001. The adaption of natural (geological) 
barriers for radioactive LILW near surface disposal in 
Romania. WM’01 Conference; 25 Feb – 1 March; 
Tucson AZ (United States). 

Ellison, S.L.R., Rosslein, M. & Williams, A., 2000. 
Quantifying uncertainty in analytical measurement. 
Tech. rep., EURACHEM/CITAC Guide CG 4. 

Fettweis, M., Nechadb, B. & Van den Eynde, D., 2007. An estimate 
of the suspended particulate matter (SPM) transport in the 
southern North Sea using Sea WiFS images, in situ 
measurements and numerical model results. Continental Shelf 
Research, 27(10-11), 1568-1583. 

Florea, R.M., Stoica, A.I., Baiulescu, G.E. & Capotă, P., 
2005. Water pollution in gold mining industry: a case 
study in Roşia Montană district, Romania. 
Environmental Geology, 48(8), 1132-1136. 

Gammons, C.H., Nimick, D.A., Parker, S.R., Cleasby, T.E. & 
McCleskey, R.B., 2005. Diel behavior of iron and other 
heavy metals in a mountain stream with acidic to neutral 
pH: Fisher Creek, Montana, USA. Geochimica et 
Cosmochimica Acta, 69(10), 2505-2516. 

Guéguen, C., Gilbin, R., Pardos, M. & Dominik, J., 2004. 
Water toxicity and metal contamination assessment of a 
polluted river: The Upper Vistula River (Poland). Applied 
Geochemistry, 19(1), 153-162. 

Huffman, G. P., Huggins, F. P., Shah, N., & Zhao, J., 1993. Fuel 
processing technology 39(1/3) Workshop on trace elements 
transformations in coal-fired power systems; 19–22 Apr; 
Scottsdale, AZ (United States), 47–62. 

Huzum, R., Iancu, O.G., & Buzgar, N., 2012. Geochemical 
distribution of selected trace elements in vineyard soils 
from the Husi area, Romania. Carphatian Journal of Earth 
and Environmental Sciences, 7(3), 61-70. 

Jalgaonkar, A. 2008. Microanalysis of groundwater elements 
with respect to time and depth in the Hortobágy region 
in Hungary. Carphatian Journal of Earth and 
Environmental Sciences, 3(1), 39-47. 

Kara, D., Fisher, A. & Hill, S., 2005. Preconcentration and 
determination of trace elements with 2,6-diacetylpyridine 
functionalized Amberlite XAD-4 by flow injection and atomic 
spectroscopy. Analyst, 130(11), 1518-1523.  

Kara, D., Fisher, A. & Hill, S.J., 2006. Comparison of some newly 
synthesized chemically modified Amberlite XAD-4 resins 
for the preconcentration and determination of trace 
elements by flow injection inductively coupled plasma-mass 
spectrometry (ICP-MS). Analyst, 131(11), 1232-1240. 

Laborda, F., Ruiz-Beguería, S., Bolea, E. & Castillo, J. R., 
2009. Functional speciation of metal-dissolved organic 
matter complexes by size exclusion chromatography 
coupled to inductively coupled plasma mass spectrometry 
and deconvolution analysis. Spectrochimica Acta, Part B, 
64(5), 392-398. 

Li, Z., Clemens, A. H., Moore, T. A., Gong, D., Weaver, S. 
D. & Eby, N., 2005. Partitioning behaviour of trace 
elements in a stoker-fired combustion unit: An example 
using bituminous coals from the Greymouth coalfield 
(Cretaceous), New Zealand. International Journal of 
Coal Geology, 63(1-2), 98-116. 

171 



172 

Liu, Y., Chang, X., Guo, Y., Ding, B. & Meng, S., 2005. 
Solid phase extraction and preconcentration of trace 
heavy metal ions in natural water with 2,2'-
dithiobisaniline modified amberlite XAD-2. Solvent 
Extraction and Ion Exchange, 23(5), 725-740. 

Marin, C., Povară, I., Tudorache, A., Rajka, G. & Terente, 
M., 2010a, The transfer of ceratin contaminants by means 
of surface and underground water-flows in the catchment 
area of Arieş stream, Romania. Travaux de L’Institute de 
Speologie “Emile Racovitza”, 49: 113-133 

Marin, C., Tudorache, A., Moldovan, O. T., Povară, I. & 
Rajka, G., 2010b. Assessing the contents of arsenic 
and of some heavy metals in surface flows and in the 
hyporheic zone of the Arieş stream catchment area, 
Romania. Carphatian Journal of Earth and 
Environmental Sciences, 5(1), 13-24.  

Masson, M., Blanc, G. & Schäfer, J., 2006. Geochemical 
signals and source contributions to heavy metal (Cd, 
Zn, Pb, Cu) fluxes into the Gironde Estuary via its 
majo tributaries. Science of the Total Environment, 
370(1), 133-146. 

Matache, M.L., David, I.G., Matache, M. & Ropota, M., 2009. 
Seasonal variation in trace metals concentrations in the 
Ialomiţa River, Romania. Environmental Monitoring and 
Assessment, 153(1-4), 273-279. 

Minaberry, Y.S. & Gordillo, G. J., 2007. Complexing capacity 
of natural waters carrying a great amount of suspended 
matter. Chemosphere, 69(9), 1465-1473. 

Minaberry, Y.S. & Gordillo, G. J., 2010. The influence of 
organic ligands on the adsorption of cadmium by 
suspended matter in natural waters studied by matrix-
assisted laser desorption/ionization time-of-flight mass 
spectrometry and electrochemical methods.  
Chemosphere, 78(11), 1356-1361. 

Munk, L., Faure, G., Pride, D. & Bigham, J., 2002. Sorption of trace 
metals to an aluminum precipitate in a stream receiving acid 
rock-drainage; Snake River, Summit County, Colorado. 
Applied Geochemistry, 17(4), 421-430. 

Munteanu, C-M., Giurginca, A., Giurginca, M., Panaiotu, 
G-C. & Niculescu, G., 2012. Potentially toxic metals 
concentrations in soil and cave sediments from karst 
areas of Mehedinţi and Gorj Counties (Romania). 
Carphatian Journal of Earth and Environmental 
Sciences, 7(1), 193-204. 

Nguyen, H.L., Leermakers, M., Osán, J., Török, S. & 
Baeyens, W., 2005. Heavy metals in Lake Balaton: water 
column, suspended matter, sediment and biota. Science of 
the Total Environment, 340(1-3), 213-230. 

Niculae, O., Andrei, V., Ionita, G. & Duliu, O.G., 2009. 
Preliminary safety concept for disposal of the very low 
level radioactive waste in Romania. Applied Radiation 
and Isotopes, 67(5), 935-938. 

Ödman, F., Ruth, T. & Pontér, C.,1999. Validation of a field 
filtration technique for characterization of suspended 
particulate matter from freshwater. Part I. Major 
elements. Applied  Geochemistry, 14(3), 301-317. 

Ödman, F., Ruth, T., Rodushkin, I. & Pontér, C., 2006. 
Validation of a field filtration technique for characterization 
of suspended particulate matter from freshwater. Part II. 

Minor, trace and ultra trace elements. Applied 
Geochemistry, 21(12), 2112-2134. 

Pokrovsky, O.S. & Schott, J., 2002. Iron colloids/organic matter 
associated transport of major and trace elements in small 
boreal rivers and their estuaries (NW Russia). Chemical 
Geology, 190(1-4), 141-179. 

Rossi, N. & Jamet, J-L., 2008. In situ heavy metals (copper, lead 
and cadmium) in different plankton compartments and 
suspended particulate matter in two coupled 
Mediterranean coastal ecosystems (Toulon Bay, France). 
Marine Pollution Bulletin, 56(11), 1862-1870. 

Schipper, P. N. M., Bonten, L.T.C. & Plette, A. C. C., 2008. 
Measures to diminish leaching of heavy metals to surface 
waters from agricultural soils. Desalination, 226(1-3), 89-96. 

Schoenleber, J.R., 2005. Field sampling procedures manual. New 
Jersey Department of Environmental Protection, 90-143. 

Shabani, A.M., Dadfarnia, S. & Dehghani, Z., 2009. On-line 
solid phase extraction system using 1,10-phenanthroline 
immobilized on surfactant coated alumina for the flame 
atomic absorption spectrometric determination of copper 
and cadmium. Talanta, 79(4), 1066-1070. 

Thompson, M., Ellison, S.L.R. & Wood, R., 2002. Harmonized 
guidelines for single-laboratory validation of methods of 
analysis (IUPAC Technical Report). Pure and Applied 
Chemistry, 74(5), 835-855. 

Thompson, M., Ellison, S.L.R., Fajgelj, A., Willetts, P. & 
Wood, R., 1999. Harmonised guidelines for the use of 
recovery information in analytical measurement. Pure and 
Applied Chemistry, 71(2), 337-348.  

Tokalıoğlu, Ş, Yılmaz, V. & Kartal, Ş., 2009. Solid phase 
extraction of Cu(II), Ni(II), Pb(II), Cd(II) and Mn(II) 
ions with 1-(2-thiazolylazo)-2-naphthol loaded 
Amberlite XAD-1180. Environmental Monitoring and 
Assessment. 152(1-4), 369-377. 

Tokalıoğlu, Ş. & Yıldız, S., 2009. A comparative study on the 
preconcentration of some metal ions in water samples 
with Cu(II) and Ni(II) salicylaldoxime coprecipitants. 
Microchimica Acta, 165(1-2), 129-133. 

Tudorache, A., Marin, C., Badea, I. A. & Vlădescu, L., 2010. 
Barium concentration and speciation in mineral natural 
waters of central Romania. Environmental Monitoring 
and Assessment, 165(1-4), 113-123. 

Tudorache, A., Marin, C., Badea, I A. & Vlădescu, L., 2011. 
Determination of arsenic content of some Romanian 
natural mineral groundwaters. Environmental Monitoring 
and Assessment, 173(1-4), 79-89. 

Tuzen, M., Soylak, M. & Elci, L., 2005. Multi-element pre-
concentration of heavy metal ions by solid phase 
extraction on Chromosorb 108. Analytica Chimica 
Acta, 548(1-2), 101-108. 

Vasile, G., D. & Vlădescu, L., 2010. Cadmium partition in river 
sediments from an area affected by mining activities. 
Environmental Monitoring and Assessment, 167(1-4), 349-
357. 

Zhang, Y.Y., Zhang, E.R. & Zhang, J., 2008. Modeling on 
adsorption-desorption of trace metals to suspended 
particle matter in the Changjiang Estuary. 
Environmental Geology, 53(8),1751-176. 

 
Received at: 15. 12. 2011 
Revised at: 28. 08. 2012 
Accepted forpublication at: 13. 09. 2012 
Published online at: 17. 09. 2012 


