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Abstract

A 120 kilometers reach of the Prut River, Romania was surveyed and the concentrations of four trace metals (copper, cadmium,
lead and zinc) were determined in water and sediments. These elements are the main pollutants expected in the region, as a steel-
producing factory in Romania is located in the close neighborhood of an area under protection, the Lower Prut Floodplain Natural
Park. Samples were collected in 2010 and 2011 from the water-sediment interface at six locations along the lower sector of the
Prut River. Sediments were sampled only once whereas water samples were collected during four campaigns organized at the end
of the summer and beginning of the autumn in order to include both high and low flow regimes of the river. Toxic metals (Pb and
Cd) were not found to reach notable levels. The resulted concentrations for all trace metals were lower than the values determined
in other Romanian rivers (e.g. Danube) and within the values range imposed by the Romanian regulations for water and sediments

quality.
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1. Introduction

The effects of trace metals contaminations of
rivers, lakes and seas have been well-documented for
different living organisms (Burada et al., 2017;
Manahan, 2009; Triebskorn et al., 2008; Zubcov et al.,
2012). Therefore, it is of great importance to assess
and monitor trace metals in different types of waters.
Moreover, sediments analysis can provide useful
information regarding mid- and long-term pollution of
the aquatic bodies, since they are able to seal and
occasionally release important amounts of heavy
metals depending on the river regime and extreme

situations, such as flooding or severe drought or
changes in redox potential (van Gestel, 2008;
Verhoeven, 2009). The content of trace metals in
water samples collected from Romanian rivers has
been investigated so far mostly for the central and
western part of the country where traditional metal
mining activities led to long-lasting pollution (Bird et
al., 2009; Florea et al., 2005; Marin et al., 2010; Paiu
et al., 2017; Pistea et al., 2013; Zobrist et al., 2009).
However, less investigated is the content of trace
metals in rivers sediments (Kraft et al., 2006; Osén et
al., 2007; Ponta et al., 2002; Vignati et al., 2013).
Trace metals pollution of the rivers crossing the
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southern part of Romania has been also reported
(Florea et al., 2005; Matache et al., 2009; Mladin et
al., 2010; Stoica et al., 2000a), due to the presence of
chemical industries existing in this region, e.g. inor in
the vicinity of cities like Targoviste and Slobozia or
Ramnicu Valcea and Craiova. In addition, the human
and natural impact on the water quality of the Prut
River, situated in the eastern part of the country, has
also been assessed lately. The ecological status of the
Prut hydrological basin was monitored and reported
(Bucuresteanu et al., 2008; Corduneanu et al., 2016;
David et al., 2012; Lozba-Stirbuleac et al., 2011;
Teodosiu et al., 2009; Voiculescu et al., 2011) by
evaluation of some biological, chemical and physical
indicators as well as some hydro-morphological
aspects.

The Prut River is the natural Eastern border
between Romania and Moldova. Prior to entering the
Lower Prut Floodplain Natural Park (our study area),
the Prut River crosses more than 900 km, collecting
water from a 27,000 km? watershed. The potential
pollution sources are both agricultural and industrial
(Balteanu, 2006). The Lower Prut Floodplain Natural
Park is a recently established protected area including
the wetlands and lakes from the inferior sector of the
Prut River. Wetlands are of great importance for the
environment, due to their unique characteristic to
make the transition from terrestrial to aquatic
ecosystems (Barker and Maltby, 2009). As a result of
the fluctuating water levels of rivers (flooding and
drought), intense biogeochemical processes occur
leading to modifications of the ecosystems evolution
(Verhoeven, 2009). The existence of this dynamic
ecosystem, which includes both valuable habitats and
species, is conditioned by the water quality. Thus,
metal contamination of water and sediments can have
serious consequences on species perpetuation due to
bioaccumulation and biomagnification processes that
might appear and subsequently  determine
physiological changes in species, food contamination
etc. (David et al., 2012; Antal et al., 2013).

Due to the ecological importance of the Lower
Prut Floodplain Natural Park, two European Natura
2000 sites overlapping the over 8000 ha park area
(Natura 2000 code ROSCI0105 and ROSCI0213)
have been declared in order to ensure its conservation.

The park is situated in the vicinity of the most
important steel-producing factory in Romania, thus
constituting the potential most important pollution
source of the river. Therefore, monitoring of trace
metals, especially of those with toxic effects on
wildlife, is essential for the park conservation. Thus,
the aim of this study was to determine the
concentration levels of potentially harmful trace
metals in water and sediment samples collected from
the Lower Prut Floodplain Natural Park.

The obtained data will represent the starting
point for the authorities in charge to take the correct
measures that will prevent their bioaccumulation and
biomagnification in living organisms through the food
chain. The reach of the Prut River belonging to the
park, of approximately 120 km, was surveyed for the
concentration of four trace metals (Cu, Pb, Cd and Zn)
in water and sediment samples. The results described
herein were obtained for the samples collected from
six locations along the lower sector of the Prut River
and their concentrations were evaluated during
different river regimes (flooding and drought) through
a period of two years (2010-2011).

2. Experimental
2.1. Sample collection

The monitoring program involved one
sampling campaign (September 2010) for sediments
and four campaigns for water samples collections
(September 2010, October 2010, August 2011,
October 2011) during different river regimes (i.e. high
and low discharges — Table 1). The analyzed river
reach was characterized by samples collected from six
sampling locations, determined using a judgmental
sampling plan that considered geographical and
geological characteristics of the region (river flow rate
— Table 1, soils, geology) and main pollution sources
that could affect the water quality (David et al., 2012).
Fig. 1 shows the locations of the six sites where
samples were collected from the Prut River.

From a lithological point of view, the Lower
Prut reach is dominated by quaternary sands and clays.
The soils within the analyzed Prut River reach belong
to mollisols and entisols orders. Mollisol are mainly
chernozems, formed in an excess of water, where
anoxic alteration determines the formation of humic
substances and H.S, which precipitate the iron ions to
ferrous sulphide. The entisols are characteristics of the
Brates Lake surroundings and are characterized by a
lesser amount of humic substances and an increased
content of salts (loja and Savulescu, 2007).

Sampling point 1 Cavadinesti (C on the map) -
near the Mata — Radeanu fish ponds - is located at the
point where the Prut River enters Galati County
(northern limit of the Lower Prut Floodplain Natural
Park). Sampling point 2 — Rogojeni (R) — is located
downstream of Pochina and Leahu lakes and village of
Rogojeni. Sampling point 3 — Viadesti (V) — lies
downstream of Vlidesti, Sovarca and Maiicas lakes
and villages like Oancea, Slobozia-Oancea and
Vladesti. Sampling point 4 — Mastacani (M) — is
located downstream of Vlascuta lake (Romanian side)
and Manta lake (Republic of Moldova) and Branesti
and Mastacani villages.

Table 1. Water flow values for the Prut River, measured in Oancea during the sampling campaigns”

Month August 2010 September October 2010 | August 2011 September October 2011
2010 2011
Water flow (m®/s) 312 165 123 49.2 49.7 47.3

*Official data from the Romanian Water Management Company
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Sampling point 5 — Sivita (S) - is located near
the village of Sivita, which is influenced by the Beleu

Lake (Moldova) (by an input of higher trace metals
concentration during drought periods mainly due to
lack of dilution by precipitations and, to a smaller
extent, lake water evaporation). Sampling point 6 —
Giurgiulesti (G) — lies upstream of Prut River —
Danube River junction and is influenced by the Brates
Lake (different sedimentation rate compared with the
river, longer contact time of water with sediments) and
agricultural fields (through contaminated runoff) in
the area. It is the closest point to the city of Galati,
which hosts the most important Romanian steel
factory. Labelled high-density polyethylene bottles
were used for collecting the water samples and nitric
acid (Merck, 65%) was used as a fixation reagent, in
order to prevent analyte losses. Sediments were
collected from the upper 10 cm of the alluvial
sediments bed. Samples were stored in Teflon boxes
and frozen prior to chemical analysis.

2.2. Sample pre-treatment

Water samples: The samples were digested
prior to analysis in order to obtain the real
concentration of trace metals that the analyzed water
transports. 3 mL concentrated HNO3; and 10 mL
concentrated HCI were added to 250 mL water
sample, in a Berzelius beaker. The sample was
digested on an electric hot plate (90 — 100 °C). After
cooling, the solution was filtered through a 0.45 pm
pores filter paper in order to remove the insoluble
particles which may clog the nebulizer. The filter was
washed three times with ultrapure water to avoid
analyte losses. The filtrate was diluted with ultrapure
water to a final volume of 25 mL.

Sediment samples: 0.5-1.0 g of dry sediment
sample (fraction < 63 pum) was finely ground and
introduced in a 150 mL Berzelius beaker. A volume
between 2.5-5.0 mL concentrated HNO; and 7.5-15
mL HCI were added preserving a 1:3 ratio between the
acids. The vessel was capped with a weighing plate
and left to rest for 24 h at room temperature. Then, the
sample was concentrated (without bringing to
dryness) by heating on a hot electric plate.

The beaker was cooled and 10 mL of ultra-pure
water were added. The resulted solution was heated to
the boiling point in order to allow salts dissolution and
filtered on a filter paper with medium porosity. The
filter and the beaker were rinsed with warm water
collecting all washing waters in a 50 mL volumetric
flask that was brought to constant volume with
ultrapure water.

2.3. Sample analysis

The concentrations of the trace metals
(copper, cadmium, lead and zinc) were determined by
Inductively Coupled Plasma — Optical Emission
Spectrometry (ICP-OES). If not indicated otherwise
all reagents used for sediments digestions, water

samples conservation and trace metal determination
were of analytical reagent grade and purchased from
Sigma-Aldrich. Ultrapure water (18.2 MQ cm)
produced with the ULTRA CLEAR system (Siemens,
Germany) was used for the preparation of all
solutions. Stock solutions of 1,000 mg L of each
analyzed element were prepared by dissolving the
metal samples in HNO; (1:1) and proper dilution with
ultrapure water. Determinations of the trace metals
were carried out using a dual view inductively coupled
plasma - optical emission spectrometer ICP-OES type
Optima 5300 DV Perkin Elmer. Argon (spectral
quality) was used for metals determination. The
plasma parameters were as follows: nebulizer flow 0.8
L mint; plasma flow 15 L min; auxiliary flow 0.2 L
min’; power 1300 W; axial plasma viewing mode.
The wavelengths for metal determination are as
follows: 228.802 for Cd; 327.396 for Cu; 220.353 for
Pb and 206.200 for Zn, respectively. The calibration
curve was made with Multielement Standard
Reference Material type Quality Control Standard 21,
Perkin Elmer, 100 mg-L* (Cu, Ph, Cd, Zn). The
method of analysis and its parameters for
simultaneously determination of metals by ICP-OES
were used according to the Romanian standard (1SO,
2007). The limits of detection (LOD) for the method
were 0.4 ug Lt (Cd), 1 pg L (Cu), 2.0 ug Lt (Pb)
and 0.5 ug L (Zn).

3. Results and discussion

3.1. Trace metals concentration in water samples

Trace metals (Cu, Zn, Pb and Cd)
concentration levels in water samples collected from
the Prut River in 2010 and 2011 (Table 2) were found
to be below the maximum admitted concentrations
(MAC) established by the Romanian regulations for
freshwater bodies, 1% category of quality (MEWM,
2006). Copper and zinc concentrations levels
determined in water samples of the Prut River have
shown similar trends along the investigated sector
(Figs. 2 and 3) with the highest concentration (19.7
ugL-tand 72.0 pngL* for copper and zinc, respectively)
recorded in October 2011 in samples collected from
Vladesti (V) (sampling point 3). The concentration of
zinc registered in Vladesti was the highest of all points
from the surveyed area in three of the four sampling
campaigns (the exception is September 2010, when
the maximum was recorded in Mastacani, Fig. 3).
These values might be a result of the anthropogenic
contamination of the river water (construction works
performed at the border-crossing point in Oancea that
involved shore consolidation or activities from the
urban center in Cahul, Moldova). In the lakes adjacent
to the river (e.g. Pochina, Vlascuta, Vladesti), water is
in contact with sediments for longer periods, and
during drought periods (such was the case of the
summer of 2011) the water level decreases
significantly due to lack of precipitation, leading thus
to increased concentrations of elements.
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Fig. 1. Lower Prut Floodplain Natural Park positioning in Romania. Park area and surroundings. Location of sampling sites

Table 2. Ranges of trace metals concentrations in the water samples of the Prut River

mpling point Concentration range (g L)
Cavadinesti (C) | Rogojeni (R) | Viddesti (V) | Mastacani (M) | Sivita (S) | Giurgiulesti (G) | MAC*
Element
Cu 5.4-9.6 7.0-8.4 4.1-19.7 7.1-11.2 6.0-11.7 4.3-11.1 20
Zn 9.2-16.9 8.0-24.1 8.0-72.0 7.4-25.4 7.6-40.4 4.0-36.8 100
Pb <LOD-2.1 <LOD-2.7 <LOD-9,6 <LOD-11 <LOD-4.3 <LOD-2.5 5
Cd <LOD <LOD <LOD <LOD <LOD <LOD 0.5
*(MEWM, 2006)
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Fig. 2. Variation of copper concentrations in water samples collected from the Prut River
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Despite the fact that these concentrations are
very close to MAC according to Romanian regulations
(20 pg Lt and 100 pg L* for copper and zinc,
respectively) for freshwater bodies they still remain
under these limits. Thus, concentration levels of these
two trace elements in the water of Prut River met the
legal requirements in all collected samples (MEWM,
2006). As seen in Fig. 3, zinc concentration appears to
increase during 2011 in comparison to 2010. The year
2011 has been characterised by a severe drought
compared with 2010 (Table 1), the lack of
precipitation determining an increase in metal
concentration. As a consequence of the use of lead-
containing gasoline for a long time, lead is a frequent
contaminant of the Romanian freshwater bodies, and
several cases of pollution have been documented, e.g.
in the rivers Arges 0.88 — 42.90 ug L™ (Stoica et al.,
2000b), Talomita 23.9 — 52.1 pg L (Matache et al.,
2009), Rosia Montana 1.0 —539.0 ug L (Floreaetal.,
2005) and in Danube River sediments 70.0-347.5 mg
kg (Matache et al., 2002).

Despite this, to our surprise, lead was detected
only in eight of the 24 collected water samples (Table
3) and from these only two samples (collected in 2011)
showed lead at concentrations higher than 5.00 ug L™
which is the MAC for lead in freshwater bodies
according to the Romanian regulations (MEWM,
2006). These results could be explained by the fact that
there is only one national road in close vicinity of the
park, which is not hosting important vehicles traffic.

ee4ee Sep2010 =—m= Oct2010

Moreover, since lead gasoline was banned from use
almost 6 years ago (since January 1%, 2005) any
obsolete concentration should come from the sediment
bed. No other source of lead was identified within the
park area. For all the analyzed samples cadmium
concentrations were below the LOD (0.4 pg LY.

3.2. Trace metals concentrations in sediment samples

Sediment samples were collected in September
2010 from the six above mentioned sampling points
situated along the inferior sector of the Prut River. The
concentration levels of all four analyzed elements
showed an increasing trend from upstream to the river
junction with the Danube River, where the important
urban community — Galati — and the largest steel
factory in Romania are located (Figs. 4-6).

For copper there is a moderate increasing trend
(Fig. 5). With the exception of sediment samples
collected from sampling points 2 (Rogojeni) and 6
(Giurgiulesti) copper concentrations remain in the
range 30-40 mg kg, below the MAC for copper of 40
mg kg* (MEWM, 2006). As observed in Fig. 4-6, all
four analyzed trace elements (Pb, Cd, Cu and Zn)
showed an intermediate maximum in the samples
collected from the second sampling point (Rogojeni).

Several lakes communicating with the river are
located upstream Rogojeni. During the summer, the
water level decreases significantly (up to completely
dry, as it happened in 2011) and the lakes lose
communication with the river.
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Fig. 3. Variation of zinc concentrations in water samples collected from the Prut River

Table 3. Lead concentrations in water samples from the Prut River

Sampling point C*+SD (ug LY
Month | September, 2010 October, 2010 August, 2011 October, 2011
Cavadinesti (C) <LOD 2.00£0.02 <LOD <LOD
Rogojeni (R) 2.10+0.03 2.70+0,01 <LOD <LOD
Viadesti (V) <LOD 2.40+0.04 <LOD 9.60+0.03
Madastacani (M) <LOD <LOD 11.00+0.06 <LOD
Sivita (S) <LOD <LOD 4.30+0.01 <LOD
Giurgiulesti (G) <LOD <LOD 2.50£0.02 <LOD

C* - mean concentration of three determinations, SD = standard deviation
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Fig. 4. Variation of lead concentrations in sediments collected from the six sampling points located along the Prut River
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Fig. 5. Variation of copper and zinc concentrations in sediments collected from the six sampling points
located along the Prut River
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This determines accelerated sedimentation (due to to 30.0 mg kg! (the maximum concentration
reduced movement of water) and changes in the redox registered in all studies) represents the natural
potential (oxygen depletion, increased input of background level of the element within the sediments
nutrients due to agriculture and subsequently higher of the Prut River. Since the soils constituents do not
content of organic matter due to flora development) indicate any natural origin for the element, the
and subsequently an increase in trace metals differences within this range are generated by
concentration. When the water level increases again, anthropogenic input (atmospheric deposition, most-
important amounts of metals can be release into the likely due to lead-containing fuels combustion).
water column. The highest trace metals concentration Our results showed the highest amount of
was found in sediments collected from Giurgiulesti copper in the sediments samples of all sets and the
(G). As it was already stated, this observation might concentration in both sampling points (i.e. 2 -
be explained by the close vicinity of the large city, Rogojeni and 6 - Giurgiulesti) must be carefully
Galati, hosting the old and huge steel factory, long- considered because it exceeds the Romanian
distance pollution bringing its contribution to the level standards. Since the other three data sets exhibit
of trace metals in the ecosystem. The metals similar values, it is possible that an accidental
concentrations decreases while distance from the pollution appeared on the Romanian shore of the river.
source increases. The accidental pollution is supported by the Cu — Zn

Nevertheless, the investigated trace metals ratio (Fig. 5), which is higher than 1 only for the
concentrations in all collected sediment samples (with sample from Rogojeni. Also relevant is the fact that
the two exceptions observed for copper) remain much the highest value appears in Rogojeni, the sampling
below the MAC established for sediments which are point which is not included in the previous studies;
0.8 mg kg* for cadmium, 85 mg kg* for lead and 150 therefore a bigger difference is expected to a certain
mg kg* for zinc, respectively (MEWM, 2006). extent. For Giurgiulesti, the copper concentration

level is similar with those recorded by Rusu et al.

3.3. Comparison with similar studies on the Prut River (2004) and Mocanu et al. (2006).

We compared the results obtained within our 4. Conclusions
survey with similar studies carried out on the Prut
River sediments in the last 10 years (Table 4), in order The heavy metals (Cu, Zn, Pb and Cd)
to assess whether the contamination sources are concentration levels in sediments and water samples
permanent and remained active or whether an collected in 2010 and 2011 from six locations situated
accidental contamination occurred. Two of the studies along the inferior reach of the Prut River were
were performed on the Moldavian shore of the Prut evaluated and one may conclude that there are minor
River (Postolachi et al., 2012; Rusu et al., 2004) and issues regarding the water and sediment quality of the
one on the Romanian one (Mocanu et al., 2006). All Prut River. The results obtained for water samples
studies considered a wider part of the Prut River, but demonstrated that the four investigated trace elements
one identical point — Giurgiulesti (G) was identified, were present at concentration levels below the
and also one very similar point - Oancea, close to the maximum admitted concentration imposed by the
our Rogojeni (R) sampling point. It is important to Romanian regulations for freshwater bodies.
note that all the studies referred to total concentration Only one exception is recorded for the water
of metals in sediments (and not in specific phases) and samples collected in 2011, where copper and zinc
used methods of analysis of similar performances. concentrations were higher and very close to the

The concentrations of cadmium and zinc are maximum admitted concentration, most likely a
similar in three of the four sets of data, except for the consequence of a low flow rate of the Prut River.
data of Rusu et al. (2004), where the element Moreover, cadmium concentrations in all collected
concentration is ten times lower. For lead, all data are water samples were below the method’s detection
comparable, suggesting that a concentration of lead up limit.

Table 4. Concentrations of trace metals (in mg kg™) in sediments of the Prut River

Survey Cu Cd Pb Zn

Oancea* | G Oancea* | G Oancea* | G Oancea* | G

Rusu et al., 2004

2001 | 37 | 408 | 008 | 009 [ 89 | 27 | 96 | 163

Mocanu et al., 2006

2001 | 20.0-30.0 [ 30.0-40.0 | 0.25-0.30 | 0.15-0.20 | 10.0-20.0 | 20.0-30.0 | 60.0-80.0 | 80.0-98.0

Postolachi et al., 2012

2009 23.0-26.0 | 17.5-20.0 0.6-0.7 0.5-0.6 | 17.5-20.0 | 125-150 | 75.0-87.5 | 55.0-70.0

2010 12.5-17.5 | 7.5-10.0 0.3-0.4 0.2-0.3 | 11.0-13.0 | 9.0-11.0 | 67.5-75.0 | 30.0-40.0

Our data

2010 | 670 | 467 | 036 | 053 | 88 | 153 | 605 | 786

*for our set of data, results from Rogojeni are considered
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Thus, toxic metals (Cd and Pb) were not
detected to reach notable levels. This may be
attributed to the fact that the investigated reach of the
Prut River passes through a protected area where
anthropogenic activities are limited. The observed
increasing trend of trace metals concentrations from
upstream to the junction with the Danube River
underlines the need for long-term monitoring of trace
elements on the investigated Prut River reach.

Finally, the concentrations of the three
investigated trace metals (Cd, Pb, Zn) in sediments
were in all collected samples much below the MAC
established for sediments, indicating a natural
occurrence of these elements in sediments of the Prut
River. The situation is slightly similar for the copper
concentrations also, with the exception of sediment
samples from points 2 — Rogojeni (R) and 6 -
Giurgiulesti (G), exceeding Romanian maximum
admitted concentration. The results and the change in
Cu - Zn ratio indicate an accidental point source.
Copper, in particular, requires a continuous evaluation
in future studies in order to carefully monitor further
contamination and prevent severe consequences on
the ecosystem viability.

A general conclusion of the study would be that
the general level of pollution on the investigated reach
is rather low and thus the immediate threat on the
living organisms from the Lower Prut Floodplain
Natural Park is limited.
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