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Abstract The study analyzes the presence and the ori-
gin of heavy metals in environmental compartments
affected by anthropogenic activities. The paper presents
the results of a field study performed on the sediments of
two of the main small urban creeks of the city of Prague
(Czech Republic). The aim of the survey was to verify
the presence and bioavailability of heavymetals (Cu, Cr,
Ni, Pb, Zn) in the aquatic environment (water as well as
bottom sediments), and to assess the source of these
pollutants. The results were processed to evaluate the
enrichment factor and the partition coefficient, and were
statistically analyzed through the analysis of variance
and the principal component analysis. Comparison with
relevant environmental quality standards showed that
measured heavy metal concentrations were always low-
er than the probable effect concentration (PEC). On the
contrary, the threshold effect concentration (TEC) was
frequently exceeded. Sequential extraction analysis
showed that the bioavailability of studied metals is quite

high, suggesting that they could be easily released from
the sediment to the aquatic environment. Overall, sev-
eral sources of pollution, different for the different
metals, were identified, all related with anthropogenic
factors.

Keywords Small urban creeks . Heavymetals . Metal
availability . Sediments . PCA . Sources pollution

1 Introduction

Over the course of centuries, rivers have played an
important role in the development of civilization and
have conferred various benefits on mankind. They pro-
vide drinking water as well as water for irrigation,
industrial purposes, and transportation. Rivers also pro-
vide means for the final disposal of wastewater. Many
towns have in fact been founded on river banks, and
creeks within cities (i.e., tributaries of the main water
course) are still a significant part of the urban environ-
ment worldwide.

Anthropogenic activities have led to the alteration of
the original quality of river waters and, even more of
creeks due to their limited flow (Nabelkova and
Kominkova 2012). This has had serious consequences
on the well-being of people and the environment. Still,
water courses are important habitats for algae, rooted-
plants, benthic animals, fish, and other wildlife (Ogura
and Kanki 2009), and therefore, human activities can
have dramatic consequence on biodiversity close to the
urban habitat (Newbold et al. 2015).
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As a consequence of direct and indirect discharge of
pollutants, the quality of water courses has drastically
worsened, and several pollutants have accumulated in
the river sediments worldwide. Sediments contribute
significantly to aquatic ecosystem functioning and play
a major role in the control of dissolved pollutants.
Metallic pollutants in particular deserve specific atten-
tion (Bordas and Bourg 2000) because of their wide
diffusion and potential harmfulness. Moreover, being
not biodegradable, they can be accumulated in living
tissues, becoming available for human beings. The
geochemical processes that are responsible for the mo-
bility of metals at the water-sediment interface are
adsorption and precipitation (Mouvet and Bourg
1983). The existing balances are easily affected in the
case of creeks, and therefore, the assessment of metals
in creek sediments is particularly important. It should
be highlighted that both mobility and bioavailability of
heavy metals (HMs) in creeks sediments affect the
quality of the creek itself and of the surrounding
environment.

The aim of this work was to monitor the content of
commonly found HMs (Cr, Cu, Ni, Pb, and Zn) in the
sediments of the two major creeks in Prague
(Czech Republic): the Botic and the Rokytka, affluents
of the Moldau River. These creeks are strongly affected,
both directly and indirectly, by anthropogenic activities,
being the final recipients of several combined sewer
overflows (CSO) and storm water drains (SWD). Our
goal was to understand HMs bioaccumulation and bio-
availability, and to assess possible correlations between
pollutant sources.

2 Experimental Procedure

2.1 Description of Study Area

This study was performed on sediment (SSs) and water
samples (WSs) collected from the Botic and Rokytka
creek, the principal tributaries of the Moldau River in
the urban area of Prague (Fig. 1). The Botic is 34.5 km
long and has a catchment area of some 140 km2. The
average flow is 0.3–0.4 m3 s−1. The Rokytka is slightly
longer (36.2 km) and has a similar catchment and aver-
age flow (Komínková and Nabelková 2006;
Komínková et al. 2005; Nabelková et al. 2004). The
choice of these two creeks was due to the fact that both
of them are seriously affected by CSO and SWD.
Nonetheless, while the Botic creek suffers from pollu-
tion caused by industrial wastewater, the Rokytka is
mainly impacted by drainage of residential areas, and
is the recipient of sediments coming from an industrial
polluted pond, known as the Kyjsky pond. Surface
runoff drained to both creeks by CSOs as well as
SWD originates in areas with heavy road traffic.

Five sampling sites were chosen for the Botic
(Fig. 1). The first sampling site, indicated as B0, is
located above all CSOs and was considered as a refer-
ential for HMs assessment, unaffected by urban drain-
age. The other sampling sites are placed, respectively, at
the following locations: (i) after the confluence of the
Kosikosvsky creek (B1), (ii) after a small pond and a
CSO (B2), (iii) after a SWD (B3), and (iv) after another
CSO (B4). For the Rokytka creek, four sampling sites
were chosen (Fig. 1): (i) below a SWD (R1), (ii) below a

Fig. 1 Sampling point locations
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CSO (R2), (iii) below a CSO and a SWD (R3), and (iv)
after another CSO (R4).

For each of the sampling sites, three to four samples
of both water and sediments were collected during three
successive years, at times when the creeks were not iced.

2.2 Methodology of Analysis

The SSs were frozen at −20 °C and dried under vacuum
conditions using a liofilizator Christ Alpha 1–4 LSC,
then sieved through a 0.6 mm sieve to eliminate coarse
particles. Successive sieving sessions were performed to
partition the sample into three different fractions: medi-
um sand (0.6–0.2 mm), fine sand (0.2–0.06 mm), and
clay and silt (<0.063 mm). For each fraction, the content
of Cr, Cu, Ni, Pb, and Zn and organic matter (OM) were
measured. For the assessment of the enrichment factor
(Malkoc et al. 2010), also Mn was measured. Before
analysis of metals, SSs were wet digested under pressure
control following the pseudo total extraction procedure
(USEPA 2001) and using a microwave oven
(MILESTONE One Touch). During digestion, the tem-
perature was increased to 175 °C in less than 5.5 min
and was maintained between 170 and 180 °C for at least
10 min. Nitric acid (67 % v/v) and hydrogen peroxide
(30 % v/v) were applied as extracting reagents in a 10:1
volumetric ratio. After cooling, the digestate was filtered
and diluted to 50 ml using ultrapure water. Then, the
samples were transferred to polyethylene containers and
analyzed in atomic absorption spectrometer with flame
atomization Unicam Solar (FAAS).

WSs were fixed prior to the analysis of metals (Cr,
Cu, Ni, Pb, and Zn) by addition of small amounts of
nitric acid and kept refrigerated at 4 °C. Analysis of
concentrations in WSs was performed in FAAS (in the
case of Zn) and in GF AAS (graphite furnace atomiza-
tion) for other metals.

The partitioning of the metals into four fractions
(exchangeable and weak acid soluble, reducible,
oxidisable, and residual) was accomplished through se-
quential extraction, following the procedure proposed
by Pueyo et al. (2008), summarized in Table 1. Blank
samples were used to determine the background con-
centrations of analyzed metals.

The amount of OM in each sieved fraction was
measured as the percentage loss on ignition (% LOI),
with the SSs heated initially to 105° in an oven and then
successively to 550° in a muffle furnace.

All measurements were performed at least in dupli-
cate to reduce experimental errors and to account for the
heterogeneity of the samples.

2.3 Data Processing

Analytical data were processed to eliminate the effect of
natural background concentrations and to calculate the
partitioning between the liquid and the solid phase. The
data were also investigated statistically to identify any
significant correlations and the structure of their covari-
ation. The set of observations was finally converted into
uncorrelated axes of maximum variability through prin-
cipal component analysis to investigate possible sources
of pollution. To eliminate the influence of the back-
ground concentration, the enrichment factor EF was
calculated. This factor is defined as (Malkoc et al.
2010) follows:

EF ¼ CS

Cre f
⋅
Bre f

Bn
ð1Þ

where CS=concentration of the assessed metal in the
sediments, Cref=background concentration of the
assessed metal in the sediments, Bn=concentration of
the reference element in the sediments, Bref=background
concentration of the reference element in the sediments

Table 1 The steps of the sequential extraction procedure (Pueyo et al. 2008)

Step Fraction Reagent Operative conditions

1 Exchangeable and
weak acid soluble

40 mL of 0.11 mol L−1 acetic acid 30±10 rpm at 22±5 °C for 16 h; room temperature

2 Reducible 40 mL of 0.5 mol L−1 hydroxylammonium
chloride; 2.5 % (v/v) 2 mol L−1 HNO3

30±10 rpm at 22±5 °C for 16 h; room temperature

3 Oxidisable 20 mL of 8.8 mol L−1 H2O2; 50 mL of 1 mol L−1

ammonium acetate (pH 2)
1 h at 22±5 °C and 2 h at 85±2 °C; 30±10 rpm at
22±5 °C for 16 h; room temperature

4 Residual 7.0 mL of HCl (37 %) and 2.3 mL of HNO3 (70 %) Microwave digestion
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Mn was used as the reference element due to its low
variability of occurrence (Loska et al. 2003; Lu et al.
2009). On the basis of the obtained values of EF, the
level of loading (or contamination category) was de-
fined following the classification proposed by Malkoc
et al. (2010). Background concentrations were obtained
from the literature (Cadkova et al. 1984).

To understand the partition of the metals between the
solid matrix and water, the distribution coefficient was
calculated. This coefficient is defined as (EPA 1999):

kd ¼ Cw

Cs
ð2Þ

where kd=distribution coefficient, Cw=concentration of
the metal in the water CS=concentration of the metal in
the sediments

Values of log(Kd)>5 are characteristic for metals that
prefer be bounded to the solid phase and migrate only
partially into the liquid phase, whereas values of
log(Kd)<4 are characteristic for metals that are easily
released from the solid phase (Nabelkova and
Kominkova 2012).

We performed a principal component analysis of all
the samples and their concentration to look at the corre-
lation structure among pollutants. Then, we compared
the concentration of metals across samples by means of
analysis of variance (ANOVA). Finally, we used multi-
variate analysis of variance (MANOVA) to check for
possible differences among pollutants concentration de-
pending on the type of discharge. Statistical analyses
were conducted in R (version 3.1.2, R Core Team 2014).

3 Results and Discussion

3.1 Total Metal Concentration in the Sediments

Total metal concentrations in the SSs are summarized in
Table 2. To assess the presence of contamination, we
compared the experimentally determinated values to the
consensus-based sediment quality guidelines (SQGs)
for freshwater ecosystems (MacDonald et al. 2000).

The SQGs can be synthesized by two indices, thresh-
old effect concentrations (TEC) and probable effects
concentrations (PEC), which respectively represents
the following: the concentration of a specific contami-
nant below which negative impacts on benthic organ-
isms are rarely expected; and the concentration of each

substance above which adverse biological effects are
frequently found. Values reported in Table 2 are to be
understood as means on triplicate measurements, RSD
being always below 6.48 %. Comparing the measured
concentrations to TEC and PEC values, it can be stated,
in general, that PECwas never exceeded in our samples.
On the contrary, more than 50 % of samples in both
creeks exceeded the TEC for Cu and almost the same
amount of samples collected in the Rokytka creek also
exceeded TEC for Zn. Moreover, in some 20 % of the
samples, Pb concentrations were higher than TEC.
Except for the R1 sampling station, the measured con-
centrations of Ni and Cr were lower than TEC. The
occurrence of HMs in the sediments is unlikely from
recent contamination episodes, since this type of pollu-
tion would have led to a greater differentiation in the
concentrations between sampling sites (Zhang et al.
2009); this was not observed in our data.

The results along the two creeks were different, as the
spatial variation of the analyzed metals was contami-
nant-specific. In the Rokytka creek, Cu, Cr, and Ni
showed a downward trend along the water course, while
the Zn concentration was quite irregular and the Pb
concentration was almost constant except at the last
sampling site where it was characterized by a very high
peak. In contrast, in the Botic creek, Cu, Zn, and Pb had
a downward trend along the watercourse, whereas Cr
and Ni were almost constant. Contrary to our expecta-
tion (Kominkova and Nabelkova 2007), results of mul-
tivariate analysis of variance (not shown) did not con-
firm any dependence of HMs concentration on the type
of discharge located immediately before the sampling
station. This was attributed to the differences existing in
the characteristics of the areas drained by the CSOs and
the SWDs.

To better appreciate the origin of metals (whether it is
natural or anthropogenic, either), we reported in Table 3
the values of the enrichment factors calculated for each
sampling site. For Cr and Ni, EFwas always less than 1.
This testifies to the not so significant contribution of
anthropogenic sources. The high values obtained for Cu
and Pb, between 2 and 5 (moderate enrichment), indi-
cate instead the effects of anthropogenic pollution car-
ried by creeks. The same can be said for the presence of
Zn in the Rokytka creek. The enrichment was particu-
larly important for Pb, even if its total concentration was
not particularly high, which suggests a past anthropo-
genic contamination whose effects are still noticeable in
the sediments.
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It should be noted that previous studies at the same
sampling sites on the Botic creek (Komínková and
Nabelková 2006) found higher concentration of Cu, Zn,
and Pb than the values reported here (Fig. 3). The reduc-
tion of the concentrations can be assigned to a general

improvement in the environmental quality of the creeks,
partly due to performed measures in the sewer system in
Prague, as revealed by the decreasing trend in the average
concentration in all investigated metals in the sediments
obtained during the last 15 years (data not shown).

Table 2 Maximum, minimum, mean values of HMs in sediments of Botic e Rokytka compared with to sediment quality guidelines (SQGs)

Botic Rokytka

B0 B1 B2 B3 B4 R1 R2 R3 R4

Cr Average (mg kg−1) 10.9 18.1 15.8 18.1 15.9 21.6 16.1 18.5 15.8

Max (mg kg−1) 16.0 33.9 19.3 28.1 21.7 35.9 24.3 34.9 27.9

Min (mg kg−1) 7.1 7.5 7.5 10.8 7.3 15.0 11.2 10.1 8.9

Samples exceeding TEC (%) 0 0 0 0 0 0 0 0 0

Samples exceeding PEC (%) 0 0 0 0 0 0 0 0 0

Cu Average (mg kg−1) 9.7 25.1 36.2 37.9 52.7 44.2 37.0 37.6 29.2

Max (mg kg−1) 11.5 60.2 75.0 57.2 113.3 67.4 49.1 63.4 42.8

Min (mg kg−1) 6.5 6.8 7.4 22.7 32.0 25.5 27.7 21.7 18.5

Samples exceeding TEC (%) 0 20 33 40 100 67 80 83 33

Samples exceeding PEC (%) 0 0 0 0 0 0 0 0 0

Ni Average (mg kg−1) 9.2 12.3 11.3 11.1 10.2 16.7 13.7 12.4 10.2

Max (mg kg−1) 10.3 19.3 15.2 17.0 13.8 23.5 16.3 20.2 14.3

Min (mg kg−1) 6.4 6.6 4.6 6.6 6.1 11.7 10.3 8.3 7.1

Samples exceeding TEC (%) 0 0 0 0 0 17 0 0 0

Samples exceeding PEC (%) 0 0 0 0 0 0 0 0 0

Pb Average (mg kg−1) 8.4 14.7 25.5 30.4 23.8 33.6 27.4 30.9 45.2

Max (mg kg−1) 10.0 22.3 43.3 64.1 30.3 50.2 36.6 46.7 124.6

Min (mg kg−1) 5.3 7.6 17.6 12.7 18.4 25.6 20.2 12.8 17.2

Samples exceeding TEC (%) 0 0 17 20 0 17 20 17 50

Samples exceeding PEC (%) 0 0 0 0 0 0 0 0 0

Zn Average (mg kg−1) 18.6 32.0 31.9 50.0 60.2 156.0 122.3 151.4 114.9

Max (mg kg−1) 41.6 93.3 54.7 83.4 113.3 242.3 159.6 249.9 167.6

Min (mg kg−1) 6.5 14.3 7.4 12.7 26.4 107.2 100.6 92.2 77.5

Samples exceeding TEC (%) 0 0 0 0 0 67 40 67 33

Samples exceeding PEC (%) 0 0 0 0 0 0 0 0 0

Threshold effect concentration (TEC); the values for Cu, Cr, Ni, Pb, and Zn are, respectively, 31.6, 43.4, 22.7, 35.8, and 121 mg kg−1 .
Probable effect concentration (PEC); the values for Cu, Cr, Ni, Pb, and Zn are, respectively, 149, 111, 48.6, 128, and 459 mg kg−1

Table 3 Calculated EF values

Italicized data coincide with
moderate enrichment

B0 B1 B2 B3 B4 R1 R2 R3 R4

Cr 0.27 0.38 0.46 0.48 0.34 0.33 0.28 0.44 0.26

Cu 0.57 1.25 2.46 2.39 2.63 1.59 2.19 2.23 2.01

Ni 0.53 0.60 0.75 0.68 0.50 0.59 0.54 0.68 0.39

Pb 1.39 2.07 4.90 3.91 3.36 3.41 3.14 4.88 4.93

Zn 0.52 0.76 1.03 1.50 1.43 2.67 2.35 4.03 2.11
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3.2 Influence of Grain Size and Organic Matter Content
on Sediment Pollution

Several studies show that grain size and OM content are
determinant factors for the distribution of metals in sed-
iments (Aloupi and Angelidis 2001; Lin et al. 2002;
Huang and Lin 2003; Liaghati et al. 2004; Chen et al.
2007). The finest fraction is, in fact, the main support for
metal bonding to the solid matrix. Metal adsorption
capacity increases from sand to silt and clay due to
increasing specific surface area of sediment particles.
Therefore, the concentration of metals tends to increase
with decreasing grain size. Such general behavior was
somehow reflected in our data. Metal and OM distribu-
tions in the different granulometric classes are summa-
rized in Fig. 2. The metal concentration in the coarser
fraction, although not negligible, was generally lower
than the metal concentration in the two finer fractions.
The exception was represented mainly by the Pb concen-
tration, which had minor fluctuations depending on the
grain size. Still, the Pb concentration in the two finer
fractions ranged from 70 to 80 % of the total amount.
Nevertheless, the grain size distribution proves that the
finest fractions are quantitatively irrelevant for both
creeks. The silt and clay content, in fact, ranged from
1.70 to 4.40% in the Botic creek and from 1.04 to 5.78%
in the Rokytka creek. The fine sand content ranged from
9.52 to 22.54 % in the Botic creek and from 7.18 to
24.34 % in the Rokytka creek. Medium sand content was
always above 70 % overall (Fig. 3). Therefore, the frac-
tion of sediments with grain size between 0.2 and 0.6 mm
contributed the most to the total metal content and could
be considered the primary factor of creek pollution.

The OM content decreased from silt and clay to
medium sand, following the same trend as the metals.
These results are in accordance with Lin and Chen
(1998), who claimed that the OM content in the sedi-
ment plays an important role in the adsorption of metals
and generally can be used as a simple pollution index.
Differences in the content of OM were found compared
to those of Nabelkova and Kominkova (2012). In the
Botic creek, a significant increase was observed (from 1
to 4.7 %), while in the Rokytka creek, a slight decrease
was noted (from 6.5 to 4.5 %). These differences did not
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�Fig. 2 Metal and organic matter content in the different
granulometric classes of the SSs. <0.06 mm, 0.06–
0.2 mm, ■ 0.2–0.6 mm. Max RSD for metals <5.85 %. Max
RSD for OM<2.37 %

322 Page 6 of 10 Water Air Soil Pollut (2015) 226: 322



reflect the variations of metal concentrations, as also
other parameters (e.g., grain-size composition) had dif-
ferent values in the two studies.

3.3 Metal Mobility and Bioavailability

The bioavailability and toxicity of the HMs derives
significantly from their specific chemical forms and
their binding state. The HMs distributed in the first three
fractions of the sequential extraction analysis can be
mobilized from sediments to water given changes in
environmental conditions. The results of sequential ex-
traction analysis, reported in Fig. 4 for sampling sites
located below a CSO or a SWD, reveal that the sum of
the first three fractions was predominant for all metals in
the Rokytka creek, and was predominant for all metals
except Cr in the Botic creek. Moreover, excluding this
latter case, the reducible fraction was more important
than others. As previously anticipated, Cr represents an
exception, and in the Botic creek, it was mainly present
in the residual fraction with very little bioavailability.

The amounts of Pb and Cu bound to the exchange-
able and weak acid soluble fraction showed a slight
increase at site B3, R1, and R3, i.e., directly influenced
by SWD. The increase was even more evident for Ni
and Zn. Although we did not measure pH values we
assumed, as a hypothesis, that this increase was a con-
sequence of the mobilization occurring from the reduc-
ible fraction, due to the acidification caused by the
presence of SWD during rain events. These pH varia-
tions are quite common in urban creeks because of the
effect of rainwater, especially during the first minutes of
a rain event, as rainwater is frequently slightly acidic as
it washes out atmospheric acidic gases (Nabelkova and
Kominkova 2012). In any case, the scarce presence of
metals in the residual fraction indicates a potential haz-
ard related to metal release.

The analysis of distribution coefficient values (Fig. 5)
corroborates in general previous hypotheses. According to
the data, the most available metal from the sediment was
Ni followed by Cr. In the Botic creek, Pb also seems to be
characterized by an elevated mobility from the solid phase
to water during critical events (e.g., intense rainfall
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Fig. 3 Grain size distribution in the SSs. <0.06 mm, 0.06–
0.2 mm, 0.2–0.6 mm

Fig. 4 Results of the sequential extraction analysis. Exchangeable
and weak acid soluble fraction ( ); reducible fraction( );
oxidisable fraction( ); residual fraction (■). Max RSD<6.21 %
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episodes). In contrast, for both creeks, the values of kd
obtained for Zn and Cu indicate that these metals tend to
bound to the sediment and are not easily released into the
water. The presence of Ni and Cr in the liquid phase is
probably due to the fact that these metals are highly
bioavailable. Therefore, they characterize both the sedi-
ment and thewater of the two creeks, as a long-established
equilibrium exists between the two phases. The presence
of Pb, however, is due to anthropogenic contamination,
but this contamination occurred a long time ago. Several
studies (Reed et al. 1996; Peters 1999; Tandy et al. 2004)
indicate that the age of the contamination is very important
in determining the metal’s mobility and that a recent
contamination is generally characterized by higher mobil-
ity, than an older contamination.

3.4 Results of Statistical Analysis

Results of the ANOVA test confirmed that the source of
pollution for the two creeks is different, and therefore,
each creek should be studied separately. The obtained
values of variance were, in fact, around 10−12 for Zn and
Ni, 10−4 for OM, 10−3 for Pb, and 10−1 for Cr and Cu.

MANOVA analysis of pollutants in the Rokytka
creek per discharge type revealed not significant differ-
ences (F=1.233, df=20, p=0.313). The same applies
when year of data collection was taken as a covariate.

We repeated this same analysis on Botic creek, get-
ting qualitatively the same results (F=0.41, df=19, p=
0.530). Again, the inclusion of year of data collection
did not affect the results.

In contrast, several significant correlations were
found between the concentrations of different metals in
the same creek, as indicated in Table 4. The upper part of
the table reports the correlations obtained for the Botic
creek (italics), and the lower part of the table shows the
correlations obtained for the Rokytka creek (bold
italics).

Themost noticeable correlation, which holds for both
creeks, was between Cr and Ni. This confirms once
more that the Cr and Ni contamination has a common
origin probably due to the contribution of rainwater
polluted from traffic activity, i.e., Cr and Ni are released
by the wearing off of brake lining and asphalt surface
(Ball et al. 1998). An aliquot of HMs can have the same
sources (Ozaki et al. 2004; Figi et al. 2010). The other
correlations between metals were creek-specific. In the
Rokytka creek, Cu was well correlated to Zn but not
with Pb. It is therefore very likely that the sources of Cu
and Zn contamination in this creek are the same, while
the source for Pb contamination is different. In the Botic
creek, however, the correlations between Cu, Zn, and Pb
were weak, and therefore, it is likely that different
sources are operating there. The OM correlation was
also different between the creeks. In the Botic, there was
a very low correlation of OM with Cu, Zn, and Pb. A
similar result is reported by Yi et al. (2011) for the
sediments of the Yangtze River basin. In the Rokytka
creek, however, OM was well correlated with all metals
except Pb. It can be therefore supposed that these metals
have different geochemical supports due to precipitation
processes caused by biological reactions (Evans 1989;
Qu and Kelderman 2001).

B0 B1 B2 B3 B4 R1 R2 R3 R4
0

2
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6

8
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g 

K
d

Fig. 5 Calculated values of the distribution coefficient. ( ) Cu; ( ) Cr; ( ) Ni; ( ) Pb; ( ) Zn

Table 4 Correlation coefficients (Pearson product moment)

Cu Ni Pb Zn Cr OM

Cu 1.00 0.24 0.53 0.55 0.31 0.17

Ni 0.83 1.00 0.17 0.44 0.94 0.92

Pb 0.11 0.16 1.00 0.39 0.27 0.10

Zn 0.82 0.86 0.12 1.00 0.63 0.35

Cr 0.79 0.81 0.58 0.82 1.00 0.91

OM 0.84 0.92 0.12 0.88 0.83 1.00

Correlation coefficients for the Botic creek (data in italics) and the
Rokytka creek (data in bold italics) meal pollutants

OM organic matter
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A final confirmation of the abovementioned hypothe-
ses was obtained by the results of a principal component
analysis (Table 5), applied as a tool for identifying the
covariation (hence ascertaining the origin) of the metals.

The data clearly show that, for both creeks, the first
two components explain more than 98 % of the data
variance. If the third component is also added, it is
possible to explain over 99 % of the variance.

Once again, the two creeks presented several dissimi-
larities. The first and the second component referred to the
Botic creek are explained by the behavior of Cu and Zn.
These metals may be present in the soil from both natural
and anthropogenic causes. As the areas near the creek
have settled new housing developments, it is reasonable
to assume that the presence of Cu and Zn in the sediments
is due to runoff from roofing materials (He et al. 2001).
However, the third component referred to the same creek
only explains the variance of Pb. It is very likely that Pb
has been introduced by anthropogenic factors, including
coal combustion and exhaust from cars as a residue from
times of Pb petrol usage (Mamat et al. 2014).

The first component referred to the Rokytka creek is
just loaded by the variance in Zn, indicating that this
metal has an origin that is not related to that of the other
metals. The presence of Zn alone can be attributed to
motor vehicles in tires and in certain lubricating oils and
also in the wastewater from businesses (e.g., car washes)
(Sorme and Lagerkvist 2002). The second component is
mostly explained by Pb, whose origin can be attributed

to the same sources as indicated for the Botic creek.
Finally, the third component explains the variance of
Cu, indicating that this metal has an origin which is
different from that of the others.

4 Conclusion

This study shows that two small urban streams of similar
characteristics, flow regime, geological background, as
well as pollution sources can display different behavior
and bioavailability of heavy metals.

Generally known statements have been confirmed.
As expected, the finest fraction of sediments resulted to
be the main support for metal binding. Similarly, the
presence of OM content followed the same trend as of
HMs concentration, resulting in a good pollution index.
Nevertheless, several differences have been observed
between the two creeks. Moreover, in some aspects, a
different behavior has been noticed compared to what is
reported in the literature sources. For example no corre-
lation between the type of discharge and the HMs con-
centration has been found.

Such a result confirms that each water body is a
unique environment and has to be studied avoiding
generalizations. In this sense, the application of statisti-
cal analysis may represent a useful tool to assess the
impact of different pollution sources on a single water
course, if other investigation methods, such as isotopic
fractionation, are not available.
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