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Abstract: Trace metals (TMs) are still a serious problem in urban streams because of their toxicity and continuing signifi-
cant levels in the aquatic environment, especially in bed sediments. Concentrations of Cd, Cr, Cu, Ni, Pb and Zn were 
monitored in the sediments of several small streams in the Prague area. These streams differ in the main source of pollu-
tion (combined sewer overflow - CSO, storm water drain – SWD, or waste water treatment plant - WWTP). The potential 
TMs hazard was assessed by several indexes, and the dependence of TMs concentrations on various sediment material 
characteristics was evaluated. The bioavailability of TMs was also assessed by comparing the binding strength of metals 
in the sediment and their concentrations in aquatic organisms in these creeks. Of the metals studied, Cd is the most avail-
able from sediments, but the other metals were also easily released from the sediment to the liquid phase. There were also 
differences in TMs bioavailability from sediments of creeks with different main pollution source, and was higher in creeks 
impacted by WWTP and SWD. 
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INTRODUCTION 

Watercourses in urban areas are strongly affected by dif-
ferent anthropogenic activities, with urban drainage playing 
the most important role. Waste water and storm water mod-
ify the quality of the aquatic environment in chemical, mor-
phological as well as biological parameters. Combined sewer 
overflows (CSOs) and Storm water drains (SWDs) are 
sources of pollution particularly under wet-weather condi-
tions. Loading of contaminants from CSOs depends on pro-
portions and quality of municipal, commercial as well as 
industrial wastewaters. In some cases SWDs can be even 
more significant sources of contaminants. According to 
Chambers et al. [1] urban runoff significantly exceeds those 
associated with municipal wastewater. Marsalek et al. [2] for 
instance reported that in the Canadian Great Lakes region 
urban runoff discharges annually 105 tonnes of suspended 
solids, 104 tonnes of chloride and 102 to 103 tonnes of trace 
metals. 

Though loading of contaminants to receiving waters from 
stormwater discharges is episodic and causes a short-term 
pulse of exposure, sediments in receiving waters frequently 
accumulate them. Pollutants associated with sediments may 
become temporarily bioavailable to the organisms in nonde-
positional areas because of dispersion caused by a hydraulic 
action [3].  
 Numerous studies have assessed an exposition of bio-
logical communities in receiving waters to wet-weather run-
off. Most of these studies are focused on benthic invertebrate 
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communities. These organisms may have a greater degree of 
contact with pollutants derived from stormwater discharges 
than others. They are highly relevant in environmental stud-
ies because of their sedentary nature, ubiquity, responsive-
ness to disturbances, easy of sampling and importance for 
other ecosystem components. The studies usually confirm 
toxicity of sediments, porewater and overlying water in 
stormwater-exposed aquatic systems [4, 5]. On the other 
hand, there are also studies reporting, that biological degra-
dation occurs as a result of habitat changes, and that there is 
limited evidence for contaminant-induced impairment [6, 7]. 

Trace metals (TMs) belong to the group of specific pol-
lutants associated with urban drainage (industrial waste wa-
ter as well as stormwater runoff from traffic areas). They are 
very significant because of their toxicity for organisms, abil-
ity to bioaccumulate and biomagnification in the food chain. 

The mobility of TMs in aquatic ecosystems and their 
toxicological impact on organisms have not been very well 
understood yet, especially in the environment where frequent 
and fast changes of conditions occur. This type of 
the environment is typical particularly for small urban 
streams, where urban drainage significantly changes the flow 
as well as physical and chemical conditions of water (pH, 
conductivity, hardness, redox potential, etc.). These changes 
can lead to the remobilization of TMs from sediments back 
to the water and consequently to the increase of bioavailabil-
ity. TMs tend to be bound in the solid phase of the aquatic 
environment – suspended solids and bed sediment [8- 13]. 
This means that except for during acute events (e.g. storms, 
accidental releases, flooding), their concentrations in the 
water (liquid phase) should be less significant. However, 
sediments serve as a storage site where TMs can accumulate 
to very high levels for long periods. The concentrations in 
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sediments directly affect benthic invertebrate organisms and 
are also potentially dangerous for other aquatic and terres-
trial organisms, either because of their transfer in the food 
chain or during acute situations when pollutants from sedi-
ment can be remobilized to the liquid phase and be directly 
uptaken by organisms. 

The aim of this paper is to analyze the potential hazard 
that TMs concentrations in bed sediments can cause for 
aquatic life in the different conditions of small urban streams 
affected by different types of urban drainage.  

METHODS 

Description of the Studied Creeks 

We studied six small urban streams in the Prague area af-
fected by different types of urban drainage and therefore 
differing in their main source of pollution. The first two 
creeks, the Botic creek (B) and the Rokytka creek (R), are 
both significantly affected by combined sewer overflows 
(CSO). However, they differ in channel characteristics as 
well as the quality of waste water affecting them. Whereas 
CSO in the Botic creek loads the stream by pollution origi-
nating from industrial waste water and runoff from heavy 
traffic areas, CSO in the Rokytka creek mainly originates 
from domestic waste water. Moreover, the sediment of the 
Rokytka creek in the studied section is affected by sediment 
washing out from the Kyjsky pond, which is loaded by in-
dustrial-origin TMs contamination. The second group of 
studied creeks, the Zatissky creek (Z) and the Kunraticky 
creek (K), are characterized by storm water drain (SWD) 
impacts. The sediment in these creeks, especially in the Za-
tissky creek, is often flushed away during rain events be-
cause of extreme flow rates caused by the high percentage of 
impermeable surfaces in the catchments. The third group of 
streams, impacted by WWTP, is comprised of the Uneticky 
creek, impacted by WWTP from the Prague airport, and the 
Vinorsky creek, that is loaded by strong industrial contami-
nation from historical activities. Basic hydrological data of 
all studied creeks is shown in Table 1. 

Methods - Analyses 

Concentrations of the toxic metals Cd, Cr, Cu, Ni, Pb and 
Zn in water and sediments of the studied creeks were regu-
larly monitored (five times a year: for three years in the 
Botic, Rokytka and Zatissky creeks and for one year in 
the Kunraticky, Vinorsky and Uneticky creeks). Water sam-
ples were fixed by the addition of a small amount of HNO3 

and analyzed by an atomic absorption spectrometer with 
graphite furnace atomization (GFAAS). Sediment samples 
were frozen, freeze-dried, sieved to separate larger compo-
nents (>600 µm) and microwave digested in HNO3 and H2O2 
(method USEPA 3051, 1994) before analysis on an atomic 
absorption spectrometer with flame or graphite furnace at-
omization (FAAS or GFAAS).  

Selected sediment samples were sieved to separate ac-
cording to grain size distribution (fractions 200-600 µm, 63-
200 µm, <63 µm), and to analyze the binding behavior of 
TMs in sediments of different characteristics. The amount of 
organic matter in these sediment samples was analyzed as 
loss on ignition. These sediment samples were digested by 
the sequential extraction procedure of Tessier et al. [14] 
slightly modified by Nabelkova [9] to study the binding 
strength of the most problematic TMs in the studied creeks 
(Cd, Cu, Pb and Zn), as identified by a hazard assessment 
(described below). Though a new procedure of sequential 
extraction BCR is implemented in European countries [15], 
the Tessier’s protocol is still widely used all over the world 
[16-19], because it distinguishes five different geochemical 
fractions (BCR only four) and allows comparison with older 
data. Based on this sequential extraction procedure, concen-
trations of TMs in the following geochemical fractions were 
analyzed: exchangeable, carbonates, Fe/Mn oxides, organic 
matter and the residual.  

Concentrations of TMs were also monitored in aquatic 
organisms, mainly in benthic invertebrates. After a biologi-
cal survey, organisms were transported to the laboratory, 
identified, separated by species and size, then freeze and 
freeze-dried. Prior to analyses, organisms were microwave 
digested in HNO3 and H2O2 [20]. 

Methods - Hazard Assessment 

Concentrations of TMs in water were compared with the 
Environmental Quality Standard (EQS) of Government Or-
der 229/2007 [21]. An estimation of bioavailability and the 
hazard of metals in sediments was based on several indexes: 

Distribution Coefficient (Kd) is the ratio between a pol-
lutant concentration in sediment (cs) and its concentration in 
water (cw): 

Kd =
Cs

Cw

[L.kg
!1
]

 

Table 1. Basic Hydrological Data of the Studied Creeks 

Length Catchment Area Average Flow 
  Impact 

km km2 m3.s-1 

the Botic creek (B) CSO 34.5 134.9 0.3 – 0.4 

the Rokytka creek (R) CSO 36.2 134.9 0.3 – 0.4 

the Zatissky creek (Z) SWD 3.1 5.0 0.02 – 0.03 

the Kunraticky creek (K) SWD 14.8 31.6 0.05 – 0.06 

the Uneticky creek (U) WWTP 13.4 47.6 0.09 – 0.10 

the Vinorsky creek (V) WWTP 12.9 40.5 0.03 – 0.04 
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Kd gives information about what medium (water or solid 
phase) is crucial for the risk assessment [22]. This distribu-
tion coefficient is one of the most important parameters for 
assessing the migration potential of a contaminant present in 
the liquid phase that is in contact with sediment or suspended 
matter. Values of logKd>5 are calculated for ele-
ments/compounds that prefer binding to solid phases and 
only marginally migrate into liquid phase. On the contrary, 
values of logKd<4 characterize chemicals more easily re-
leased from solid phases and logKd<3 chemicals present 
preferentially in the liquid phase [10]. 

Hazard Quotient (HQ) characterizes the danger of a pol-
lutant for the aquatic environment by comparison with a par-
ticular EQS. To evaluate the pollutant concentration in sedi-
ment, the following equation can be used: 

HQ =
C
s

EQS  
where cs is the measured concentration of a pollutant in 
sediment and EQS is a suitable criterion for the assessment 
of sediment quality. In this study, the USEPA benchmark 
Threshold Effect Concentration (TEC) was used because of 
the absence of suitable criteria in Czech national legislation. 
An ecological hazard is indicated for HQ>1 [23]. Based on 
the value of HQ, it is possible to predict changes in benthic 
community composition by categorization according to 
Clements et al. [24]: HQ<1 indicates unpolluted locality 
with no or reversible effect on aquatic organisms; 1<HQ<2 
shows low pollutant load with no acute danger for organ-
isms; 2<HQ<10 signalizes intermediate pollutant load with 
fatal effect to sensitive species and HQ>10 means high pol-
lutant load reflecting on benthic diversity decrease. 

 Mobility Factor (MF). The bioavailability and conse-
quently the hazard of problematic metals (Cd, Cu, Pb and 
Zn) according to their binding strength in sediment are 
evaluated by MF, as described by Kabala and Singh [25]: 

MF =
C
1+2

C
s
.100[%]  

where c1+2 is the concentration of a pollutant bound to the 
two most available geochemical sediment fractions (ex-

changeable and carbonates) and cs is the overall concentra-
tion of a pollutant in sediment (the sum of concentrations in 
all geochemical fractions: exchangeable, carbonates, Fe/Mn 
oxides, organic matter and residual). This factor expresses 
the ability of the sediment to release mobile (the most toxic) 
forms of pollutants during changes of conditions in the 
aquatic environment.  

Risk Assessment Code (RAC). Based on values of MF, the 
risk of sediment contaminated by Cd, Cu, Pb and Zn for water 
environment was quantified by an RAC (Table 2) [26, 27]. 

Biota sediment accumulation factor (BSAF). The 
bioavailability of TMs was verified directly by analyzing 
their concentrations in aquatic organisms (benthos, algae, 
fish). The ability of benthic organisms to accumulate metals 
from sediments is indicated by the BSAF, calculated as: 

BSAF =
C
B

C
s  

where cB is the concentration of a metal per dry weight of an 
organism and cs is the concentration of that metal in sedi-
ment [28]. 

RESULTS AND DISCUSSION 

As it was expected, water concentrations of TMs meas-
ured in all studied creeks during regular sampling were low, 
did not exceed EQS given by Government Order 229/2007 
[21]. However, differences in the average concentrations of 
TMs in sediments between the studied creeks (Table 3) are 
clear. The highest concentrations of Cu, Cr and Pb were seen 
in sediments of creeks impacted by CSO, the highest concen-
tration of Zn in creeks impacted by CSO as well as by 
WWTP from the airport. Cd concentration is most signifi-
cant in the sediment of the Vinorsky creek, reflecting rather 
past loading than recent WWTP impact.  

HAZARD ASSESSMENT 

The hazard assessment, performed using the indexes de-
scribed above, showed interesting results. According to the 
distribution coefficient (Table 4), the metal most easily re-
leased from the sediment is Cd; however, log Kd values <4 

Table 2. Quantifying the Risk of Contaminated Sediment for the Water Environment by RAC. 

RAC 1 2 3 4 5 

MF <1% 1-10% 11-30% 31-50% >50% 

Risk no low intermediate high very high 

Table 3. Average Concentrations of tms in Sediments (mg.kg-1) of Studied Creeks 

    Cd Cu Cr Ni Pb Zn 

B 0.31 ± 0.05 105.0 ± 11.0 44.5 ± 3.2 16.4 ± 1.3 51.6 ± 10.4 187.0 ± 32.1 
CSO impact 

R 0.82 ± 0.11 50.1 ± 3.5 27.8 ± 1.6 19.5 ± 2.5 44.9 ± 8.3 214.3 ± 15.6 

K 0.90 ± 0.09 24.0 ± 2.2 16.0 ± 0.9 20.4 ± 1.4 14.0 ± 2.1 102.0 ± 15.4  
SWD impact 

Z 0.17 ± 0.03 9.7 ± 0.9 17.23 ± 3.2 14.2 ± 2.5 15.0 ± 1.3 47.8 ± 9.5 

V 5.8 ± 1.0 11.9 ± 1.7 15.1 ± 1.5 8.0 ± 1.2 7.5 ± 0.4 64.3 ± 10.3 
WWTP impact 

U 0.37 ± 0.06 37.8 ± 4.1 23.4 ± 1.6 18.5 ± 0.9 27.3 ± 5.1 203.5 ± 20.1 
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for other metals also implies relatively easy release from the 
sediment to liquid phase, which can happen during critical 
events (rain or accidental events). Differences in log Kd val-
ues among creeks for particular metals are seen as well. For 
instance, Cu and Pb are most available from sediments of 
streams impacted by WWTP. Lower Kd values for Zn, Pb 
and Ni also reflect higher availability in the Zatisssky creek, 
impacted by SWD.  

The hazard quotient (Table 5) indicates dangerous con-
centrations of Cu, Pb and Zn in sediments of creeks im-
pacted by CSO. Cu in the Botic creek (B) can be evidence of 
either industrial waste water impacts or runoff from residen-
tial areas, where Cu materials are used for roofs components. 
Pb and Zn probably originate in runoff from heavy traffic 
areas in the catchments of both CSO impacted creeks. The 
value of HQ >2 for Cu in the Botic creek can cause the loss 
of sensitive benthic species [24]. Sediments of creeks im-
pacted by WWTP are slightly loaded by Cu and Zn (for the 
Uneticky creek impacted by WWTP from the airport) and 
according to Clements et al. [24], the HQs (ranging from 1-

2) indicate low environmental danger with no acute risks to 
the benthic community. The Cd concentration in the sedi-
ment of the Vinorsky creek is most dangerous, with an HQ 
value of 9.8 that can be fatal to sensitive benthic species 
[24]. According to HQ, sediments of creeks impacted by 
SWD do not seem to be significantly loaded by toxic metals 
(with the exception of Cd in the Kunraticky creek, where 
there is a low sediment load). 

As has been commented above, Cd, Cu, Pb and Zn were 
determined to be the most dangerous of the metals studied in 
these creeks. Therefore, bioavailability for these metals was 
evaluated by the Mobility Factor and Risk Assessment Code 
(Table 6) based on the sequential extraction procedure ([9] 
and [14]) performed on selected sediment samples. An in-
termediate bioavailability risk (RAC 3) was found for Cd in 
all studied streams, except for the sediment of the Vinorsky 
creek where the risk was high (RAC 4). It can be assumed 
that a significantly higher contaminant concentration reflects 
a higher proportion in more bioavailable geochemical sedi-
ment fractions (exchangeable and carbonates). Cu and Pb 

Table 4. Average Distribution Coefficient (log Kd) of Studied Creeks 

 log Kd   Cd Cu Cr Ni Pb Zn 

B 2.4 5.2 4.0 3.8 4.2 3.7 
CSO impact 

R 3.6 4.1 3.5 3.8 4.0 3.9 

K 3.8 4.6 3.9 3.7 4.0 4.4 
SWD impact 

Z 3.5 4.2 3.4 3.3 3.7 3.6 

V 3.7 3.5 3.1 3.1 3.3 3.6 
WWTP impact 

U 2.6 3.4 3.5 3.6 3.4 4.0 

Table 5. An Average Value of HQ for Metals Concentrations in Sediment and BSAF for Metals in Studied Creeks 

    Cd Cu Cr Ni Pb Zn 

    HQ BSAF HQ BSAF HQ BSAF HQ BSAF HQ BSAF HQ BSAF 

B 0.5 0.8 3.8 0.5 0.8 0.1 0.4 0.1 1.5 0.6 1.2 1.7 
CSO impact 

R 1.4 0.6 1.8 1.4 0.5 0.4 0.5 0.1 1.3 0.4 1.3 2.7 

K 1.5 5.4 0.9 6.9 0.3 0.8 0.5 0.5 0.4 1.7 0.6 3.7 
SWD impact 

Z 0.3 1.5 0.3 1.7 0.3 0.2 0.4 0.6 0.4 0.3 0.3 2.0 

V 9.8 NA 0.4 NA 0.3 NA 0.2 NA 0.2 NA 0.4 NA 
WWTP impact 

U 0.6 0.2 1.3 1.4 0.4 NA 0.5 NA 0.8 0.1 1.3 3.3 

NA – data not available (insufficient number of organisms) 

Table 6. The MF and RAC Hazards of the Most Problematic TMs in Sediments 

    Cd Cu Pb Zn 

    MF RAC MF RAC MF RAC MF RAC 

B 16.6 3 9.3 2 2.5 2 25.6 3 
CSO impact 

R 19.7 3 3.8 2 4.5 2 42.6 4 

K 26.4 3 8.0 2 4.0 2 33.5 4 
SWD impact 

Z 13.5 3 28.5 3 15.4 3 53.9 5 

V 42.6 4 17.9 3 11.6 3 38.2 4 
WWTP impact 

U 25.6 3 6.1 2 3.2 2 33.7 4 
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showed intermediate risk in the Zatissky creek (impacted by 
SWD) and the Vinorsky creek (WWTP). According to the 
MF and RAC, Zn is the most available and hazardous in 
most creeks, and is even a very high risk (RAC 5) for the 
Zatissky creek. The higher bioavailability of metals in the 
Zatissky and Vinorsky creeks is clear from Table 6. This 
may be caused by frequent critical events from SWD to the 
Zatissky creek, because during the first few minutes of rain 
the pH of water can decrease due to pollution washed out 
from the air of urban areas, consequently leading to the re-
mobilization of metals from sediments [9, 29, 30]. The 
higher bioavailability of metals in the Vinorsky creek may 
be caused by high contamination (particularly in the case of 
Cd) rather than by the direct impact of WWTP.  

Average values of the Biota Sediment Accumulation Fac-
tor (Table 5) more or less confirm the results of MF and 
RAC. Zn in all creeks accumulates in organisms to high lev-
els. Organisms from creeks impacted by SWD show accu-
mulations of TMs, especially Cd and Cu, to significantly 
higher levels than similar species from creeks impacted by 
CSOs [25]. 

BINDING BEHAVIOUR OF TMS IN SEDIMENTS OF 
DIFFERENT CHARACTERISTICS 

Sediment samples differing in pollutant concentrations 
(Table 7) as well as the amount of organic matter and grain 
size distribution (Fig. 1), were evaluated for the binding be-
haviour of the most dangerous metals (Cd, Cu, Pb and Zn).  

Based on findings of Soares et al. [8], it was assumed 
that the highest proportion of a pollutant is bound to the fin-
est fraction. Fig. (2) shows concentrations of TMs in three 
different grain size fractions (<63µm, 63-200µm and 200-

600µm). In most creeks, these results confirm the assump-
tion, with the exception of the Botic creek, where the highest 
proportion of Pb (and to a lesser extent Cu, Cd and Zn) is 
bound the intermediate grain size fraction. This could be 
because the Botic creek sediment had the lowest amount of 
OM (OM is usually the main component of the finest frac-
tion) and/or it could be related to the presence of Acid Vola-
tile Sulfides (AVS) originated in CSO that have very strong 
TMs binding affinity ([31, 32]) and could comprise the main 
part of the intermediate grain size fraction. A similar situa-
tion can be seen in the Uneticky creek for Cu and Pb, though 
the concentration of OM in the Uneticky creek sediment is 
not as low as in Botic. Hoehn and Gunten [33] offer another 
explanation for this phenomenon - that metals originating 
from anthropogenic activities can bind to the surfaces of clay 
minerals that are the main part of the intermediate sediment 
fraction.  

As shown in Fig. (3), the binding strength of toxic metals 
in sediment and consequently their bioavailability can also 
be described by the proportion of TMs concentrations in 
particular geochemical fractions. These results are in accor-
dance with the calculated indexes Kd, MF and RAC. The 
most available seems to be Cd, with the highest proportion 
bound to the exchangeable fraction (the most available sedi-
ment fraction). On the other hand, the least available is Pb, 
which is mostly bound to the residual and OM fractions (the 
strongest binding) except in Vinorsky creek. The difference 
in the Vinorsky creek may be explained by high Cd and Zn 
contamination in the analyzed sample, which may occupy 
binding positions for other metals. It is possible to generalize 
the availability of TMs in the studied creeks in the order: 
Cd>Zn>Cu>Pb. Comparing the studied streams (and differ-
ent impacts), there are evident differences among different  

Table 7. TMs Concentrations in Sediment Samples (mg.kg-1) Selected for Studying Binding Behavior in Sediments 

    Cd Cu Pb Zn 

B 0.15 ± 0.02 34.4 ± 6.2 37.0 ± 5.4 53.1 ± 11.6 
CSO impact 

R 0.32 ± 0.06 40.0 ± 3.0 30.2 ± 4.0 171.3 ± 21.3 

K 0.40 ± 0.03 19.4 ± 3.1 10.5 ± 1.1 99.3 ± 9.9 
SWD impact 

Z 0.21 ± 0.02 10.7 ± 2.0 28.8 ± 3.8 105.0 ± 14.0 

V 44.44 ± 8.20 209.2 ± 21.9 76.3 ± 7.3 487.6 ± 9.4 
WWTP impact 

U 0.06 ± 0.01 30.0 ± 2.0 10.0 ± 0.3 67.8 ± 8.6 

 
Fig. (1). The percentage of OM (left) and grain size distribution (right) in sediment samples selected for studying binding behaviour in sedi-
ments. RSD of grain size analysis up to 20%. 
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Fig. (2). Concentrations of TMs in particular grain size fractions of sediment samples from the Botic creek (B), the Zatissky creek (Z) and the 
Vinorsky creek (V). (*Cd concentration for the Vinorsky creek is in this chart multiplied by 0.01). 

 
Fig. (3). Metal distributions (%) in particular sediment geochemical fractions selected for studying binding behaviour in sediments (1-
exchangeable fraction, 2-carbonates, 3-Fe/Mn oxides, 4- organic matter, 5-residual fraction). RSD of analyses up to 30 %. 
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impacts as well as among the streams for particular metals. 
There was a higher bioavailability of Cu and Zn in the Za-
tissky creek impacted by SWD (the highest proportion bound 
to the two most available fractions) than in the creeks im-
pacted by CSO, but this was not seen in the second creek 
impacted by SWD (the Kunraticky creek). Many factors af-
fect the binding behavior and bioavailability of pollutants in 
sediment, including not only the type of main impact (CSO, 
SWD or WWTP) but also characteristics of the sediment 
material (OM and grain size distribution), the frequency of 
critical events as well as the level of contamination from 
other pollutants. 

CONCLUSIONS 

Despite the fact that trace metals prefer binding to solid 
phases in the aquatic environment, and should therefore be 
inactive and have relatively insignificant effects on aquatic 
organisms, this study shows that their release from sediments 
to water is a real possibility, reflecting a threat of toxic im-
pacts on biota. The hazard assessment and study of binding 
behavior of TMs in sediment resulted in the following main 
conclusions: 

• Cd is the most available of the metals studied, but Kd 
values imply that others may also be easily released 
from the sediment to liquid phase. 

• Creeks with differing main impact showed different 
pollutant bioavailabilities from sediments. Some met-
als are more available in creeks impacted by WWTP 
(Cu and Pb), others in the stream impacted by SWD 
(Zn or Pb); a decrease in pH during storm events may 
be one possible reason. On the other hand, pollutants 
in streams impacted by CSO seem to be less available 
(strong binding to AVS). 

• More significant bioaccumulation of metals by ben-
thic organisms confirms increased availability in the 
stream impacted by SWD. 

• In some cases, such as in the creek impacted by CSO, 
metals do not necessarily bind preferentially to the 
finest sediment fraction. 

This study shows that trace metals are still a very impor-
tant problem in small urban streams, where sediments serve 
as storage sites. TMs can be released occasionally and un-
controlled from the sediment to water, and can cause signifi-
cant and irreversible damage to aquatic ecosystems. There-
fore, it is necessary to initiate measures in both urban drain-
ages and in catchments to limit the inputs of these pollutants. 
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