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ABSTRACT 
In this paper, preliminary results of a study investigating the impact of stormwater discharges 
on the bottom sediment of stormwater recipients in Luleå, northern Sweden are presented. 
The aim was to evaluate sediment metal concentrations taken in front of stormwater sewer 
discharge points from two ditches/recipients, their seasonal variation and the influence of 
geomorphology and vegetation on the metal distribution. Compared with northern Sweden 
background values, the Cd, Cu, Pb and Zn concentrations in the sediment samples were 
elevated. However, besides stormwater discharges, local sulphide soils in the catchment areas 
can affect the metal concentrations. Partly, seasonal variations in the metal concentrations 
were noticed; higher metal concentrations were observed in spring associated with a high LOI 
content and large fractions of fine grain size particles (<0.125 mm). Low/no runoff in winter 
and metal accumulation in snow followed by continuous snow melt runoff transports mostly 
fine grain sizes and therewith associated metals, which then settle and accumulate in the 
ditches/recipients. Dense reed vegetation can retain coarse grain sizes and supplies the 
sediment with decomposing organic material. Decomposition processes affect the redox 
conditions in the sediment through oxygen consumption. In the reduced sediment metals can 
be trapped in combination with sulphide formation.  
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INTRODUCTION 
Due to increased runoff volumes, increased flashiness and contamination with a range of 
substances (e.g. heavy metals, organic pollutants), urban stormwater can have an adverse 
impact on the ecology of the receiving water bodies, summarized as the ‘urban stream 
syndrome’ (Walsh, 2005). Especially heavy metal pollution of stormwater (Duncan, 1999) 
causes concern for the environment since they have been shown to (inter alia) accumulate in 
bottom sediments (Rentz, 2010). Increased supply of metals and organic pollutants to 
recipients can pose risk for living organisms (Wildi, 2004; Munch Christensen, 2006).  
 
Special problems might occur in regions with cold climates since snow and snowmelt runoff 
often show reportedly far higher metal concentrations than stormwater (Engelhard, 2007; 
Marsalek, 1991). Reasons are the accumulation of pollutants in the snowpack over a longer 
time and the increased presence of metals during winter (e.g. due to less efficient combustion 
processes, increased corrosion due to road salts etc.), and high metal loads are released from 
the snowpack during snowmelt. Thus, winter or spring runoff might have a particularly high 
impact on the receiving waters and their bottom sediments. Previous studies of stormwater 
and gully pot sediments in the Luleå area, Northern Sweden, indicated particle-related 
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transport of metal and organic pollutants with seasonal variations (Westerlund, 2007; 
Karlsson, 2008). 
 
Thus, we investigated the heavy metal concentrations in bottom sediments of two different 
recipients in front of storm sewer outlets and their variation between autumn (before the snow 
season) and spring (immediately after snowmelt). The aim was to evaluate (1) if there is an 
impact of stormwater discharges on sediment metal concentrations, (2) if there are seasonal 
variations and (3) how the geomorphology and vegetation influences the distribution of 
discharged stormwater sediments and associated metals. 

MATERIALS AND METHODS 
Catchments. Two different recipients, Gammelstadsviken and Notviken, were chosen for this 
investigation based on an inventory of all stormwater catchments in Luleå city, Northern 
Sweden (Malmgren, 2010). Both catchments are located close to Luleås city centre. The 
catchment discharging to Gammelstadsviken was characterised by a mix of housing and 
industrial areas while Notviken was a pure industrial area. Both catchments were crossed by 
national Swedish highways. The stormwater was discharged by separate sewer systems. The 
recipient characteristics differed: Gammelstadsviken was an appr. 20 m long ditch leading to a 
relatively shallow and densely vegetated (with natural reed beds) recipient. The recipient as a 
whole is classified as a nature reserve and is part of the natura 2000 sites network. In contrast, 
Notviken was a 250 m long ditch leading to an open water body with no vegetation at the 
mouth of the ditch and a sand bottom showing typical ripple marks.  

 
Figure 1. Sampling points at Gammelstadsviken (GA, GB and GC) and at Notviken (NA and 
NB). "Utlopp": stormwater sewer discharge point.  
 
Sampling and sample analyses. Bottom sediment samples (at 0-2 cm depth) were taken at 
Notviken and Gammelstadsviken at two and three points, respectively, in front of the outlets; 
both in the ditches and the recipient itself (Figure 1). In the following, the samples are 
labelled GA, GB, GC (Gammelstadsviken) and NA, NB (Notviken), cf. Figure 1. Samples 
were taken in autumn (December) and spring after snowmelt (May) the following year after 
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snow melt (for GC only December sampling). The sediment samples were analysed for Loss 
on ignition (LOI) and their dried weight (DW), Cd, Cu, Pb, S and Zn concentrations by 
accredited laboratories according to standard methods. Furthermore, the grain size fractions of 
clay/silt (<63 µm) sand (63 µm - 2 mm) and gravel (>2 mm) were determined by wet sieving 
according to the Swedish standard method SS-EN 933-1. 
 
Data analyses. To detect the influence of winter runoff, the metal concentrations in the 
sediment observed in autumn and spring were compared with each other. To detect a possible 
stormwater impact on the sediment at the sampling points, metal concentrations were 
compared with those at a stormwater unaffected reference point in Luleå (Rentz, 2010); to 
evaluate the environmental significance of the metals in the sediment, they were compared 
with Swedish environmental quality guidelines (Swedish EPA, 2000). The catchment 
characteristics (geomorphology and vegetation) were used to explain the results.  

RESULT AND DISCUSSION 
The results of the sediment analyses are presented in Table 1 and Figure 2. The sediment 
samples vary in %DW, LOI content, element concentrations and particle size composition. 
For most samples, DW was in the range of 65 to 80%; the highest DW was detected for GA 
(80%) in May while GC shows the lowest DW (40.7%; Table 1). At GB and GC, LOI reaches 
the highest contents (10.2% & 11.2%) while at all remaining samples LOI contents are clearly 
lower (Table 1). For the metal and S concentrations we can observe that they at both sampling 
events (i.e. autumn and spring) are generally higher at Gammelstadsviken compared to 
Notviken.  
 
Generally, at Gammelstadsviken the variations of DW, LOI content, element concentrations 
and particle size composition are higher both between the three sampling points at the same 
date and between the two sampling events, while the concentrations at Notviken are more 
constant. For all sample points (except GC) seasonal changes in particle size composition are 
observed with a higher content of fine grain sizes (<0.125 mm) in May after snowmelt. 
 
Table 1. DW (%), LOI (%DW), metal concentrations (mg kg-1 DW) and particle size 
fractions in the sediment samples from Notviken (NA, NB), Gammelstadsviken (GA, GB and 
GC) and a stormwater unaffected reference point in Luleå (REF). 

Particle size (%) 
Sample Season DW LOI Cd Cu Pb Zn S 

0-0.063
0.063-
0.125 

0.125-
0.25 

0.25-
0.5 

NA 12/09 75.6 1.2 0.21 29 13 104 358 23 4 19 30 
 05/10 69.9 1.9 0.26 35 11 98 455 63 26 12 0 

NB 12/09 73.8 0.9 0.36 21 12 89 469 4 20 20 36 
 05/10 66.1 1.3 0.15 17 8 73 399 71 25 2 2 

GA 12/09 80.0 1.3 0.16 77 14 76 859 11 3 9 21 
 05/10 62.2 3.0 0.26 145 21 96 1240 69 25 7 0 

GB 12/09 73.3 1.0 0.15 101 12 68 513 6 3 18 43 
 05/10 41.3 10.2 0.65 263 40 268 4570 68 23 7 2 

GC 12/09 40.7 11.2 0.58 41 17 130 16000 92 4 3 0 
 05/10 - - - - - - - - - - - 

REF 03/07 90.1 7.25 0.31 19 13 106 497  
 



12nd International Conference on Urban Drainage, Porto Alegre/Brazil, 11-16 September 2011 

Rentz et al.  4 

Compared with Swedish EPA (2000) even the highest Cd, Pb and Zn concentrations in the 
bottom sediment are classified as very low (Cd, Pb) and low (Zn). In contrast, the Cu 
concentrations are regarded to be low or moderately high at Notviken and moderately high to 
high at Gammelstadsviken. Consequently, the deviation values show that the Cu concentration 
at Gammelstadsviken deviates mostly from the background values (significant to very large 
deviation) (Table 2). 
 
Table 2. Metal concentration deviation from northern Sweden background values (Swedish 
EPA, 2000) for the samples taken during winter (12/09) and after snowmelt (05/10). 
"Deviation value" = "metal sediment concentration" / "background concentration" (* no 
deviation,** slight deviation, *** significant deviation, **** large deviation, ***** very 
large deviation). 

 Cd Cu Pb Zn 
 12/09 05/10 12/09 05/10 12/09 05/10 12/09 05/10 

NA 0.3 0.3 1.9 ** 2.3 *** 0.3 * 0.2 * 0.7 * 0.7 * 
NB 0.5 0.2 1.4 ** 1.1 ** 0.2 * 0.2 * 0.6 * 0.5 * 
GA 0.2 0.3 5.1 **** 9.7 ***** 0.3 * 0.4 * 0.5 * 0.6 * 
GB 0.2 0.8 6.7 **** 17.5 ***** 0.2 * 0.8 * 0.5 * 1.8 ** 
GC 0.7  2.7 ***  0.3 *  0.9 *  

 
While in Notviken no significant seasonal variation was detected, the samples taken at 
Gammelstadsviken were clearly elevated in spring after snow melt (Table 1, Figure 2). The 
concentrations at Gammelstadsviken GB and GC were also clearly higher then metal 
concentrations at an unaffected reference point in Luleå (Rentz, 2010).  
 
Furthermore, low DW concurs with the high LOI contents and together with a high content of 
small particle sizes (<0.125 mm), these sediments offer favourable conditions for metal 
adsorption (McKenzie, 2008). The higher variation in metal concentrations (Table 1) 
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Figure 2. DW (TS), LOI and metal sediment concentrations at recipients Gammelstadsviken 
and Notviken before the snow period and after snowmelt. 
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between the three sampling points at Gammelstadsviken is found both seasonally and 
geographically. It is affected by seasonally sedimentation of different grain sizes (Table 3) 
and the spatial varying geochemical conditions. While especially in summertime flush events 
rinse the ditch, coarse grains accumulate in the ditch. During snowmelt the runoff is steadier 
and less turbulent so that smaller particles being present in the snow are transported first, 
while coarse grain sizes can stay in the catchment area until the first heavy rain event. The 
lower autumn concentrations at Gammelstadsviken indicate that metals, bound to fine grain 
sizes or to organic material, are transported further and thus relocated and distributed during 
summer/autumn, when more intense storm events occur flushing the ditch and re-suspending 
already accumulated sediments. The daily variation with moderate flow allows fine grain 
sizes to accumulate on the ditch /recipient bottom. In the snow melt a high percentage of the 
metals is assumed to be in its particulate form since during winter no salt is applied in the 
catchments (as in the whole city of Luleå, (Westerlund, 2003), but high amounts of sand as an 
anti-skid agent may occur. Parts of the anti-skid agent will be downsized due to physical 
impact of traffic on the roads, the use of studded tires and weathering thus exhibiting an 
additional source of fine grain material. Thus, together with the sediment, high metal loads are 
accumulated in the recipient.  
 
The difference of the metal concentrations at the two sampling sites is mainly explained by 
the different recipient characteristics. The dense vegetation around the sampling point GC at 
Gammelstadsviken reduces the water flow and can stop coarse grain sizes effectively. 
Therefore the sediment at GC is dominated by fine grain sizes with a high LOI content. In 
contrast, at Notviken the sand shore environment ahead the mouth of the ditch differs totally 
from Gammelstadsviken; the stormwater is discharged into an open basin and thus the 
sediment is distributed over a bigger area.. Wave activity in summer allows mostly coarse 
grain sizes to settle temporally. Fine grain material will be transported away from the shore. 
Sedimentation in deeper parts of the bay is more likely possible. In winter wave activity is 
excluded by the ice cover and even fine grain sizes can settle near the shore side nearby the 
mouth of the ditch. The conditions for sedimentation of fine grain size particles are thus more 
beneficial at GC in Gammelstadsviken since the dense vegetation causes a more standing 
water column facilitating settling of fine sediments and therewith associated metals. An effect 
on metal enrichment at Notviken in May is not observed. That suggests that anoxic conditions 
in the organic rich sediment at GB and GC are essential for noticeable enrichment of metals.  
 
Table 3. Seasonal difference in grain size of the surface sediment (0-2 cm) at the sampling 
stations. 

Weight % <0.063 mm Weight % <0.125 mm 
Sample station 

12/09 05/10 12/09 05/10 
NA 30 63 34 88 
NB 4 71 24 96 
GA 11 68 14 93 
GB 6 68 9 91 
GC 92 - 96 - 

 
 Higher metal concentrations in the sediment at Gammelstadsviken are associated with higher 
concentrations of S and LOI noticed (Table 1). The high S content (Table 1, Figure 2) at 
Gammelstadsviken is likely to be affected by the adjacent local sulphide soils (Erixon, 2009) 
originating from old sea bottom which rose with the land uplift above sea level after the ice 
age. These sulfite soils elevate the metal concentrations in water and sediment of the ditch and 
the recipient; phases of low groundwater levels can cause oxidation in the sulphide soils 
(Erixon, 2009) and due to the oxidation also metals can be released from the soils and reach 



12nd International Conference on Urban Drainage, Porto Alegre/Brazil, 11-16 September 2011 

Rentz et al.  6 

the ditch by later wash-out in combination with rain events. Organic material can act as a 
carrier of metals (Cd, Cu, Pb, Zn) due to its ability to bind them and favour their enrichment 
(El Bilali, 2002). During decomposition organic matter functions as a redox agent. Redox 
processes in context with early diagenesis and e.g. sulphide formation can furthermore cause 
metal enrichment in sediments. In that way dissolved metals will be kept from further 
transportation in the water body or transportation with groundwater trough the sediment. 
Especially at Gammelstadsviken also natural sources of metal contamination have to be 
considered. Thus, in combination with decomposition of organic material metals can become 
enriched especially at GC. 

CONCLUSIONS 
The heavy metal concentrations for Cd, Cu, Pb and Zn in bottom sediments of two recipients 
in front of storm sewer outlets are elevated compared with northern Sweden background 
values. This can be caused by impact of stormwater discharge from the catchment areas. 
Noticeable are seasonal variations in the metal concentrations where high metal 
concentrations are associated with high LOI content and large fractions of fine grain size 
particles (<0.125 mm). Local sedimentation processes are affected by the geomorphology and 
vegetation at the sampling points and the seasonal runoff pattern. Flush runoff enables to 
transport coarse grain sizes from the catchment to the ditch, while low flow in winter and 
snow melt runoff transports and accumulates mostly fine grain sizes in the ditches. Vegetation 
functions as a filter for coarse grain sizes and contributes with debris (decomposing organic 
material). Decomposing processes have impact on the redox conditions in the sediment and 
with that on the ability of sediment to bind metals. Impact of local sulphide soils on the metal 
concentrations in particular at recipient Gammelstadsviken can not be excluded from affecting 
the metal concentrations. 
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