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Abstract 
Studying wet detention ponds is relevant because they are mainly built to protect salmon 
rivers. More knowledge is needed on wet detention ponds for Icelandic conditions. The 
goals of this study are to gather information about the time variability in heavy metal 
concentration in surface water entering a wet detention pond. In addition, estimate the 
treatment efficiency for heavy metals in a wet detention pond during different runoff 
events. Lastly, to evaluate the impact of a detention pond on receiving waters. A wet 
detention pond in Grafarholt, a suburb of Reykjavik, was monitored during the period of 1st 
of June 2008 to the 30th of June 2009. Six storm events were chosen and analyzed for a 
range of heavy metals, suspended solids and particle size. The results of this study are that 
the heavy metal concentration in water entering the pond was 2 to 7 times lower than 
heavy metal concentration found in similar ponds in other Nordic countries. Indications of 
first flush were found in most of the storm events. The particle size distribution was similar 
to other studies where the size in road runoff was smaller than in pond sediment. The pond 
had generally high treatment efficiency, around 70-90%, except during one event in the 
spring. The outflow heavy metal concentration was similar between events, indicating 
irreducible pollution concentrations. The impact on the receiving water river Úlfarsá was 
low, concentrations only inclreased by 10 %, and did not change the classification of water 
quality of receiving waters. 

Útdráttur 
Rannsókn á settjörnum er viðeigandi vegna þess að þær eru að mestu byggðar til að vernda 
laxárnar. Þörf er á meiri kunnáttu um settjarnir við íslenskar aðstæður. Markmið þessarar 
rannsóknar er að safna saman upplýsingum um tímabreytileika í efnastyrk þungamálma í 
yfirborðsvatni sem rennur í íslenska settjörn. Þá að meta hreinsivirkni þungmálma í eina 
settjörn fyrir mismunandi rigningar og snjóbráðnun. Að lokum að meta áhrifum af 
settjarnar á viðtakann Úlfarsá. Fylgst var með settjörn að Víkurvegi í Grafarholti á 
tímabilinu 1. júní 2008 til 30. júní 2009. Ýmsar tegundir þungamálma, grugg og 
agnastærðir eru rannsakaðar í 6 mismunandi úrkomum. Niðurstaða rannsóknarinnar var sú 
að efnastyrkur þungamálma í yfirborðsvatni var 2 til 7 sinnum minni í samanburði við 
önnur norðurlönd. Dreifing agnastærðar var svipuð og í öðrum rannsóknum þar sem stærð 
agna var stærri í botnseti en í yfirborðsvatni. Tjörnin var með háa hreinsivirkni, um 70-
90% fyrir flesta rigningaratburði. Einn atburður að vori sýndi merki um stöðuga mengunar 
styrk í tjörninni. Lítil áhrif voru á viðtakann Úlfarsá, efnastyrkur hækkaði mest um 10 % , 
og breytti ekki flokkun árinnar.  
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1 Introduction 
The first successful efforts to control water flow were by the Egyptians thousands of years 
ago and a very rich history of hydraulics has evolved since then (Mays, 2001).  

Humans have changed the nature in some way wherever they live. Urbanization can 
change the surface layer so that the water can no longer sink into the ground as when there 
is only grass and forests. This can mean that the water travels a lot faster over large surface 
areas. This has often not been considered a problem and humans have mostly been 
interested in getting the water off the streets and walkways as quickly as possible and not 
thinking very much of the influence on the receiving waters. In the more recent time this 
however has changed because it has become clearer that the stormwater can influence 
nature in a negative way. Pollutants in stormwater can cause diseases in fish and humans 
and the flooding can cause erosion in the riverbanks. This information has most likely led 
to construction of stormwater storage ponds and with more experience large open water 
detention ponds were constructed. The general advantages of these ponds was that not only 
did they detain the stormwater but also had a benefit on the water quality (Committee on 
reducing stormwater discharge contributions to water pollution, National Research 
Council, 2008). 

1.1 Wet detention ponds 

Wet detention ponds are meant to control stormwater both by retention and treatment of 
polluted stormwater runoff. A typical wet detention pond design is shown in Figure 1.  

 
Figure 1: Layout of a wet detention pond (Hvitved-Jacobsen and Vollertsen, 2007). 

The pond has a permanent pool of water. This volume is permanent and does not change 
over time. The storage volume is variable and depends on the amount of in coming water 
during runoff events. Flood control volume is only used during very big runoff events. 
Runoff water from each rain event is detained and treated in the pond. By retaining runoff 
during storm events, wet detention ponds control both stormwater quantity and quality.  
 
There are two main challenges in the design of detention ponds. One is that the stormwater 
events in general occur for shorter periods of time during a year than the dry periods. But 
when they occur the inflow rate is often high. The other is that in general the concentration 
of pollutants in the stormwater is low so that the pond is necessary to treat rather low 
concentrations to even lower. Even though the concentrations are low it can still have a 
harmful effect on the receiver and the wet detention pond can handle high amounts of 
water and treat the pollution based on naturally occurring physical, chemical and biological 
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processes (Vollertsen and Hvitved-Jacobsen, 2007). The physical removal of pollutants 
usually occurs by gravitation settling. Dense plants and their associated soil systems along 
riparian buffers are efficient at the removal of sediments from waters flowing over them. 
The reduction of water velocity as it enters pond and lake systems causes the gravitational 
settling of suspended soil and other particles. Chemical processes, like coagulation, in 
wetlands are known to remove many contaminants from water including metals, such as 
copper, lead and iron, and dissolved phosphorus. Dissolved metals can also be adsorbed 
onto the surface of particles in the water and then settle to the bottom as the particles settle. 
Biological processes is when aquatic plants, algae, and microorganisms uptake several 
nutrients from the water that are necessary for their growth. These nutrients include 
nitrogen and phosphorus, which are common forms of pollution. Microbes in the 
environment can also function to break down toxic organic compounds into less harmful 
compounds (stormwater management at UVA, not dated.). 

When a wet detention pond is correctly designed it can remove pollutants from stormwater 
in particulate and dissolved form. The wet detention pond should in general reduce 
flooding and erosion of stormwater runoff by removing pollutants (Hvitved-Jacobsen and 
Vollertsen, 2007). 

1.2 Pollution 

Hvitved-Jacobsen and Vollertsen (2007) subdivided the pollutants in stormwater as 
follows, but it can be subdivided in other ways as well: 
 

• Heavy metals  
• Solids (suspended solids, physical) 
• Organic micropollutants (e.g. PAHs, biological) 
• Biodegradable organic matter  

 
 

1.2.1 Heavy metals 

When assessing the mobility of heavy metals it is not enough to find the total 
concentration. The chemical form which the metal is in determines its behaviour and 
thereby its mobility in the environment. Studies on heavy metal pollution in urban 
receiving waters have shown that there is a correlation between metal transports by surface 
water and whether the metal is in dissolved or particulate form, where sediment plays an 
important role in the transport. Other studies show that urban impervious areas such as 
roads and parking lots are the major contributors of metals and an observation was done 
that showed that heavy metals, mainly derived from vehicular emission, are on road 
surfaces. The heavy metals are largely associated with particles (Yuan et al., 2001). Copper 
and zinc is mainly associated with carbonates and iron manganese oxides at the inlet but 
throughout the pond copper becomes associated with organic and residual fractions while 
zinc stays the same (Stead-Dexter and Ward, 2004). In Vancouver, Canada, a close relation 
between zinc and total suspended sediments was found. When the flow increased the 
concentration of total zinc and total suspended solids also increased. The heavy metal load 
found in the surface water depends on several factors; rainfall volume, rainfall intensity, 
catchment site and slope and the length of the dry period (Yuan et al., 2001).  Stead-Dexter 
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and Ward (2004) conclude that there is a strong association between metals and carbonate 
in pond and lake sediments and that this association makes a greater risk to the freshwater 
environment when the lake resorts back to its natural equilibrium because of the greater 
mobility.  

1.2.2 Solids 

Total solids in stormwater are defined as the material that is left when all the water in a 
sample has evaporated. Total suspended solids is defined as the material that is retained 
after filtrating the stormwater through a filter with pores 0.2-0.45 µm of size, and total 
dissolved solids is the material that passes through that filter (James, R.B., 1999). The size 
of the particles is more important than the amount because a higher concentration of 
pollutants is found associated to smaller particles, less than 100 µm in diameter, and the 
concentration of particles does not seem to affect the wildlife. For example fish are not 
affected by solids until the concentration reaches 100,000 mg/L which is far more than that 
found in stormwater runoff in general. But when solids settle on the bottom of rivers it can 
cause damage to the biology in the water and change the quality of the water (James, R.B., 
1999).  

1.2.3 PAHs 

 

 
Figure 2: A 3D structure of PAHs (Polycyclic aromatic hydrocarbons, 2008) 

 

PAHs (Polycyclic aromatic hydrocarbons) consist of fused aromatic rings; see Figure 2. 
These compounds occur in incomplete burn of oil or other fossil fuel. PAH is lipophilic 
which means that it mixes more easily with oil than water. The larger the compounds are, 
the more lipophilic. Because of this PAH are often found in soil, sediment and oily 
substances but it can also be found in particulate matter suspended in the air. PAH is one of 
the most widespread organic pollutants. It is of concern as a pollutant because eleven of the 
compounds have been identified as carcinogenic, mutagenic and teratogenic. Carcinogenic 
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means that it can cause cancer; mutagenic means that it can cause mutation in an organism 
and teratogenic means that it can cause disfiguring birth effects or malformations. The 
toxicity varies by its structure with isomers varying from being non-toxic to extremely 
toxic (Fetzer, 2000). Earlier studies show that the concentration of PAH in stormwater 
ranges from 0.4-0.9 µg/L (Shinya et al., 2003).  

1.2.4 Biodegradable organic matter 

Biodegradable organic matter is generally organic material from plants or animals that can 
be used by microorganisms. This is useful in detention ponds because if the microorganism 
can use the biodegradable organic matter less pollution reach the receiver (Díaz, 2008). 

1.3 Particle size in road runoff 

As discussed in section 1.2.2 solids size is important not only when it comes to settling but 
also because of the pollutants associated with the particles. When designing a wet pond 
one important criterion is to select the design particle size that would be equal to or greater 
than the particles to be removed. The efficiency of the constructed pond will reflect how 
well the chosen size matches actual conditions (Greb and Bannerman, 1997). Greb and 
Bannerman (1997) used 10 µm as design particle size for a pond which receives water 
from mostly (97 %) residential area. Studies show that particles found in runoff are smaller 
than sediment particles from detention ponds and more than 50 % of the particulate mass 
for samples with TSS concentrations less than 100 mg/L consists of particles less than 20 
µm (Li et al, 2006). Tuccillo, M.E. (2005) states that most metals are associated with 
particles larger than 20 µm and Li et al. (2006) states that the range is between 11 µm and 
150 µm. Studies also show that particle size distribution does not change very much with 
seasonal time (Greb and Bannerman, 1997). Particle size can furthermore be used to 
calculate settling velocity. 

1.4 Rainfall 

The first reliable rain data in Iceland is from 1960 but rain data goes further back (Jónsson, 
2007). But rain data with a high solution, about 10 minute’s interval, is relatively new. For 
example the nearest time rain gauge is at Úlfarsá River which has only been in use for 10 
years (Vista Engineering, 2009). Because of the lack of historic rain data another method is 
commonly used to predict amount of precipitation. This method is called 1M5 calculation 
and is explained in following section. 

1.4.1 1M5 calculation 

1M5 is one of the methods used to calculate a generalised estimate of precipitation. This 
method is used e.g. in Norway and United Kingdom. The 1M5 value is a standard value 
and is used as a spatial index variable (Elíasson, Not Dated). The equation is as follows: 

 

I = 1M5 f(T) g(tr)  (1) 

 



20 

where I is the rain intensity, T is the return period in years, tr is fixed duration and f and g 

are functions found from weather rapports. The equation was originally proposed by 
Novotny et al. (1989) and was a generalized formula. The advantage of this formula is that 
the variation with duration, T, and return period, tr, is the same everywhere and the spatial 
variation of the rainfall is taken care of by a single index variable (Elíasson, 2000). 1M5 
values have been used to estimate size of wet detention ponds. 

1.5 Wet detention ponds in Reykjavik 

Since 2001 several detention ponds have been built in the Reykjavik area. The ponds are of 
different sizes and with different catchment areas. Most of the ponds have been built in 
order to protect salmon rivers. Reykjavik Energy has in the past years made design criteria 
which are summarized below.  

1.5.1  Design criteria 

The size of the reduced area is important and should be between 10 and 100 hared. Reduced 
area is the impervious area contributing to the surface water coming to the pond. When 
designing the inflow it is important to use the energy in the water to prevent short 
circuiting, that is when the water coming into the pond goes directly out again without 
mixing with the water in the pond. The length and width relation should be 3:1 and the 
surface area of the pond should at least be 150 m2. The ratio for the banks should be no less 
than 1:3 and the maximum depth in pond in dry weather 1.5 m. This is for security reasons 
as most ponds in Iceland are near resident areas and in case of a person falling in the pond 
it should be easy to get up (Reykjavík Energy, 2007).  

If there is a possibility of pollution accidents the pond should be divided into two with a 
smaller pond that for instance could handle a truck load of oil without any oil reaching the 
main pond. The access to the pond should be easy so that it is possible to drive a cleaning 
truck next to the pond and it should be possible to empty the pond. The pond should be 
impermeable and if the permeability is over 10-7 m/s a plastic film should be placed at the 
bottom (Reykjavík Energy, 2007). 

The outflow should be designed to empty the excess water in around 12-24 hours and no 
more than 48 hours. The outflow building should be able to resist the highest design flow 
without breaking and the out flowing pipe should be under water level to prevent oil and 
other flowing objects from reaching the receiving water (Reykjavík Energy, 2007). 

Research from Sweden is used to decide the size of the pond. It is changed to fit the 
Icelandic weather conditions. A table was made by Reykjavik Energy (2007) (Table 1). It 
shows how big the pond should be considering the sensitivity of the receiver and the 
pollution degree of the stormwater. 
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Table 1: Size of pond depending on pollution load and the sensitivity of the receiver. Calculated values 
from 1M5 equal to 45 mm (Miljöforvaltningen Stockholms stad, 2000) 

 

Equation 2 is used to calculate the exact size of the pond: 

redha
mAA

2x
0 45

1M5
=  (2) 

where A is the size of the ponds permeate volume, A0 is the value from Table 1 and 1M5x 
is the 1M5 value for the reduced ha for the pond in mm as discussed in section 1.3.1. 

1.5.2 Treatment efficiency studies 

The treatment efficiency of two of Reykjavik Energy’s ponds has been monitored for some 
years. The data was both collected and analyzed by the Hydrological service of Iceland 
Meteorological Office. Two auto samplers, Liqui-Port 2000, sampled water at regular 
intervals at the inlet and one at the outlet. The auto samplers were programmed to take a 50 
mL samples for each 10m3 that passed the sampler when the flow was above 5 l/s. The 
auto samplers contained 24 plastic bottles of one litre each which means that each bottle 
can contain 20 samples. All the bottles from the auto sampler were mixed and analyzed for 
chemical analysis at Keldnaholt. Because the samples were mixed for many runoff events 
no information is available on first flush or whether the concentration changes during an 
event. The treatment efficiency calculated based on mixed water samples for the years 
2005 and 2006 was 54 % for Zn, 72 % for P and 83 % for total suspended solids in a pond 
located at Víkurvegur (Gunnarsson and Sigurðsson, 2007).   
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Heavy pollution 150 m2/hared 115 m2/hared 80 m2/hared 

Less heavy pollution 115 m2/hared 80 m2/hared 50 m2/hared 
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1.6 Goals for this project 

To the authors knowledge, a thorough analysis of individual stormwater runoff events has 
not been conducted in Iceland before.  Therefore, the goals for this research are to: 

• Gather information about the time variability in heavy metal concentration of 
surface water entering an Icelandic detention pond  

• Estimate the treatment efficiency for heavy metals in one detention pond in 
Reykjavík during different runoff events over the course of one year 

• Evaluate the impact of a detention pond on receiving waters 
 

2 Methods 

This chapter begins with a description of precipitation analysis and a description of the site 
and design of the pond, followed by the methods of water sampling, storing and analysis.  

2.1 Site description 

There are numerous wet detention ponds in the Reykjavik area. The Víkurvegur pond was 
chosen as study site in this project because it has previously been studied and seemed to 
perform well.    

The detention pond at Víkurvegur is located on the outskirts of Reykjavik in the recently 
built neighbourhood Grafarholt. It treats stormwater before it goes into Úlfarsá River. This 
wet detention pond was designed to protect the salmon fish in the river. A rain gauge, run 
by Vista Engineering, is situated approximately 500 m from the pond. The catchment area 
is approximately 12 hared and is in the area above the pond, as shown in Figure 3. 
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Figure 3: Map of the area near the detention pond (Borgarvefsjá, 2009). 

Víkurvegur pond is 112 m long, 26 m wide, as can be seen in Figure 4, and has a 
permanent volume of approximately 4000 m3. The pond is not circular it is longer than it is 
wide which is good to prevent short circuiting. The inlet is a 600 mm in diameter concrete 
pipe which lies about 10 m into the pond at the bottom (Gunnarsson and Sigurðsson, 
2007). 
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Figure 4: Sketch of Vikurvegur pond showing the inlet, outlet, width and length (Mortamet, 2009). 

The pond has a lining of riprap; see Figure 5, which is intended to prevent mud from going 
into the water.  

 

Figure 5: The riprap can be seen on this picture. The picture is taken from the north end where the 
outlet is. 
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The detention pond was designed by the engineering firm Almenna Verkfræðistofan. In the 
south end of the pond where the inlet is there is a stone trap to slow the water down and 
prevent it from washing away the bottom layer. On the bottom there is a layer of seashells, 
the reason for this material is that it has a large surface and therefore has a greater capacity 
for particles to settle on (Skarphéðinsson, 2009). Seashells also contain calcium carbonate 
which can have a positive effect on the settling (White et al., 2007). The water leaves the 
pond through the outlet which is a concrete pipe with a diameter of 500 mm. Afterwards 
the water goes over a weir which is formed like a V, a sketch of the pond can be seen in 
Appendix H – Vikurvegur Pond (Reykjavik Energy, 2007). 

The river Úlfarsá receives water from the pond analyzed in this project. The size of the 
area contributing to the river is 54 km2 and the length of the river is 10.4 km. The average 
water flow is 1.55 m3/s. The river flows from the lake Hafravatn but also receives water 
from groundwater (Þórðarson, 2003).  

2.2 Rainfall 

The rain forecast was checked daily and when it looked as though a storm was coming the 
homepage of www.vista.is operated by Vista Engineering was used to follow the storm. 
The data is updated continually every ten minutes and an example of amount of 
precipitation during seven days in July 2008 can be seen on Figure 6. 

 

 

Figure 6: Precipitation over seven days in July 2008 (Vista Engineering, 2009). 

It is also possible to get the data in tabular form, and it is also possible to save the data to 
the computer as a text file. It is possible to get data from a large period of time. Wind 
direction, wind speed, temperature and humidity are also registered. 
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2.2.1 Precipitation analysis 

In order to analyse the precipitation data a small program in Borland Delphi 6 was made. 
The program made it possible to count rainfalls depending on the length of the dry period, 
see Figure 7. The shortest amount of time the dry period can be between storms in this 
program is one hour. This means that there are not measured any precipitation for a least 
one hour. The data was then exported to a text file where each storm is showed with start 
and end time and amount of precipitation in mm.  

 

Figure 7: An example of Delphi 6 program with data from 2008 with 1 hour dry period between 
storms.  

 

2.3 In- and outflow in the pond 

The Hydrological service at the Iceland metreological office (2009) has a homepage with 
closed access where following things are registered; flow in the inlet and outlet [l/s], water 
level in inlet and outlet [cm above sea level], sample number, volume of water in pond 
[m3] and turbidity [µS/cm] every ten minutes. The flow; see Figure 8, was used to find out 
how much of the precipitation ended in the pond and how high the flow into the pond and 
out was.  
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Figure 8: Flow in the inlet (blue) and outlet (red) over seven days in July 2008 (Icelandic 
Meteorological Office, 2009). 

 

The data is updated every two hours. It is also possible to see the data in a table which 
makes it easier to define the flow. It is then possible to save the data in a text file. On the 
website it is possible to select the time period to be shown on the graphs. The first data is 
from 2005. 

2.4 Chemical analysis  

2.4.1 Water sampling and storing 

Liqui-port 2000 auto samplers owned by Reykjavik Energy were situated at the inlet and 
outlet of the pond and were used for sampling. 

Two methods were used. The first method was only used for the summer and fall runoff 
event and the second method for the rest of the analyzed runoff events. The reason for 
change of method was because the first method was not good enough to catch the first 
water. The first method was based on weather predictions and visual assessment which 
meant that the autosampler was started when the author detected rain at her premises and 
as explained in sector 1.3 the rain patterns can change between areas. 

24 plastic bottles were placed in the auto sampler. The auto sampler was closed and put in 
place in the wells at the riverbank near the inlet and outlet.  
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In the first method the auto sampler was programmed to take one litre sample every hour 
after it has been turned on which was done by phoning the auto sampler. After 24 hours all 
the bottles were full. 

In the second method the auto sampler was programmed to take one litre sample every 
hour when the flow in the inflow exceeds 4 L/s and stop sampling when the flow decreases 
below 4 L/s. 

When the autosampler was emptied the water was poured from each plastic bottle into a 
glass bottle. The plastic bottles were cleaned with distilled water and put back into the auto 
sampler. The glass bottles were taken back to the laboratory and stored in a cool place until 
further analysis. Not all samples were analyzed for chemical composition because of the 
expense. Samples were picked out depending on flow rate and TSS concentration which 
was when the TSS and flow was high. In each event at least 3 samples in inlet and 3 in 
outlet were analyzed so it was possible to calculate treatment efficiency. In previous 
studies made on this pond the samples were only collected on irregular basis depending on 
how much it rained. It is believed that the chemical composition of the water does not 
change during storage (Stefánsson, 2008).   

 

2.4.2 Metal analysis 

The samples were analyzed by ALS Scandinavia in Sweden. Two methods were used. The 
method V-3b was used in the two first stormwater runoff events in the total solids samples, 
as explained in section 2.4.3. The species and detection limits for V-3b are shown in Table 
2. It was however clear after second stormwater runoff event that the detection limits were 
to high in that method so all samples were analyzed by method V-2 after that. The species 
and detection limits for V-2 are shown in Table 3. 

Table 2: Method V-2 metal analysis. The number behind the compound is detection limit in µg/L 
(Grundämnen i vatten, 2008) 

 

 

 

 

  

V-2 Metals in freshwater (accredited for natural water 
and drinking water)  
Ca (100) K (400) Mg (90) Na (100) 
S (160) Si (30) Sr (2) Cd (0.002) 
Al (0.2) As (0.05) Ba (0.01) Fe (0.4) 
Co (0.005) Cr (0.01) Cu (0.1) Ni (0.05) 
Hg (0.002) Mn (0.03) Mo (0.05)  
P (1) Pb (0.01) Zn (0.2)   
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Table 3: Method V-3b metal analysis. The number behind the compound is detection limit in µg/L 
(Grundämnen i vatten, 2008) 

V-3b Metals in wastewater (after 
digestion) (accredited for natural water)  
Al (50) As (1) Ba (1) Ca (200) 
Cd (0.05) Co (0.2) Cr (0.9) Cu (1) 
Fe (20) Hg (0.02) K (400) Mg (140) 
Mn (0.9) Na (500) Ni (0.6) Pb (0.6) 
S (200) Zn (4)     

 

The difference in the methods does not lie in the equipment used, which was an ICP-MS 
(Inductively Coupled Plasma Mass Spectroscopy), but the preparation of the samples. In 
the V-3b method the samples was first thinned with distilled water, then put into a 
microwave so that all particles were dissolved.  

2.4.3 Sample preparation for metal analysis 

The samples for total metal analysis were not filtrated. The water sample was poured into 
the plastic bottle and 1 mL HNO3 was added to conserve the sample. The samples for 
suspended metal were filtrated with a 0.2 µm filter. A vacuum filtration device, called 
Millipore, was used. After filtration a 100 mL sample was poured into a plastic bottle and 1 
mL HNO3 was added. The samples were then packed in a box and sent to ALS 
Scandinavia in Sweden. For more information on sample preparation see Appendix C – 
Prepare for analysis. 

2.5 Total suspended solids 

Most of the samples were analyzed for total suspended solids at a laboratory in VR I in 
University of Iceland by the author. Not all samples were analyzed this was either due to 
low flow or in long runoff events. When the stormwater event had been very long not all 
the samples in the end were analyzed, this was due to low concentrations and little change 
in concentration. First a weighing pan of aluminium foil was made. The piece of 
aluminium and a filter was weighed and the weight noted down. The filter was applied to 
the Millipore filtration unit and seated with distilled water. The vacuum device was started 
and 500 mL sample was measured with a bulb pipette and poured onto the filter. When the 
water sample had run through the filter it was washed 3 times with 10 mL distilled water. 
The filter was then carefully removed from the filtration unit and transferred to a weighing 
pan. The filter and weighing pan were placed in the oven and dried for at least an hour at 
100-105 oC. Then it was cooled in desiccators to balance temperature and afterwards 
weighted. The difference between start weight and end weight is the amount of solids in 
the sample. For more information on the TSS analysis see Appendix D – TSS. 

2.6 pH measurements 

pH was measured in all samples brought to the laboratory by an Oakton waterproof pH/con 
10 meter that can measure both pH and conductivity. The pH meter was first calibrated by 
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inserting the pH meter in pH 4 buffer and then inserted in the pH 10 buffer. The buffers 
were kept at the same temperature in order to make sure that the measurement was correct 
(Stefánsson, 2009). The pH meter was then placed in the sample and the pH was measured 
at least twice to be sure.  

2.7 PAHs analysis 

PAHs were analyzed in one sample and were very expensive. The sample that was picked 
was the one with the highest concentration of all the samples. A one litre glass bottle is 
filled to the top with sample water. It is important that no air bubbles are in the bottle 
before transportation so that as little as possible of the PAHs goes into the air and 
evaporates when the bottle is opened again.  

ALS Scandinavia analyzed the sample for PAHs by using a HPLC (High Performance 
Liquid Chromatography). The compounds and detection limits can be seen in Table 4. 

Table 4: PAH compounds analyzed with detection limits in brackets measured in µg/L (Grundämnen i 
vatten, 2008) 

OV-1 Polycyclic aromatic hydrocarbons in water (EPA-PAH) 
naphthalene (0.3)  chrysene (0.05) 

acenaphthylene (0.2) benzo(b)fluoranthene (0.05) 
acenaphthene (0.05) benzo(k)fluoranthene (0.05) 
fluorene (0.05) benzo(a)pyrene (0.05) 
phenanthrene (0.05) dibenzo(ah)anthracene (0.05) 
anthracene (0.05) benzo(ghi)perylene (0.05) 
fluoranthene (0.05) indeno(123cd)pyrene (0.05) 
pyrene (0.05) Sum of 16 PAHs (1.6) 
benzo(a)anthracene (0.05) Sum of cancerogenic PAHs (0.4) 
 Sum of non-carcinogenic PAHs (0.5) 

 

2.8 Particle size distribution 

Four 10 L samples were sampled in both inlet and outlet in the first stormwater event. 
Furthermore were sampled two sediment samples, one 10 meter from the inlet and the 
other 10 meter from the outlet. The stormwater samples were poured into a glass beaker 
and placed on a heating plate, see Figure 9. The samples were reduced from 10 L to 1 L, 
this was to get a higher solid concentration as the concentration was too low for the device 
used to measure the particle size (Harðardóttir, 2008). For more information see Appendix 
A – Sampling for PSD. 
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Figure 9: Water sample being reduced from 10 L to 1 L in a laboratory in VR I in University of 
Iceland. 

The water sample was filtered through a 2 mm filter and was then divided into two 
beakers. To get everything out of the bottle distilled water was used. The beakers were 
placed on a heating plate in a fume hood. 10 mL H2O2 was added into each beaker and the 
heat was turned on. Regularly the beakers were swirled and the stirring rod used. When the 
water got hot and began to boil foam was made because the H2O2 was destroying the 
organic material. When the foam decreased more H2O2 was added until the foam stopped. 
This can take a while and depends on how much organic material is in the sample. When 
the foam stopped the beaker was removed from the heating plate and the heat was turned 
off. When the sample had cooled off 10 mL MgCl2*6H2O was added to each beaker. The 
sample was then filtered through a 150 µm filter. If there is any organic material left it is 
removed otherwise it is put back in the beaker. Distilled water was used to completely 
empty the filter. Then the sample was allowed to settle until the next day.  

When everything was settled, the water was removed by using a silicon tube with a glass 
tube in one end. The silicon tube was filled with water, a finger was put on the silicon end, 
and the glass end was put in the beaker just under the water surface. The silicon end was 
then kept below the beaker and let go. As much water as possible was removed without 
removing the particles on the bottom. The sample was then poured into a centrifuge tube. 
Distilled water was used to get everything out but care was taken not to fill the tube 
completely because there must be room for a lid. If there is not enough room another 
centrifuge tube was used for the rest. 
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Then the centrifuge tubes were matched two and two together and balanced with distilled 
water. The weight difference must not be greater than 0.1 g. Then it was centrifuged in 20 
minutes at 3000 rpm. The water was then removed and 20 mL NaPO3 was added, this was 
to prevent the particles coagulating. For more information on the prepare of the samples 
see Appendix B – Prepare for PSD. The samples were analyzed using a Malvern 
Mastersizer, for more information see Appendix E – Malvern theory. 

2.9 Particle size distribution analyse 

The sample was splitted until the bottom of the splitter case was visible. The Malvern 
Mastersizer was cleaned with distilled water. The beaker was then filled with 
approximately 700 mL distilled water. Background was measured by running the distilled 
water through. The sample was poured into the beaker. The instructions on the Malvern 
were followed. First the bubbles in the sample were removed by pressing the button which 
makes sound-waves. The sample was then run and the Malvern measures the particle size 
with two laser beams. The Malvern showed the particle size distribution. The theory 
behind the Malvern can be seen in Appendix E – Malvern theory.  

2.10 Removal of mass 

Event mean concentration (EMC) is a method used to determine treatment efficiency of a 
runoff event. EMC is defined as a flow-weighted mean concentration of a constituent in 
the runoff water from a runoff event. Therefore the EMC is defined corresponding to the 
total transport of mass over an individual event, Mtot, divided by its total volume of runoff 
water, see equation 3; 

 

tot

tot

V

M
EMC =       (3) 

where M
tot 

is total mass of a constituent for the event (g) and V
tot 

is total volume of runoff 

water for the event (m
3
). Finding EMC is directly related to a monitoring procedure. In 

general, the monitoring procedure takes place in the flowing stream of a pipe or an open 
channel during the runoff event. Typically, the flow is monitored continuously and regular 
sampling from the flowing stream is done for the analysis. The direct relation to the EMC 
can be seen in Equation (2). The EMC is thereby a value for each event of pollutant 
concentration of the flow into receiving water (Hvitved-Jacobsen and Vollertsen, 2007).  
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Figure 10: A sketch of flow and concentration over time during a storm. 

 

The equation used to calculate the total mass is; 

∫=

T

tot dttCtQM )()(      (4) 

where Q is flow, C is concentration and T is duration of rain storm, or 

∑ ∆=

i

iitot tCQM      (5) 

When the EMC values are found in both inflow and outflow of a runoff event equation 6 
was used to calculate treatment efficiency; 

�. �.� 1 � �	
���	
��      (6) 

The EMC was used to calculate treatment efficiency of the events analyzed in this project. 
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3 Results 

In this chapter the results from the study is revealed. First rainfall data from 4 years are 
analyzed and characteristic of runoff events during the 12 month study period is shown. 
Then each analyzed runoff event is explained in details, the chemical composition, TSS, 
precipitation and flow. pH, PAHs and particle size are measured. Last treatment efficiency 
for each analyzed runoff event is calculated. 

3.1 Rainfall data 

In this section rainfall at Úlfarsá weather station, which is only 500 m from the pond 
shown in section 2.1, is analyzed for the years 2005-2009. This is done in order to see if 
there is a pattern and to see what kind of rainfall events there are and how big they are. The 
average rainfall at Úlfarsá weather station is approximately 1000 mm/year. 

Figure 11 summarizes the annual rainfall at 6 different weather stations in the greater 
Reykjavík area. When comparing the amount of precipitation over a five year period it is 
clear that the variation is large both between years and between rain gauges. Úlfarsá rain 
gauge is near the pond and the amount varies from 808 mm to 1200 mm.   

 

Figure 11: Overview of annual amount of precipitation from six rain gauges in the greater Reykjavík 
area during 2005-2009 

In Figure 11 it can be seen that the precipitation varies between locations and years and 
therefore it is difficult to predict the amount of precipitation by looking at past storm 
events. 

A program was developed to count the number of rainfall events occurring every year (see 
section 2.2.1). Either one hour of dry periods between storm events or 12 hours were used. 
This means the amount of time needed before the program counts a new storm event.  The 
results from this analysis are summarized in Table 5 and Figure 12. If only one hour is 
used, more frequent little storm events are registered. 
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Table 5: Number of storm events occurring at Úlfarsá weather station 2005-2009.  

Rainfall  2005 2006 2007 2008 2009* 

mm/event 1 hrs 12 hrs 1 hrs 12 hrs 1 hrs 12 hrs 1 hrs 12 hrs 1 hrs 12 hrs 

0-5 492 91 523 67 523 58 306 70 352 42 

6-10 21 17 18 17 34 10 19 11 15 12 

11-15 5 7 13 11 14 16 7 5 7 9 

16-20 7 3 8 7 4 8 4 4 0 5 

21-25 2 7 0 7 4 3 2 3 2 2 

>26 0 5 2 8 3 13 2 6 0 4 

* The rain gauge was out of order during 2 months in the summer   

It can be seen from Figure 12 and Figure 13 that the year 2007 has a different storm pattern 
at Úlfarsá weather station than the years 2005, 2006, 2008 and 2009. With one hour 
between storm events year 2007 has a higher frequency in every amount except 16-20 mm. 
Especially the intensity of 6-10 mm is significantly higher for the year 2007 which means a 
lot of small storm events occurred in this year. 

 

Figure 12: Frequency of storm events at Úlfarsá weather station for 2005 to 2009 with a dry period 
between events of one hour. 

With 12 hours dry period between storm events the year 2007 has a much higher frequency 
in 11-15 mm and above 26 mm but does not stand out in other intensities. With longer dry 
period between events the years 2005 and 2006 have more storm events with low 
intensities of 6-10 mm. 
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Figure 13: Frequency of storm events at Úlfarsá weather station for 2005 to 2009 with a dry period 
between events of 12 hours. 

3.2 Runoff events during 12 month study period 

There is a difference between rain and runoff event. Rain event is precipitation and is 
measured by a rain gauge. Runoff event is when the rain water hits the ground and reaches 
the sewer system which in this case is the detention pond. A runoff event in the detention 
pond is defined when the flow in the inlet is above 4 l/s and the runoff event has stopped 
and a new one begun if the dry period is equal to or more than 24 hours. During the period 
from 1st of June 2008 till 30th of June 2009 analysis of the volumetric inflow to the pond 
suggested that 123 discrete runoff events occurred, see Table 6. The amount of hours is 
approximately 1960 which are 21 % of the total time of the year. The mean inflow varies 
and the highest mean inflow is found in September 2008 which was a very wet month 
during which remnants from a hurricane reached Iceland. It is also clear that the numbers 
of hours of inflow are fewest in June and highest in November 2008 and May 2009. The 
number of events does not necessarily follow the amount of hours raining which means 
that for example in August 2008 more frequent and short events occurred than in for 
example March 2009.   

 

 

 

 

 

 

 

0
2
4
6
8

10
12
14
16
18

6-10 11-15 16-20 21-25 >26

N
u

m
b

e
r 

o
f 

re
g

is
te

re
d

 
ra

in
fa

ll
 e

v
e

n
ts

Total rainfall per event mm

2005

2006

2007

2008

2009



37 

Table 6: Detailed overview of the number and length of rainfall-runoff events during the 12 months 
studied. Based on data collected by Úlfarsá weather station (Vista Engineering, 2009). 

Number 
of 
events 

 
Total 
Duration 
(hours) 

Mean 
flow 
(l/s) 

Total 
hours 

% hours raining of the total 
amount of hours in each 
month 

June 2008 4 30 25 720 4 
July 2008 10 61,5 29 744 8 
August 2008 12 91 26 744 12 
September 2008 9 188 51 720 26 
October 2008 7 194 25 744 26 
November 2008 12 248 22 720 34 
December 2008 13 152 35 744 20 
January 2009 10 162 18 744 22 
February 2009 5 158 32 672 24 
March 2009 8 148 19 744 20 
April 2009 15 195 21 720 27 
May 2009 11 294 20 744 40 
June 2009 7 40 36 720 6 
Sum 123 1962 359 9480 21 
 

The most common runoff event generated a maximum flow rate of 15-30 L/s at the pond 
inlet and had duration of 16 hours. In particular, only 11% of the runoff events generated 
flows exceeding 50 l/s, see Figure 14. 

 

Figure 14: Distribution of runoff events for the 12 month study period (Icelandic Meteorological 
Office, 2009). 
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3.3 Physical characteristics of analyzed runoff 
events 

Six different events were chosen for chemical analysis over the twelve month study period. 
The goal was to use these events to represent the whole year and the different weather 
conditions. In the following all dates are with American format, that is month.day.year.  

The characteristics of each event are summarized in Table 7. Qmax is the maximum flow of 
the event, volume is the total volume for the event, and duration is the length of the event, 
with the event beginning when the flow is above 4 l/s. The duration of the events differs 
from 1 1/2 to 30 hours and the maximum  inflow from 15 L/s to 98 L/s where 3 events 
represent statistically extreme runoff events and 3 represent the most commonly occurring 
runoff events.  The dry period before each event differs from 24 hours to three weeks.  

Table 7: Summary of characteristics of storm events analyzed for chemical content. Based on data 
from Icelandic Meteorological Office (2009). 

Season Date Qmax 
(l/s) 

Total Volume 
(L) 

Duration 
(hours) 

Type 

Summer 7.1.08 53 150,000 1.5 Short 
rain 

Fall 9.16.08 98 1,500,000 14 Leftover 
from 
hurricane 

First Winter 12.22.08 67 1,700,000 18 Rain on 
snow 

Second winter 2.13.09 29 410,000 8 Melting 
snow 

First Spring 
Second Spring 

5.11.09 
5.28.09 

15 
27 

575,000 
240,000 

30 
7 

Rain 
Rain 

 

As shown in the table, two events in the winter time were of similar type and were chosen 
because other studies have showed that the heaviest pollution load is when it rains on snow 
or when the ground is frozen (Vollertsen et al., 2007). Also two similar types of events in 
the spring where analyzed, the reason for this is that these events were typical according to 
earlier rain pattern.  

In the following sub-sections, the flow rates and sampling for each event is described.  

3.3.1 Summer event 7.1.2008 

May and June 2008 had been very dry periods and the storm on first of July was the first 
storm event in about three weeks. 

It began to rain on the first of July 2008 at 6:50 pm. The first two ten litre samples were 
taken by hand at the inlet at 8:05 pm the two next one hour later; this is showed in Figure 
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15 by the two parallel lines.  The amount of rain was 7 mm, the maximum flow was 
measured to 53 L/s.  

 

Figure 15: Inflow (blue), outflow (pink), precipitation (green) and samples taken in summer event 
(black) (Icelandic Meteorological Office, 2009 and Vista Engineering, 2009).  

In the first two samples the water was visibly turbid; see Figure 16, but after an hour the 
water was almost clear, it had stopped raining and the flow was very low and therefore no 
further samples were taken. 

 

Figure 16: Visibly turbid first water sampled at the rain event on 7.1.2008. 
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3.3.2 Fall event 9.16.2008 

In the fall of 2008 it was wet and almost raining every day, as shown on Figure 10. For this 
reason, it was hard to find a discrete rain event.  The event chosen for chemical analysis 
was a distinct large event, and was remnants of hurricane Ike. This rain event would then 
represent the part of the year were the weather in Iceland has very short dry periods 
between events.  

 

Figure 17: Rain pattern in fall 2008, from 1st of August to 2nd of November measured with Úlfarsá rain 
gauge the analyzed runoff event is in the red box (Vista Engineering, 2009). 

The event started on 16th of September and lasted 14 hours. The dry period previous for 
this event was 24 hours, but the rain in the preceding week was low. The auto sampler had 
sampled every hour during the event. Six samples were analyzed for chemical content at 
the inlet (1, 2, 4, 6, 8 and 10) and three samples in the outlet (7, 11 and 15). Flow, 
precipitation and time of the samples analyzed can be seen in Figure 18.  
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Figure 18: Time series of inflow (blue), outflows (pink) and precipitation (green) during the fall event 
on 9.16.2008 (Icelandic Meteorological Office, 2009 and Vista Engineering, 2009). 

The precipitation and inflow peaks at similar time in this event. The reason for this is 
probably because of the continuous rainfall previously for this event causing the ground to 
be wet. This means that the water can run freely towards the pond without much initial loss 
due to puddling and evaporation. The amount of rain was 32 mm and the maximum flow 
was measured to 98 L/s. 

3.3.3 First winter event 12.22.2008 

The first winter event analyzed had a dry period of seven days preceding it. It had been 
cold and there was snow on the ground when it started raining. The event started on 22nd of 
December and lasted for 18 hours. Five samples in the inlet were analyzed (4, 7, 8, 10 and 
12) and three in the outlet (6, 8 and 14). Flow, precipitation and time of the samples 
analyzed can be seen in Figure 19. 
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Figure 19: Time series of inflow (blue), outflows (pink) and precipitation (green) during the first 
winter event on 12.22.2008 (Icelandic Meteorological Office, 2009 and Vista Engineering, 2009).  

The precipitation and inflow are not very similar in this event. This is probably because it 
was raining on snow and therefore the water was longer to reach the pond. The amount of 
rain was 30 mm and the maximum flow was measured to 67 L/s. 

3.3.4 Second winter event 2.13.2009 

The second winter event analyzed had a dry period of 17 days preceding it. The weather 
had been cold with snow but was getting warmer on the 13th of February. The first water 
coming was just melting snow but around noon it started raining. The rain event only 
lasted for two hours but the flow was above 4 L/s for 8 hours; see Figure 20, probably 
because of the melting snow. The temperature varied between 0.7 to 5.4 oC for this period 
of time (Vista Engineering, 2009). 
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Figure 20: Time series of inflow (blue), outflows (pink) and precipitation (green) during the second 
winter event on 2.13.2009 (Icelandic Meteorological Office, 2009 and Vista Engineering, 2009). 

Four samples were analyzed both in the inlet (1, 3, 5 and 6) and in the outlet (5, 7, 9 and 
11). The amount of rain was 2 mm and the maximum flow was measured to 29 L/s. 

3.3.5 First Spring event 5.11.2009 

The first spring event had a dry period of five days preceding it. The auto sampler had 
sampled every time the flow went over 4 L/s and with at least one hour between. Three 
samples were analyzed in the inlet (3, 9 and 12) and three samples in the outlet (8, 10 and 
15). Flow, precipitation and time of the samples analyzed can be seen in Figure 21. 
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Figure 21: Time series of inflow (blue), outflows (pink) and precipitation (green) during the first spring 
event on 5.11.2009 (Icelandic Meteorological Office, 2009 and Vista Engineering, 2009). 

The amount of rain was 19 mm and the maximum flow was measured to 15 L/s. The 
precipitation and inflow are somewhat symmetrical and the reason for the high flow after it 
stopped raining is because of the wind. The average wind speed is around 15 m/s with 
highest wind speed of 20 m/s (Vista Engineering, 2009) and that makes the flow fluctuate.  

 

3.3.6 Second Spring event 5.28.2009 

The second spring event was preceded by a dry period of two days. The total amount of 
precipitation was 10 mm and the maximum inflow was measured to 27 L/s. The auto 
sampler had sampled every hour during the event. Three samples were analyzed in the inlet 
(1, 2 and 5) and three samples in the outlet (4, 6 and 8). Flow, precipitation and time of the 
samples analyzed can be seen in Figure 22. 
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Figure 22: Time series of inflow (blue), outflows (pink) and precipitation (green) during the second 
spring event on 5.28.2009 (Icelandic Meteorological Office, 2009 and Vista Engineering, 2009). 

The precipitation and inflow are similar in this event. Summary of the runoff events is that 
six very different events were chosen and therefore they represent different situations 
during the year under observation. 

3.4 Chemical analysis 

In the following sections, pH, total suspended solids and heavy metals are presented for 
each of the analyzed samples and the x-axis starts at the first analyzed sample, which is not 
always number 1.     

3.4.1 Summer event 7.1.2008 

The summer event was the first event analyzed in this project. Due to the short duration of 
the event, only 2 samples were analyzed. The metal concentrations for the first sample 
were much higher than for the second sample, see Table 8, an indication of first flush is 
present for the former one. This is probably due to the long dry period prior to the runoff 
event.  
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Table 8: The total and dissolved metal analysis for the event on 1st of July 2008 

 7/1/08 8.05 pm 
total 

7/1/08 9.05 pm total 7/1/08 8.05 pm 
filtered 

7/1/08 9.05 pm 
filtered 

As mg/L <1 <1 <1 <1 

Cd mg/L <0.05 <0.05 <0.05 <0.05 

Cr mg/L 8.68 1.10 0.923 0.873 

Cu mg/L 27.5 9.2 9.29 7.13 

Ni mg/L 8.39 <0.6 0.519 0.521 

Pb mg/L 1.52 0.641 <0.2 <0.2 

Zn mg/L 67.7 14.6 37.0 12.7 

 

The heavy metal concentration on dissolved form, see Table 8 was lower than the total 
concentration. The difference is less obvious in the second sample than the first. This 
indicates that the percentage of heavy metals on dissolved form increases during the event. 

3.4.2 Fall event 9.16.2008 

For this event TSS and inflow is consistent, see Figure 23. The TSS peak a little earlier 
than the inflow which indicates first flush.  

 

Figure 23: Time series of TSS (red) and inflow (blue) for the event on 16th of September 2008. 

The analysis of metal concentration in dissolved form reveals that there is no obvious 
relation between TSS, see Figure 23, and metal concentrations in dissolved form which can 
be seen in Figure 24. 
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Figure 24: Metal concentrations in dissolved form during the storm event on the 16th of September. 

The metal concentration in particular form, see Figure 25, is more consistent to the TSS 
which should not come as a surprise. 

 

Figure 25: Metal concentrations of Cu (blue) and Zn (green) in particular form during the storm event 
on the 16th of September. 

The reason for fewer metals in Figure 25 is that the concentration was so low that most of 
the metals were under detection limit. 

3.4.3 Winter event 12.22.2008 

In this event TSS does not follow the inflow as in the event above. The inflow has a peak 
before the TSS peak; see Figure 26, so there is no indication of first flush in this event.  
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Figure 26: TSS (red) and inflow (blue) in the event on the 22nd of December 2008. 

The results from the analysis of metal concentration in dissolved form can be seen in 
Figure 27. The metal concentration in dissolved form decreases during the event and there 
is no relation between the concentration and TSS. 

 

 

Figure 27: Metal concentrations in dissolved form during the storm event on the 22nd of December 

The analysis of the metal concentration in particular form, see Figure 28, shows a peak at 
the same time as the TSS peak. This means that the TSS and the metal concentration in 
particular form is consistent. 
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Figure 28: Metal concentrations in particular form during the storm event on the 22nd of December 

 

3.4.4 Winter event 2.13.2009 

In this event the TSS peak before the inflow, see Figure 29. This indicates first flush which 
also makes sense as the beginning of this event is snowmelt. The second peak of TSS must 
be due to heavier particles that the low inflow of snowmelt could not move.  

 

Figure 29: Time series of TSS (red) and inflow (blue) for the event on the 13th of February 2009. 

The TSS and the metal concentration in dissolved form, see Figure 30, is not consistent. 
For most of the metals the concentration is stable during the event 

0

5

10

15

20

25

30

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

4 6 8 10 12

C
o

n
ce

n
tr

at
io

n
 u

g/
L 

fo
r 

C
u

 a
n

d
 Z

n

C
o

n
ce

n
tr

at
io

n
 u

g/
L

Time during event in hours

Cd

Co

Cr

Ni

Cu

Zn

0

5

10

15

20

25

30

0

20

40

60

80

100

120

1 2 3 4 5 6

Fl
o

w
 L

/s

TS
S 

m
g/

L

Duration of storm event in hours



50 

 

 

Figure 30: Metal concentrations in dissolved form during the storm event on the 13th of February 

The analysis of the metal concentration in particular form, see Figure 31, peak at the same 
time as TSS but otherwise the concentration in particular form is stable like in dissolved 
form, again the reason for this is probably the low inflow during the event. 

 

 

Figure 31: Metal concentrations in particular form during the storm event on the 13th of February 
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3.4.5 First spring event 5.11.2009 

In this event the TSS peak in the end and does not follow the inflow, see Figure 32. There 
is no indication of first flush.  

 

Figure 32: Time series of TSS (red) and inflow (blue) for the event on the 11th of May 2009. 

The metal concentration in dissolved form is high in the beginning of the event and then 
decreases, see Figure 33. This is the same behaviour of TSS. 

 

Figure 33: Heavy metal concentrations on dissolved form during the event on 11th of may 2009. 

The analysis of the metal concentration in particular form, see Figure 34 shows that some 
of the metal concentrations are stable during the event, Zn increase during the event like 
TSS, Pb and Ni decrease during the event and Cu seems to follow the inflow. The metal 
concentration for this event clearly differs from the others. The TSS and flow is very low 
in this event. The lowest flow of all the runoff events analyzed.  
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Figure 34: Heavy metal concentrations on particular form during event on the 11th of may 2009. 

3.4.6 Second spring event 5.28.2009 

In this event the TSS peak before the inflow, see Figure 35. This indicates first flush. Later 
in the event the TSS seems to follow the inflow.  

 

Figure 35: TSS (red) and inflow (blue) for the event on the 28th of May 2009. 

Most of the metal concentrations on dissolved form are stable during the event but Ni and 
Zn peak in the end of the event, see Figure 36. There seem to be no or little consistent 
between TSS and the metal concentrations on dissolved form.  
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Figure 36: Heavy metal concentration on dissolved form during the event on 28th of may 2009. 

Almost every metal concentration on particular form increase during the event, see Figure 
37, only the concentration of Cd and As are stable. The metal concentration on particular 
form and TSS are not consistent. 

 

 

Figure 37: Heavy metal concentration on particular form during event on the 28th of may 2009. 

 

3.4.7 Summary of the chemical analysis 

For most of the events the metal concentrations on particular form follow TSS, but not for 
the event on the 28th of May. This might be due to that the flow must be higher to transport 
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concentration in dissolved form seems to behave differently for each event and follows 
neither inflow nor TSS. The runoff events vary in time from 1 ½ hour to 30 hours and the 
inflow from 15 l/s to 98 l/s. The heavy metal concentration vary between runoff events as 
an example Zn peaks varies from 3 µg/l in runoff event on 5.11.2009 to 78 µg/l in runoff 
event on 2.13.2009. 

3.5 Concentration in inflow vs. outflow 

In this chapter the heavy metal concentration in the inflow is compared to the outflow. This 
is to see whether there is a pattern between events and whether the concentration in the 
outflow is stable or not. 

3.5.1 Fall event 9.16.2008 

Figure 38 summarizes the inflow and outflow concentrations during the fall event. The 
bars indicate the variation and show both minimum and maximum heavy metal 
concentration. The thin line inside the bar represents the mean concentration during the 
event. The mean is not in the middle of the bars but mostly nearer the min than the max. 
This can be due to that the max might only represent the peak concentration. The fall event 
is characterized by low concentrations in the inflow. For the heavy metals As, Co and Pb 
the outflow concentration is higher than the inflow concentration as can be seen in the 
upper panel in Figure 38. The bars for concentration in inflow and outflow for cadmium, 
chrome and nickel overlap on the same figure. The reason for this is not fully known but 
these compounds have in common to be near the detection limits and therefore it could be 
due to measurement inaccuracies. Cu and Zn shown in the lower panel of Figure 38 have a 
higher concentration than the rest of the heavy metals. These are the only ones where the 
inflow concentration is higher than the outflow concentration for all samples.  
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Figure 38: In- and outflow heavy metal concentrations for fall event 2008. Cu and Zn are in the lower 
plot because of the much higher concentration. 
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3.5.2 Winter event 12.22.2008 

For this event the only heavy metal where the outflow is higher than the inflow is As, see 
Figure 39. The heavy metal concentrations are higher in this event than the fall event. 
Cobalt, chrome and nickel have a higher concentration in inflow than outflow for all 
samples. For cadmium, lead, copper and zinc the bars overlap.  
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Figure 39: In- and outflow heavy metal concentrations for first winter event 2008. 
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3.5.3 Winter event 2.13.2009 

For this event the heavy metal concentration was high and all heavy metals has a higher 
inflow concentration than outflow concentration, see Figure 40. For all compounds except 
As the inflow concentration is higher than the outflow concentration for all samples. The 
difference in inflow and outflow concentration is more significant in this event than the 
previous. For As the bars overlap.  
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Figure 40: In- and outflow heavy metal concentrations for second winter event 2009. 
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3.5.4 First spring event 5.11.2009 

This event had very low heavy metal concentrations and several outflow concentrations are 
higher than the inflow concentrations, see Figure 41. The inflow concentrations are likely 
lower than the concentration in the pond which is called irreducible pollution concentration 
and is a known phenomenon. The difference between min and max is significant for 
chrome, nickel lead and zinc. This means that the variation in concentration between 
samples is significant. In this runoff event the samples are sampled during a longer time 
period than in the other runoff events and this can explain the significant variation in 
concentration. 
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Figure 41: In- and outflow heavy metal concentrations for first spring event 2009. 
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3.5.5 Second spring event 5.28.2009 

For this event all heavy metal concentrations except As have a higher inflow concentration 
than outflow concentration. The bars for cadmium, cobalt, chrome, nickel and lead overlap 
which means that at some time the concentration in inflow and outflow are the same. For 
copper and zinc the concentration in inflow for all samples are higher than in outflow. The 
change in concentration varies significantly during the runoff event especially in the inflow 
concentrations. The reason for this is not known. 
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Figure 42: In- and outflow heavy metal concentrations for second spring event 2009. 
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3.5.6 Summary of concentrations in inflow and outflow 

Arsenic is around detection limit in the inflow in all events and has most often higher 
concentration in the outflow. Cadmium is also around detection limit but different from 
arsenic, cadmium seems to settle in the pond which is established with lower concentration 
in the outlet. When the inflow concentration of Cobalt is low and near detection limits the 
concentration in outflow is around or higher than the inflow concentration but when the 
inflow concentration is higher the outflow concentration is lower. Chrome has higher 
concentration in inflow than outflow for all events except the first spring event. Nickel has 
higher concentration in inflow than outflow for all events. Lead has a higher or equal 
concentration in inflow as outflow for all events except the fall event where the outflow is 
higher. Copper and zinc has higher concentration in inflow than outflow for all events and 
has the highest concentration of the heavy metals. The concentrations in the outflow are 
very stable and it does not seem to matter what the concentration in the inflow is. This is 
very clear in Figure 43 where inflow and outflow concentrations of copper for all six 
analyzed runoff events are shown. This phenomenon is known as irreducible pollution 
concentrations (e.g. EPA, 2002).   

 

 

Figure 43: Inflow and outflow concentration of Cu for 6 runoff events. 

 

3.6 Partitioning between dissolved and 
particulate  

3.6.1 Fall event 9.16.2008 

The percentage of dissolved particles is high at the beginning of the event but decreases 
when the flow is high and then rises again when the flow gets low, see Figure 44.  
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Figure 44: Percentage dissolved heavy metals in inflow for fall event. 

The mean percentage of dissolved in inflow is Cu; 50 %, Zn; 70 % and Ca; 85 % and in 
outflow Cu; 80 %, Zn; 55 % and Ca; 95 %. This means that the percentage dissolved 
particles rises for Cu and Ca but decreases for Zn. 

3.6.2 Winter event 12.22.2008 

There does not seem to be any relation between flow and percentage dissolved particles in 
this event, see Figure 45. 

 

Figure 45: Percentage dissolved heavy metals in inflow for first winter event. 

The mean percentage of dissolved heavy metals in inflow is Cr; 35 %, Cu; 30 %, Ni; 20 %, 
Zn; 60 % and Ca; 90 % in outflow the percentage is; 45 %, 40 %, 35 %, 40 % and 100 %. 
This means that the percentage of dissolved particles for Cr, Cu, Ni and Ca increase and Zn 
decreases. 

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

70

80

90

100

1 2 4 6 8 12

Fl
o

w
 L

/s

%
 d

is
so

lv
ed

Time during event in hours

Cu

Zn

Ca

Flow

0

10

20

30

40

50

60

0

20

40

60

80

100

120

4 7 8 10 12

Fl
o

w
 L

/s

%
 d

is
so

lv
ed

Time during event in hours

Cr

Cu

Ni

Zn

Ca

Flow



62 

3.6.3 Winter event 2.13.2009 

The percentage dissolved particles are relatively stable during this event. The flow is also 
low and the event is short, see Figure 46. 

 

Figure 46: Percentage dissolved heavy metals in inflow for second winter event. 

The mean percentage in inflow is Cr; 40 %, Cu; 30 %, Ni; 20 %, Zn; 60 % and Ca; 90 % in 
outflow the percentage is; 65 %, 30 %, 70 %, 60 % and 100 %. This means that the 
percentage of dissolved particles for Cr, Ni and Ca increase, there is no change for Cu and 
Zn decreases. 

 

3.6.4 First spring event 5.11.2009 

The percentage dissolved particles decreases during the event as the flow, see Figure 47. 
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Figure 47: Percentage dissolved heavy metals in inflow for first spring event. 

The mean percentage in inflow is Cr; 60 %, Cu; 70 %, Ni; 55 %, Zn; 90 % and Ca; 100 % 
in outflow the percentage is; 20 %, 50 %, 40 %, 30 % and 100 %. This means that the 
percentage of dissolved particles for Cr, Cu, Ni and Zn decrease and there is no change for 
Ca. 

 

3.6.5 Second spring event 5.28.2009 

The percentage dissolved particles decreases during the event and there seem to be no 
relation between dissolved particles and flow as the flow has a peak but most of the metals 
just decreases, see Figure 48. 

 

Figure 48: Percentage dissolved heavy metals in inflow for second spring event. 
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The mean percentage in inflow is Cr; 60 %, Cu; 80 %, Ni; 50 %, Zn; 90 % and Ca; 90 % in 
outflow the percentage is; 70 %, 70 %, 60 %, 60 % and 100 %. This means that the 
percentage of dissolved particles for Cr, Ni and Ca increase and Cu and Zn decreases. 

3.6.6 Summary of partitioning between dissolved and 
particulate  

The percentage of dissolved particles increase for chrome and nickel during the runoff 
event for all events except during the first spring event where it decreases. Copper is both 
on particulate form and dissolved form depending on the runoff event. The percentage of 
dissolved particles for Zinc decreases during the runoff event for all events. The percentage 
of dissolved particles for calcium increases for all events except during the first spring 
event where there is no change. The percentage of dissolved particles varies most for 
copper in the inflow and most for copper and chrome in the outflow see Table 9.  

Table 9: Variation of percentage dissolved particles in inflow and outflow. 

Heavy metal % dissolved in 
inflow 

% dissolved in 
outflow 

Cr 35-60 20-70 

Cu 30-80 30-80 

Ni 20-55 35-70 

Zn 60-90 30-60 

Ca 85-100 95-100 

 

 

3.7 pH of surface runoff 

The pH of rain is 5 (Icelandic Meteorological Office, 2008) and groundwater in Reykjavík 
area is 9 (Hjartarson et al., 2009).  The pH in surface road runoff in this study is around 7 
to 8 which is similar compared to neighbouring countries (Vollertsen, et al., 2007). 

The pH of the road runoff is stable during the events but does differ between events. If the 
pH would get low it would indicate that the metals would get more dissolved therefore this 
high pH is likely preventing the metals from getting to the receiver. The highest pH is 
found in the event on 12.22.08, see Figure 49, the reason for the slightly higher pH is 
unknown but could be due to salt on the roads. Salt itself is neutral but if it reacts with a 
base it can make a stronger base. So if the salt (NaCl) reacts with the calcium at the bottom 
at the pond and form calcium chloride which is a base with pH 9-10 it can raise the pH in 
the pond. 
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Figure 49: The gray bar show mean pH and the lines show standard deviation of inflowing surface 
runoff during the six analyzed storm events. 

pH of the inflowing surface runoff varies from 6.7 to 9.0 with a mean of 7.5. It is 
interesting to see that the largest variation occurs in the two winter runoff events in both 
inflow and outflow, see Figure 49 and Figure 50. 
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Figure 50: The gray bar show mean pH and the lines show standard deviation of outflowing surface 
runoff during five analyzed storm events. 

The pH in the outflow of the pond varies from 6.9 to 7.8 with a mean of 7.4. The pH in the 
outflowing of the pond has a less variation in pH than the inflowing surface runoff. The pH 
in the inflow is similar to the pH in the outflow. 

3.8 PAHs analysis 

One sample from the first storm event was analyzed for 16 different PAH’s but all were 
found to be under the detection limit and therefore no further samples were analyzed since 
the cost of such analysis is high. The first storm event was with the highest TSS content 
and therefore it is presumed that the other samples did not contain any PAH’s. The reason 
for this analysis was because of the toxic effect of PAHs on the environment, it can be 
carcinogenic among other things, and it is commonly studied in other countries. The 
detection limit was between 0.02 and 0.5 µg/L, see section 2.7. 

3.9 Particle size distribution 

A particle size distribution was measured by a Malvern Mastersizer 2000 in both inlet 
water and sediment at the inlet and outlet as a tool for a model which will be described in 
Appendix F - Model. 
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Figure 51: Particle size distribution of the first water sample taken inside the inlet pipe at 8.05 pm 
during summer storm 7/1/08. The TSS was 119 mg/L. 

The sample “inn 1” is from the storm on 7/1/08 taken from the inlet at 8.05 pm; see Figure 
51. The mean diameter of particles was found to be 12 µm with the range from 0.3-120 
µm. 

 

Figure 52: Particle size distribution of the sample ”inn 2” which is from the storm on 7/1/08 at 8.10 pm. 

The sample “inn 2” was from the storm on 7/1/08 and sampled at 8.10 pm; see Figure 52. 
The mean particle diameter was found to be 18 µm with the range 0.3-630 µm. The reason 
for the difference in mean particle size is human error; the difficulty in getting a 
homogeneous solution and splitting the sample equally into the two splitting cases. More 
than 50 % of the particle volume is smaller than 20 µm which is consistent with Li et al. 
(2006), see Table 10. 

Table 10: Volume in % divided into three groups of particle size. 

Particle 

size  

inn 1 inn 2 

μm % % 

0-20 68 53 

21-100 31 41 

>100 0,5 6 
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 The next two graphs and tables; see Figure 53 and Figure 54, are particle size distribution 
from the bottom of the pond. Sample “botn inn” is 12 meters from the south bank and 
thereby 2 meters from the inlet and sample “botn út” is 2 meters from the outlet.  

 

Figure 53: Particle size distribution of the sample ”botn inn”. 

The mean particle diameter was found to be 26 µm with the range 0.3-950 µm. The mean 
particle diameter is larger in the sediment than in the runoff, see also Table 10, which is 
consistent with other studies (Li et al., 2006). The reason for the large particles, >400, is 
likely sand in the sample from the road.  

 

Figure 54: Particle size distribution of the sample ”botn út”. 

The mean particle diameter was found to be 9 µm with the range 0.3-360 µm. Table 11 
shows that in sample botn inn there is equal amount of particles in the range 0-20 µm and 
21-100 µm but for the sample in botn ut almost all of the particles are in the range and 0-20 
µm. The reason for this is that all the heavy particles settle at the inlet. The reason for the 
high amount of particles in the small range at the inlet can be due to the small particles has 
being attached to the larger ones and therefore settled at the inlet. 
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Table 11: Volume in % divided into three groups of particle size. 

Particle 

size  

botn inn botn ut 

μm Volume % Volume % 

0-20 43 74 

21-100 41 23 

>100 16 3 

 

3.10 Treatment efficiency  

Treatment efficiency is calculated using EMC which depend on flow and concentration, 
more detailed explanation can be found in section 2.10. In the storm event on the 16th of 
September even though the concentration was low and the flow high it does not seem to 
have a bad impact on the efficiency. The calculated treatment efficiency for the different 
chemicals spans from 65 % to 90 % for dissolved particles which can be seen in Table 12. 
According to theory the efficiency for dissolved particles should be less than particulate 
but it is difficult to see whether the theory is right for this event because most 
concentrations were below detection limit. In this event around 30% of the volume was 
replaced. 

Table 12: Treatment efficiency for the storm event on 9.16.2008.  

9.16.2008 Total 

T.E. 

% 

Particulate 

T.E. 

% 

Dissolved 

T.E. 

% 

Copper 90 95 80 

Zinc 85 80 85 

Nickel - - 65 

Chrome - - 70 

Lead - - - 

Cadmium - - 90 

Arsenic - - - 

– Not possible to calculate treatment efficiency as concentration was below detection limit. 
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In the event on the 22nd of December it rained on snow and that would according to theory 
give a higher concentration. The efficiency spans from 70 % to 90 % which can be seen in 
Table 13. The efficiency is lower for dissolved particles like expected for all metals except 
for zinc. The highest efficiency is found for particulate. In this event around 30% of the 
volume was replaced. 

Table 13: Treatment efficiency of the storm event on 12.22.2008.  

12.22.2008 Total 

T.E. 

% 

Particulate 

T.E. 

% 

Dissolved 

T.E. 

% 

Copper 85 90 75 

Zinc 80 75 80 

Nickel 90 90 70 

Chrome 85 90 70 

Lead - - - 

Cadmium (15)* - - 

Arsenic - - - 

* Too close to the detection limit for a valid result.   
– It was not possible to calculate EMC because the concentration was below detection limit. 

 

The event on the 13th of February was mostly melting snow. The efficiency spans from 45 
% to 95 % which can be seen in Table 14. The efficiency is lower for dissolved particles 
for all metals except cadmium. The highest efficiency is found for particulate particles. In 
this event around 10% of the volume was replaced. 
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Table 14: Treatment efficiency of the storm event on 2.13.2009.  

2.13.2008 Total 

T.E. 

% 

Particulate 

T.E. 

% 

Dissolved 

T.E. 

% 

Copper 85 95 75 

Zinc 65 75 60 

Nickel 85 95 45 

Chrome 85 95 75 

Lead 85 90 60 

Cadmium 75 65 80 

Arsenic (40) * - - 

* Too close to the detection limit for at valid result. 
 – It was not possible to calculate EMC because the concentration was below detection limit. 
 
The event on the 11th of May the treatment efficiency was for most metals low and in most 
cases the pond had a higher metal concentration at the outlet than at the inlet which means 
that the efficiency is negative, see Table 15. This phenomenon is known as irreducible 
concentration which means that the concentration in the outflow is stable. Therefore if the 
concentration in the inflow is lower than the concentration in the pond the treatment 
efficiency is negative. The result shows that the percentages of dissolved particles are very 
high at the inlet which also contributes to the low efficiency. Furthermore is the inflow 
low, the precipitation unstable and heavy wind which all can affect the efficiency. The low 
inflow and unstable precipitation means that the outflow is mainly from earlier storm 
events which most probably had higher concentrations in inflow. The heavy wind can 
effect the settling negatively. In this event around 10% of the volume was replaced. 
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Table 15: Treatment efficiency of the storm event on 5.11.2009. 

5.11.2009 Total 

T.E.  

% 

Particulate 

T.E.  

% 

Dissolved 

T.E. 

% 

Copper 45 -100 70 

Zinc 70 -100 90 

Nickel 20 -20 50 

Chrome -5 -100 70 

Lead 2 5 -15 

Cadmium 10 - 90 

Arsenic - - - 

 – It was not possible to calculate EMC because the concentration was below detection limit. 

In the event on the 28th of May the efficiency was very good for all metals except arsenic 
in dissolved form, see Table 16. Most of the efficiencies are around 90% or above. The 
amount of heavy metals bound to particulates in this storm was around 50 % or less. The 
concentration of cadmium is just above detection limit and therefore the result is not as 
reliable as for the other metals. In this event around 5% of the volume was replaced. The 
reason for such good treatment efficiency is probably because of the low flow out of the 
pond. 
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Table 16: Treatment efficiency of the storm event on 5.28.2009. 

5.28.2009 Total  

% 

Particulate  

% 

Dissolved 

% 

Copper 95 95 95 

Zinc 100 100 95 

Nickel 95 95 90 

Chrome 95 95 90 

Lead 95 95 85 

Cadmium 95 - 75 

Arsenic 65 85 55 

– It was not possible to calculate EMC because the concentration was below detection limit. 

4 Discussion 

4.1.1 Treatment efficiency 

Except for one event, see Figure 55, the total treatment efficiencies for most metals are 
greater than 80 % which is significant and indicate that the pond is working better than 
most other ponds. In comparison EPA (1999) found treatment efficiency for Zn of 40-50% 
which is at least 20% less that of the pond at Vikurvegur. In many cases the pond is 
working even better than expected. This could be partly due to the calcium at the bottom at 
the pond, see section 2.1. Other studies have shown that calcium has a positive effect on 
settling and calcium has a positive effect on fish by minimizing the toxicity of for example 
copper (Life treasure, 2008; Perschbacher and Wurts, 1999; Wurts and Perschbacher, 
1994).  
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Figure 55: Total Treatment efficiency of Copper, Zinc, Nickel and Chrome in 5 runoff events 

Figure 56 summarizes the treatment efficiency of solely dissolved species.  The fact that 
even the treatment efficiency for the dissolved particles is high indicates chemical 
processes such as colloidal coagulation may be present. At the time of study, there were no 
plants in the pond so biological processes can not be the explanation for the relatively high 
dissolved treatment efficiency. 

One event, that is the one on 11th of May, does not seem to be any different from the other 
events in Figure 56 but it is the only event where the total treatment dropped 80% for all 
the five runoff events analyzed (Figure 55).  Therefore, the first spring event in 2009 is 
different from all the others. The pH was not likely out of the ordinary, neither in the 
inflow nor the outflow and was approximately valued in the middle of the different events. 
This event however was very different from the others in its hydraulic and meteorological 
behaviour which will be explained here; the rain intensity was low, it was raining on and 
off for a long time, the volumetric flow rates entering the pond were small (< 15 l/s) and 
the heavy metal concentrations as well.  It is likely that the rain was not intensive enough 
to mobilize large particles.  In addition, there was a heavy wind with an average wind 
speed of 15 m/s and the auto sampler had difficulties sampling at a regular interval due to 
the unsteady flow. All these things add up and give an event that is very different. This 
event is an example of irreducible concentration; this means that the concentration in the 
road runoff is lower than the concentration in the pond and which is likely causing the low 
treatment efficiency. 
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Figure 56: Treatment efficiency of dissolved metals for the events compared. 

The bottom line is that the treatment efficiency for this pond is very high when looking at 
the heavy metal concentrations. But as the chemical analysis are very expensive it could be 
intriguing to see if there is a correlation between the much less expensive analysing 
method of total suspended solids and the concentration of particulate bound particles. 

4.2 Correlation between suspended solids and 
heavy metal concentration   

A comparison was made between total suspended solids and concentration of particulate 
bound particles to be able to see whether there is a connection or not. If there is a 
connection it is easier and cheaper just to make a TSS analysis than to make the heavy 
metal analysis.  
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Figure 57: TSS vs. Particulate concentration for all 6 storm events analyzed. 

Figure 57 shows that for most of the metals there is a correlation between TSS and 
particulate concentration. The linear correlation (R2) coefficient is between 85-90 % for all 
metals which is significant. This means that only by making a TSS analysis and make a 
mixed sample to analyse further should give a good indication for the particulate bound 
particle concentration for each event. These numbers are only valuable for this pond with 
this kind of environment, if a different kind of pond should be measured new analysis and 
a new graph should be made. The connection between TSS and Cp for the two metals with 
the highest concentration, Zn and Cu, is very good and above 85 %. 

On the other hand there is no linear correlation between inflow and particulate 
concentration, which can be seen in Figure 58. The linear correlation coefficient is between 
0.1-1 %. So it is not possible to estimate concentration from inflow. 

R² = 0,8597

R² = 0,856

R² = 0,9151

R² = 0,9248

R² = 0,9154

R² = 0,922
0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

90,0

0,0 50,0 100,0 150,0

C
o

n
ce

n
tr

at
io

n
 u

g/
L

TSS  mg/L

Ba

Cu

Mn

Zn

Cr

Ni



77 

 

Figure 58: Flow vs. Particulate concentration for all six events analyzed. 

 

4.3 Heavy metal concentration in Icelandic 
residential road runoff 

When comparing with other northern countries like Denmark and Sweden most of the 
heavy metal concentration is much lower in the analysis made here in Iceland, see Table 
17. The only metal that has higher concentration in the Icelandic analysis is chrome for the 
mixed sample. The reason for the high chrome content in Icelandic surface runoff is not 
clear, but it can derive from car parts and from the Earths crust. The analysis made in 
Denmark composite of three different ponds at different locations. The ponds are both near 
highway and residential areas and have a catchment area of 8.8 to 26 hared (Life treasure, 
2008). The analysis made in Sweden is from traffic surfaces and therefore differs from the 
others. 

 

 

 

 

 

  

R² = 0,0065

R² = 0,0062

R² = 0,0115

R² = 0,0037

R² = 0,007

R² = 0,0057

R² = 0,0009
0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

90,0

0 20 40 60 80 100 120

C
o

n
ce

n
tr

at
io

n
 u

g/
L

Flow l/s

Ba

Co

Cr

Cu

Mn

Ni

Zn



78 

 

Table 17: Comparison of heavy metal concentrations in Iceland, Denmark and Sweden 

 Iceland Denmark Sweden 

Area Residential Highway and Residential Highway 

Sample 
method 

Time dependent* Mixed** Mixed*** Mixed**** 

Lead (Pb) 0.6 1.0 4.7 80 

Cadmium 
(Cd) 

0.014 0.038 0.099 1 

Chrome (Cr) 2.23 7.66 4.05 - 

Copper (Cu) 12 5 18 50 

Nickel (Ni) 2.1 3.2 6.2 - 

Zinc (Zn) 44 30 200 222 

* Samples form author 
** (Gunnarsson and Sigurðsson, 2007) 
*** (Vollertsen et al., 2009) 
**** (Starzec et al., 2005)  
 
The reason for these much lower concentrations in Iceland could be due to the different 
catchment area where the others also contain highways and therefore a higher pollution 
source. 
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4.4 Effect of detention pond on surface water 
quality  

 

Figure 59: map with information of place of sampling in the river Úlfarsá (www.ja.is and T. 
Þórðarson, 2003). 

In this chapter, the impact of the detention pond on the water quality of river Úlfarsá is 
assessed.  It is also important to find out what effect it would have on the river Úlfarsá 
which the water from the pond is led to, if the pond was not there. The detention pond was 
specifically designed to protect the water quality in a sensitive recipient, river Úlfarsá (see 
Figure 59). Rivers and waters in Iceland are classified concurring with pollution state; see 
Table 18 (Þórðarson, 2004). The river is a popular salmon fishing river and therefore 
classified as “very sensitive” according to Þórðarson, 2003.  

Looking at the river on a larger scale, the origin, Lake Hafravatn, is approximately 10 km 
above. The chemical composition of Hafravatn, see Appendix G, reveals that most of the 
heavy metals do not change over time. The concentration is rather low in the lake and 
many metals are under detection limits or near it (Þórðarson, 2003). 
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Table 18: Classification of water pollution states according to regulation 533/2001. 

Class Pollution state 

A Untouched water 

B Slightly touched water 

C Touched water 

D Very touched water 

E Unsatisfying water 

 

The reason for the knowledge of chemical composition in both Úlfarsá and Hafravatn is 
that the rivers and lakes on Iceland are grouped by environmental limits set by the state. 
The groups, see Table 18, indicate in what environmental state the lakes and rivers are. The 
groups go from one to five where one is untouched water with very low concentrations of 
metal, nutrition and bacteria. Úlfarsá and Hafravatn are both in group B which is slightly 
touched water (Þórðarson, 2003 and 2004).  

The chemical composition of Úlfarsá, which is measured near the sea, can be seen in Table 
19. The concentrations of heavy metals vary over time in the river. The biggest difference 
can be seen for Cu and Zn. The other metals are having low concentration and do not wary 
as much. For the event on the 9th of May most of the concentrations are higher than for the 
other events. The reason for this is possibly that it was raining the day of sampling. 

When comparing the chemical composition of Hafravatn and Úlfarsá it should be kept in 
mind that it is difficult to make a fair comparison due to the time difference in sampling: 
The samples from Hafravatn were taken in the year 2003 whereas the samples  in Úlfarsá  
2001. But because of the little variation in Hafravatn it is possible to assume that the 
difference would not be large. With that in mind the concentration of heavy metals is a 
little larger in the river but most during rain periods.   
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Table 19: Chemical composition of Úlfarsá, from T. Þórðarsson (2003). 

Date 2001 Cu 
(µg/l)  

Zn (µg/l)  Cd (µg/l) Pb (µg/l)  Cr (µg/l)  Ni (µg/l)  As (µg/l)  

5.2.2001 0.752 1.47 <0.008 0.08 0.96 0.425 0.083 

26.3 0.904 2.81 <0.007 0.334 1.2 0.476 0.126 

9.5 (rain) 5.87 5.51 0.037 0.236 3.38 3.24 0.16 

14.6 1.01 0.36 0.021 0.097 0.78 0.47 0.13 

19.7 (wet) 1.01 0.79 0.024 0.177 1.29 0.5 0.1 

16.8 0.8 0.49 0.015 0.131 1.14 0.43 0.13 

28.9 0.47 8.4 0.037 0.107 0.66 0.35 0.08 

7.11 0.63 12.6 0.023 0.119 0.84 0.53 0.1 

21.12 0.58 6.02 0.028 1.73 1.3 0.34 <0.07 

24.1.2002 0.83 27.4 0.026 0.161 1.47 0.55 0.09 

 

The heavy metal concentration in the river is much lower than in road runoff, see Table 17 
in section 4.3, as an example Cu is 2 to 24 times higher in road runoff and Zn 2 to 90 times 
higher. The variation in concentration in river Úlfarsá means that it is not possible to 
conclude that the water gets more polluted during its trip down the river.  

To find the relative chemical contribution to the river Úlfarsá with and without the pond a 
mass balance approach is used, see Figure 60 for a more graphic explanation; 

The heavy metal loads transported in the river upstream of the detention pond is 
characterized as; 

�� · �� � �� 

where Cr is the concentration measured in the river, Qr is the flow measured in the river on 
a rainy day and Mr is the calculated mass in the river. The heavy metal loads coming from 
the Grafarholt neighbourhood via the detention pond is;  

�� · �� � �� 

where Cp is the concentration measured in the inlet of the pond, Qp is the flow measured in 
the pond and Mp is the calculated mass in the pond. The new heavy metal load in the river 
downstream of the detention pond is; 

��� � ��� · ��� � ��� � ���� 
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therefore, the increase in the river is; 

���� ����� · 100 � % �� !"#$" 

 

 

Figure 60:  Explanatory sketch showing the mass loads in the river upstream of the detention pond and 
contribution from road runoff in Grafarholt. 

When the concentration and flow of the inlet is used the contribution to the river is found 
as if there was no pond and when concentration and flow from the outflow is used the 
contribution to the river as the situation is now, with a pond, is found. Two comparisons 
are made; the first is one of the events during the time of analysis and the second is a worst 
case scenario where the event with the highest flow found during the operational time of 
the pond is used. 

 

4.4.1 Impacts of one storm 2008 

To see what impact the urban water from the streets of Grafarholt have on Úlfarsá with the 
pond there and if there was no pond. We consider the runoff event that has been analyzed 
during this project and pick the one with the highest levels of heavy metal concentrations 
with a high flow, which is the event on the 22nd of December 2008. Table 20 shows the 
chemical composition of Úlfarsá on a rainy day in 2001, the chemical composition of the 
runoff event on 12.22.2008 and the impact it would have on Úlfarsá. The increase of 
concentration in river Úlfarsá is found for both situations; with a pond and without, using 
the concentration and flow of outlet and inlet respectively. The classification change, if 
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any, of the river is also found. The classification change when the concentrations of heavy 
metals reach certain levels. 

Table 20: Chemical contributions of Grafarholt to Úlfarsá River during rain event 22.12.2008 

 Flow 

 (l/s) 

Zn 

(µg/L)  

Cu 

(µg/L) 

Pb 

(µg/L) 

Ni 

(µg/L) 

Cr 

(µg/L) 

Úlfarsá 9.5.2001 6400 5,51 5,87 0,236 3,24 3,38 

Pond inlet 

12.22.08 

67,42 48,6 9,4 0,620 2,77 2,21 

Pond outlet 

12.22.08 

42,9 32,0 5,3 0,409 1,16 1,19 

% Concentration increase       

w/o pond  9 2 3 1 1 

w/ pond  4 1 1 0 0 

Does classification change  No No No No No 

 

It is possible to see that the heavy metal concentration in the river Úlfarsá increase at the 
most about 9 % and that is for the metal Zn if there was no pond. The increase in 
concentration does not effect the classification of the river. 

4.4.2 Impact of worst event 

Considering previous studies (Gunnarsson, 2007) an event from 8th of February year 2008 
generated more mass loads from the residential neighbourhoods. The maximum inflow was 
measured to be 581 l/s. We define the worst case scenario, based on available data. 

To find the worst case scenario the average flow and concentrations from Úlfarsá is chosen 
and the maximum flow ever measured in this pond and average concentrations of the pond 
measured during the year of 2007 (Efnagreiningar Keldnaholt, 2007). Table 21 shows the 
chemical composition, flow and the impact on Úlfarsá. 
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Table 21: Chemical contributions of Grafarholt to Úlfarsá River during rain event on 2.8.2008, worst 
case scenario (Efnagreiningar Keldnaholt, 2007 and Þórðarson, 2003). 

 Flow 

 (l/s) 

Zn 

 (µg/L) 

Cu  

(µg/L) 

Pb  

(µg/L) 

Ni 

(µg/L) 

Cr 

(µg/L) 

Úlfarsá 9.5.2001 6400 5,51 5,87 0,236 3,24 3,38 

Pond inlet 581,3 29,77 4,81 0,97 2,99 7,80 

Pond outlet 327,6 12,09 1,75 0,26 0,71 3,05 

% increase       

w/o pond  60 55 51 58 67 

w/ pond  26 21 14 16 31 

Does classification 

change 

 No No No No No 

 

Here the greatest impact on Úlfarsá, if there was no pond, is 67 % at the most and 31 % 
when there is a pond. This is for the metal of chrome.  This might seem like a lot but when 
compared to the environmental limits for the river Úlfarsá it is revealed that the impact 
does not change the classification group of the river, see Table 22 for more details. 

Table 22: Chemical composition of Úlfarsá River and worst case scenario. Environmental limits for 
group B. 

Heavy 
metal 

Group II* 
µg/l 

Concentration in Úlfarsá* 
µg/l  

Concentration in worst 
case scenario µg/l 

Cu <3 1.3 2.0 

Zn <20 6.6 10.6 

Pb <1 0.32 0.48 

Cr <5 1.3 2.2 

Ni <15 0.73 1.15 

*(Þórðarsson, 2003) 

This suggests that the detention pond does significantly, between 50 to 65 %, mediate 
chemical fluxes to river Úlfarsá in the largest storm events.  Furthermore, storm events of 
this size are rare and have only occurred once during the five years that the flow has been 
measured in the pond. But it is necessary to keep in mind that the pond preserves the 
natural flow in the river and prevents accidents to have an impact. If the ponds only 
purpose it to prevent accidents reaching the river the ponds size could be smaller. 
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4.5 Size of the pond and catchment area 

The size of the reduced catchment area was calculated using two different methods. The 
first method was by using measured precipitation at Úlfarsá weather station and measured 
inflow during year 2008. By using the rational formula; 

� · % � �&  

where � · % is the hared, Q is inflow and I is precipitation. Q was measured to be 72,275 m3 
and I was 995 mm which gives a reduced catchment area of; 

� · % � 7.2 )#��* 

The other method was using the measured catchment area (12.8 ha), see Figure 3 in section 
2.1 and the standard catchment coefficient of 0.45. The catchment area was measured by 
using the homepage www.borgarvefsja.is which gives information on pipelines among 
other things and have an option of measuring surface areas. By multiplying the catchment 
area with the catchment coefficient a reduced catchment area of 5.8 hared is found. The two 
methods of calculating catchment area gives a pond size, if the surface area is 2912 m2, 
approximately 400 to 500 m2/hared. 

As discussed in section 1.4.1. guidelines for pondsizing depend both on pollution load and 
sensitivity of receiving waters. Table 23 adapts these guidelines for Grafarholt (1M5 = 60 
mm). According to Swedish design parameters, see Table 24 in Appendix F - Model, the 
pollution load in the pond is classified as low or moderate (Miljöforvaltningen Stockholms 
stad, 2000). The receiving waters of the Vikurvegur pond is classified as especially 
sensitive as discussed in section 4.4. Therefore, Table 23 suggests that the size of the 
Vikurvegur pond should between 153 m2/hared and 200 m2/hared. Therefore the actual pond 
with size 400 to 500 hared appears to be largely over designed. The layout of the pond 
however is good because it is longer than it is wide. The slope of the banks is small so it is 
easy to get out of the pond in case of falling in. It follows most of the design criteria set 
from Reykjavik Energy, see section 1.4.1.  

Table 23: Size of pond depending on pollution load and the sensitivity of the receiver. 1M5 is equal to 
60 mm for Grafarholt (Miljöforvaltningen Stockholms stad, 2000). 

  Receivers sensitivity 

  Especially 
sensitive 
receiver 

sensitive 
receiver 

Less sensitive 
receiver 

Pollution 
concentration 

High  240 m2/hared 200 m2/hared 153 m2/hared 

Moderate  200 m2/hared 153 m2/hared 107 m2/hared 

Low  153 m2/hared 107 m2/hared 67m2/hared 
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5 Conclusions 

The goals for this study were to gather information about time variability in heavy metal 
concentration of surface water entering an Icelandic detention pond. Use the analysis to 
calculate treatment efficiency during different runoff events and last to evaluate the impact 
of Vikurvegur pond on Úlfarsá River.  

The chemical analysis showed that there is time variability in heavy metal concentration 
during a runoff event. In most of the runoff events analyzed, first flush seemed to be 
present because the heavy metal concentration was higher in the beginning of the event. 

Compared to other Nordic countries the road runoff concentration was low. According to 
Swedic classification the pollution level of the road runoff measured in this study appears 
to be “moderate” or “low”. A study made in Denmark measured concentrations 2 to 7 
times higher than in this study. 

There is a correlation between concentration of particulate bound heavy metals and total 
suspended solids so it is possible to make fewer chemical composition analyses and instead 
predict the pollution levels from TSS. It should, however, be kept in mind that the 
correlation made in this project can only be used for a similar pond with a similar 
catchment area. If the catchment area contains industrial areas a new correlation should be 
made. 

The treatment efficiency suggests that the pond is typically working efficiently and the 
efficiency is for most events and metals above 60% some even as high as 99%. The reason 
for this high treatment efficiency is probably that the pond is sufficiently large and there 
are most likely biological and chemical processes such as algae and colloidal coagulation.  
It is most likely that the pond treats the surface runoff to a certain level of concentration 
disregarding the concentration coming into the pond. This phenomenon is known as 
irreducible pollution concentrations (e.g. EPA, 2002).  Therefore, in some events the 
treatment efficiency is significantly lower than in other events. In this study one event had 
treatment efficiency as much as 95 % lower than other events analyzed. 

 

Because of low heavy metal concentrations in road runoff, the pond does not seem to 
drastically improve the water quality in Úlfarsá.  In most events the heavy metal 
concentrations are found to increase 9 % without pond and 4 % if pond is present.  This 
increase is not significant in water quality classification of the Úlfarsá River.  However, in 
very a drastic event occurring once every 5 years, the concentrations were temporarily 
assessed to increase as much as 70 % without pond and 30 % with pond. But even this 
does not impact the classification of the river. The high flow can, however, cause corrosion 
of the river bank and sediment. Therefore the purpose of the pond is to catch these drastic 
events and to prevent spilling accidents such as oil or paint to reach the river. 

The conclusion of this project is that with a pond near a residential area in Reykjavík the 
size could be significantly smaller than the pond at Víkurvegur. The main purpose should 
be to hinder pollution accidents from reaching the receiver and prevent erosion and not 
necessarily lower the heavy metal concentration.   



87 

 

6 References 

Acoustic Doppler Current Profiler (ADCP) (n.d.). Retrieved June 30, 2008, from Ocean Instruments. Web 
site: http://www.whoi.edu/instruments/viewInstrument.do?id=819  

Acoustic Doppler Current Profiler (2008). Retrieved June 30, 2008, from Wikipedia, the free encyclopedia. 
Web site: http://en.wikipedia.org/wiki/Acoustic_Doppler_Current_Profiler   

Borgarvefsjá (2009). Retrieved Oktober 2009 from Borgarvefsjá. Web site: http://borgarvefsja.is  

Committee on Reducing Stormwater Discharge Contributions to Water Pollution, National Research Council 
(2008). Urban Stormwater Management in the United States. The national academies press 

Díaz, E. (2008). Microbial Biodegradation: Genomics and Molecular Biology. Caister Academic Press 

Efnagreiningar Keldnaholt (2007). Mælingar í settjarnarvatni. Watersamples taken by Orkustofnun. [Non-
corrected original data] 
 
Elíasson, Jonas (2000). Design values for precipitation and floods from M5 values. In Nordic Hydrology, vol 
31, no. 4/5, pp. 357-372 

Elíasson, Jonas (N.D.). Vatnafræðilegar forsendur fráveituhönnunar á Suðurlandi, 1M5 úrkomukort fyrir 
suðurland. Vatnaverkfræðistofa Háskóla Íslands. Web site: 
http://www2.verk.hi.is/vhi/vatnaverkfrstofa/greinar/Sudl_fin.pdf  

 EPA (2002). Urban stormwater BMP performance monitoring. US environmental protection agency, 
Washington DC  

EPA (1999). Storm water technology fact sheet, wet detention ponds. Office of water, Washington DC 

Fetzer, J. C. (2000). The Chemistry and Analysis of the Large Polycyclic Aromatic Hydrocarbons. Polycyclic 
Aromatic Compounds, New York: Wiley vol. 27: 143. 

Greb, S.R and Bannerman, R.T. (1997). Influence of particle size on wet pond effectiveness. In Water 
Environment Research, vol. 69, no. 6, pp. 1134-1138 

Grundämnen i vatten (2008). Retrieved June 9, 2008, from ALS Laboratory Group. Web site: 
http://www.alsglobal.se/hem2005/sv/miljo/vatten_naturliga.asp#V-3a  

Gunnarsson, J.O. and Sigurðsson, G. (2007). Styrkur mengunarefna í ofanvatni og virkni 

settjarnar við Víkurveg vatnsárið 2005/2006. Reykjavík: Orkuveita Reykjavíkur 

Harðardóttir, J. Meeting on 18th of August 2008 

Hjartarson, Á.,Þorbjörnsson, D.,  Ólafsson G. E., Kristinsson, S. G. and Hafstað, Þ. H. (2009).  Staða 
Grunnvatnsrannsókna á Íslandi. Málstofa á Umhverfisstofnun 

 



88 

Hvitved-Jacobsen T and Vollertsen J (2007). Task B, 3rd delivery: General design criteria and guidelines 
compiled into a design manual. Report to the EC on the EC LIFE TREASURE project LIFE06 
ENV/DK/000229. 
 

Hvitved-Jacobsen T, Vollertsen J, Nielsen A H (2010). Urban and Highway Stormwater Pollution – Concepts 
and Engineering. CRC Press/Taylor & Francis Group, pp 544, ISBN: 978-1-4398-2685-0 

Icelandic Meteorological Office (2007).  Chemical analyses of water at Víkurvegur detention pond, 
Reykjavík, Iceland.  Unpublished  raw data from 2007 commissioned by Reykjavík Energy. 

Icelandic Meteorological Office, (2008). Chemical analyses of rainwater. Reykjavik Iceland. Unpublished  
raw data from 2007 

Icelandic Meteorological Office (2009).  Volumetric flow measurements at Víkurvegur pond in 2008-2009. 
Unpublished and uncorrected raw data commissioned by Reykjavík Energy. 

James, R.B., Senior Consultant (1999). Solids in storm water runoff: Water Resources Management. Web 
site: http://stormwaterresources.com/library.htm  

Jónsson, T. (2007). Úrkoma á Íslandi frá 1860. Icelandic Meteorological Office. Web site: 
http://www.vedur.is/loftslag/loftslag/fra1800/urkoma/  

Kadlec, R.H. and Knight, R.L. (1996). Hydraulic and chemical design tools. In Treatment wetlands (pp. 241-
244). Florida: CRC Press LLC. 

Karl Imhoff, Novotny et al. (1989). Handbook of urban drainage and wastewater disposal. New York: Wiley. 

Lee J. H., Bang K. W. , Ketchum L. H., Choe J. S.,Yu M. J. (2002). First flush analysis of urban storm 
runoff. Science of the total environment, vol. 293, no.1-3, pp. 163-175 (12 ref.). Web site: 
http://cat.inist.fr/?aModele=afficheN&cpsidt=13723399  

Leiðbeiningar um hreinsun ofanvatns (2006). Orkuveita Reykjavíkur 

Li, Y., Lau, S., Kayhanian, M. And Stenstrom, M.K. (2006). Dynamic Characteristics of particle Size 
Distribution in Highway Runoff: Implications for Settling Tank Design. In Journal of environmental 
Engineering, ASCE August, pp. 852-861 

Life treasure (2008). Treatment and re-use of urban stormwater runoff by innovative technologies for 
removal of pollutants. Life, the financial instrument for the environment. Web site: http://www.life-
treasure.dk/  

Mays, L.W. (2001). Stormwater collection systems design handbook. Arizona State University: Arizona. 

Nortek Aquadopp Current Profiler (n.d.). Retrieved June 30, 2008, from Finelli Lab at Lumcon. Web site: 
http://www.lumcon.edu/research/faculty/cfinelli/equipment.asp  

Miljöforvaltningen Stockholms stad, 2000. Klassificering av dagvatten och recipienter samt riktlinjer för 
reningskrav- del 2, Dagvattenklassificering. 
http://www.stockholmvatten.se/avlopp/dagvatten/rapporter/Klassificering.pdf 

Mortamet, M. (2009). Wet detention pond hydraulics, Report, University of Iceland, Reykjavik 

Perschbacher, P., W. and Wurts, W., A. (1999). Effects of calcium and magnesium hardness on acute copper 
toxicity to juvenile channel catfish Ictalurus punctatus. Aquaculture, 172: 275-280 

Polycyclic Aromatic Hydrocarbon (2008). Retrieved June 6, 2008, from Wikipedia, the free encyclopedia. 
Web site: http://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbon  



89 

Prestes, E.C., Anjos, V.E.d., Sodré, F.F., Grassi, M.T.(2006). Copper, lead and cadmium loads and behaviour 
in urban stormwater runoff in Curitiba, Brazil. Journal of the Brazilian Chemical Society, vol.17, no.1, pp.53-
60. Web site: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-
50532006000100008&lng=e&nrm=iso&tlng=e 

Regulation nr. 533/2001 about water protection (Um varnir gegn mengun vatns). 

Reykjavik Energy (2007). Forsendur leiðbeininga um hreinsun ofanvatns, settjarnir. Orkuveita Reykjavíkur. 
[Unpublished] 

Shinya, M., Tsuruho, K., Konishi, T. and Ishikawa, M. (2003). Evaluation of factors influencing diffusion of 
pollutant loads in urban highway runoff. Water Science and Technology, vol. 47 no. 7-8, pp. 227-232 

Skarphéðinsson, S. Meeting on 18th of June 2009 

Skúladóttir, Á. and Gissurarson, L.R. (2008). Umhverfisskýrsla Orkuveitu Reykjavíkur 2007. Orkuveitu 
Reykjavíkur, Gæða-, umhverfis- og öryggismál. Litróf, Reykjavik 

Starzec, P., Lind, B.B., Lanngren, A., Lindgren, Å. and Svenson, T. (2005). Technical and environmental 
functioning of detention ponds for the treatment of highway and road runoff. Water, Air, and Soil Pollution, 
Vol. 163, pp. 153–167 

Stead-Dexter, K. and Ward, N.I. (2004). Mobility of heavy metals within freshwater sediments affected by 
motorway stormwater. In Science of the Total Environment, Vol. 334-335, pp. 271-277. 

Stefánsson, A. Meeting on 15th of Oktober 2008 

Stefánsson, A. Meeting on 20th of September 2009 

Stormwater Management at UVA (n.d.). Retrieved August 26, 2008, from the University of Virginia. Web 
site: http://www.ehs.virginia.edu/stormwater/information/management.html 

TEST METHOD: Suspended solids dried at 103-105oC (2008). Retrieved August 20, 2008, from Delta 
Environmental Consulting. Web site: 
http://www.deltaenvironmental.com.au/management/Lab_methods/suspended_solids.htm  

The American Society of Civil Engineers (1992). Design and Construction of urban stormwater management 
systems. Water environment federation and American society of civil engineers: New York, pp. 63-73 

Tuccillo, M.E. (2005). Size fractionation of metals in runoff from residential and highway storm sewers. In 
Science of the total environment vol. 355, pp. 288-300 

Vatten och vattenlösningar (2008). Retrieved June 9, 2008, from ALS Laboratory Group. Web site: 
http://www.alsglobal.se/hem2005/sv/miljo/vatten_start.asp#  

 
Vista Engineering. Retrieved 30.05.2009, from Vista Engineering. Web site: 
http://analyzer.vista.is/isvefur/VV_Frame_Direct.php?r=28972&load_graph=1  
 

Vollertsen J, Åstebøl S O, Coward J E, Fageraas T, Madsen H I, Nielsen A H and Hvitved-Jacobsen T 
(2007). Monitoring and modeling the performance of a wet pond for treatment of highway runoff in cold 
climates. In: Highway and Urban Environment. Book Series: Alliance for Global Sustainability Series, Vol. 
12, pp 499-509 
 
Vollertsen J, Lange KH, Pedersen J, Hallager P, Brink-Kjær A, Laustsen A, Bundesen VW, Brix H, Arias C, 
Nielsen AH, Nielsen NH, Wium-Andersen T, Hvitved-Jacobsen T (2009). Advanced stormwater treatment – 



90 

comparison of technologies. Proceedings of the 11th Nordic/NORDIWA Wastewater Conference, November 
10-12, 2009, Odense, Denmark 
 
Vollertsen J and Hvitved-Jacobsen T (2007). Task B, 2nd delivery: Report on pilot scale tests on technical 
feasibility. Report to the EC on the EC LIFE TREASURE project LIFE06 ENV/DK/000229. 
 
White, M.M., Chejlava, M., Fried, B., and Sherma, J. (2007). The concentration of calcium carbonate in 
shells of freshwater snails. In American Malacological Bulletin vol 22, pp. 139-142 
 
Wurts, W., A and Perschbacher, P., W. (1994). Effects of bicarbonate alkalinity and calcium on the acute 
toxicity of copper to juvenile channel catfish (Ictalurus punctatus). Aquaculture, 125: 73-79. 
 
Yuan, Y. et al. (2001). A preliminary model for predicting heavy metal contaminant loading from an urban 
catchment. In the Science of the Total Environment Vol. 266, pp. 299-307 

Þórðarson, T. (2003). Flokkun vatna á Kjósarsvæði, Úlfarsá. Rannsókna- og fræðasetur University of 
Iceland, Hveragerði  
 
Þórðarson, T. (2004). Flokkun vatna á Kjósarsvæði, Hafravatn. Rannsókna- og fræðasetur University of 
Iceland, Hveragerði 



91 

Appendix A – Sampling for PSD 
This appendix contains information on how to sample for particle size distribution and all 
the material needed. 

Purpose:  

To collect a 10 L sample and reduce it to 1 L 

 

Instruments:  

10 L plastic containers 

Bucket 

Siphon 

Heating plate 

Beakers 

Glass bottle 

 

How to:  

The band is fastened to the bucket. The bucket is lowered into the well and filled with 
water. The water is carefully poured into the 10 L plastic container through the siphon. 
When the container is full another is filled. Wait for an hour before filling the next two 
containers this is done until the flow in the well is very low. 

The plastic containers filled with water are taken back to the laboratory. The water is 
poured into a beaker, each container has it own beaker. The beaker is placed on the heating 
plate and the heat is turned on. The water is then brought to a boil and should be boiling 
until the 10 L is reduced to 1 L. Let the water cool off before pouring it into a 1L glass 
bottle. Remember to also get the particles from the beakers sides. The glass bottle is stored 
in a cool place until further needed. 

 

Comment: 

It took about three days to reduce the amount of water. It took about an hour to bring the 
water to a boil. 
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Appendix B – Prepare for PSD 
This appendix contains information on how to prepare the samples for particle size 
distribution and all chemicals and material needed. 

Purpose:  

To prepare the water sample for the particle size distribution instrument (Malvern) 

 

Chemicals:  

Distilled water 

35 % Hydrogen peroxide H2O2  

25 g/L Magnesium chloride hexahydrate MgCl2*6H2O 

2.5 g/L Sodiummetaphosphat NaPO3 

 

Instruments:  

Beaker 

Heating plate 

Measuring cylinder 

Stirring rod 

Latex gloves 

Centrifuge tubes 

Centrifuge 

Silicon tube 

Scale  

Fume hood  
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How to:  

The water sample is filtered through a 2 mm filter and is then divided into two beakers. To 
get everything out of the bottle distilled water is used. The beakers are placed on a heating 
plate in a fume hood. 10 mL H2O2 is added into each beaker and the heat is turned on. 
Regularly the beakers are swirled and the stirring rod used. When the water gets hot and 
begins to boil it begins to make foam. When the foam decreases add more H2O2 until the 
foam stops. This can take a while it depends on how much organic material is in the 
sample. When the foam stops the beaker is removed from the heating plate and the heat is 
turned off. When the sample has cooled off 10 mL MgCl2*6H2O is added to each beaker. 
The sample is then filtered through a 150 µm filter. If there is any organic material left it is 
removed otherwise it is put back in the beaker. Use distilled water to completely empty the 
filter. Then the sample is allowed to settle until the next day. 

  

If everything is settled then remove the water by using a silicon tube with a glass tube in 
one end. The silicon tube is filled with water, a finger is put on the silicon end, and the 
glass end is put in the beaker just under the water surface. The silicon end is then kept 
below the beaker and let go. Keep an eye on the beaker and take as much water away as 
possible without removing the particles on the bottom. The sample is then poured into a 
centrifuge tube. Distilled water is used to get everything out but care must be taken not to 
fill the tube completely because there must be room for a lid. If there is not enough room 
take another centrifuge tube for the rest. 

Then the centrifuge tubes are matched two and two together and balanced with distilled 
water. The weight difference must not be greater than 0.1 g. Then it is centrifuged in 20 
minutes at 3000 rpm. The water is then removed and 20 mL NaPO3 is added. The sample 
can then be stored until the Malvern is ready. 
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Appendix C – Prepare for analysis 
This appendix contains information on how to prepare the samples for chemical analysis 
and all the chemicals and material needed. 

Purpose: 

To prepare and conserve the water samples before analysis at ALS Scandinavia AB 

 

Chemicals: 

HNO3 suprapure 

Distilled water 

 

Material: 

0.2 µm filter 

Vacuum filtration device 

Aspirators 

Plastic bottles 125 mL 

 

 

How to: 

The samples for total metal analysis are not filtrated. The water sample is poured into the 
plastic bottle and 1 mL HNO3 is added. The samples for suspended metal are filtrated with 
a 0.2 µm filter. A vacuum filtration device is used. After filtration 100 mL sample is 
poured into a plastic bottle and 1 mL HNO3 is added. 
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Comment: 

Always put acid in water and not the other way around otherwise it can explode. 
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Appendix D - TSS 
This appendix contains information on how to find total suspended solids in the sample 
and all the material needed. 

Purpose: 

To find Total Suspended Solids in the sample 

Chemicals: 

Distilled water 

Material: 

Mettler Toledo Classic weight 

Glass fibre filter 0.2 µm 

Millipore filtration set 

Oven 

Desiccators 

Vacuum apparatus 

Aluminium foil 

100 mL bulb pipette 

 

How to: 

A weighing pan of aluminium foil is made. Weigh the piece of aluminium and a filter and 
note it down. The filter is applied to the Millipore filtration unit and seated with distilled 
water. The vacuum is started. 100 mL sample is measured with the bulb pipette and poured 
onto the filter. The filter is washed 3 times with 10 mL distilled water. The filter is then 
carefully removed from the filtration unit and transferred to a weighing pan. The filter and 
weighing pan are placed in the oven and dried for at least an hour at 100-105 oC. Then they 
are cooled in desiccators to balance temperature and weight. 

Comment: 

Be careful not to touch the filter with bare hands, use a pair of tweezers. 
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Appendix E – Malvern theory 
One method to find particle size distribution is to use a Malvern Mastersizer 2000. A 
Malvern Mastersizer 2000 uses laser diffraction to measure particle sizes. The principle of 
laser diffraction is that the particle passing through the laser beam will shatter the light at 
an angle directly related to the size. When the particle size decreases the angle increases 
logarithmically. The shattering intensity is also dependant on particle size and diminishes 
in relation to the particles cross-sectional area. Large particle shatters light at narrow 
angles at high intensities whereas small particles shatters light at wider angles but at low 
intensities (Laser Diffraction Particle Sizing, 2008). 

The system consists of three parts; 

• A laser 
• A sample presentation system 
• A series of detectors 

 

Figure 61: A red light source, laser, and goes through a sample and the detectors measures the light 
pattern at different angles (Laser Diffraction Particle Sizing, 2008). 

 

The laser provides a source of coherent, intense light of a certain wavelength. The sample 
presentation system is to ensure that the material tested passes through the laser beam as a 
homogeneous stream of particles. The detectors measure the light pattern at different 
angles (Laser Diffraction Particle Sizing, 2008). 

The particle size distribution is then calculated by comparing the samples shattering pattern 
with an optical model using a mathematical inversion process. Often are two models used; 
Mie Theory and the Fraunhofer Approximation (Analyzing Light Scattering Data, 2008). 

Mie Theory 

Mie Theory gives a rigorous solution for the calculation of the particle size distribution 
from light shattering data and is based on Maxwell’s electromagnetic field equation. It 
predicts shattering intensities for all particles disregarding size and clarity within these 
assumptions; 
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• Particles measured are spherical 
• The suspension is dilute otherwise light shatter re-shatter by other particles 
• The optical properties are known for the particles and medium 
• The particles are homogenous 

Mie Theory predicts the primary shattering response observed from the surface of the 
particle, with the intensity predicted by the refractive index difference between the particle 
and the dispersion medium. It also predicts how the particles absorption affects the 
secondary shattering caused by light refraction within the particle (Analyzing Light 
Scattering Data, 2008).   

Fraunhofer Approximation 

The Fraunhofer Approximation was used early, mainly because it is simpler to calculate 
and does not require input of the samples optical properties. It is based on similar 
assumptions as the Mie Theory but additionally assumes that; 

• The particles are opaque discs  
• Light is shattered only at narrow angles 
• The particles of all sizes shatter light at the same efficiency 
• The refractive index difference between the particle and medium is infinite 

These assumptions hold when measuring large particles, > 50 microns, but have an 
increasing error when the particles are small (Analyzing Light Scattering Data, 2008). 

The Malvern Mastersizer has a measuring range of 0.02 microns to 2000 microns. The 
accuracy is ± 1 % when using the Malvern quality audit standard. It is fully automated and 
easy to use (Matersizer 2000, 2008). 
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Appendix F - Model 

As discussed in section 4.5 the pond is very large. The purpose of this preliminary 
modelling exercise is to test how the size of the pond may possibly affect the treatment 
efficiency. This model is based on stirred reactor and the results are only preliminary.  
More thorough modelling would need to be made in order to make a full assessment of the 
impact of size on treatment efficiency. The reason for this is that there was not enough 
time to finish the model completely. In the text below, the method of the calculations is 
first explained, and then the equations in the model are shown, the input parameters 
explained and lastly the results are revealed.   

Method 

The model is a simple stirred reactor model. Two main equations are used, a mass balance 
and a water balance equation which are derived below. 

Mass balance; 

+,+- � ,.� �,/01 �,��2/3�* 

Assuming a simple first order removal process: 

+4�56+- � �.� · �.� � � · �/01 � 7 

In case the pollutant removal occurs as pure settling of particles having identical settling 
velocity, the equation can be written as: 

+4�56+- � �.� · �.� � � · �/01 � 895�:  

the constant k can in this case be formulated as 7 � �;<=  

In stormwater the particles do, however, not have identical settling velocities, settling does 
not occur under quiet conditions and other processes like flocculation and sorption do also 
contribute to the pollutant removal (Hvitved-Jacobsen et al., 2010). In this case a constant 

ws,eq can be defined as the equivalent settling velocity defined as 89,�? � @=<  

+4�:%6+- � �.� · �.� � � · �/01 � 89,�?�5:  
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where �/01 � #4: � A6B,C as the outlet is a sharp-crested V-notch weir, H is the average 
water depth, a is a constant depending on the angle of the weir, 1380 is used, b is the water 
depth above the invert of the weir and A is the surface area of the pond. 

Water balance; 

+5+- � �.� � �/01 

%+:+- � �.� � �/01 

%+:+- � �.� � #4: � A6B,C 

:1DE � :1 � F�.�,1 � #4: � A6B,CG · ∆-%  

Qin is the continually measured flow, Qout is calculated flow, Cin is measured concentration 
of Zn, C is calculated concentration, V is the volume of the pond and H at t=0 is 1.57 m 
because it is the waterlevel when the outflow is zero. 

Settling velocity 

The particle size is necessary to be able to calculate settling velocity. The settling velocity 
gives an idea on how long particles, of a certain size, are to settle in a pond. By using this 
method it is possible to see if the retention time in the pond is long enough to settle the 
particles. 

A particle size distribution was made from runoff water. Two samples were taken during 
the event on the 1st of July 2008. The mean particle size was 12 µm for the first sample and 
18 µm for the second sample. The difference in size is most likely due to the difficulty to 
make the sample homogenous. Both particle sizes was used to calculate the settling 
velocity 

The particle settling velocity is calculated with the equation below: 

I$ � J4 · +3 · 4M9 � M6 · NM · �*  

where d is particle size which is 12 µm or 18 µm, ρs is particle density assumed to be 2600 
kg/m3, ρ is water density assumed to be 1000 kg/m3, Cd is drag coefficient assumed that 
Re<1 so Cd=24/Re and g is gravitational acceleration which is 9.8 m/s2. 

For particle size 12 µm, Ws is calculated to be 0.13 mm/s and 0.28 mm/s for 18 µm, which 
means that settling time, H/Ws, is approximately 3 hours for 12 µm and 1 ½ hours for 18 
µm. The retention time in the pond is 6 days if volume is divided by inflow, giving the 
particles more than sufficient time to settle. If the equivalent settling velocity, Ws,eq is 
calculated by using the constant k found from model simulation of the pollutant removal, 
the result is 0.05 mm/s which give an equivalent settling time of approximately 9 hours. 
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This only confirms the theory above that settling is not the only important process for 
pollutant removal in the pond.  

Input parameters used in model 

The input parameters are flow in inlet and outlet in the initial modelling, measured total 
concentrations in inlet and pond size. Output of the model is concentration and flow in the 
outlet from Vikurvegur pond the total treatment efficiency is calculated. The model is 
calibrated by fitting modelled output treatment efficiency to measured output treatment 
efficiency. To change the outflow of the pond for the modelled ponds with smaller 
volumes, the equation for V notched weir with a 90° angled notch was used (Isco, 2006): 

� � 1380 · )B.C 

where h is the head over the weir invert which means the height of the water over the 
bottom of the weir. The flow, Q, is in L/s. The correlation between water depth and head in 
the weir varies depending on the outflow. The correlation found is the percentage of the 
average water depth. During the year of 2008 the correlation varied from 25 % to -2% with 
a mean of 3%. During the year of 2007 where the largest stormwater runoff occurred 
registered the correlation reached 103 % which means that the head was as large as the 
depth below the notch. The mean of year 2007 was 7%. 

Determining pond size for model simulations 

According to the pollution load and Swedish design parameters, see Table 24 
(Miljöforvaltningen Stockholms stad, 2000) the pond is classified as a pond with low or 
moderate pollution load.  
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Table 24: Pollution load from Swedish design parameters (Miljöforvaltningen Stockholms stad, 2000) 

Chemical 
compound 

(total)  

Unit Low 
pollution  

Moderate 
pollution 

High 
pollution  

SS mg/l <50 50-175 >175 

Tot-N mg/l <1,25 1,25-5,0 >5,0 

Tot-P mg/l (<0,1) (0,1-
0,2) 

>(0,2) 

Pb µg/l <3 3-15 >15 

Cd µg/l <0,3 0,3-1,5 >1,5 

Hg µg/l (<0,04) (0,04-
0,2) 

>(0,2) 

Cu µg/l <9 9-45 >45 

Zn µg/l <60 60-300 >300 

Ni µg/l <45 45-225 >225 

Cr µg/l <15 15-75 >75 

Oil mg/l <0,5 0,5-1,0 >1,0 

PAH µg/l <1 1-2 >2 

 

 

The size of the pond is approximately 400-500 m2/hared, see section 4.5.  
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Results 

It should be kept in mind that this model is only preliminary and therefore the results might 
not show the exact outcome. A constant, k, is determined by model simulation, as to yield 
the same treatment efficiency as the measured efficiency for each storm. Afterwards the 
volume of the pond is decreased and the pond treatment efficiency of the reduced pond is 
modelled. By using Table 25 and the Equations above the size of the pond is calculated 
and by using the equations in the model the treatment efficiency for the different pond 
sizes are found, see Table 25: 

Table 25: Prelimenary modelled treatment efficiency for Zn in 5 events and different pond size. 

 size 
(m2/rha)  

9.16.08 
(%)  

12.22.08 
(%)  

2.13.09 
(%)  

5.11.09 
(%)  

5.28.09 
(%)  

Yearly 
treatment 
efficiency  

Pond 
now  

400-500  85  79  65  70  99  81  

high 240  60  52  43  2  94  60  

low 153  49  40  34  0  91  50  

 

The treatment efficiency change drastically from 70 % to 0 % in one event but not as much 
in others, only 8% change in the event on 28th of May. This is because the pond only treats 
to a certain level no matter what is in the inflow concentration see section 3.5. This means 
that when the concentration in the inflow is low the treatment efficiency becomes low as 
well compared to when the concentration in the inflow is high.  

The total load to the river Úlfarsá increases with higher flow. But even though the pond is 
not needed to settle pollution due to low concentrations, see section 4.4, it is very efficient 
to delay the flow into the river and thereby delay the total mass load which is gentler to the 
river bank and bed and the biology in the river.  The pond also prevents pollution accidents 
from reaching the river. The pond give some time to react if a pollution accident has 
occurred which otherwise had gone directly to the river and caused damage to the biology. 

The model showed that the treatment efficiency changed drastically as much as 70 % for 
the event on 5.11.2009. But it should be kept in mind that the pond is important to delay 
the stormwater runoff and to catch pollutant accidents. With the smallest pond modelled 
the yearly treatment efficiency of Zn gave 50 % which is the same as found by EPA 
(1999). This means that the pond could be smaller without affecting the biology in the river 
in a negative way.  
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Appendix G – Hafravatn 

Figure 62: Chemical composition of Hafravatn (Þórðarsson, 2004) 
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Appendix H – Vikurvegur Pond 

 

 

 

 

 

 


