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Copper is a common roofing material used in urban environments, yet it poses a 

threat to the ecosystem. This study investigated the treatment efficiency of a full-

scale filter system containing zeolite as a filter medium and treatment of copper 

roof runoff. The emphasis was placed on copper and zinc treatment, while the 

release of sodium and aluminium was also evaluated. The filter system was 

monitored over a period of 16 months (7 sampling events). The filter reduced 

total and dissolved copper by 52 – 82% and 48 – 85% respectively. Although the 

average observed treatment efficiency was quite high, considerable decline in 

filter efficiency was noticed, indicating potential saturation of the filter medium. 

Moreover, the copper concentrations in the outlet were still relatively high, 350–

600 μg/l, and significantly higher than the concentrations recommended by the 

relevant authorities.  
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Introduction 

The continual trend towards urbanisation is leading to increased stormwater runoff and 
deterioration of its quality (Walsh et al., 2005). The most important stormwater quality 
parameters include total solids, total suspended solids, dissolved oxygen, metals and 
PAHs (Makepeace, Smith, et al., 1995; Müller, Österlund, et al., 2020). As pollutants, 
metals are of particular interest due to their toxicity. Copper is a metal that has 
historically been used for roof coverings. It is a natural element in the environment but 
is toxic in high doses, especially to fish and algae (Flemming and Trevors, 1989; 
Kayhanian, Stransky, et al., 2008). In Stockholm, the total area of copper roofs 
exceeded 600 000 m2 in 1999, and there were 142 copper roofs of areas in excess of 
1000 m2 (Ekstrand, Östlund, et al., 2000). When applying corrosion and runoff rates, an 
estimated 1200 kg of copper was released to the environment from copper coated 
buildings alone (Ekstrand, Östlund, et al., 2000). Most of the copper found in the 
stormwater runoff from copper coated buildings is dissolved (Müller, Österlund, et al., 
2019), hence stormwater treatment methods based on sedimentation processes are not 
efficient for copper roof runoff. 



Naturally occurring zeolites such as clinoptilolite, chabazite and phillipsite and artificial 
zeolite minerals are known for their cation exchange properties and have been used for 
removal of metal cations from municipal and industrial wastewater (Hedström, 2001). A 
number of studies have addressed zeolites in the context of urban runoff treatment in 
both laboratory and field investigations. In single component systems under laboratory 
conditions, zeolites were shown to be effective at removing lead, copper and zinc (Gray, 
2012; Reddy, Xie, et al., 2014). Pitcher, Slade, and Ward (2004) investigated in a 
laboratory study the ability of zeolites to decrease the concentration of metals in 
roadway runoff, and observed that zeolites were able to substantially decrease the metal 
concentration, albeit increasing the pH in treated water. In a series of column 
experiments, Färm (2002) found that mixtures of a silicate rock and zeolite were 
effective at reducing heavy metals in water, but that performance was significantly 
impacted by the hydraulic load. In a field study, Athanasiadis et al. (2007) found the 
copper concentration to be reduced by 96% in a clinoptilolite filter system installed to 
treat copper roof runoff. Zeolites are also used for removal of bacteria. In a biofilter 
column study, Li, McCarthy, and Deletic (2016) concluded that the inclusion of zeolite 
in traditional biofilters improved the removal of E. coli by more than 50%. Furthermore, 
zeolites have been suggested to present a low-cost solution for stormwater treatment 
due to their availability (Babel and Kurniawan, 2003; Ziyath, Mahbub, et al., 2011). 
Although zeolite filter systems have been studied previously, there is little information 
available about the long-term efficiency of these systems, which could be an issue given 
the ion exchange properties of filter materials. Moreover, there are few field studies 
investigating stormwater treatment in field conditions – although they do exist – and 
further investigations could provide a better insight into the efficiency of stormwater 
treatment installations using zeolites as filter materials. 

The aim of this study, therefore, was to evaluate the efficiency of a zeolite filter system 
treating copper roof runoff, focusing on the treatment efficiency of the zeolite filter with 
respect to copper, zinc, nutrients and bacteria, the possible release of sodium from the 
filter, and the change in treatment efficiency as the filter aged over a period of 
16 months. Uncertainties in both the chemical analyses and the event mean 
concentrations were taken into account in the data analysis. 

Methods 

Description of the Field Site and Treatment System 

The filter system investigated (Figure 1) was located in Stockholm, Sweden, and treated 
runoff from a catchment comprising a copper roof of an area of approximately 4000 m2 
(90% of which was covered with copper, 10% with glass). A small section of a park, 
with an area of 800 m2, also formed part of the catchment. The copper roof was fitted in 
2017 as a part of a building renovation.  

 



The roof and park runoff was conveyed initially to a collection tank by gravity. When 
reaching a pre-set water level in the collection tank, the water was pumped to an 
underground storage tank with a volume of 76.2 m3 which was connected to an influent 
well. From there, water was pumped upwards through the filter units once the water 
level in the influent well reached a critical level. The pump flow from the influent well 
tank through the zeolite filter units was set at a fixed value of 7 l/s, corresponding to a 
hydraulic load of 6.7 m3 m–2h–1. After the filter units, the treated water was then 
discharged by gravity pipes to a manhole, and from there to the sea. No base flow was 
detected in the outlet manhole when the pump was not running.  

 

The roof runoff was treated by means of a commercial filter installation with five 
cylindrical filter units in parallel, each with a diameter of 1 m and a height of 0.5 m, 
with an opening of a diameter of 0.2 m in the middle of the cylinder. Each filter unit 
contained 66 kg of zeolite (3P Technik Filtersysteme GmbH – Hydrosystem 1000 ®, 
2020). The zeolite used in the filter was clinoptilolite, chemical formula 
Na2O*Al2O3*2.4SiO2*nH2O. Clinoptilolite is a mineral zeolite whose structure consists 
of a three-dimensional framework of SiO4 and AlO4s tetrahedra (Ćurković, Cerjan-
Stefanović, et al., 1997). 

Figure 1: Schematic view of the filter system and sampling points 
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The filter units were backflushed on 17 April 2019 to prevent clogging and ensure the 
hydraulic capacity of the filter system.  

Precipitation 

Daily precipitation data was collected from a Swedish Meteorological and Hydrological 
Institute weather station (station number 98210), located 2 km away from the field site, 
using a Geonor weighing gauge. While the filter was operational (July 2018 – March 
2020), cumulative precipitation amounted to 830 mm (Figure 2: Cumulative 
precipitation during the filter operating period until final sampling. Sampling events are 
marked with crosses.)  

 

 

 

Figure 2: Cumulative precipitation during the filter operating period until final 
sampling. Sampling events are marked with crosses. 

Sampling Procedure 

Seven sampling events took place between December 2018 and March 2020 (Table 1) 
to assess the treatment efficiency of the zeolite filter. Sampling events did not follow 
specific rain events, but were intended to be carried out at regular intervals; and all the 
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water stored in the collection and storage tank was emptied out during each sampling 
event. 

 

At each sampling event, samples were taken from both the influent well and the outlet 
manhole (Figure 1). Five time-proportional manual samples were generally taken at 
both sampling points during each sampling event. Fewer samples were collected during 
the first two events as only a small volume of water was stored in the storage tank 
(Table 1). Seven inflow samples and six outflow samples were taken at the third 
sampling event in May 2019. The sampling procedure was standardised to five inflow 
and five outflow time-proportional samples during the subsequent sampling events. 

 

The pumping time during the sampling events depended on the amount of water stored 
in the storage tank, and pumping continued until the water level in the influent well 
reached a critical minimum value.  

An ISCO 2150 area velocity flow sensor was placed at the end of the pipe at the outlet 
manhole in order to measure the flow velocity and flow depth. There were noticeable 
discharge peaks from the effluent pipe during the sampling events due to the pumping 
system settings described above. To evaluate the water quality during these flow peaks 
at the outlet, additional effluent peak samples were collected in order to assess whether 
the treatment level was influenced by the varying flow observed in the effluent pipe 
(Table 1).  

 

Table 1: Number of samples taken at each sampling event and total sampling time 

 Sampling event 

 1 2 3 4 5 6 7 

 03–12–
18 

06–03–
19 

02–05–
19 

27–06–
19 

09–09–
19 

07–11–
19 

19–03–
20 

Influent samples 2 4 7 5 5 5 5 

Effluent samples 4 3 6 5 5 5 5 

Peak effluent samples 0 0 3 3 4 2 3 

Length of sampling 
event (minutes) 45 45 60 40 40 40 40 

 

 

Influent samples were taken using a Rüttner water sampler (KC Denmark) at the 
influent well (Figure 1). Each influent sample was poured from the sampler into a pre-
washed 2000 ml plastic bottle. The effluent samples were collected manually by placing 



a 2000 ml sampling bottle below the outlet pipe. After each sampling event, samples 
were poured from the 2000 ml bottles into smaller bottles for later analysis. Before each 
pouring operation, the 2000 ml bottle was shaken to resuspend any sediment so as to 
ensure representative subsamples were taken each time. Water samples to be analysed 
for dissolved organic carbon (DOC) and dissolved metals were filtered through 0.45μm 
filters in-situ directly after sampling. Subsamples for total dissolved metals TSS and 
turbidity were stored in a refrigerated room overnight and analysed the following day. 
Samples for total phosphorus analysis were stored in a freezer unit. Samples for analysis 
of bacteria were stored in bottles prepared by the laboratory, and analyses commenced 
within 6 hours. 

 

E. coli and intestinal enterococci in the influent and effluent of the zeolite filter were 
analysed in the samples taken at sampling events in September 2019, November 2019 
and March 2020. Samples for bacterial analysis were taken at the same time as the time-
proportional samples for metal analysis. 

Water Quality Analyses 

Total suspended solids were analysed by filtration through glass fibre filters according 
to EN 872:2005. pH was measured in-situ using a WTW pH3110 set, which was 
calibrated in-situ prior to each sampling event. Turbidity was analysed using a HACH 
2100N turbidity meter in the laboratory. 

 

Total and dissolved metal concentrations were analysed using ICP-SFMS according to 
standards ISO 11885:2007 2007 and ISO 17294:2004 2004 respectively.  

 

E. coli was analysed using the SS 02 81 67 standard, and intestinal enterococci were 
analysed using ISO 7899–2:2000. Total and dissolved organic carbon (TOC and DOC) 
were analysed using the guidelines for determination of total organic carbon and 
dissolved organic carbon (European Committee for Standardisation, 1997).  

 

Phosphorus concentrations were analysed according to EN 1189:1997. 

Statistical Analyses 

Welch’s t-test was used to assess whether there was a significant difference between the 
total and dissolved copper concentrations in the time-proportional samples and the peak 
flow samples. This is an appropriate t-test for samples with unequal variance and/or 
unequal sample size (Ruxton, 2006).  

 



In instances where the concentrations of total and dissolved metals were found to be 
below the limit of detection, half the value of the limit of detection was used in the 
calculation and analysis as the total number of samples where this occurred accounted 
for less than 15% of the total samples (US EPA, 2006).  

 

A linear regression model was used to determine the relationship between treatment 
efficiency with regard to copper and zinc and the number of accumulated filter bedload 
volumes treated. The rational method was used to calculate the accumulated filter 
bedload volumes treated by the zeolite filter at each sampling event, assuming a runoff 
coefficient of 0.9 (Farreny, Morales-Pinzón, et al., 2011) and the precipitation data 
shown in Figure 2. The number of bedload volumes treated was calculated according to 
the following equation:  

 

𝑛𝑛𝑛𝑛 =
𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉

                                                                                                                              [1]  

 

Where 𝑛𝑛𝑛𝑛 is the number of bedload volumes treated, 𝑉𝑉𝑉𝑉 is the cumulative volume of 
water treated by the filter system at different sampling events and 𝑉𝑉𝑉𝑉 is the filter 
volume.  

 

One factor in all sampling campaigns is uncertainty. Two kinds of uncertainty were 
identified during the analysis; the analytical uncertainties from the laboratory analyses, 
and the uncertainty relating to the variability of samples taken. The laboratory 
uncertainty of each metal concentration analysed was determined while taking into 
account instrument instability, uncertainty in balances, volumetric equipment and errors 
in calibration standards (Joint Committee for Guides in Metrology 2008). The 
uncertainty provided by the laboratory covered a 95% confidence interval. Both 
uncertainties were determined and compared in order to determine the average 
uncertainty for total and dissolved metal concentrations for each calculated event mean 
concentration, and the larger one was used. 

 

When calculating average analytical uncertainty for a sampling event, the mean 
concentration and uncertainties were obtained by means of equation 2.  

 

𝑢𝑢𝚤𝚤� =
�∑ 𝑢𝑢𝑖𝑖,𝑛𝑛

2𝑛𝑛
1

𝑛𝑛
                                                                                                                  [2] 

 



Where 𝒖𝒖𝒊𝒊,𝒏𝒏 was the analytical uncertainty sampling event i where a total number 
of samples n was taken and 𝒖𝒖𝒊𝒊��� is the average analytical uncertainty for the 
sampling event i. 

 

Results  

Quality of the Influent and Effluent  

 

For total and dissolved copper, the statistical Welch test showed that there was no 
significant difference between the peak and time-proportional samples taken as part of 
one sampling event, for any of the sampling events. This implied that both time-
proportional and peak effluent samples could be treated the same when it came to 
analysing the results.  
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Figure 3: Average total and dissolved concentrations of copper, zinc, sodium and 
aluminium in influent and effluent of the zeolite filter for seven sampling events. Error 
bars indicate a confidence interval of 95%.  

 

The average total influent concentrations of copper ranged from 916 μg/l to 2124 μg/l, 
with average uncertainty of 157 μg/l. A rather high copper reduction was observed after 
the filter. Total copper concentrations were still high in the effluent, however, varying 
between 360 and 600 μg/l across sampling events. The largest proportion of total 
copper, in both the influent and the effluent, was in the dissolved phase, standing at 
93% and 80% respectively.  

 

The average concentration of total zinc in the influent samples was 186–464 μg/l. Total 
zinc concentration in the effluent ranged from 19 to 121 μg/l, while the dissolved 
fraction accounted for 19 to 83 μg/l. In a similar manner to copper, most of the zinc was 
found in the dissolved phase, averaging 93% in both the influent and effluent.  

 

As for copper and zinc, most of the sodium in the influent samples – 93 to 99% – was 
found in the dissolved phase. On average, the total sodium concentration in the effluent 
was four times higher than in the influent. This could be related to the ion exchange 
process where copper and zinc ions are adsorbed to the zeolite surfaces and sodium is 
released to the water phase, as described by Doula, Ioannou, and Dimirkou (2002), for 
instance.  
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In the influent, aluminium was mostly present in the particulate phase, accounting for 
87–99% of the total aluminium concentration, which ranged from 30–50 μg/l. One 
exception was the sampling event in June 2019, where the particulate phase accounted 
for just 41%; but that was likely to be due to the method used for accounting for values 
below the limit of detection, as the limit of detection for the method used to determine 
dissolved metals was more sensitive than the limit of detection for total metals. The 
concentrations of total aluminium in the effluent were noticeably higher than in the 
influent; 138% higher on average, so 70–250 μg/l. In the effluent, the particulate phase 
contributed to 24–76% of total aluminium concentrations. 

 

The phosphorus analysis showed that the concentration of phosphorus in the water was 
low for all the sampling events. The values in both the influent and the effluent were 
below the limit of detection (0.01 mg/l) during the first three sampling events. On the 
other occasions, the values were approximately 0.02 mg/l and there was no noticeable 
difference between the influent and effluent values.  

 

Both TOC and DOC in influent and effluent were below the limit of detection of 
0.5 mg/l for the first three sampling events. TOC ranged from 2.3 to 7.8 mg/l and 0.7 to 
4.6 mg/l in influent and effluent respectively for the subsequent sampling events. The 
DOC values were between 2 and 4.8 mg/l for the influent and 1.4 and 4 mg/l for the 
effluent. The filter system was able to reduce TOC values by 16–68%.  

The turbidity in the influent varied from 2.6 to 13.4 NTU and in the effluent, the 
turbidity ranged between 1.2 and 7.4 NTU. The turbidity reduction varied between 20% 
and 68% with an average of 44%. 

Total suspended solids (TSS) in the influent ranged from 3.4 to 19.3 mg/l. Influent TSS 
was below the 2 mg/l limit of detection for the first sampling event. The values for TSS 
were below the limit of detection in the effluent, except for the sampling events in 
March and May 2019 when the effluent TSS concentrations averaged 5 mg/l and 
2.2 mg/l respectively. TSS was not measured during the last sampling event in March 
2020. 

 

While E. coli concentrations were below the limit of detection in both the influent and 
the effluent, a fourfold increase in the intestinal enterococci concentration in the effluent 
was identified during the sampling event in September 2019. In the influent, the 
concentration of intestinal enterococci was close to 220 cfu/100 ml; while in the effluent 
this concentration was almost 960 cfu/100 ml. The analyses of intestinal enterococci 
were below the limit of detection in both the influent and effluent in November 2019 
and March 2020.  



 

The treatment process in zeolite filters increased the pH of the water (Figure 6). The 
average influent pH was 6.3, and the average effluent pH was 7.4. The ion exchange 
process could be one reason for the pH increase in the effluent samples (Kocasoy and 
Şahin, 2007), where protons are adsorbed to the positive zeolite surfaces. There was a 
noticeable decline in pH in the effluent during the 16-month study period (Figure 5), 
which supports the explanation that there was a gradual reduction in the available cation 
exchange sites over time, also resulting in declining copper and zinc treatment over 
time.  

 

 

Figure 4: Boxplot of pH in influent and effluent samples for different sampling events. 

 

Treatment Efficiency regarding Copper and Zinc  

The average treatment efficiencies of total copper and zinc were 66 and 72% 
respectively (Table 2). Total and dissolved copper reduction amounted to 52–82% and 
48–85% respectively. For total and dissolved zinc, the values were in the ranges 50–
94% and 48–94% respectively (Table 2). 

 

Table 2: Treatment efficiency (%) of the zeolite filter under investigation for total and 
dissolved copper and zinc. 

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

in out in out in out in out in out in out in out

pH



Sampling 
event 

Copper  Zinc 

 Total  Dissolved  Total  Dissolved 

03–12–18 82  85 94  94 

06–03–19 63  68  64   62 

02–05–19 69  74  84  87 

27–06–19 68  74  75  75 

09–09–19 56  57  59   55 

07–11–19 80  82  82  82 

19–03–20 52  49  51  48  

 

The influential factor in filter ageing is not the amount of time that the filter has been in 
operation, but the volume of the water treated. Figure 4 therefore presents the treatment 
efficiency of copper and zinc in relation to the number of filter bedload volumes treated 
over the 16-month evaluation period. There was a trend in the decrease of copper and 
zinc treatment efficiency over the period studied; more so for zinc than for copper. The 
coefficient of determination (R2) was 0.35 and 0.42 respectively for copper and zinc 
treatment efficiency over the bedload volumes treated. Backflushing the filter units had 
no appreciable impact on treatment performance. 

 



 

Discussion 

Quality of Influent and Effluent 

The copper concentrations analysed in the influent (916 μg/l–2124 μg/l) were in line 
with what previous studies have reported. Athanasiadis, Helmreich, and Horn (2007) 
reported event mean concentration of 1623 μg/l in copper roof runoff. Also in line with 
the study by Athanasiadis, Helmreich, and Horn (2007), most of the copper was in the 
dissolved phase. The high zinc concentrations found in the runoff in the present study 
are likely to have originated from the gutters and other building elements made of zinc 
galvanised metals or other metals containing zinc, as described by Müller et al. (2020). 

 

The aluminium in the influent could be explained by the transport of soil particles from 
the small park area, which was included in the drainage catchment of the filter system. 
Compared to the rest of the sampling events, significantly higher particulate aluminium 
concentrations were identified during the sampling event in May 2019 (Figure 6: 
Particulate aluminium concentrations for each sampling event). One possible 
explanation for this is that a rain event (10 mm of precipitation) occurred one day before 
the sampling event, following a period of 39 antecedent dry days.  

Figure 5: Change in the treatment efficiency of total copper and zinc in relation to 
bedload volumes treated. 
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Figure 6: Particulate aluminium concentrations for each sampling event 

A fairly large proportion of the effluent aluminium concentration was in the solid phase 
(24–78%), indicating either degradation of the filter material – since aluminium is one 
of the major constituents of zeolites (Ćurković, Cerjan-Stefanović, and Filipan 1997) – 
or small influent aluminium particles passing through the zeolite filter.  

 

One of the ways in which to increase cation exchange capacity is to pretreat the zeolites 
by rinsing them with a brine solution such as sodium chloride prior to installation 
(Hedström, 2001). During filter operation, when positive ions in the runoff are filtered 
through the zeolite, the previously adsorbed sodium is released and exchanged for 
copper and zinc ions, for instance: this provides the likely explanation for the sodium 
concentrations in the effluent. 

 

While guideline values for copper concentration in treated water in Sweden are sparse, 
the environmental authority of the municipality of Gothenburg has recommended a 
copper concentration in water discharged to receiving water of below 10 μg/l 
(Göteborgs Stad, 2013). This recommended discharge limit is significantly lower than 
what was observed in the effluent in the present study, where effluent concentrations 
ranged from 350 to 600 μg/l. 

 

The bacteria analysis showed that there were few or no bacteria present in the inflow. 
There was a significant concentration of intestinal enterococci in the outflow on one 
occasion. The values exceeded the recommended guidelines for bathing waters 
(European Parliament, 2006). Both E. coli and intestinal enterococci were below the 
limit of detection in both the influent and the effluent for the sampling events in 
November 2019 and March 2020. This was possibly due to sample handling, as the 
ambient temperature was significantly colder (0 °C and 8 °C) than at the time of the 
sampling event in September 2019, when the outdoor temperature was 20 °C.  
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Treatment Efficiency with Regard to Copper 

Although the average reduction of both total and dissolved copper was relatively high 
during the evaluation period (69% and 73%, Figure 4: Change in the treatment 
efficiency of total copper and zinc in relation to the bedload volumes treated. Treatment 
efficiency (%) of the zeolite filter investigated for total and dissolved copper and zinc), 
the effluent concentrations were still high and the treatment efficiency did not reach the 
levels reported in a previous study (Athanasiadis et al., 2007) or by the filter 
manufacturer (3P Technik, 2020). Athanasiadis et al. (2007) concluded that the 
treatment system could reach a treatment level of up to 95% in respect to total copper. 
Similarly to the results presented here, copper was mostly present in the dissolved state 
in the study performed by Athanasiadis et al. (2007). One explanation for the lower 
treatment efficiency could be the high hydraulic load on the filter in the present study. 
Färm (2002) found that the filter systems containing zeolite performed well at hydraulic 
loads below 3 m3 m–2h–1, which is considerably lower than the filter load presented here 
(6.7 m3 m–2h–1). 

In the experiment performed by Athanasiadis et al., (2007), roof runoff was passed 
through the filter by gravity. Due to area limitation, the system presented in this study 
included a pump with a relatively high flow rate, reducing the time during which water 
remains in contact with the filter medium.  

Long-term Efficiency Projections 

The filter material is supposed to provide efficient runoff treatment throughout its 
lifetime. For this filter system, the stated filter life was three years (3P Technik, 2020). 
If the current deterioration rate were taken into account, it would be possible to predict 
the treatment rate at the end of its assumed lifecycle. For the purpose of this prediction, 
it was assumed that the annual rainfall would be equal to the average annual rainfall 
between 1999 and 2019 (575 mm/year (SMHI, 2019)). With this, and with the linear 
regression line for copper (Figure 4: Change in the treatment efficiency of total copper 
and zinc in relation to the bedload volumes treated), the treatment level by the end of 
the filter lifecycle would be 25%. Using the regression line for zinc, the treatment level 
was projected to drop to 7% after an operating period of three years. If the average 
influent concentration were the same at the end of the projected period as during the 
sampling period, a prediction with linear regression would result in effluent 
concentrations of 1500 μg/l and 90 μg/l for copper and zinc respectively at the end of an 
operating period of three years. 

Possible Improvements to the Treatment System Set-up 

The hydraulic loading rate and the contact time between the filter medium and 
stormwater are one of the key parameters that impact treatment efficiency in stormwater 
treatment systems in filter systems (Oter and Akcay, 2007; Nehrenheim and Gustafsson, 
2008; Genç-Fuhrman, Mikkelsen, et al., 2016). One option for improving the treatment 
efficiency of the filter investigated in this study could be to decrease the flow rate of the 



pump in the influent tank, thereby decreasing the hydraulic load and increasing the 
contact time between the stormwater and the filter medium. The limiting factor in this 
case would be the volume of the storage unit, as a decrease in flow could potentially 
lead to flooding of the storage unit and damage to the premises. Hence rain intensities 
and return periods of rains need to be considered as well so as to determine the risk of 
such flood events.  

Conclusions 

A filter containing clinoptilolite as a filter medium was installed to treat runoff from a 
copper roof. The study presented evaluated removal of total and dissolved zinc, as well 
as the release of aluminium and sodium. Treatment performance was monitored for 
16 months. The sampling event mean concentrations for copper and zinc amounted to 
916 μg/l–2124 μg/l and 186–464 μg/l respectively. In the effluent, the average values 
for copper and zinc decreased to 916 μg/l–2124 μg/l and 19–121 μg/l respectively. The 
treatment efficiency for total and dissolved copper varied between 52–82% and 48–94% 
respectively. The treatment of zinc was in the range of 49–85% and 48–64% for total 
and dissolved zinc respectively. For sodium and aluminium, the average total 
concentrations in the inlet were 250–7300 μg/l and 30–480 μg/l respectively. There was 
a noticeable increase for sodium 2000–14000 μg/l, less so for aluminium (70–250 μg/l). 
There was a decreasing trend in treatment capacity over the monitoring period. While 
the treatment level was relatively high, the outlet concentration was still 35–60 times 
higher than the recommendation from the environmental authority of Gothenburg.  
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