
14th IWA/IAHR INTERNATIONAL CONFERENCE ON URBAN DRAINAGE 

ICUD-0580 Truly dissolved and labile Cu and Zn in 
urban runoff from a parking lot, an industrial area 
and copper and zinc roofs 
S. Lindfors1, H. Österlund1, M. Viklander1 

1   Luleå University of Technology, Civil Environmental and Natural Resources Engineering, Luleå. Sweden 

Summary 

In this work two approaches were used in order to characterise the chemical speciation of Cu and Zn 
in urban runoff: ultrafiltration and passive sampling using diffusive gradients in thin films (DGT). Grab 
samples were taken from two catchments during snowmelt and from copper and zinc roofs during a 
snow-mixed-with-rain event. The results indicated that the catchment runoff composed of high 
amounts of particulate Cu and Zn, and that the dissolved Cu and Zn comprised of a variety of mobile 
and labile species. Whereas, the total Cu and Zn concentrations in roof runoff, to a great extent, 
composed of free ions. 

 
Keywords 

stormwater quality, copper, zinc, speciation, ultrafiltration, diffusive gradients in thin films (DGT) 

 
Introduction 

The distribution of trace metals between different size fractions and the metal’s speciation determines 
their toxicity and mobility as well as the fate in best management practice (BMP) treatment facilities 
and in the receiving waters. Knowledge about the fractionation and speciation characteristics of the 
runoff’s dissolved phase are of essential importance for further development of runoff treatment 
techniques that are aiming at reducing the metals also in the dissolved phase. The dissolved phase 
(normally operationally defined as <0.45 µm) of e.g. copper (Cu) and zinc (Zn), sometimes contributes 
to up to 50% of the total concentration (Galfi et al. 2017) which may explain the sometimes poor 
treatment efficiency of BMP facilities (Clark & Pitt 2012). Despite this, characterisation of the dissolved 
fraction in stormwater is sparsely reported in the literature. However, that previous research indicate 
that a large part of the dissolved fraction of particularly Cu and Zn is present as free ions or bound to 
small colloids, which will increase their mobility further (Grout et al. 1999, Morrison et al. 1990). 

Diffusive gradients in thin films (DGT) and ultrafiltration are techniques for studies of the truly 
dissolved fraction and metals bound to small colloids and have approximately the same size cutoff 
around a few nanometers. However, the DGT technique discriminates metals that are strongly bound 
to colloids, which is often referred to as the DGT labile fraction. 

The objective of this study was to characterise Cu and Zn in the dissolved fraction and investigate to 
what extent these were mobile and labile, in a selection of runoff samples from different urban 
surfaces. This was done by applying ultrafiltration and the DGT techniques. 

Methods and Materials 

Two snowmelt runoff samples were collected in March 2017 in one industrial area (15 ha) and one 
parking lot (0.4 ha) in Umeå, Sweden. Sampling of roof runoff was done in May 2017 from copper and 
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zinc roofs in Luleå, Sweden, during a snowfall mixed with rain. The laboratory procedure is presented 
in Fig. 1. 

 

 
Fig. 1. Lab. procedure, incl. membrane filtration, ultrafiltration and DGT measurements. 

After transport of the samples to the laboratory, 3 L of each sample was passed through a 0.45 µm 
filter membrane and divided into three HDPE bottles in order to obtain triplicates. DGT devices were 
deployed and the bottles were placed on a shaking table for 24 h. The shaking was applied to prevent 
development of a diffusive boundary layer at the opening of the DGT device. After exposure, the 
accumulated amount of Cu and Zn was analysed and the DGT labile concentration was calculated as 
described by Davison & Zhang (1994). In addition, the 0.45 µm filtered samples were ultrafiltered using 
Millipore Amicon ultrafiltration spin columns with a 3,000 nominal molecular weight limit (NMWL). 
Ultrafilter, DGT device and calculation of DGT labile concentrations are presented in Fig. 2. 
 

 

Fig. 2. Ultrafiltration columns (left), a mounted DGT device, ready for deployment (middle), and the 
equation for calculating the DGT labile conc (right). 

 

Results and Discussion 

The percentage of particulate and dissolved fractions of Cu and Zn in urban runoff from the industrial 
area, parking lot, zinc and copper roofs are presented in Tab. 1. 
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Tab. 1 Particulate and dissolved fractions in % of the total conc. 

 

Further fractionation with ultrafiltration (<3 kNMWL) showed no significant difference with the 
dissolved fraction of Cu from the industrial area, parking lot and zinc roof, and of Zn from both roofing 
materials (Fig. 3). There was no significant difference between the two techniques, ultrafiltration and 
DGT, regarding Cu from the copper roof and Zn from the zinc roof. In the other samples, the DGT labile 
Cu and Zn were lower than the permeate concentrations. The DGT concentrations were calculated 
using diffusion coefficients for free ions, which could entail an underestimation of the labile 
concentration as the labile fraction also include small metal ligands, which have lower diffusion 
coefficients than free ions. Taking into account other labile species would generate a higher labile 
concentration. 

 

Fig. 3. Tot conc. of Cu and Zn compared with dissolved, ultrafiltered and DGT labile fractions. 

Conclusions  

The catchment runoff constituted to a greater extent of Cu and Zn in the particulate phase compared 
to the runoff from copper- and zinc roofs that contributed with high amounts (≥73%) of Cu, and Cu 
and Zn, respectively, in the dissolved fraction (<0.45µm). Speciation with ultrafiltration indicated that 
the dissolved fraction of Cu in the catchment runoff and from the zinc roof, and of Zn in the roof runoff, 
comprised entirely of mobile Cu and Zn species. DGT measurements further revealed that the truly 
dissolved (<3 kNMWL) Cu from copper roof and Zn from zinc roof were merely present as free ions, 
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the most bioavailable form. The two speciation techniques showed that the dissolved Cu and Zn in the 
catchment runoff consisted of a variety of colloidal, mobile and labile species. Speciation of the labile 
fraction could be further studied. The same applied for Cu from zinc roof and Zn from copper roof. In 
the roof runoff, however, these species stood for a larger fraction of the total Cu and Zn 
concentrations. 
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