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ABSTRACT 

Understanding the bio-physico-chemical behaviour of pollutants within the urban environment is key to 
predicting their impact and identifying appropriate best management practices. The project 'INnovations 
for eXtreme Climatic EventS' (INXCES) developed new knowledge on the behaviour of metals within 
the dissolved fraction from different urban areas for use in risk assessment and their mitigation. Previous 
research identified that several metals (e.g. Cu and Zn) occur in the dissolved fraction as free ions or in 
association with light and organic colloids in urban runoff (Grout et al., 1999; McKenzie and Young, 
2013). However, the distribution of metals within these sub-dissolved fractions is not well understood, 
particularly in terms of their labile behaviour. In contrast to the majority of EQS identified in the EQS 
Directive (2008), the EQS for metals were established for dissolved concentrations, on the basis that 
only metals in the dissolved fraction are available for active uptake. Following further research (e.g. 
Gandhi et al., 2010), selected EQS were revised as part of the Priority Substances Directive (2013) 
which promotes the use of bioavailability modelling to take into account the influence of dissolved 
organic carbon (DOC), pH and water hardness to better estimate the fraction of the dissolved 
concentration which is bioavailable in practice. Hence, there is an urgent need to increase knowledge 
on the occurrence and behaviour of metals in these sub-dissolved fractions. Within the frame of the 
multi-disciplinary INXCES project, two sampling campaigns have been conducted to evaluate the 
dissolved concentrations of selected metals (Cd, Cr, Cu, Ni, Pb, Zn) in urban runoff in terms of 
identification of the bioavailable fraction, the colloidal content (and to what extent metals in the colloidal 
fraction are labile) and to examine the relationship between these sub-dissolved concentrations in terms 
of implications for urban runoff mitigation. 
 
Runoff was sampled at two industrial parks (IA1: 15 ha / 75% impervious and IA2: 12 ha / 85% 
impervious) and a car park (PL: 0.45 ha / 100% impervious) in Umeå, northern Sweden, and a section 
of highway (E18: 100% impervious) outside Enköping, southern Sweden. Highway runoff was collected 
from a 100-metre stretch of the European Route 18, at “Testsite E18” managed by the Swedish Transport 
Administration. All samples were analysed for the dissolved, colloidal and truly dissolved metal 
fractions using filtration (0.45µm filter) and ultrafiltration (to determine the 3000 molecular weight cut 
off; 3kMWCO) together with basic parameters (Ca, pH, DOC). In the first sampling campaign, samples 
from PL and IA1 were analysed using the Bio-met bioavailability prediction tool to identify bioavailable 
metal concentrations. For the second sampling campaign, samples from IA1, IA2 and E18 were 
compared with diffusive gradients in thin films (DGT) measurements and the analysis was 
complemented with asymmetrical flow field-flow fractionation (AFFF) measurements.  
 
Results from fractionation using filtration and ultrafiltration show that the truly dissolved (<3 kMWCO) 
concentrations of Cd, Cr and Ni are generally greater than those associated with the colloidal fractions 
(3 kMWCO-0.45µm) whereas truly dissolved Cu and Zn concentrations consistently dominates over 
colloidal Cu and Zn concentrations. Truly dissolved concentrations of Pb is generally less than colloidal 
Pb concentrations, Figure 1. Preliminary results from AFFF indicate that colloids occur in two dominant 
size fractions: ranging from one to a few nm and around 100 to a few hundred nm (exact size 
determination was not possible as the light scattering detector was unavailable). Low concentrations of 
DOC were reported in both fractions, indicating colloids occurred in an inorganic form. Cd, Cu and Zn 
were not detected in concentrations above the blank for these colloidal fractions. In contrast, dissolved 
Pb, and Cr predominantly occurred in the larger colloidal fraction (around a few hundred nm) with Ni 
equally distributed between both colloidal fractions at IA1 and IA2. Parallel measurements with passive 



samplers showed that labile concentrations were in the same range as dissolved (<0.45 µm) 
concentrations, indicating that all sub-dissolved fractions are labile for all metals at both sites.  
 
Median concentrations of the truly dissolved and bioavailable fractions (as predicted using Bio-met) are 
presented in Table 1. With the exception of Pb, the bioavailable fraction does not equate to the truly 
dissolved fraction in any samples during either event type at either site. The percentage of the truly 
dissolved fraction which consists of bioavailable metals varies on a metal by metal basis. For example, 
the bioavailable fraction contributes >20% of the truly dissolved fraction of Zn in 89% of rainfall runoff 
and 90% of snowmelt samples, of Ni in 75% of rainfall and 80% of snowmelt samples and of Cu in 16% 
of rainfall samples (Cu was not reported in a bioavailable form in any snowmelt samples). 

 
Figure 1. Metal concentrations in the analysed fractions total, dissolved (<0.45 µm) and truly dissolved 

(<3kMWCO) at site IA2 during a rain event in October 2018. The <0.45 µm and <3kMWCO fractions of Cr and 
Pb are recorded in low concentrations relative total concentrations, thus does not show in chart. 

 
The remaining metals within the truly dissolved concentration are associated with small colloids in the 
<3 kMWCO fraction. This would indicate that a higher level of complexation occurs for Cu compared 
to Ni and Zn. As noted earlier, the amount of Pb determined in the truly dissolved phase is considerably 
lower than for the other metals (note: several samples Pb was below the limit of detection). Data 
presented in Table 1 indicates that any Pb that does occur in the truly dissolved phase is primarily 
bioavailable. However, it should be noted that median bioavailable concentrations predicted are 
approximately two orders of magnitudes below the Pb EQSbioavailable (1.2 µg/l). 
 

Table 1. Cu, Zn, Ni and Pb site median (range) truly dissolved concentrations (<3 kMWCO) and bioavailable 
concentrations (Bio-met) in runoff samples collected during rainfall and snowmelt events. 

  Industrial  Car park 

Metal Fraction (µg/l) 
Rainfall 
(n = 25) 

Snowmelt 
(n = 14) 

Rainfall 
(n = 31) 

Snowmelt 
(n = 6) 

Cu 
Truly dissolved 9.1 (1.5-27.3) 14.3 (8.7-32.7) 3.9 (0.6-31.9) 4.9 (3.1-15.1) 

Bioavailable 0.8 (0.2-2.0) 0.7 (0.3-1.2) 0.4 (0.1-0.9) 0.2 (0.1-0.2) 

Ni 
Truly dissolved 1.9 (0.4-10.2) 2.1 (1.7-4.6) 0.6 (0.1-6.2) 2.0 (1.6-2.6) 

Bioavailable 0.5 (0.2-1.7) 0.6 (0.3-0.7) 0.3 (0.1-0.6) 0.6 (0.5-0.8) 

Zn 
Truly dissolved 75.3 (18.5-271) 84.3 (35.8-156) 13.6 (4.7-262) 2.6 (1.5-5.9) 

Bioavailable 38.2 (9.7-103) 28.5 (12.9-47.8) 8.1 (0.6-53.0) 1.0 (0.5-1.7) 

Pb* 
Truly dissolved 0.03 (0.01-0.10) 0.04 (0.01-0.13) 0.02 (0.01-0.08) Not detected 

Bioavailable 0.02 (0.00-0.06) 0.01 (0.01-0.01) 0.01 (0.01-0.02) Not detected 
Key: *=n above detection limit for Pb:         n=13                        n=5  n=13  
 
In conclusion, the data indicate that the truly dissolved concentrations dominate the sub-dissolved 
fractions for Cu and Zn and contributes up to 30% and 50% of total Cu and Zn concentrations, 
respectively. Together with the findings of two differently sized inorganic colloidal fractions (detected 
for Pb, Cr and Ni), this data suggests that treatment systems should be designed to target removal of 
the sub-dissolved fractions, especially due to the identified lability of these fractions suggesting runoff 
will have environmental impact. Further, the truly dissolved concentrations are identified to be an 
overestimation of the bioavailable concentrations and should therefore not be used as a direct 
surrogate.  
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