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1 BACKGROUND 

Sustainable urban storm water management and proactive water protection both require 

clarification to what kind and which extent micropollutants end up in storm water runoff from urban 

sources and what ecotoxicological effects are to be expected. The transfer pathways of pollutants 

from urban areas into wastewater treatment plant effluents and natural water bodies demonstrates 

the challenge for sustainable water management (Fig. 1). 

In fact, heavy metals emitted by traffic or pesticides applied for non-agricultural purposes are 

known for their widespread occurrence in aquatic systems. Hundreds of biocides regulated under 

the EU Biocidal Products Regulation (BPR, 528/2013) are used as antimicrobial active substances 

in 23 product types. Biocides may enter the aquatic environment and are frequently detected in 

surface or ground water. For example, in Switzerland organic biocides such as diuron, 

carbendazim, mecoprop, and Irgarol are found (Balsiger et al. 2007, Burkhardt et al. 2011, Wittmer 

et al. 2011). The substance Irgarol was detected in small rivers over several months without any 

seasonal concentration pattern, however, findings are quite limited or even the number is 

decreasing due to stopped use (AWEL, 2008). Terbutryne, which was registered as a pesticide in 

the EU up 2005, has been found in receiving waters of urban catchments (Quednow, 2007). The 

occurrence and effects of antifouling paint booster biocides in the aquatic environment are well 

known. A few biocides are covered by the EU Water Framework Directive (WFD), e.g. terbutryne, 

isoproturon, diuron, and Irgarol. Metalorganic biocides are not specifically highlighted under WFD 

since copper and zinc are covered.  

The observations caused concern about these pollutants since active ingredients from biocide 

products enter surface waters where aquatic organisms may be affected. A question that is 

regularly posed in this context is to what extent substances expected from agricultural application 

might also originate from urban areas and pollute diffuse surface and ground water (Figure 1). 

Literature presenting data to sources, release and field studies is scarce. Consequently, a large 

number of biocides are not well studied and application amounts uncertain. Further guidance 

documents regarding potentially harmful substances, for example in construction materials, can be 

found in the BPR and the draft indicative list of dangerous substances of the Construction Products 

Regulation (CPR). 

 

Figure 1: Pathways of biocides and their emission as point and diffuse pollutants to receiving water. Waste 

water enters surface water mainly as a point-source via waste water treatment plants. 
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2 MATERIAL AND METHODS 

2.1 Amounts 

We reviewed for product types 7, 8, 10, and 21 application amounts of the main biocides in 

Switzerland, the release and pathways to environmental compartments. For the survey targeted 

questionnaires to biocide manufacturers, formulators, associations and users are sent and carried 

out interviews with experts. An additional plausibility check made in consideration of reasonable 

data from Germany.  

2.2 Leaching 

Additionally, we studied the release to the aquatic systems. Paints and plasters of facades, roof 

waterproofing membranes for flat roofs (bitumen and plastic sheets), antifouling etc. are considered 

as potential sources. Since the use of biocides in exterior paints and plasters against algal and 

fungal growth is regarded as state-of-the-art in heat-insulated facade systems, we investigated 

plasters as a potential source of organic biocides in the aquatic environment specifically. In the 

laboratory leaching of biocides from three render formulations was evaluated: one render 

containing free, another render containing encapsulated biocides (terbutryne, OIT, DCOIT) and a 

control render without biocides. The renders were applied on extruded polystyrene panels and 

water samples generated over nine immersion cycles of the panels in accordance with standard 

EN 16105. Concentrations were measured by LC-MS. 

2.3 Occurrence 

In a field study, residential and commercial buildings mainly with flat roofs are connected to a 

separated stormwater system (Fig. 2). In the investigated sub-catchment, four aged buildings, 

paved parking lots and roofs are connected to the storm water channel. The facade runoff is 

collected in a drainage system installed around each building which discharges directly to the storm 

water channel of the separate sewer system. The biocidal ingredients of all coatings and roof 

materials have been assessed and the initial biocides stock calculated. Their dynamic occurrence 

is tracked by flow proportional sampling in the storm water sewers at two sites.  

 

Figure 2: Discharge of storm water to receiving waters in the studied urban catchment regarding runoff from 

building envelopes and paved surfaces, respectively. 1,2: sampling of facades runoff at new and aged 

coatings, 3: storm water sampling of five buildings; 4: Sampling of a defined catchment with known building 

materials; 5: Sampling of discharge to the brook of the entire separated sewer system catchment. 
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Analysis of e.g. carbendazim, terbutryne, diuron, and mecoprop is performed with LC-MS/MS for. 

The sub-catchment of sampling site 4 encloses an area of about 14 ha (Figure 2). Residential and 

commercial buildings as well as paved streets and parking covers roughly one-third of that area, 

each. 80% of the buildings are not older than five years (Figure 2: building 1-7). It is estimated that 

nearly 95% of the rainfall discharges directly to the storm water system or via drainage systems of 

buildings and underground parking.  

3 RESULTS AND DISCUSSION 

3.1 Amounts 

Little is known about biocides used and their transport behaviour although it is state-of-the-art of 

materials protection. As an example, in paints and plasters for facades different algaecides and 

fungicides are applied, in particular products applied on thermal insulation systems. For PT 7 

products the biocide suppliers always offer two to four biocides in combination, in order to control 

several organisms at the same time. Architectural paints and renders with polymeric binders have 

significant market share with a consumption quantity of about 26,000 t in Switzerland in 2011 

(Burkhardt et al. 2013). As a result 10 to 30 tons are used annually. Microencapsulated biocides 

are on the market since 2001 (e.g. AMME™ products) and reach about 80% market share in 

façade coatings in Switzerland in 2011. The estimate products for masonry (PT 10) yields to <0.1 

tons per year. In Germany, the biocide consumption for paints and rendersfor exterior applications 

was between 200 to 400 t/a and for masonry preservatives (PT 10) between 10 and 50 t/a. The 

consumption of wood preservatives in Switzerland amounted to 4,800 tons, of which 2700 tons for 

the treatment of wood during storage and 2,100 tons of applications. The wood preservatives 

contain 4.8 to 48 tons a.i. biocides with IPBC, propiconazole, permethrin and diclofluanid as the 

most important agents. Antifoulings PT21 was used with 9 to 15 tons. 

 

Figure 3: Amounts of the most important biocides used in PT 7 products (paints, renders).  

 

3.2 Leaching 

Experimental data demonstrate the biocides release as a function of product properties such as 

biocide properties (Kow, solubility), material composition, embedding, and environmental factors 

following an exponential release function. The concentrations of biocides in the facade runoff 

decreased exponentially. The highest emission of active ingredients is observed in the early stage 
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of exposure and in the early stage of each leaching event (50 to 60% of the total release in first 15 

minutes). In comparison with free biocides, microencapsulated biocides reduce leaching of 

biocides by a factor of 2 to 10 (Burkhardt et al. 2013). The results showed a decrease in leaching 

especially in the initial phase compared to free biocides. The leaching of the active compounds is 

dependent on the partitioning between water and plaster matrix. Based on the amount remaining in 

the products after exposure, degradation plays a role in the overall mass balance.  

The results reveal that a number of biocides are negligible or of decreasing importance, however, a 

few are widespread in use and need to be investigated more specifically due to their persistence 

and ecotoxicity.  

Table 1: Cumulative emission (mg/m
2
) and relative emission (%) of three biocides over the period of nine 

immersion days. The relative emission is based on the absolute emission normalized to the initial amount 
(Burkhardt et al. 2013).  

 Free biocides Encapsulated biocides 

 (mg/m
2
) (%) (mg/m

2
) (%) 

Terbutryne 69 3.4 18 0.9 

OIT 240 12.0 14 0.7 

DCOIT 5 0.3 0.2 0.01 

 

3.3 Occurrence 

In most buildings, initial amounts range between 0.03 and 0.6 g/m
2
 for each biocide. Hence, for a 

building complex with a surface of about 4500 m
2
 area, up to 5 kg of biocides were applied in 

coatings. However, not all parts of facades are exposed to rain and facades runoff, respectively, 

and an unknown proportion may evaporate directly from the coatings. The most persistent 

biocides, such as terbutryn, diuron, carbendazim, and mecoprop, were determined at sampling site 

5, representing a catchment of about 30 ha. It has been shown that the entire pathway from the 

building envelope to receiving surface water is traceable, e.g. for terbutryne which is exclusively 

applied on facades. Furthermore, the results indicate that water quality standards of 0.1 µg/L are 

exceeded up to ten-fold after the first flush of storm water runoff. In general, the first flush exhibits 

even higher concentrations.  

At new facades with initial biocide content of 1,700 mg/m2 terbutryne, concentrations of 100 to 800 

μg/L terbutryne were measured in runoff. The averaged losses per runoff event reached 170 μg/m2 

terbutryne from northwest facade and 30 μg/m2 terbutryne from the southwest. Compared with the 

WFD limit value of 65 ng/L terbutryne, measured concentrations close to the source are significant 

higher. Under the same field conditions, concentrations of diuron applied in the facade of an aged 

building (about 4 years) were in runoff more than 100-times lower than at new buildings.  

Measured concentrations of diuron and terbutryne in the stormwater runoff and receiving water 

were in the range of up to a few hundred ng/L. With the exception of high terbutryne concentrations 

in the runoff of new facades, the concentrations in the storm water actually tended to increase up to 

the receiving waters, i.e. maximum concentrations rise from 0.14 μg/L to 1.8 μg/L detected in the 

discharge outlet. Low concentrations observed in the range of up to a few hundred ng/L at another 

sampling site clearly highlight the importance of the age of the coatings. Dilution with non-polluted 

runoff lower the pollution of stormwater and in receiving waters. Terbutryne is applied exclusively in 

exterior coatings and can be used as a tracer for the impact of facades to storm water quality.  
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4 CONCLUSIONS AND OUTLOOK 

The use of biocides is common practice for control of microbial deterioration or disinfection. 

Stormwater analysis has shown significant concentrations, although most biocides are potentially 

degradable and adsorbing at soil and sediments. We demonstrated that “best practice” may reduce 

the environmental impact at the source. The reduction is dependent on material properties or 

application strategies, such as the type of root protection agent and material modification. Overall, 

the results of leaching from materials or applications, on monitoring runoff and the occurrence of 

biocides in the storm water underline the importance of urban sources for the diffuse water 

pollution. With regard to sustainable water protection, it is important to account for both rural and 

urban sources. This may lead to a substantial reduction of contaminants in surface and ground 

waters. Source-control (encapsulation, restrictions) and end-of-pipe measures (adsorber in 

stormwater treatment systems) are both promising to limit the environmental impact. 

For biocides used in construction materials a model COMLEAM (Construction Materials Leaching 

Model) has been developed by HSR to assess the leaching and environmental risk previous to the 

application in catchments. Experts from different European countries experienced in leaching of 

dangerous substances from construction materials and modelling of substance transport in the 

environment set-up the expert platform ESTIMATE to coordinate their activities and to develop a 

joint strategy supporting national and European stakeholders. A flexible software platform will be 

developed to predict environmental concentrations under different conditions of use and the spatial 

impact of released substances. Model calculations for ranges of construction and environmental 

parameters support the definition of standard parameters for environmental risk assessments.  
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