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Summary 

The Decision Support System (DSS) developed in the EU project SOCOPSE (Source Control of Priority 
Substances in Europe) was used to assess pressures and impacts of nonylphenol to River Viskan, located 
on the Swedish west coast. The main aim of the study was to test the DSS on a Swedish river basin and 
evaluate its usefulness on a European and national scale.  
 
The results of the study indicates that nonylphenol is likely to be emitted to the recipient via three major 
sources, the contaminated sediments downstream Borås, storm water and wastewater. The current 
situation could potentially lead to long term negative effects in the aquatic environment. 
 
The study identified the following possible measures to remediate elevated nonylphenol levels in River 
Viskan or to further investigate the pollution situation: 

⋅ Additional monitoring of water and possibly also other matrices  
⋅ Further investigations of the section of Häggån that flows by Kinna, e.g. sampling and analysis 

of the sediments  
⋅ Remediation of the contaminated sediments downstream Borås 
⋅ Investigations on nonylphenol and nonylphenol derivative concentration in storm water 

within the system 
⋅ Studies on cleaning efficiency by storm water facilities with regards to nonylphenol and other 

priority substances 
⋅ Substitution of nonylphenol containing products, at industries and/or at community level 
⋅ End-of-pipe solutions, e.g. coal adsorption or nano filtration, at industries with nonylphenol 

emissions to water 
 

It was concluded that the SOCOPSE DSS has a potential to become a useful handbook in the current and 
future water administration given that the main aim of the handbook is to provide the water managers 
with tools and methodologies relevant for the work with the priority substances. The handbook should 
not work as a source of data as this is a field of continuous change and it would probably not be possible 
to update the handbook with sufficient frequency for it to be useable.  
 
The current version of the DSS focuses on point sources of priority substances. In Sweden and many 
other European countries diffuse sources of these chemicals are becoming increasingly important. It is 
thus important that the DSS provides guidance also on how to handle emissions from diffuse sources.  
 
Furthermore it was concluded that the pollution situation, legislation, administrative systems, data 
accessibility and implementation strategy for the Water Framework Directive (WFD) varies between 
member states in EU. It might not be possible to create a handbook to be used in all the member states. 
Instead the DSS handbook could be used as a basic structure as nation specific guidelines and handbooks 
are developed, e.g. where Swedish environmental aspects, legislation and other prerequisite are considered 
specifically.  
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Glossary 
 
Abbreviation Meaning 

AA-EQS Annual Average EQS 
CAS nr Chemical Abstract Service registry number 

DEHP Di(2-ethylhexyl)-phtalate 
DSS Decision Support Systema 

EC10 Effect Concentration (effects seen in 10 % of the tested population) 

EC50 Effect Concentration (effects seen in 50 % of the tested population) 

EMIR Länsstyrelsen utsläppsregister 
(Emissions register at the County Administrative Boards) 

EQS Environmental Quality Standard 

GIS Geographical Information System 

Koc Partition coefficient organic carbon-water 

Kow Partition coefficient octanol-water 

MAC-EQS Maximum Allowable Concentration EQS 

NGO Non-Governmental Organisation 
OECD Organisation for Economic Co-operation and Development 

PAH Polycyclic Aromatic Hydrocarbon 
PBDE Poly Brominated Diphenyl Ethers 
PNEC Predicted No Effect Concentration 
QS Quality Standard 
QWASI-model Quantitative Water Air Sediment Interaction Model 
RBMP River Basin Management Plan  
SFA Substance Flow Analysis 
SOCOPSE Source Control of Priority Substances in Europe 

SSNC Swedish Society for Nature Conservation 

TGD Technical Guidance Documentb 

TNPP Tri (4-nonylphenyl) phosphite 
WFD Water Framework Directive 
WWTP Wastewater Treatment Plant 

a) In this study DSS refers specifically to the handbook developed in the SOCOPSE project (www.socopse.eu) 
b) In this study TGD refers to the TGD on risk assessment, part II (TGD 2003) 
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1 Introduction 

1.1 Background 

Water is one of our most important natural resources; it is necessary for all living organisms but also in 
various production processes in modern society. This resource is renewable in the sense that it cycles 
between land and the atmosphere. Water can however be physically or chemically affected by human 
activities such as industrial- or energy production, which may have negative effects on the quality of water 
as a living environment, as a source of drinking water or on the quantity of these resources. Awareness of 
the fact that this essential resource must be protected has lead to a number of political initiatives on the 
European and Swedish level. 

1.1.1 The Water Framework Directive (WFD) 
Since the year 2000, most of the EU legislation concerning protection of water lies within the Water 
Framework Directive (WFD, 2000/60/EC). The aim of the directive is to achieve “good status” for all 
waters within the EU, by the year 2015.  
 
The concept of good status contains both ecological status and chemical status. Ecological status is built 
on biological quality factors, physico-chemical quality factors and hydromorphological quality factors. The 
ecological status is determined by comparison of different descriptive parameters for these quality factors, 
with reference values for each water category. The chemical status on the other hand is assessed based on 
environmental quality standards (EQS) set at EU Commission level (Directive 2008/105/EC) for the 
priority substances listed in Annex X of the WFD. Each water body has to have both good ecological 
status and good chemical status to be defined as water with good status over all. 
 
In each water administrative cycle, which runs for six years, a programme of measures to maintain or 
achieve good or higher status and a river basin management plan (RBMP) have to be developed. These 
documents are supposed to be ready at the end of 2009 in the current cycle. 
 
The WFD requires water administration to be adjusted after the natural borders of water flow – the river 
basins. Sweden is thus divided into five water districts, each managed by a Water District Authority. These 
Water District Authorities execute the characterization, pressures and impact analysis and risk assessment 
for each river basin (WFD Article 5). They are also responsible for the RBMPs, programmes of measures 
and setting of quality standards. 
 
In Sweden the WFD is implemented into national legislation by two enactments, 
Vattenförvaltningsförordningen (2004:660) and Förordning (2002:864) med länsstyrelseinstruktion.  

1.1.2 Source Control of Priority Substances in Europe  
The EU project SOCOPSE (Source Control of Priority Substances in Europe) aims to support the 
management of the priority substances during implementation of the WFD (www.socopse.eu). 11 of the 
priority substances have been selected in the project and these are (penta) brominated diphenyl ethers 
(PBDE), mercury, cadmium, tributyltin, nonylphenol (para -nonylphenol), hexachlorobenzene, 
isoproturon, atrazine, di(2-ethylhexyl)-phthalate (DEHP) and the polycyclic aromatic hydrocarbons 
(PAHs), including anthracene. One of the major products of the project is a Decision Support System 
(DSS).  
 
The DSS is a tool for water managers that in a systematic way guides through the process from definition 
of a problem to suggestion of the most cost-effective measures. Fact sheets and material flow analysis are 
being developed within the SOCOPSE-project for the selected substances and these are meant to be used 
as tools in the DSS. 
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1.2 Objectives 

This study is a case study where the DSS handbook is applied to a Swedish river basin, the river basin of 
Viskan.  
 
The purpose of the case study is to: 
 

⋅ Evaluate the DSS handbook and give suggestions of improvements and potentially provide 
material that can be used as examples in the final version of the handbook 

 
⋅ Evaluate the DSS handbook with a Swedish perspective to highlight how the handbook could 

be used in Swedish water management 

1.3 Limitations  

This study is not intended to be used as a decision support material for any decisions about measures in the Viskan river 
basin. Instead of trying to give a fully reliable description of the studied system, effort was made to go 
through all the steps detailed enough to allow for evaluation of the DSS handbook and its tools. The 
results of this study should therefore be interpreted with caution when it comes to actual levels of and 
scenarios for pollutants in River Viskan.  
 
Furthermore, the study is limited to cover only one substance, i.e. nonylphenol, and thus do not intend to 
give a complete picture of the pollution situation in River Viskan. 

1.4 Environmental Quality Standards 

A water body is classified as having good chemical status when concentrations in surface water of all the 
priority substances are below EQS. In Directive 2008/105/EC, on environmental quality standards in the field of 
water policy, amending and subsequently repealing Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC, 
84/491/EEC, 86/280/EEC and amending Directive 2000/60/EC of the European Parliament and of the Council, 
EQS are set for the priority substances as well as for five other substances/substance groups that had 
quality standards set in other legislation. All priority substances emitted into the recipient have to be 
monitored. The term emission has in the Guidance document No 3 Analysis of Pressures and Impacts 
(2003) been defined to include both point sources and diffuse sources. Contaminated land or sediment 
can thus be a source of emission although there is no current use of the specific chemical. 
 

1.4.1 Water 
For each priority substance (or substance group) an EQS has been set for annual average concentrations 
(AA-EQS) and, where applicable, for maximum concentration at momentary exposure, maximum 
allowable concentration, (MAC-EQS). These EQS are based on ecotoxicity data using the method 
outlined in Lepper (2005). For several substances different EQS are set for inland waters (lakes and rivers) 
and for coastal, transitional and territorial waters.  
 
The EQS are constructed to be protective for pelagic and benthic organisms as well as for secondary 
poisoning of predators and human health. Concentrations of priority substances in surface water below 
EQS are thus assumed to have no adverse effects on any part of the aquatic environment. 
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1.4.2 Sediment and biota 
EQS for sediment and biota have not been set at commission level (with exception of biota EQS for 
mercury and its compounds, hexachlorobenzene and hexachlorobutadiene). The substance fact sheets for 
the priority substances (Homepage of CIRCA b) do however include predicted no effect values (PNEC) 
for protection of sediment living organisms and secondary poisoning or human health, i.e. concentration 
in biota.  
 
PNEC calculated for sediment are based on toxicity data for sediment dwelling organisms or, when such 
data were not available, the partitioning equilibrium method (see e.g. DiToro et al. 1991). Concentrations 
exceeding sediment PNEC, if derived with the equilibrium partition method, should only be interpreted as 
indicative of potential toxic effect of the substance until further assessment has been made on sediment 
toxicity of the priority substance.  
 
PNEC for protection of human health or secondary poisoning are calculated based on toxicity data on 
oral exposure of mammals. 
 

1.5 Implementation of the WFD in Sweden, with 
regards to the priority substances 

In the first report to the EU in March 2005 (Homepage of Vattenportalen) the situation in Sweden 
regarding metals and organic pollutants was evaluated with a general discussion about environmental 
levels and emissions. For the organic substances it was concluded that the levels are generally low for a 
majority of the substances with the exception of localities close to point sources and/or heavy diffuse 
emissions. Concentrations were expected to continue to decrease. It was also concluded that, in many 
cases, there are not enough data on environmental concentrations in the water phase of the priority 
substances to make a classification of the chemical status according to the WFD and development of EQS 
for biota was recommended.  
 
In this first WFD cycle water managers in Sweden have been forced to find alternative ways to assess the 
chemical status.  
 
Bremle (2006) proposes a method that is a combined approach where all available monitoring data is 
assessed together with the pressures and impact analysis (WFD Article 5). Combining the characterization 
based on monitoring data with the impact analysis results in a map where water bodies are classified as at 
risk of not reaching good chemical status if there is monitoring data or impact data supporting this.  
 
Other examples are methodologies for pressures and impact analysis of chemical pollution developed by 
the County Administrative Boards of Västra Götaland and Värmland. In these analyses the pressures on 
each water body are assessed based on land use and human activities within the water body using GIS. 
(De Beer 2008; Fransson 2008)   
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1.6 Priority substance: nonylphenol 

Nonylphenol is the collective name of phenols with a nine coal alkyl chain attached. The general structure 
of the compound is shown in Figure 1 and basic physico-chemical properties are listed in Table 1. The 
alkyl chain can vary in degree of branching and it can also be attached to the phenol in different positions 
although the predominant isomer in commercial production is the branched 4-nonylphenol (Homepage of 
KEMI a). 
 

 
Figure 1: General structure of nonylphenol. R1 is an alkyl chain of nine coal atoms. 
 
The EU Risk assessment (2002) covers the para substituted compounds with a straight alkyl chain (CAS-nr 
25154-52-3) and with a branched alkyl chain (CAS-nr: 84852-15-3). According to the EQS Substance Data 
Sheet (SDS) on nonylphenol the EQS is set for the total amount of these two (above-mentioned) classes 
of nonylphenols (Homepage of CIRCA b). Hereafter, in this study, nonylphenol refers to para-substituted 
nonylphenols, including both branched and straight alkyl chain isomers. In case it has to be specified 
whether the alkyl chain is branched or not the straight chain isomer will be denoted 4-n-nonylphenol and 
the branched isomers 4-iso-nonylphenol.  
 
Table 1: Physico-chemical properties of nonylphenol. Data from the EU Risk assessment (2002), exceptions are 
annotated. 
Parameter Value  Unit 
Molar mass 220.34  g/mol 
Vapour pressure 0.008a at 25 °C Pa  
Water solubility 6 at 20 °C, pH 7 mg/l  
Henry’s laws constant 11.02  Pa m3/mol 
Log Kow 4.48  - 
Melting point -8  °C 

a) The arithmetical mean value of reported vapour pressures for nonylphenol with CAS nr 84852-15-3 and 25154-52-3 (Homepage of 
SRC)  

 

1.6.1 Areas of use  
For commercial use nonylphenol is further processed to various nonylphenol derivatives or materials 
which can be categorized into nonylphenol ethoxylates, plastics, resin and stabilizers and phenolic oximes 
(EU Risk assessment 2002).  
 
Table 11 in Annex 1 (p. 56) lists use categories of nonylphenol and nonylphenol ethoxylates registered in 
the Swedish Products Register (www.kemi.se). 

1.6.2 Nonylphenol derivatives 
Nonylphenol ethoxylates are compounds where a varying number of ethoxy groups are attached to the 
nonylphenol molecule. The phenolic part of the compound is hydrophilic whereas the ethoxy part of the 
compound is lipophilic and the length of the ethoxy chain determines the lipophilicity of the compound. 
Nonylphenol ethoxylates are used as detergents, emulsifiers and dispergents in various industrial and 
consumer products. (Homepage of KEMI b) 
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Other nonylphenol derivatives are nonylphenol sulfites, phenol/formaldehyde resins, tri (4-nonylphenyl) 
phosphite (TNPP) and phenolic oximes. Although nonylphenol ethoxylates are often referred to as the 
most common nonylphenol derivatives, the use of nonylphenol ethoxylates is decreasing in Sweden 
(Homepage of KEMI c). 

1.6.3 Legislation  
Due to the emerging awareness of the possible negative effects of nonylphenol, legislation restricting its 
production and use within the EU is now in force. Amendment 2003/53/EC of Directive 76/769/EEC 
restricting marketing and use of certain dangerous substances states that nonylphenol and nonylphenol ethoxylates 
cannot exceed concentration of 0.1 % by mass in products used for the following purposes: 
 

⋅ Industrial, institutional and domestic cleaning (with exception for closed systems and systems 
where the washing liquid is recycled or incinerated) 

⋅ Textiles and leather processing (with exception for cases where no water is released into waste 
water and systems where the process water is pre-treated to remove the organic fraction prior to 
waste water treatment) 

⋅ Emulsifier in agricultural teat dips and co-formulatants in pesticides and biocides 
⋅ Metal working (except uses in closed systems where the washing liquid is recycled or incinerated) 
⋅ Manufacturing of pulp and paper 
⋅ Cosmetic products and other personal care products (except spermicides) 

 
Provisions in above mentioned amendment were to be applied in all member states by 17th of January 
2005.  
 
The fact that these restrictions do not apply to imported goods results in an influx of nonylphenol more 
difficult to restrict than production within the union.  
 
Månsson et al. (2008) made the observation that textiles are one of the major sources of alkylphenols and 
alkylphenol ethoxylates to wastewater. In 2007 the Swedish Society for Nature Conservation (SSNC) did a 
study where they estimated the amount of nonylphenol ethoxylates imported to Sweden in textiles in the 
year 2006 to 217 tons (Hök 2007).  
 
Usage of nonylphenol and nonylphenol ethoxylates is also restricted via regulation 648/2004/EC on 
detergents based on the low biodegradability of the substances.  

1.6.4 Classification, EQS and toxicity 
Table 2 shows the classifications of nonylphenol according to Annex 1 of Directive 67/548/EEC on 
classification and labeling of dangerous substances. 
 
Table 2: Risk phrases for nonylphenol (CAS nr: 25154-52-3 and 84852-15-3) according to Annex 1 in the 
directive 67/548/EEC (Homepage of JRC) 
 Risk phrase 
R22 Harmful if swallowed 
R34 Causes burns 

R50/53 Very toxic to aquatic organisms, may cause long-term adverse effects 
in the aquatic environment. 

R62 Possible risk of impaired fertility 

R63 Possible risk of harm to the unborn child 

EQS for nonylphenol in the water phase and PNEC values for sediment and biota are listed in Table 3. 
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Table 3: Environmental Quality Standards (EQS) for nonylphenol according to Directive 2008/105/EC and 
Predicted No Effect Concentrations (PNEC) as listed in the substance datasheet for nonylphenol 
(Homepage of CIRCA b) 

Limit value  Comment 

AA-EQS 0.3 µµµµg/l All surface waters addressed by the 
WFD 

MAC-EQS 2.0 µµµµg/l  

Sediment PNEC 0.2 mg/kg dry 
weight 

Calculated using the equilibrium 
partition method, see 1.4 Environmental 
Quality Standards, p. 10. This value 
should only be seen as indicative of 
sediment toxicity. 

Biota PNEC 10 mg/kg wet weight Protection for secondary poisoning. 

The EQS have been developed using toxicity data from three different trophic levels (fish, daphnia and 
green algae) where the most sensitive species in the acute toxicity tests (short term tests) was the 
freshwater invertebrate Hyalella azteca for which an EC50 (96 h) of 0.02 mg/l was established (Brooke et al. 
1993 cited in the SDS). In the long term tests the freshwater algae Scenedesmus subspicatus was the most 
sensitive with an EC10 (72 h) of 0.0033 mg/l (Kopf 1997 cited in the SDS). 

Nonylphenol has also been shown to have estrogenic effects but these occur at higher concentrations than 
the effects described above and do not affect the EQS. 

1.6.5 Distribution and degradation 
In an aquatic environment nonylphenol tends to partition to sediment and to a lesser extent to biota 
(Huang et al 2007; Lalah et al. 2003).  
 
The different isomers of nonylphenol can be expected to have different half-lives. It is believed that the 
more commonly used branched isomers are more resistant to degradation than the straight alkyl chain 
isomers (Corvini et al. 2006). This has to be considered when evaluating the results from biodegradation 
studies. Suggested half-lives, considered to be valid for Swedish conditions, in different environmental 
compartments are listed in Table 4. 
 
Abiotic degradation of nonylphenol occurs in the atmosphere and the substance is not believed to be 
transported over long distances (EU Risk assessment 2002). In water photolysis of nonylphenol can occur 
in the top layers of water on a clear day, with a half-life of 10-15 hours (Ahel et al. 1994). Hydrolysis is 
believed to be a negligible degradation process (EU Risk assessment 2002).  
 
Nonylphenol is inherently but not readily biodegradable when tested according to OECD guidelines (EU 
Risk assessment 2002). The rate of the degradation process increases with increasing temperature and by 
adaptation of microbes in the system (Yuan et al. 2004; Staples et al. 2001; Tanghe et al. 1998).  
 
A wide range of half-lives for aerobic degradation of nonylphenol in water and sediment has been 
reported in the literature (Table 4). Half-lives in water and sediment given in the EU Risk assessment 
(2002) were considered relevant for Swedish conditions since development of these rates take into 
consideration the important factor of low ambient temperature in natural systems. These half-lives refer to 
mineralisation of nonylphenol.  
 
Studies on anaerobic degradation of nonylphenol show ambiguous results; nonylphenol has been shown 
to degrade in anaerobic river sediments with a half-life of 46.2 to 69.3 days (Chang et al. 2004) but in a 
recent study of anaerobic degradation of nonylphenol ethoxylates considerable accumulation of 
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nonylphenol was noted which could suggest resistance to anaerobic degradation of the compound (Lu et 
al. 2008).  
 
Table 4: Half-lives for degradation rate of nonylphenol in the environment.   

Environmental 
compartment 

Half-life (days) 
 
(Relevant for 
Swedish 
conditions) 

Range References 

Air 0.3 - a EU Risk assessment 2002 
Surface water 150 8.2-150 EU Risk assessment 2002; Ekelund et 

al. 1993; Staples et al. 2001 

Sediment 3013 13.6-3013 EU Risk assessment 2002; Yuan et al. 
2004; Liber et al. 1999 

a) Value estimated in EU Risk assessment (2002) and no range given 
 
Degradation of nonylphenol derivatives could potentially lead to formation of nonylphenol. In the EU 
Risk assessment on nonylphenols (2002) studies on the degradation of nonylphenol ethoxylates are 
reviewed with the conclusion that nonylphenol is one of several degradation products and the formation 
of this substance is favoured in anoxic conditions. Data on degradation of other nonylphenol derivatives 
are more difficult to find in the literature and is not considered further in this report. 
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1.7 The Decision Support System (DSS) 

The DSS of the SOCOPSE project (www.socopse.eu) is a handbook and a web-based guidance system 
with a stepwise description (Figure 2) on how to classify the chemical status of a water body, assess the 
emissions of the priority substances to the water body and finally find possible measures to remediate 
problem areas. The handbook also contains guidelines on how to choose the most cost effective method 
for remediation of pollution problems.  

 
Figure 2: Schematic picture of the SOCOPSE (Source Control of Priority Substances in Europe) Decision 
Support System (Homepage of SOCOPSE).  

 
The main focus in this study has been on steps 1-3 of the handbook. In the case that the DSS did not 
provide sufficient support, relevant methodologies were searched for in the literature. The use of these 
additional methods can be seen as complimentary to the DSS and potentially be included in a later version 
of the handbook. 

1.7.1 Substance Flow Analysis  
A local and simplified substance flow analysis (SFA) for the Viskan river basin was conducted. The SFA 
was done using the principles outlined in Brunner and Rechberger (2004). Flows in and out from the 
system were defined and described. This can be found in chapter 4 (Step 2, p. 25). 
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1.7.2 Environmental Fate Modelling  
Environmental fate models can be used to predict the fate of a chemical in a defined system. Modelling 
can be used to predict what water concentration certain emissions will result in or to gain information on 
what matrix is most suitable for sampling for a specific chemical. 
 
In the model the environment is divided into boxes; one box is the air, one is the water, sediment, soil, 
biota etc. Partitioning of the substance between those boxes is calculated using the concept of fugacity, i.e. 
the parameter describing the pressure the substance exerts when trying to leave the medium in which it 
resides. When the system is at equilibrium the fugacity in all compartments is equal and no net transfer of 
the substance takes place. The partitioning of a substance between the different environmental 
compartments is determined by the properties of the substance and of the environment. 
 
Fugacity models with varying grade of complexity are available. The simplest models assume equilibrium 
and no net transfer of the chemical and the most complex models are non-equilibrium and dynamic, 
taking into account change over time. In this study the QWASI (Quantitative Water Air Sediment 
Interaction) and the Sediment models (Homepage of CEMC), which are “non-equilibrium, steady state 
(not changing with time) transport”-models, were used to model the fate of nonylphenol in a chosen 
section of River Viskan.  
 
Further descriptions of environmental fate modelling can be found in Mackay (2001) and with specific 
regards to the WFD priority substances the sections on environmental fate modelling in the DSS 
handbook is recommended reading (p. 43-53, DSS handbook). 
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2 Step 0: System definition 

 
Figure 3: The river basin of Viskan.  
 
River Viskan is one of the larger rivers in Sweden. It flows from Lake Tolken at 228 m.a.s.l. and enters the 
sea Kattegatt in Klosterfjorden. In the river basin there are several lakes but the main channel of River 
Viskan flows through only Lake Öresjö. The river flows through the counties of Halland and Västra 
Götaland and it is a part of the river basin district of Västerhavet. Six different municipalities contain 
River Viskan or parts of its river basin and they are: Ulricehamn, Borås, Mark, Varberg, Svenljunga and 
Herrljunga municipalities. The river flows through the cities of Borås and Kinna. Through Kinna flows 
also one of the tributaries of River Viskan; Häggån. Other stakeholders in the area are the Water Council 
of Viskan, industries not represented in the water council, NGOs (non-governmental organizations e.g. 
SSNC) and people living in or visiting the system for e.g. recreational purposes. (Tornevall 2008) 
 
The main land use in the area is forestry followed by agriculture; urban areas cover only a small portion of 
the catchment (Table 5).  
 
Table 5: Land cover in the river basin of Viskan, in the year 2005 (Homepage of SCB a if not annotated) 
Land cover Arable land  Pasture  Forest  Water  Urban 

areasa 
Other 

Area (km2) 240 110 1300 130 70 350 
Percentage 
of total area 
(%) 

11 5 58 6 3 16 

a) Homepage of SCB c 
 

River Viskan 
 
Catchment area: 2202 km2 

 

Lake area: 132 km2 

 

Water district: Västerhavet 
 
Population: 123 560 inhabitants of which 
83 % live in urban areas  
(2005) 
 
Precipitation: 1069 mm/year   
(Borås, 1994-2006) 
 
Temperature: 7 °C  
(Borås, 1994-2006) 
 
Flow at outlet: 39 m3/s  
(Åsbro, 1994-2006) 
 
Reference: Olofsson 2008;  
Homepage of SCB a and b 
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Large parts of the catchment are considered valuable and beautiful landscapes, important for e.g. 
recreational purposes. In the Viskan system, salmon, sea-trout, sea lamprey and fresh water pearl mussel 
can be found. The bedrock in the area is mainly composed of granites and gneiss. Inland areas are mainly 
covered by moraine and fluvial depositions close to the river. Some smaller parts are also covered with 
depositions from the ice age.  
 
Human activities concerning the river include physical constructions such as dams for power abstraction 
and lowered lake surfaces, lime treatment to prevent acidification, and industrial activities including e.g. 
textile, metal and chemical manufacture. Three large as well as more small- scale, both municipal and 
privately owned, wastewater treatment plants (WWTPs) have their outlet in River Viskan.  
 
Within the river basin of Viskan most of the drinking water is abstracted from ground water reservoirs 
(Oscarsson 2008). The city of Borås takes the drinking water from Lake Öresjö and Kinna takes drinking 
water from ground water reservoirs (Homepage of Borås Kommun c; Homepage of Marks Kommun). 
 
Just downstream Borås River Viskan is known to have one of the most contaminated sediments areas in 
Sweden. This is mainly due to the fact that the river flows through a region where textile industry has been 
widespread since the middle of the 19th century. Treatment of the discharge water did not begin until mid 
20th century, when the WWTP Gässslösa was built outside (downstream) Borås. Pollutants from these 
industrial discharges can still be found in the sediments. (Forchhammer et al. 2000) 
 
Heavy metals such as lead, cadmium, copper, chromium, mercury, nickel, silver and zinc have been 
detected in elevated levels in the sediments of lake Djupasjön and lake Guttasjön, downstream the city of 
Borås, compared to lake Tolken. The brominated diphenylether BDE-209 has been detected in elevated 
levels in sediments sampled in the river downstream of Kinna. Dioxins, phthalates, PAHs, phenolic 
compounds and creosotes have also been detected in the sediments of the river. (Forchhammer et al. 
2000) 

2.1 Evaluation of the DSS, Step 0 

Depending on who the user of the handbook is, the results of Step 0 will be different. The user on the 
regional scale, at the Water District Authority might want to use the DSS handbook to compile 
information on pollution status and emission sources for the priority substances. In that case the results of 
Step 0 will be very general at first and the system definition will be added to as each step in the process is 
completed. Step 0 should therefore be included in the iterative stepwise procedure of the DSS.  
 
If the user on the other hand is a water manager on a more local scale, i.e. at the municipal level, 
information for the system definition could be collected from the Water District Authority. This could 
include data for the whole catchment area from the pressure and impact analysis as well as 
characterization and risk assessment. The user on this scale will then proceed with the following steps of 
the DSS handbook in detail on the local scale, i.e. in a limited area of the river basin. In this case the part 
of the river basin where measures regarding priority substances are necessary will already have been 
defined at the Water District Authority. River basin-wide information could then be used to identify 
emission sources or drivers of change outside the local system.  
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3 Step 1: Problem definition 

The objective of Step 1 is to form a problem definition: 
 

⋅ Are priority substances present in concentrations above EQS in the water or are 
concentrations increasing in water, sediment or biota? And if so, 

⋅ In what areas? 
 
Figure 4 shows the structure of Step 1. 
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Figure 4: Flowchart depicting the procedure in Step 1 of the decision support system (Homepage of 
SOCOPSE) 
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3.1 Monitoring data /other information 

In 2006, within the national screening program of the Swedish EPA, nonylphenol was measured in 
samples from Häggån (Screening report 2007:1). In this study grab samples, both filtered and non-filtered 
were taken. Furthermore nonylphenol has been measured in samples from various locations just 
downstream Borås in two other studies; a study of WWTP effluent water which included a few sampling 
points also in the recipient and in a project regarding the contaminated sediments (Remberger et al. 2009; 
Bank 2004 a). In 2005 Lindström (2006) intended to monitor nonylphenol with passive samplers in 
Viskan and in Häggån but only the straight chain isomers of nonylphenol, i.e. the isomers not commonly 
used in commercial products, were measured and the results will be not be used in this study. 
 
Figure 5 shows concentration of nonylphenol in water samples from the Viskan system. In Borås and just 
downstream the city nonylphenol concentrations were in the range 25-240 ng/l. The samples taken in 
Häggån, outside Kinna, had nonylphenol concentrations of 210 and 320 ng/l in unfiltered and filtered 
water, respectively.  
 
In a project regarding the contaminated sediments in the river, extensive studies of the sediments have 
been made along the main channel (Forchhammer et al. 2000; Arnér and Nilsson 2002; Von Post 2003; 
Bank 2004 b).  
 
Figure 6 shows nonylphenol concentrations in sediment samples. The section downstream Borås is 
contaminated with nonylphenol, with concentrations in the top sediment layers in the range  
ca 3-619 mg/kg dry weight in the three sedimentation lakes Djupasjön, Guttasjön and 
Rydboholmsdammarna. The concentration of nonylphenol increased with sediment depth at these 
locations. In all other sampling locations (with the exception of Stora Hålsjön) the concentration of 
nonylphenol was below the detection limit (0.1 mg/kg dry weight). The sample in Stora Hålsjön had a 
nonylphenol concentration of 9 mg/kg dry weight, which is almost negligible compared to the levels in 
the sediments downstream Borås (up to 619 mg/kg dry weight in the same investigation). One 
explanation to the occurrence of nonylphenols in Stora Hålsjön might be that water from River Viskan 
has been led to this lake in periods to even out the water flow at the power station at Rydal, south of 
Borås (Bank et al. 2004). 
 
Nonylphenol concentrations in fish, caught in the lakes Öresjö, Guttasjön, Djupasjön and 
Rydboholmsdammarna, were measured in the spring of the year 2000 in a study by the Water Council of 
Viskan. Concentrations were below the detection limit in both eel (n=2) and pike (n=4). The detection 
limits were 1.2 and 6.5 mg/kg fat in eel and ranged from 13-50 mg/kg fat in pike. (PM Fiskstudier i 
Viskan) 
 
No data on environmental monitoring of any of the nonylphenol derivatives in River Viskan have been 
found in the literature. 
 
Other information, complimentary to the monitoring data and valuable in the problem definition, was 
gathered in Step 2 Inventory of sources (p. 25) and Step 3 Definition of baseline scenarios (p. 34). 
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Figure 5: Nonylphenol concentrations in water samples from River Viskan and Häggån (Remberger et al. 
2009; Screening Report 2007:1; Bank 2004 a). The highest measured concentration at each location is shown. 
Downstream Borås the level of nonylphenol was below detection limit in December 2003 but above in September 
the same year, these samples were taken close to the bottom of the lakes. Concentrations are in unfiltered samples 
with exception of the sample in Häggån (Kinna) in which the concentration is in filtered water. 
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Figure 6: Nonylphenol concentrations in surface sediments in River Viskan and Lake Stora Hålsjön 
(Forchhammer et al. 2000; Arnér and Nilsson 2002). The highest measured concentration at each location is shown.  
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3.2 Data quality OK? / Sufficient data? 

The available data are scarce and of varying quality.  
 
As available monitoring data for the water phase refers to occasional grab samples, comparison could only 
be made with the MAC-EQS value and no inference on possible long term negative effects could be 
made. Neither could the data be used to assess time trends as comparable data from a longer time periods 
are not available. The water samples have been taken close to urban and/or contaminated areas which 
mean that they may not be representative for the whole river basin. 
 
The sediments in the main channel of River Viskan were sampled in a more structured way which means 
that the data can be used both to identify possible problem areas and also to identify non-affected areas. 
 
Monitoring data for biota in the river has are too scarce to make a proper assessment of possible risks for 
secondary poisoning of predators, or human health. The detection limits (0.5-2.0 mg/kg wet weight as re-
calculated from concentrations on a fat weight basis) in the fish, in which nonylphenol was measured, are 
however below PNEC (see Table 3) which is an indication of low or no risk. 

3.3 Set up of a monitoring plan 

A monitoring program for River Viskan could include one or several of the following suggestions in order 
to further elucidate the pollution status with regards to nonylphenol: 
 

⋅ Monthly sampling for one year at the locations where nonylphenol concentrations in grab 
samples were close to the AA-EQS (downstream Borås and in Häggån, where it flows by 
Kinna) to assess possible long term effects. 

 
⋅ To confirm the good status indicated by the sediment samples in several locations, 

measurements also in water samples from the same locations could be made. Lakes and 
tributaries could also be included in the program as the status in these parts of the river 
system is not known.  

 
⋅ Sampling of the sediments in Häggån, where it flows by Kinna, and subsequent analysis of 

the nonylphenol concentration. This would be an important part in an investigation of the 
source of nonylphenol in this part of the river basin. 

3.4 Concentrations exceeding EQS or increasing? 

Nonylphenol concentrations in water samples indicate on-going emissions of the substance both in 
Viskan, just downstream Borås and in Häggån, where it flows by Kinna. The nonylphenol concentrations 
do not exceed MAC-EQS in either of these locations. Concentrations of nonylphenols in a few grab 
samples are however close to the AA-EQS. 
 
Nonylphenol concentrations in sediment samples indicate that, in the main channel of the river, it is only 
the section just downstream Borås that is a potential problem area. In this section of River Viskan 
sediment concentrations exceeded the sediment PNEC value as calculated with the equilibrium partition 
method. However, the data from the sediment sampling suggests that levels of nonylphenol are decreasing 
with time as the concentrations increased with increased sediment depth.  
 
As nonylphenol is categorized as a priority hazardous substance (WFD; appendix X) and emissions are 
supposed to cease completely, an investigation of sources of nonylphenol to River Viskan is motivated. 
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3.5 Evaluation of the DSS, Step 1 

The general stepwise procedure of Step 1 is rather intuitive, but to carry out each sub step is difficult. Step 
1 would make a more helpful tool if each sub step were to be more thoroughly described and also 
exemplified. 
 
The DSS handbook has potential to provide useful help in situations where monitoring data are scarce by 
introducing the “other data available” box. To do so this part of the handbook needs to be further 
developed. Examples from the case studies could be used as examples on what “other information” could 
be and also how to get this information. Monitoring data from other matrices than water, results from 
modelling exercises, emission data, studies on biological effects etc. are all examples on data that can be 
used as complement to monitoring data from the water phase. Guidance on how such material can be 
used for status classification according to the WFD would in many cases be very valuable. 
 
If a need for a monitoring programme for the priority substances in the river basin is identified, the 
outcome of Step 2-3 in this DSS handbook could give valuable information on what substances that need 
to be monitored (i.e. only substances that are emitted to the system) and also in what matrix each 
substance should be monitored. This could be mentioned in sub step 5. 
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4 Step 2: Inventory of sources 

The objective of Step 2 is to map the sources with effect on concentration of priority substances in the 
river basin. A flowchart describing how to proceed with the step is shown in Figure 7.  

As the available monitoring data were not sufficient to identify non-problem areas with enough certainty 
the emission inventory was carried out for the whole river basin. 
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Figure 7: Flowchart depicting Step 2 of the SOCOPSE (Source Control of Priority Substances in Europe) 
decision support system (Homepage of SOCOPSE) 
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4.1 What are the possible sources? 

The information from the nonylphenol source screening sheet (Homepage of Circa a) together with the 
SOCOPSE nonylphenol SFA diagram (Pacyna et al. 2007) has been adjusted to fit the Viskan system, and 
potential sources and emission pathways for the substance are shown in Figure 8.  

Nonylphenol and nonylphenol derivatives can be expected to enter the system via point sources and 
diffuse sources. 

 

 
Figure 8: Schematic substance flow diagram for nonylphenol (NP) in the Viskan river basin. The dotted 
lines mark the system boundary, i.e. the river basin, the boxes illustrates activities leading to emissions of 
nonylphenol and compartments where the substance is stored, the arrows show flows. WWTP is the abbreviation 
for wastewater treatment plant. Not shown in the picture is the flow of WWTP sludge out from the system. 

 

4.1.1 Point sources 
The Swedish register EMIR (Länsstyrelsens utsläppsregister) includes emissions from activities requiring 
an environmental permit. For the SFA in this study an extract from EMIR 2004-2007 was obtained from 
the County Administration Boards and was used to identify possible point sources of nonylphenol or 
nonylphenol derivatives.  
 
All industries, registered in EMIR and active in 2006, located within the Viskan river basin and with 
emissions to water out from the industry (to exclude internal emissions), were selected using filters in MS 
Excel and overlay analysis in a GIS (ArcMap by ESRI). Within the river basin, no industries producing 
nonylphenol or nonylphenol derivatives are located. No active emissions of nonylphenol or nonylphenol 
derivatives from any industry within the river basin could be found in the register.  
 
Furthermore the register was studied to find enterprises within the river basin that are registered in an 
industrial sector where nonylphenol or nonylphenol derivatives are used according to the Swedish 
Products Register (see Table 11). The sectors chosen were waste treatment, wastewater treatment and 
manufacture of chemicals, -metal products, -wood products, -plastic products, and furniture and textile 
products. The companies identified as interesting with regard to nonylphenol were interviewed to find out 
if they emit nonylphenol or nonylphenol derivatives and if so, which the recipient was. This was done 
using a simple questionnaire asking the following questions: 
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1. Does the activity generate any emissions to air, water or land? 
2. How often are the emissions measured and for what parameters? 
3. Are the emissions treated and if so, how? 
4. Are nonylphenol and/or nonylphenol derivatives handled in the industry? 
5. If nonylphenol and/or nonylphenol derivatives are measured in emissions, what concentrations 

are found? 
 
All interviewed industries answered that their wastewater (if the production generates waste water) is lead 
to a WWTP, either municipal or own (Table 6). The emissions to air were mainly due to combustion of 
fossil fuels or use of paints or lacquers containing volatile solvents. No industry answered that they used 
nonylphenol or nonylphenol derivatives in their production. Some industries within the textile and metals 
manufacture sectors analyze the wastewater for nonylphenol and nonylphenol ethoxylates on a regular 
basis and these measurements verify that nonylphenol ethoxylates are emitted from a few industries within 
the river basin. 
 
The WWTP in Gässlösa works actively with industrial control, i.e. they are updated on what substances 
that are used in the industries connected to the plant and work actively to lower emissions of certain 
substances, including nonylphenol, to the WWTP. One example is substitution of degreasing products 
containing nonylphenol ethoxylate.  
 
Table 6: Fate of the wastewater from industries in the Viskan river basin. For each sector listed the percentage 
of plants emitting wastewater to a wastewater treatment plant (WWTP), the recipient, or not generating wastewater is 
given. The industrial sectors in the table have been selected based on the criteria that nonylphenol or nonylphenol 
ethoxylates have registered use (Swedish Products Register) within this sector. 
Industrial sector WWTP  

 
 
 

On site 
cleaning 
facilities 

Direct to 
recipient 
 

No water 
emissions 

Number 
of 
industries 

Manufacture of textiles 
> 200 ton/year 

100 %    5 

Manufacture of plastics 
> 20 ton/year 

    1** 

Manufacture of organic 
chemicals 

100 %    2 

Manufacture of fabricated 
metal products 

67 % 33 %   3 

Manufacture of furniture    100 % 1 

Manufacture of wood and 
products of wood and cork 

   100 % 1 

Refuse disposal 100 %  *  2 
* Water from impervious surfaces at one site is lead direct to recipient 
** This industry had yet not answered at the time of publication of this report 
 
Smaller industrial facilities with duty to report to the authorities but not requiring a permit are normally 
connected to the municipal WWTP if located in urban areas. Such facilities in rural areas should however 
be considered as potential point sources. Information on these facilities can be found at the municipal 
environmental office. No inventory of these sources was made in this study.  
 
Wastewater treatment plants 
In the Viskan river basin there are three major WWTPs that are located in Skene, Bogryd and Gässlösa. 
The plant at Gässlösa is the largest of the three. The emissions of nonylphenol in the sludge from these 
plants are reported to EMIR.  
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The sludge from Skene WWTP is deposited within the river basin border and the drainage water is led to 
the WWTP (Miljörapport Skene Avloppsverk, 2007). Sludge from Bogryd is sent to Gässlösa and all 
sludge from the Gässlösa plant is transported out of the system, to be used as fertilizer in Skåne. Before 
2008 the sludge from Gässlösa was deposited within the river basin and the drainage water was collected 
and transferred back to Gässlösa WWTP (Fransson, personal communication). 
 
Table 7 lists concentrations of nonylphenol and mono-, di- and triethoxylated nonylphenol ethoxylates in 
in-flow and out-flow to Gässlösa WWTP. The WWTP seems to act as a trap for nonylphenol as out-flow 
concentrations is consistently lower than inflow concentrations. In the samples of out-flow water from 
2008 nonylphenol could be detected and analyzed in concentrations ranging from < 79 – 120 ng/l 
(Remberger et al. 2009).  
 
Monitoring of the sludge (and in one occasion, water) indicates that effluent water from Bogryd and other, 
smaller WWTPs in Borås municipality, contains similar or lower nonylphenol concentrations compared to 
effluent water from Gässlösa (Magnusson, personal communication).  
 
 
Table 7: Nonylphenol in influent (in) and effluent (out) water of Gässlösa WWTP 

Substance Date Conc. in 
(ng/l) 

Conc. out 
(ng/l) 

Ref 

4- nonylphenol 2008-08-06  <79 Remberger et al. 
2009 

 2008-04-03  99  
 2008-03-04  120  
     
     
4- nonylphenol 2007b-12-09 <1000 <1000 Magnusson, 

personal 
communication 

4- nonylphenol-monoethoxylate  <1000 <1000  
4- nonylphenol-diethoxylate  1900 <1000  
4- nonylphenol-triethoxylate  <1000 <1000  
     
4- nonylphenol 2002b-05-16 7700 960  
     
4- nonylphenol 2002b-12-16 <1000 <1000  
     
4- nonylphenol 1999-05-18 15000 <2000  
4- nonylphenol-monoethoxylate  37000 <2000  
4- nonylphenol-diethoxylate  <10000 <2000  
     
4- nonylphenol 1999-02-11 <1000 <3000  
4- nonylphenol-monoethoxylate  50000 <5000  
4- nonylphenol-diethoxylate  <5000 <5000  

a) The sign < preceding a value indicates that the concentration is below the detection limit  
b) Flow proportional sampling over seven days. The listed date is the last day of sampling. 

 
In a few occasions each year the flow of water to the WWTP is too large for the plant to treat in the 
normal treatment facility. Overflowing water is led over a grid and a sand filter before entering the 
recipient (Miljörapport Gässlösa Avloppsreningsverk, 2007). These events are thus also a potential source 
of emissions of nonylphenol to the system but have not been further considered in this study. 
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4.1.2 Diffuse sources 
To quantify diffuse sources is difficult and knowledge in this field regarding nonylphenol is only starting 
to emerge. Therefore nonylphenol emissions to Viskan from sources such as the atmosphere and drainage 
from agricultural land use or polluted land areas will be regarded as minor and thus omitted from 
quantification in this study. The only diffuse sources quantified in this study are storm water emissions 
and leakage from the contaminated sediments downstream Borås. 
 
Storm water 
Several studies have recently identified storm water as a potential source of organic pollutants, e.g. 
nonylphenol, to surface waters (Björklund et al. 2007; Björklund et al. 2009; Ryegård et al. 2007; Rosquist 
2004). Nonylphenol in storm water originates e.g. from paints and lacquers, motor oils, concrete building 
material (Björklund et al. 2007). The amount of storm water entering the recipient and also the 
concentration of pollutants in this water is dependent on many different variables such as precipitation 
volume, intensity, frequency and evaporation and area, structure and type of impervious surface 
(Björklund et al. 2007, Larm 2000).  
 
There are a number of storm water computer models available (e.g. SEWSYS and StormTac; see Björklund 
et al. 2007; Larm 2000). In this study a simplified method, based on the method described by Larm and 
Holmgren (1999) complemented with the information on distribution of the different impervious surfaces 
in Swedish cities developed by Ryegård et al. (2007) was applied.  
 
Storm water flow 
Storm water flow can be calculated using the formula presented by Larm and Holmgren (1999): 
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Q = run off (l/year) 
Ai = area (m2) 
φi = run off coefficient  
p = precipitation (mm/year) 
 
In the river basin of Viskan two different sources of storm water were defined, urban areas and roads 
outside urban areas. 
 
Urban areas 
The area of Borås and Kinna (31.3 and 16.4 km2, respectively) was obtained by area measurements in The 
General map of Sweden in a GIS. The total area of Borås and Kinna (47.7 km2) was used to calculate an 
estimate of the total storm water run off from urban areas in the river basin. 
 
Run off coefficients for Swedish urban areas were obtained from Larm (2000) and the fraction of the total 
area in each class from Ryegård et al. (2007). In a relationship database (MS Access) the area of impervious 
surface in each class was calculated for the whole river basin (Table 12) as well as for the two major cities, 
Borås and Kinna.  
 
In Borås municipality 90 % (±25) of the storm water goes straight to the recipient, 5 % (±25) to dams, 
5 % (±25) to other treatment facilities and 0 % to the WWTP (Ryegård et al. 2007). According to 
Svensson (personal communication) no more detailed information on the fate of storm water in Borås is 
available. In this study the water entering any kind of treatment facility has been regarded as clean (this 
fraction is 10 % of the total storm water volume). Neither dams nor open ditches are constructed to 
specifically clean the water of nonylphenol or nonylphenol derivatives. In a more detailed analysis of 
nonylphenol in storm water retention and degradation in treatment facilities should be taken into 
consideration. 
 
Storm water flow, entering Viskan without prior treatment, from urban areas in the whole river basin, was 
calculated to 12 800 000 m3 per year based on the average rain rate for Borås 1994-2006, 1069 mm/year 
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(Olofsson 2008). The rain rate was corrected with the factor 1.15 as described in Larm (2000). The run off 
per square kilometre was thus 0.30 × 106 m3/year1 which is comparable to the flows (0.22 × 106 and 0.28 
× 106 m3/year) calculated and verified by Larm and Holmgren (1999). Storm water flow in Borås and 
Kinna was calculated to 8 400 000 and 4 400 000 m3/year, respectively. 
 
Road area 
The total road area in the river basin was calculated to 5.5 km2, using data included in the working material 
of the study by Ryegård et al. (2007). 
 
In the municipality of Borås 5 % (±25) of the storm water from roads goes straight to the recipient, 5 % 
(±25) is led to dams before entering the recipient and the main part of the storm water, 90 % (±25) enters 
some kind of retention and/or treatment construction, e.g. open ditches, before it enters the recipient 
(Ryegård et al. 2007).  
 
For the roads in the river basin the storm water flow, entering Viskan without prior treatment, was 
calculated to 290 000 m3.  
 
Nonylphenol concentration in storm water 
The concentration of nonylphenol or nonylphenol derivatives in storm water has to my knowledge not 
been measured in the Viskan river basin. Studies of nonylphenol/nonylphenol ethoxylates in storm water 
has however been made in Stockholm (this study included one location in Gothenburg) and in Skåne. In 
the studies by Björklund et al. (2007) and Rosquist (2004), storm water from residential areas as well as 
locations with intense traffic was sampled and analyzed.  
 
In both studies 4-n- nonylphenol, the isomer with a straight alkyl chain, could not be detected at all or was 
detected in a very low concentration (one sample, 2 ng/l). 4-iso- nonylphenol was however detected in 
higher levels, ranging from below the detection limit (which varied between <50-200 ng/l) to 1220 ng/l. 
The maximum value was detected at a traffic intensive location at Gårda in Gothenburg. Nonylphenol 
ethoxylates (mono- to hexa ethoxylated) was also analyzed in those studies and the reported 
concentrations varied from below the detection limit (<10-200 ng/l) to 2160 ng/l (nonylphenol -tri-
ethoxylate).  
 
Contaminated sediments 
Fugacity modelling conducted in Step 3 (see p. 35, 5.1 Environmental Fate Modelling) indicates that the 
sediments are a source of nonylphenol to the water phase in Viskan just downstream Borås. Since no 
measurements of nonylphenol in sediments in tributaries have been found in the literature it is not 
possible to determine whether sediments act as a source also in these parts. 
 
Nonylphenol ethoxylates and/or other nonylphenol derivatives stored in the sediments could possibly be 
a secondary source of nonylphenol as they are degraded; this is particularly relevant during anoxic 
conditions (EU Risk assessment 2002). Emissions of nonylphenol from the stored amounts of 
nonylphenol derivatives can be expected to have seasonal variability, i.e. larger emissions in the summer 
season when the temperatures are higher and lower emissions in the winter. This potential source of 
nonylphenol has not been quantified in this study. 

                                                      
1 The yearly storm water flow divided with the area of impervious surface (for the whole catchment) 
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4.2 Estimated emissions of nonylphenol 

Potential sources of nonylphenol (and its derivatives) within the river basin of Viskan are shown in Figure 
9. 
 

 
Figure 9: Potential sources of nonylphenol within the river basin of Viskan.  
 
 
The data from Gässlösa WWTP was used to estimate the nonylphenol concentration in wastewater out-
flow from the three major WWTPs. The nonylphenol concentration was estimated to 86 ng/l by 
calculation of the arithmetical mean of the nonylphenol concentration in the samples where the detection 
limit was low enough for quantification (Remberger et al. 2009, Table 7). For the one sample where the 
concentration was below the detection limit this value was set to 0.5 × the detection limit. 
 
An estimate of nonylphenol concentration in storm water from urban areas and roads was calculated to 
200 and 250 ng/l, respectively. For urban areas the concentration was calculated from the arithmetical 
mean value from all nonylphenol concentrations reported in Björklund et al. (2007) and Rosqvist (2004). 
For roads results from samples from traffic intense locations (Gårda2 (Björklund et al. 2007) and Malmö, 
Stockholmsvägen-Krusegatan (Rosqvist 2004)) were used. Concentrations below the detection limit were 
set to zero for the 4-n- nonylphenol isomer and to 0.5 × the detection limit for 4-iso- nonylphenol.  
 

                                                      
2 Concentrations included are those in combined samples of in- and out-going water, including both filtered and 
unfiltered water from the one occasion when filtration was applied.   
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The pollutant concentration in storm water from roads is heavily influenced by the intensity of traffic. The 
majority of roads intersecting the river basin are not as heavily trafficked as the sampling locations. This 
potential over estimation of nonylphenol emissions is hopefully balanced by the fact that only a small 
proportion of the storm water will be considered as a source of nonylphenol to Viskan (5 %). 
 
Table 8 lists estimated emissions of nonylphenol from WWTPs and storm water, and predicted flows 
from the contaminated sediments. These three sources seem to be of equal size if transport, due to 
diffusion, from the sediments is seen as the only source of nonylphenol to the water phase. If, on the 
other hand, also resuspension is regarded as a source rather than just replacement of contaminated 
sediments, these sediments are potentially a very large source of nonylphenol. These results show that, 
based on available data, the section downstream Borås is most heavily exposed to nonylphenol emissions. 
 
These values should, for obvious reasons, be interpreted with caution. Factors influencing the uncertainty 
are e.g. the fact that all small WWTPs have been omitted, the sediment emissions are modelled and that 
storm water concentrations are for another locality and calculated from rather few samples. 
 
Table 8: Estimated emissions of nonylphenol in the Viskan river basin. The concentrations are estimated from 
monitoring data and the flows are out-flow from the wastewater treatment plants (WWTP) and estimated yearly 
storm water flow entering the recipient. Emissions from the sediments are calculated with the Sediment fugacity 
model. 
Source Concentration 

(ng/l) 
Flow 
(l/year)a 

Emission 
(kg/year) 

Comment 

WWTP     

All WWTPs   1.9  

Gässlösa 86 17 × 109 1.5  

Bogryd 86 1.0 × 109 0.090  

Skene 86 4.2 × 109 0.37  

     
Storm water     

Catchment area (except roads) 200 13 × 109 2.5  

Borås 200 8.4 × 109 1.7  

Kinna 200 4.4 × 109 0.87  

Roads 250 0.29 × 109 0.074  

     

Industry    Connected to WWTP 

     

Sedimentsb     

Downstream Borås   1.1 Diffusion 

   11 Resuspension 
a) The flow (out-flow in l/year) of the WWTPs is the arithmetical mean of yearly out-flow 2004-2007 (2008, for Skene) 

(Homepage of Borås kommun d; Mellström, personal communication) 
b) Predicted with the Sediment model, see. 5.1.3 
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4.3 Evaluation of the DSS, Step 2 

The SFAs made in SOCOPSE are meant to be used as a base for the emission inventory, either as an 
inventory of possible sources or, after appropriate scaling, to quantify flows. In the SFA for nonylphenol 
in Europe, emissions to water were estimated to 982 ton/year from manufacture of various materials and 
29.4 ton/year from municipal and industrial wastewater (Pacyna et al. 2007). Based on population size (EU 
population 493 millions) these numbers can be scaled down to the Viskan river basin resulting in 
estimated nonylphenol emissions of 0.25 and 0.007 ton/year for manufacture and wastewater, 
respectively. The estimated yearly emission of 7 kg, based on the European scale SFA, could be compared 
to the estimated yearly emission based on local data, approximatley 2 kg. The estimated yearly emission 
based on European data is larger than the emissions calculated in this study and one reason could be the 
use of old data in the European SFA as nonylphenol regulations have come into force in recent years. For 
the SFAs to work as background material it is important that they are clearly referenced as legislation and 
use patterns continuously change and the user of the data will have to assess its validity in each separate 
case. 
 
As the SOCOPSE project cannot cover all priority substances and information is in many cases difficult 
to access and to continuously update, the project should aim to provide tools rather than actual numbers. 
The DSS handbook could provide the water manager with detailed instructions on how to conduct an 
SFA with regards to the WFD priority substances and with the use of a few example substances the 
concept of SFA could be illustrated.   
 
The SOCOPSE emission database3 presented in the DSS handbook could be a very good tool provided 
that improvements regarding both its content and user friendliness are undertaken. Such a database 
should be structured so that only relevant combinations of substance and emission source are possible 
choices. There would be an obvious need for up-to-date information and continuous revision if the 
database was made publicly accessible. 
 
If the database cannot be finished within this project a similar approach as suggested for the SFA can be 
taken – the use of emission factors can be illustrated with the example substances and the principles of 
how find and use emission factors with regards to the WFD priority substances explained. The use of 
emission factors is thus introduced as a tool in the DSS handbook. 
 
In many river basins in Sweden point sources will not be the only large sources for the priority substances 
but diffuse sources, more difficult to assess both qualitatively and quantitatively, will also be major 
contributing sources. This may be the case also in other member states; the DSS could thus be more 
comprehensive with regards to diffuse sources of priority substances. This could be done by introducing 
useful models or referring to recent studies on storm water, contaminated land, atmospheric deposition 
etc. 

                                                      
3 This refers to a preliminary version of the database, not publicly available 
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5 Step 3 Definition of baseline scenarios 

The main objective of Step 3 is to answer two questions: 
 

⋅ Are additional measures needed to improve the water quality in the system or are the 
measures already taken sufficient? 

⋅ Is there reason to believe that the situation will be different in the future with respect 
to factors affecting the concentration of priority substances in surface waters? 

 
Figure 10 shows the flowchart describing how to do this step.  
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Figure 10: Step 3 of the SOCOPSE (Source Control of Priority Substances in Europe) decision support 
system (Homepage of SOCOPSE) 
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5.1 Environmental Fate Modelling 

The environmental fate models QWASI and Sediment (Homepage of CEMC) were used to identify what 
natural processes affect nonylphenol concentration in the contaminated section between Borås and 
Rydboholm (see map in Annex 3). 

5.1.1 System description (Olsdalsbron-Rydboholm) 
This section of River Viskan consists mainly of sedimentation basins, namely the small lakes Djupasjön, 
Guttasjön and Rydboholmsdammarna. For this modelling exercise these three sedimentation basins were 
defined as one system and describing parameters were averaged where appropriate. In Annex 4, Table 13 
and Table 14 list the environmental properties of this section of River Viskan. Table 15 shows the carbon 
mass balance set up to quantify the degradation of organic matter in the sediment.   
 
Data on nonylphenol as presented in Table 1 and Table 4 was used in the models. The half-lives were 
placed in the classes suggested by Mackay (2001) and the values used in the models for degradation in 
water and sediment were 5500 and 55000 h, respectively. Using half-lives referring to mineralisation and 
not primary degradation of the substance makes the modelling a “worst case scenario” since EQS are set 
for the parent compounds only. In the Sediment model the mineral-water partition coefficient for 
nonylphenol was set to 1 l/kg. 

5.1.2 The QWASI model 
A direct input of 100 kg nonylphenol per year to the water was set as the only emission of the substance. 
The resulting diagram is shown in Figure 11.   
 
As can be seen in the diagram 98 % of the nonylphenol entering the system is transported further 
downstream. This is what can be expected from substances with long half-lives, relatively high water 
solubility and low vapour pressure, such as nonylphenol. Within the system 78 % of the substance mass is 
predicted to partition to the sediment and 22 % will be found in the water phase.  
 
0.2 % of the emitted amount evaporates, 0.8 % is buried in the sediment and 0.6 % is transformed in the 
water and sediment.  
 
As the relationship between emissions and the resulting water concentration is linear in the QWASI model 
the concentration change per emitted kg of the substance can be calculated. According to the relationships 
in the diagram in Figure 11 each emitted kg of nonylphenol in River Viskan (Olsdalsbron – Rydboholm) 
would result in a concentration increase of 4.02 ng/l.  The AA-EQS for nonylphenol is 0.3 µg/l. Based on 
the above-mentioned relationship a yearly maximum emission of 75 kg nonylphenol per year would be 
possible for compliance with the AA-EQS in this section of the river. It would however move a potential 
problem downstream. 
 
The QWASI model predicts the residence time of nonylphenol in the water phase to be 1.31 days. If all 
emissions of nonylphenol to this system would cease, it would thus take approximately 3 days for the 
water concentrations to drop to 10 % of the original levels. In the sediment the remediation process 
would be slower. With a residence time of 0.22 years, a reduction of nonylphenol sediment concentration 
to 10 % of the original value would take approximate 0.5 years. 
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Figure 11: The fate of nonylphenol in River Viskan (section Olsdalsbron-Rydboholm) at steady state when 
emission of the substance to water equals 100 kg/year. The modelling was performed in the fugacity model 
QWASI (Homepage of CEMC).  
 

5.1.3 The Sediment model 
The measured water and sediment concentration in the modelled section of River Viskan were obtained 
from different sources (Forchhammer et al. 2000; Arnér and Nilsson 2002; Bank 2004a, Remberger et al. 
2009). As the sediment concentrations spans over several orders of magnitude two different scenarios 
were created; maximum and minimum sediment concentrations. (Annex 5, Table 16).  
 
Using the minimum concentrations the Sediment model predicts that the sediments act as a source of 
nonylphenol with yearly emissions of nonylphenol of 1.1 kg by diffusion and 11 kg by resuspension 
(Figure 12). The maximum concentration scenario resulted in predicted yearly emissions by diffusion of 
57 kg and by resuspension 620 kg. 
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Figure 12: The fate of nonylphenol in the water-sediment system of Viskan downstream Borås (Olsdalsbron 
– Rydboholm) as modelled with the Sediment model (Homepage of CEMC). Input values for water and 
sediment concentration of nonylphenol were 0.17 µg/l and 9 mg/kg dry weight, respectively (Table 16). 
 
 
Using the estimated emissions of nonylphenol (Table 8) as input to the QWASI model the results can be 
used to verify the system description and the estimated emissions when compared to monitoring data. In 
this modelling exercise a yearly input of 15 kg nonylphenol to the system and a concentration in in-
flowing water of 33 ng/l4 results in a predicted water concentration of 88 ng/l and a sediment 
concentration of 0.2 mg/kg dry weight. The modelled water concentration is lower but in the same order 
of magnitude as experimental water data. The predicted sediment concentration is one to three orders of 
magnitude lower than measured concentration in the sediment samples. The reason for these lower values 
could be that emissions are underestimated, i.e. that there are more emission sources in the area, or that 
emissions from the existing sources are higher. It is possible that the model gives an overall picture, which 
is closer to the real situation of the top sediment, compared to measurements of heavily polluted bottom 
sediment layers, sampled with sediment corers. 

5.1.4 Sensitivity and uncertainty analysis 
Uncertainties of results and background material need to be elucidated mainly for two reasons; for the 
decision maker(s) to understand the results and be able to assess what decisions can be taken based on the 
results and for the modeller to be directed to where the efforts to fine-tune the data should be placed. 
 
In the QWASI model water concentration, and in the Sediment model the two parameters diffusion and 
resuspension from the sediment, were identified as the most important parameters to control the 
reliability of. The uncertainty analysis was performed with preliminary values. 
 
The QWASI model 
This analysis showed that the most important parameter was the water out flow rate from the system. A 
25 % increase of the water outflow rate resulted in a decreased nonylphenol water concentration of 20 % 
and a 25 % decrease in the water outflow increased the concentration with 32 %. As the water 
concentration predicted by QWASI is in linear relationship with the emissions this variable is also very 
important in the modelling. 

                                                      
4 The arithmetical mean of concentrations of nonylphenol in two samples taken in Borås (Remberger et al. 2009) 
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The Sediment model 
The results obtained from the Sediment model are sensitive for change in several parameters (Table 9).  
 
Table 9: Parameters important for diffusion or resuspension of nonylphenol from sediment, in the 
Sediment model. The value (given in Table 13 and Table 14) of each parameter was decreased/increased with 25 % 
and the resulting change in diffusion and resuspension was recorded. Only parameters for which a change larger than 
1 % were recorded are included in the table. Percentage values in the table are the resulting change in nonylphenol 
flow.  

Resulting change in flows of nonylphenol due to 
adjustment of model input parameters 
Diffusion Resuspension 

Parameter Decrease Increase Decrease Increase 
Sediment area - 25 % + 25 % - 25 % + 25 % 

Volume fraction of pore water in 
sediment 

- 36 % + 14 % -- -- 

Mass fraction of organic carbon in 
sediment solids 

+ 30 % - 19 % -- -- 

Diffusion path length in sediment + 37 % - 17 % -- -- 

Molecular diffusivity of chemical in 
water  

- 25 % + 25 % -- -- 

Sediment resuspension -- -- - 25 % + 25 % 

Total chemical concentration in 
sediment 

- 25 % + 25 % - 25 % + 25 % 

Log Kow + 32 % - 20 % -- -- 

--) indicates zero change 
 
 
The results from the sensitivity analysis direct quality control of input values to the most important 
parameters, it can also give indication of suitable additional studies and/or modelling scenarios, such as 
adjustment of the water flow to make sure to also cover worst case scenarios caused by low flow periods. 
Or change of units, such as diffusion and resuspension rate expressed per square meter to assure 
comparability between localities as the sediment area affects these parameters in a linear way.   
 
The values of some parameters vary in ranges over several orders of magnitude. This means that an 
uncertainty analysis would be an important complement to the sensitivity analysis.  

5.2 Estimated future changes in water quality 

In this study the key drivers affecting nonylphenol concentrations in surface water were regarded to be: 
⋅ The amount of nonylphenol and nonylphenol derivatives being used, for which the Swedish 

Products Register can be used as an indicator 
⋅ Awareness and active work to decrease emissions at both industrial and municipal level 
⋅ Environmental change e.g. reduced water flow, increased storm frequency, flooding, rain rates 

etc. 
 
The assessment of changes without additional measures, i.e. the baseline scenario, covers the present 
situation to the year 2025, when emissions of nonylphenol are due to cease according to the WFD.  
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5.2.1 Concentration trends 
The Products Register (www.kemi.se) can be used as an indicator of emission trends as it contains all use 
of chemical products within Sweden. For substances with fewer than three registered users data are 
however classified and thus not publicly available. This is the case in this study which means that a null 
value does not equal no use but no quantified use). 
 
Registered use of three nonylphenol isomers (CAS nr 84852-15-3, 25154-52-3 and 104-40-5) was available 
from the Products Register from the period 1992-2006 and these data were used as an indicator for 
emission trends (Figure 13). 
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Figure 13: Amount nonylphenol (isomers with CAS nr 104-40-5, 25154-52-3 and 84852-15-3) used in chemical 
products in Sweden during the period 1992-2006 as registered in the chemicals products register. Export and 
registered name changes have been excluded. For substances with fewer than three registered users data are classified 
which means that a null value does not equal no use but no quantified use. (Products Register, 2008-11-26) 
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Figure 14 shows the used amount of nonylphenol ethoxylates (CAS nr 68412-54-4, 9016-45-9, 37205-87-
1, 26027-38-3 and 127087-87-0) in Sweden during the period 1992-2006.  
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Figure 14: Amount nonylphenol ethoxylates (CAS nr 68412-54-4, 9016-45-9, 37205-87-1, 26027-38-3 and 
127087-87-0) used in chemical products in Sweden during the period 1992-2006 as registered in the Products 
Register. Export and registered name changes have been excluded. For substances with fewer than three registered 
users data are classified which means that a null value does not equal no use but no quantified use. (Products 
Register, 2008-11-26) 
 
 
Since the early 1990s the uses of nonylphenol and nonylphenol ethoxylates in chemical products have 
dropped substantially. This decreasing trend does however seem to have stagnated during recent years. A 
decrease in emissions of nonylphenol or nonylphenol ethoxylates via WWTPs due to change in the use of 
these substances can thus not be expected to 2025. The decreased use of these substances in the nineties 
might however affect the storm water emissions in the future since nonylphenol and its derivatives are 
stored for a long time in e.g. building material and paints.  
 
In a more detailed analysis also the use of other nonylphenol derivatives should be considered.  
 
Non-chemical products, such as textiles and other commercial goods, are not included in the Products 
Register. Hök et al. (2007) could show that a large part of the nonylphenol in incoming water at a 
Stockholm WWTP potentially originated from imported textiles. Within the scope of this study it was not 
possible to assess whether the amount of imported textile, and other goods, will increase or decrease in 
the future. 

5.2.2 Emission trends 
At the WWTP in Gässlösa nonylphenol is analyzed in the sludge on a regular basis. Figure 15 shows 
concentrations of nonylphenol in the sludge during the period 1997-2007. Since the partitioning of 
nonylphenol between water and sludge in the WWTP can be expected to be rather constant the 
concentration in the sludge is used as an estimator of how the concentration of nonylphenol in incoming 
water to the WWTP has changed over time.  
 
Although the results from each year show large variability a decreasing trend can be seen over the last ten-
year period. Due to the active industrial control at Gässlösa WWTP emissions can be expected to further 
decrease or, at least, to stabilize at current levels. 
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Figure 15: Concentration (mg/kg dry weight) of nonylphenol (4-nonylphenol, all isomers) in sewage sludge 
at the Gässlösa wastewater treatment plant, WWTP. Error bars indicate max and min values (n= 12). 
(Magnusson, personal communication). 
 
Trends in storm water emissions were not possible to estimate due to lack of data. Increased area of 
impervious surface, indirectly leading to increased storm water flows, might be counteracted by increased 
use of storm water treatment facilities (see also 6.2.3).  
 
Change in nonylphenol emissions from the contaminated sediments depends to a large extent, as could be 
concluded in the sensitivity analysis, on water flows and resuspension events. Change in environmental 
conditions would thus be the most important factor for change in sediment emissions. 

5.2.3 Environmental trends 
Environmental change that could possibly increase nonylphenol levels in River Viskan is e.g. climate 
change causing increased rain rates and storm frequencies. Decreased levels could be caused by e.g. 
increased eutrophication, which would lead to increased sedimentation rates. 
 
In a detailed investigation, fugacity models could be used to estimate effects on nonylphenol water 
concentration due to environmental change. 
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5.3 Assessment of future problem areas 

There are no indications that areas at risk of not reaching good chemical status will be different in the 
future compared with the situation today. If no additional measures are taken the section of River Viskan, 
just downstream Borås and the section of Häggån passing Kinna, will probably still be subject to the 
highest pressures with regards to nonylphenol emissions.  
 
It is possible that additional areas of exceedance are found if monitoring of priority substances is 
extended. It is also possible that Häggån, where it flows by Kinna, can be shown to be non-problem site. 
 
Undisturbed the contaminated sediments could be remediated by natural processes. The heavily 
contaminated sediments downstream Borås could still be a potential threat to the water status if a storm 
event or similar sediment disturbance would occur.  
 
Nonylphenol is however a priority hazardous substance, for which emissions should cease completely and 
this do not seem to be achieved by the autonomous development. 

5.4 Evaluation of the DSS, Step 3 

Step 3 introduces the environmental fate models, which have the potential to be a very useful tool in the 
work with the priority substances, especially in cases where monitoring data are scarce. These models 
could preferably be introduced already in Step 1 as they could serve, as in this case, not only to predict 
future scenarios but also to give an understanding the fate of the substance in the environment studied. 
The models could for example be used in the planning process when a new monitoring program is 
developed. Where monitoring data are scarce but emission data are available the models could also serve 
as tools to predict current water concentration of a substance. 
 
To collect, evaluate and compile data on chemical properties as well as environmental properties is time-
consuming. Hence the chemical properties database could be a useful tool (DSS p. 44). If data on 
chemical properties are to be collected in a database it is important to clearly reference all data and maybe 
also make an evaluation of the reliability of the data. 
 
To foresee future changes is difficult. It is however essential since costly measures, with potential side 
effects, should not be executed if not necessary. The DSS handbook could therefore contain more 
detailed descriptions on how to make these kinds of assessments, e.g. how to handle expected increased 
nutritional loads, storm events or acidification, or at least give relevant references. As diffuse sources are 
becoming more important, models to predict chemical loads from various sources could be suggested in 
the DSS handbook, e.g. storm water models or pesticide leakage models. 
 
The checklist of possible drivers of change (DSS p. 22) would also provide useful material. This list could 
preferably be generalized to include drivers of change valid for all priority substances.  



  

43 

6 Step 4 Inventory of possible measures 

The aim of Step 4 is to identify measures for each source/area combination. A flow chart illustrating this 
step is shown in Figure 16.  
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Figure 16: Flowchart depicting the work process of Step 4 of the SOCOPSE (Source Control of Priority 
Substances in Europe) decision support system (Homepage of SOCOPSE) 

6.1 Problem areas 

Areas identified in Step 3 as potentially relevant for remediation measures were the sections of River 
Viskan flowing by Borås and the last part of the tributary Häggån, where it flows by Kinna. Sources of 
nonylphenol to the surface water of Viskan downstream Borås have been possible to characterize rather 
detailed. Sources to Häggån by Kinna have however not been possible to characterize as detailed, mainly 
due to lack of sediment monitoring data.  

6.2 Possible additional measures 

The SOCOPSE nonylphenol substance report (Feenstra et al. 2008) lists a number of measures applicable 
to remediate areas with elevated levels of nonylphenol, these measures are here described and commented; 
where applicable additional measures are described. 
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6.2.1 Substitutes for nonylphenol 
According to the concept paper on emission control (Source Identification and Emission Controls 2005, 
p. 19) measures should not be directed towards end of pipe solutions for storm water and WWTPs. 
Substitution addresses the problem at the source to reduce emissions of nonylphenol from e.g. storm 
water or wastewater. 
 
The suggested substitute for nonylphenol ethoxylates is alcohol ethoxylates. The fact sheet (Feenstra et al. 
2008) does however include information on possible drawbacks of this option such as increased costs and 
less effective substitutes.  
 
Complete cessation of nonylphenol emissions requires substitution of all other nonylphenol derivatives 
with potential of nonylphenol release to the environment. According to the SOCOPSE nonylphenol 
substance report (Feenstra et al. 2008) the only available alternative is octylphenols, which due to their 
assumed toxic similarities to nonylphenols, are not to be recommended as substitutes. 
 
This identifies further research in the area of finding environmentally sound substitutes for nonylphenols 
as an additional, long –term, measure. 

6.2.2  End-of-pipe options for the substance 
The SOCOPSE nonylphenol substance report (Feenstra et al. 2008) describes a number of end-of-pipe 
options possible to apply at industries. Some of these options are potentially also applicable at the 
municipal WWTP. The options available for nonylphenol are e.g. coal adsorption, chemical oxidation and 
nano filtration.  

6.2.3 Storm water treatment 
The DSS handbook does not, to this date, contain any measures specific for storm water treatment. 
 
A first measure regarding the storm water would be to confirm the emissions calculated in this study. This 
could be done by measuring nonylphenol (and derivatives) concentration in storm water samples and also 
by using more complex, and hopefully more accurate, models. 
 
Storm water is in many Swedish cities led straight to the recipient (Ryegård et al. 2007). At some places 
storm water treatment facilities such as dams have been constructed to even out water flows. Today the 
aim in new urban areas is often to take care of the storm water locally and sometimes even ecologically, 
e.g. as in Borås (Homepage of Borås Kommun b).  
 
Although end-of-pipe solutions should not be applied to storm water (Source Identification and Emission 
Controls 2005, p. 19) a potential measure, additional to substitution, is to further investigate how a local 
storm water treatment facility can be constructed to obtain maximal reduction of priority substances. The 
issue is discussed to some extent by Kjoholt (2007) who concludes that the most efficient method to 
reduce nonylphenol concentrations in storm water is by removal of suspended particular matter. 

6.2.4 The contaminated sediments 
The DSS handbook does not, to this date, contain any measures specific for contaminated sediments.  
 
In the case of Viskan alternatives for remediation of the sites downstream Borås have been thoroughly 
investigated in Project Viskan (Homepage of Borås Kommun a).  
 
Bank et al. (2004) have made a risk assessment concerning the contaminated sediments downstream 
Borås. Bank and Elander (2004) did in their report identify four different measures or combination of 
measures addressing the risks identified in the risk assessment. They are in short: establishment of a 
protected area due to environmental risk combined with recommendations regarding fish consumption, 
restriction of activities with effects on the river and monitoring. These basic measures could be combined 
with dredging and excavation or in-situ capping of one, two or all three sedimentation lakes (Table 10).  
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Costs associated with each of the four measures have been estimated (Bank and Elander (2004) and 
Elander (2004a; 2004b), Table 10). It is difficult to generalize these costs to be valid for measures to 
remediate contaminated sediments all over Europe. It can however be concluded that each “extra” 
remediation step will increase the costs of the measure but also further reduce the risks associated with the 
contaminated sediments. The net costs do thus depend on how these risks would be valued in monetary 
terms (Step 5 of the DSS handbook). 
 
Table 10: Measures applicable to the contaminated sediments in Viskan (downstream Borås), and 
estimated costs as identified by Bank and Elander (2004) and Elander (2004a; 2004b).  

 Option Description Estimated cost  
(M Sw. krona) 

Estimated 
cost range 

1 Establishment of an 
environmental risk area 

Restrictions of 
activities in the 
river combined 
with cost 
recommendations 
for eel 

0.2 (per year)  

2 Dredging of 
Rydboholmsdammarna 

Dredged materials 
are deposited  
-locally or on a  
-specialized 
facility 

 
 
20 
40 
 

 
 
15-26 
20-58 

3 Capping or dredging of 
Rydboholmsdammarna 
and parts of Guttasjön 

Capping  
 
Dredging with 
material deposited 
at  
-local facility 
-in Djupasjön 
-specialized 
facility 

65 
 
 
 
 
95 
85 
260 

55-90 
 
 
 
 
75-115 
70-105 
115-290 

4 Capping or dredging of 
Rydboholmsdammarna, 
Guttasjön and 
Djupasjön  

Capping  
 
Dredging with 
material deposited 
at  
-local facility 
-in Djupasjön 
-specialized 
facility 

103 
 
 
 
 
145 
115 
425 

90-155 
 
 
 
 
112-175 
90-135 
210-510 

 

6.3 Combination effects 

Substitution of nonylphenol derivatives would only apply to nonylphenol. Furthermore, if the substitute is 
a substance with properties similar to nonylphenol, e.g. octylphenol, it is possible that no net positive 
effects will be achieved.  
 
Storm water treatment aiming at removal of suspended particulate matter would be efficient for reduction 
in concentration of also other contaminants with affinity for solids although the efficiency would depend 
on the treatment facility. 
 
Remediation of the contaminated sediments downstream Borås would remove numerous contaminants of 
which several are WFD priority substances. 
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6.4  Evaluation of the DSS, Step 4 

Many of the measures to remediate contamination of the priority substances selected in SOCOPSE will be 
applicable also to other foreign substances found to cause negative effects in the environment. To 
improve the usefulness of the SOCOPSE measures database it could thus be categorized after substance 
type, e.g. Coal adsorption - “applicable to non-polar organic substances” or Separation zones for pesticide use - 
“applicable to substances used in spray pesticide formulations”. 
 
This categorization could also lead to an improvement of the measures database as new substance-
measure combinations could be found. For example WWTP optimization and sludge treatment options, 
such as listed in the DSS handbook for the substance DEHP, are measures that possibly could be listed 
also for nonylphenol. 
 
Furthermore the DSS handbook could be more comprehensive with regards to measures for diffuse 
sources of the priority substances as these kinds of emissions are most probably becoming more and more 
important in the whole of EU. Useful additions could be suggestion of measures relevant for storm water 
treatment and also a section on contaminated land and sediments. 
 
In Sweden a lot of the work with the programs of measures will be about the inventory and assessment of 
the efficiency of already existing measures on national, regional and municipal level and the difficulty is 
then to find an efficient way to assemble all this information. The DSS could include a section on 
inventory of measures already taken. 
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7 Discussion and conclusions 

7.1 Nonylphenol in River Viskan 

Nonylphenol is emitted to the recipient via what seems to be three major sources; the contaminated 
sediments downstream Borås, storm water and wastewater. The section of the river just downstream 
Borås should thus be the part of the river under the highest pressure with regards to nonylphenol due to 
the fact that the largest impervious surfaces, largest WWTP and the contaminated sediments are located 
there. That concentrations of the substance in water, sediment or biota in this area exerts negative effects 
on humans or other organisms is possible even though a proper assessment of the risk is difficult to make 
with current knowledge about nonylphenol levels in the river. The current situation could potentially lead 
to long term negative effects in the aquatic environment. 
 
With results from this study it could be concluded that possible measures to assess the chemical status of 
River Viskan with regards to nonylphenol and to remediate elevated nonylphenol levels are: 

⋅ Additional monitoring of water and possibly also other matrices  
⋅ Further investigations of the section of Häggån that flows by Kinna, e.g. sampling and analysis 

of the sediments  
⋅ Remediation of the contaminated sediments downstream Borås 
⋅ Investigations on nonylphenol and nonylphenol derivative concentration in storm water 

within the system 
⋅ Studies on cleaning efficiency of storm water facilities with regards to nonylphenol  
⋅ Substitution of nonylphenol containing products at industries and/or at community level 
⋅ End-of-pipe solutions, e.g. coal adsorption or nanofiltration, at industries with nonylphenol 

emissions to water 
 

7.2 Evaluation of the DSS 

The results from Step 1-3 elucidated the pollution situation in River Viskan with regards to nonylphenol. 
There are however still many questions that remain unanswered.  
 
Step 1, the problem definition, has a rather intuitive structure. The use of the DSS handbook could 
possibly provide a good base for a common approach in all river basins within a certain region, country or 
transboundary river basin. 
 
Step 2, the inventory of measures, introduces the concept of SFA, which is a good way to evaluate all 
possible sources of a substance. In the case of nonylphenol emissions to River Viskan, the use of SFA 
resulted in comparable emission estimates from different sources. The emission estimates indicated that 
WWTP effluents, storm water and contaminated sediments are the three major sources of the substance 
(storm water and sediment emissions must be seen as potential sources as these emission estimates were 
not based on monitoring data from the river basin). 
 
Step 3, definition of a baseline scenario, is crucial since it is here the actual need of action is assessed. The 
use of environmental fate models complemented the scarce monitoring data in River Viskan and it could 
be concluded that even at the site with the potentially largest emissions of nonylphenol (downstream 
Borås), a large part of the emissions seem to be transported further downstream. 
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Step 4 provided an inventory of possible measures. Since the majority of the measures listed for 
nonylphenol were for point sources and none of the major sources of nonylphenol in the Viskan system 
was an industrial point source the SOCOPSE fact sheets could not be used to their full extent.  
 
Step 5-6 were not executed in this study. 
 
As SOCOPSE only includes a limited selection of WFD priority substances and also because the list of 
these substances will expand continuously, the main use of the DSS handbook cannot be as a provider of 
data, since it will not be possible to compile fact sheets of all these substances nor to keep these fact 
sheets sufficiently updated. The DSS handbook should rather function as a toolbox compiled specifically 
for the work with the WFD priority substances. The SFAs and fact sheets would then provide good 
examples on how to compile and assess relevant information. 
 
The DSS handbook might not always be followed through all the steps. The web-based version of this 
handbook would in these cases provide more easily accessible information as one can follow links to only 
the sections relevant in each specific case. One example is the pressures and impact analysis obligatory in a 
river basin (WFD Article 5), which could possibly be made with the help of Step 2 in the DSS handbook.  
 
The need of a clear referencing system becomes obvious in the light of the continuously changing 
legislative system, industrial sector and economy. Numbers and values relevant at one time-point may be 
completely irrelevant only months later. With a clearly referenced set of data it will be easy for the water 
manager using the material to see where he or she needs to look for updates.  
 
The pollution situation, legislation, administrative systems, data accessibility and implementation strategy 
for the WFD varies between member states in EU. It might not be possible to create a handbook to be 
used in all the member states in EU. Instead the DSS handbook could be used as a basic structure as 
nation specific guidelines and handbooks are developed, e.g. where Swedish environmental aspects, 
legislation and other prerequisite are considered specifically.  

7.3 The Swedish perspective 

The DSS handbook is designed for the situation where one single authority is responsible for the whole 
procedure, from problem definition to choice of measures. Since the implementation of the WFD the 
Swedish water administration is divided in to five large regions with one Water District Authority in each 
region. These authorities are responsible for the development and implementation of the programs of 
measures. The municipalities in Sweden are on the other hand responsible for the spatial planning, i.e. 
planning regarding land and water use, and also in some cases to execute the measures suggested in the 
programs of measures. It is thus the Water District Authorities that do the comprehensive water planning 
but, e.g. the municipalities that will plan measures in more detail and choose between alternatives. The 
DSS handbook will probably not be useful in all its steps in any of these instances. This does not mean 
that the handbook cannot be used, but that selected parts of the handbook can be used in different 
situations.  
 
To go through the complete DSS handbook for each priority substance that is emitted to the system is a 
time consuming procedure that in Sweden, with a plenitude of water objects and relatively few problem 
sites with regards to WFD priority substances, might seem superfluous. A screening procedure might thus 
become necessary before the water system is assessed using the DSS handbook. An example of such a 
screening procedure is described in Bremle (2006). 
 
When the DSS handbook is finally used in practice it is preferentially applied on a whole drainage basin 
and not separately on individual water bodies. In certain parts, e.g. modelling exercises, the division in to 
smaller water bodies can be useful. 
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Annex 1 
 
Table 11: Registered use of nonylphenol (CAS nr: 104-40-5, 11066-49-2, 25154-52-3, 84852-15-3, 90481-04-2) and 
nonylphenol ethoxylates (CAS nr: 127087-87-0, 26027-38-3, 37205-87-1, 68412-54-4, 9016-45-9) in the Swedish 
Products Register in the year 2006. The register contains information of the manufacture, import, export and name 
changes of chemical products in quantities > 100 kg. Exported quantities and change of name of a product is not 
included in this list. (Products Register 2008-09-16) 
Category Nonylphenol 

(ton/year) 
Nonylphenol ethoxylates 
(ton/year) 

Additives for paints and varnishes   .. 
Anti condesation agents ..   
Anti-clotting agents   .. 
Binding agents .. 8.72 
Biocides (antifouling) .. 0.31 
Car care products and boat care products   0.28 

Chemicals for photographic use   .. 
Cleaning products   3.34 

Coating agents   .. 
Colouring agents .. 3.8a 

Construction materials (building 
materials) 

  .. 

Contactors (electrical)   .. 
Cooling agents for metal processing   1.3 

Cracking indicators   .. 
Curing agents 3.62 1.29 
Dental products   .. 
Dressing agents (glazing agents, polishing 
agents) 

  0 

Dust laying agents   0.25 
Explosives etc.   .. 
Extraction agents ..   
Fillers (for paints, textiles, plastic etc.) ..   

Filling agents 3.09 1.07 
Fixing agents   .. 
Flame retardants .. .. 
Flooring materials 0.44 0.14 
Fuel additives   .. 
Galvano-technical agents   0.59 
Glossing agents   .. 
Glues 0.46 1 
Hydraulic fluids   .. 
Impregnation/proofing   .. 
Insulating materials   .. 
Laboratory chemicals   0.69 
Lubricating agents .. 1.84a 

Metal surface remedies   0.76a 

Moulding compounds .. .. 
Odour agents   .. 
Paint and varnish removers   0.19 
Paints and varnishes 2.6 11.41 
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Category Nonylphenol 
(ton/year) 

Nonylphenol ethoxylates 
(ton/year) 

Plant protection products   1.5 
Polishing agents   1.58 
Precipitants   .. 
Printing ink .. 0.04 
Processregulators (synthesis regulators) .. 0.09 

Raw materials and intermediate products 
(rubber, plastics, other) 

.. 1.4 

Releasing agents   0.35a 

Rinsing agents   .. 
Rust inhibitors   .. 
Softners   0.03a 

Solvents .. .. 
Stabilizers .. .. 
Surface active agents .. 64.68a 

Surface treatment for paper, cardboard 
and other non-metals 

.. 0.14 

Tanning agents   .. 
Viscosity changers .. 0.46a 

.. Indicates that this value has been omitted due to secrecy reasons since less than three companies has reported use 
in this category 
a) One or several sub-categories in this category is covered by secrecy, the given quantity is thus an underestimation 
of the true value. 
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Annex 2 
 
Table 12: Land use classes, as defined in Ryegård et al. (2007), and corresponding areas for the Viskan river 
basin 

Land use Run off 
coefficient 

Area (km2) Fraction of total 
area (%) 

Houses 0.25 15.2 31.9 
Park 0.18 10.5 22.0 
Row houses 0.32 5.8 12.2 
Industry 0.5 5.2 11.0 
Forests 0.05 3.9 8.2 
Farmland 0.11 3.9 8.1 
Pasture 0.075 0.9 1.9 
Water 0 0.6 1.3 
Apartments 0.45 0.5 1.1 
Cutting area 0.2 0.4 0.9 
Roads (5 000 ADT) 0.85 0.4 0.8 
Leisure houses 0.2 0.1 0.3 
Wetland 0.2 0.09 0.2 
Golf courses 0.18 0.06 0.1 
Airports 0.85 0.04 0.1 

Total  47.7 100 
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Annex 3 
 

 
Figure 17: Map over the modelled area of River Viskan 
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Annex 4 
 

Table 13: Environmental properties of River Viskan (Olsdalsbron – Rydboholm). Data used in the QWASI 
model. Mean values are arithmetical means. 
Property Value Range  

(min-max) 
 Comment Reference 

Lake Properties        

Water surface area 
(m2) 

470 000    Measured in 
Vattenkartan 
 

Homepage of 
Vattenmyndigheterna 

Water Volume 
(m3) 

940 000   Estimated average 
water depth 2 m 

 

Sediment active 
layer depth (m) 

0.013 0.002-0.023  Estimated from 
data for the three 
sedimentation lakes 

Fanger and Elert 
2002, Tabell 3.1 

Concentration of 
solids 

       

- in water column 
(mg/l) 

2.9 0.2-17  Mean value from 
four sampling 
locations. Sampling 
period 6 months – 
1 year. 

Nilsson 2004, 
Tabell 1(Olsdalsbron, 
Kranshultsbron, 
Håkanssons väg, 
Rydboholm) 

- in inflow water 
(mg/l) 

2.7 0.4-18  Mean value from 
one sampling 
location. Sampling 
period 6 months. 

Nilsson 2004, Tabell 
1(Kärrbron) 

- of aerosols in air 
(µg/m3) 

13.7   PM10, Råö 2007 
 

Homepage of IVL  

- in sediment 
(m3/m3) 

0.09 0.07-0.15  0-80 cm; the 
average weight-% 
(19 %) converted 
to vol-% by 
multiplication with 
the quotient of the 
average bulk 
density 
(1.1 ton/m3) with 
the compact 
density (default 
value 2.4 ton/m3) 
 

Von Post 2003, 
Tabell 2 

Density of solids 
(kg/m3)  

       

- in water  2400  *   
- in sediment 2400  **   
- in aerosols 1500  *   
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Property Value Range  

(min-max) 
 Comment Reference 

Organic carbon 
fraction of solids 

       

- in water column  0.30    Based on 
particulate organic 
matter of 60 % as a 
standard value, 
divided by 2 as 
described in 
Mackay 2001 

Håkansson 2006 

- in sediment 0.17 0.13-0.20  Mean value from 
samples from 
0-10 cm 
 

Forchhammer et al. 
2000, Bilaga 4 

- in inflow water 0.30    As in water column  
- in resuspended 
sediment 

0.30    As in water column  

Flows        

River water inflow 
(m3/h) 

24 000     Bank et al. 2004 

Water outflow rate 
(m3/h) 

28 000    Assuming a 15 % 
increase in water 
flow 

Bank et al. 2004 

Sediment 
(g/m2/day) 

       

- deposition 21.5    Sediment traps in 
the three lakes. 
Mean summer 
sedimentation rates 
were corrected to 
be valid for the full 
year by assuming 
half the 
sedimentation rate 
during seven 
winter months*. 

Fanger and Elert 
2002, Tabell 3.3 
 
*Håkansson 2008, 
personal comm. 

- burial 4.3    Mean burial rate 
calculated from 
sedimentation rates 
based on Pb 
isotope analysis 

Fanger and Elert 
2002, Tabell 3.3 

- resuspension 14.3    Deposition – 
(burial + organic 
matter conversion) 

See carbon balance 
below 

Transfer 
coefficients 

       

Aerosol dry 
deposition velocity 
(m/h) 

7.2  *   

Scavenging ratio 
(air/rain) 

200000  **   
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Property Value Range  
(min-max) 

 Comment Reference 

Rain rate (m/year) 1.2    From the period 
1994-2006, 
corrected with a 
factor 1.15 
according to Larm 
(2000) 
 

Olofsson 2008 

Mass transfer 
coefficients 
(MTC) (m/h) 

       

- volatilization (air) 1  *   
- volatilization 
(water) 

0.01  *   

- sediment-water 
diffusion 

0.0004  **   

Values in italics are given in DSS as default values.  
Stars (*) indicate a qualitative estimate of the amount of uncertainty/variability in the given default values; * is low uncertainty, *** 
is high uncertainty (p. 52-53 DSS Handbook). 
 
Table 14: Environmental properties of River Viskan (Olsdalsbron-Rydboholm). Additional data used in the 
Sediment model, see also Table 13. Values in italics are taken from the default environment in the model. 
Property Value Range  

min-max 
Comment Reference 

Dimensions        

Area (m2) 270 000   Sediment area 
 

Arnér and Nilsson 2002, 
Tabell 6 

Water depth (m) 2.6  Average for the 
three 
sedimentation 
basins 

Bank et al. 2004, Tabell 
3.1 

Volume fraction of 
pore water in 
sediment 

0.91  0.85-0.93 0-80 cm; see 
Table 14 
 

Von Post 2003 

Densities kg/m3        

Air 1.206      
Water 1000      
Organic matter* 1000    
Mineral matter 2500      
Organism lipid 
fraction 

       

Water organisms 0.05      
Benthic organisms 0.03      
Transport        
Diffusion path 
length in sediment 
(m) 

0.015      

Molecular 
diffusivity of 
chemical in water 
(m2/h) 

0.000002      

* Mass fraction of organic carbon in organic matter was set to 0.5 
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Table 15: Carbon mass balance for River Viskan; section Olsdalsbron-Rydboholm (g/m2/day). The amount 
of organic matter (OM) was estimated to be twice as much as the amount of organic carbon (OC) (Mackay 2001). 
The difference in OC content of the deposition (30 %) and the burial solids (17 %) was used as an estimation of OM 
conversion, thus assuming that all OM was degraded at the same rate.  
 Mineral 

matter 
Organic 
matter 

Total Organic 
carbon 

Deposition 8.6 12.9 21.5 6.5 
Resuspension 5.7 8.6 14.3 4.3 
OM conversion na 2.9 2.9 1.5 
Burial (solids) 2.9 1.4 4.3 0.7 
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Annex 5 
 
Table 16: Nonylphenol concentrations in River Viskan (Olsdalsbron-Rydboholm), used in the Sediment 
model. Concentrations are arithmetical mean values of concentrations in water and top layer of the sediment as 
reported in the references. 
Scenario Matrix Concentration Unit Reference 
Minimum Sediment 9.0  mg/kg dry weight Arnér and Nilsson 

2002 (fig. 35-37) 
Maximum Sediment 440  mg/kg dry weight Forchammer et al. 

2000 (Bilaga 5) 
     
 Water 0.17  µg/l Bank 2004aa, Tabell 

4.2; Remberger et 
al. 2009 

a) Concentrations below the detection limit excluded, the water concentration for the whole area could thus be over estimated 
 


