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Bakgrund 
IVL har under år 2013 utfört en utvärdering av en teoretisk beräkningsmodell som 
utvecklats i Kanada, kallad STP-EX (Seth et al., 2008) för att uppskatta utsläpp av 
organiska ämnen via kommunala reningsverk. Arbetet har utförts i form av ett 
Masterarbete av Kajsa Boll vid Göteborgs Universitet (se bilaga 1). Provtagning, kemisk 
analys samt handledning har finansierats via ett samfinansierat projekt mellan Stiftelsen 
IVL och Akzo Nobel. Utvärderingen resulterade i slutsatsen att modellen kan fungera bra 
som ett screeningverktyg för att uppskatta utsläpp via reningsverk, men pekade samtidigt 
på osäkerheter förknippade med resultaten och konstaterade att utsläppen ofta 
underskattas något jämfört med motsvarande mätningar. Detta bör därför beaktas när 
modellen används. STP-EX-modellen användes därefter för att uppskatta årliga utsläpp av 
vissa nyckelkomponenter i färg via kommunala reningsverk. Dessa resultat presenteras här. 
Resultaten kommer att bearbetas vidare och publiceras i en vetenskaplig artikel som 
finansieras av kompletterande medel från Stiftelsen IVL. 
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Inledning   
Enligt Sveriges Färgfabrikanters förening såldes år 2012 totalt 111536 ton färg i Sverige 
(SVEFF, 2013). Den övervägande delen av denna mängd hamnar på väggar, tak, golv samt 
övriga objekt som är föremål för målning. En viss andel av färgerna även hamnar i våra 
avloppsreningsverk. Det kan exempelvis handla om att penslar, gamla färgburkar etc sköljs 
av/ur under rinnande vatten och att färg på så vis transporteras vidare till 
avloppsreningsverken. Ur färgindustrins perspektiv är det viktigt att få kännedom om hur 
färgtillsatserna beter sig i reningsverken, för att få en uppfattning om färgernas bidrag till 
förorening av sjöar och vattendrag. Detta är viktigt inte minst för att kunna sätta in 
utsläppsbegränsande åtgärder på rätt ställen i produktionskedjan. Syftet med denna studie 
var att beräkna hur stor andel av inkommande mängder av några utvalda färgtillsatser som 
når svenska ytvatten via kommunala reningsverk, samt att göra en grov uppskattning av hur 
stora mängder detta motsvarar årligen i form av utsläpp till vatten i Sverige. 

Metod   

Ämnen 
De färgtillsatser som har ingått i denna studie är listade i Tabell 1 tillsammans med deras 
fysikalisk-kemiska egenskaper. De ingående ämnena är konserveringsmedel som 
förekommer i ett stort antal produktgrupper (t ex tvål, schampon, hudvårdsprodukter) 
varav vattenbaserade färger utgör en. Den mängd som når svenska reningsverk varje år och 
som härrör från just färger uppskattades med hjälp av förekommande koncentrationer i 
vattenbaserade färger (information från Widheden (2013)) samt utifrån försäljningsstatistik 
från Sveriges Färgfabrikanters förening (SVEFF), med antaganden om att 90 % av de 
försålda färgkvantiteterna utgörs av vattenbaserade färger samt att 1 % av de försålda 
kvantiteterna når reningsverken.  Då de utvalda ämnena (exempelvis vinylacetat) inte 
nödvändigtvis förekommer i alla vattenbaserade färger, kan den angivna koncentrationen 
anses utgöra en värsta-falls-uppskattning.  Det skall även betonas att de uppskattade 
inkommande flödena endast utgör en liten del av de totala mängderna, då ämnena alltså 
även förekommer i ett stort antal andra produkter. 

Tabell 1. Färgtillsatser och fysikalisk-kemiska egenskaper  

 vinylacetat 1,2-
benziso-
tiazolinon 

Klorometyl-
isotiazolinon 

 

Metyl-
isotiazolinon 

bronopol diuron Referens 

MW 
(g/mol) 

86.09 151.18 149.6 115.15 199.99 233.1  

Vp (Pa) 1.20×104 3.43×10-3 0.72 4.13 8.1×10-4 6.2×10-4 (USEPA, 
2011) 

Wsol 
(mg/L) 

3.03×104 2.14×104 1.49×105 5.37×105 6.29×104 42 (USEPA, 
2011) 

Log Kow 0.73 0.64 -0.34 -0.83 -0.64 2.67 (USEPA, 
2011) 
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Modellberäkningar 
 
Med hjälp av STP-EX-modellen beräknades fördelning och utsläpp av de aktuella 
substanserna från fem medelstora svenska reningsverk (Henriksdal, Ellinge, Gässlösa, 
Ryaverket samt Bromma), med modellparametrar i enlighet med bilaga 1. Beräkningarna 
för respektive reningsverk gjordes utifrån ett andelsperspektiv, dvs utifrån en given 
koncentration i ingående vatten beräknades andelen som antas nå effluenten. Denna andel 
multiplicerades sedan med den beräknade mängd som antas nå ingående vatten. En 
detaljerad beskrivning av modellen samt hur beräkningarna går till framgår av bilaga 1.  

Resultat 

Inkommande mängder till reningsverk 
 
Det finns inga kända uppgifter på hur stora mängder av färgkomponenterna som når 
reningsverken, men med ett konservativt antagande om att 1 % av den använda mängden 
kan nå reningsverken motsvarar detta mellan 0.01 -250 ton per år beroende på substans 
(Tabell 2). 

Tabell 2. Färgtillsatsernas uppskattade användning år 2012. 
 Vinylacetat* 1,2-benziso-

tiazolinon 
Klorometyl-
isotiazolinon 

 

Metyl-
isotiazolinon 

bronopol diuron Referens 

Koncentration 
(%) 

10-25 0.04 0.001 0.001-0.01 0.001-0.01 - (Widheden, 
2013) 

Användning 
(ton/år)** 

1.0×10
4
-

2.5×10
4
 

40.1 1.0 1.0-10 1.0-10 5.0***  

Uppskattat 
inflöde 
reningsverk 
(ton/år)**** 

100-251 0.4 0.01 0.01-0.1 0.01-0.1 0.05  

*Vinylacetat är en möjlig harts som inte förekommer i alla vattenbaserade färger. Den 
angivna koncentrationen kan därmed anses utgöra ett värsta-falls-scenario 
**Baserat på en årlig total färganvändning om 1.0×105 ton (SVEFF, 2013) 
***Enligt SPIN (2013). 
****Antagande om att 1 % av de försålda kvantiteterna når reningsverk 

Färgämnenas öde i reningsverken 
 
Figur 1 visar den beräknade relativa fördelningen mellan olika ”bortförselmekanismer” i de 
fem studerade reningsverken. Som framgår av figuren beter sig de studerade ämnena 
likartat p g a deras liknande fysikalisk-kemiska egenskaper (se Tabell 1) med något större 
betydelse av fördelning till slam för diuron, som är det ämne med högst KOW-värde av de 
aktuella ämnena. Över 80 % av de ingående mängderna beräknas brytas ner i bioreaktorn.  
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Figur 1. Modellberäknad relativ bortförsel av färgämnen från fem olika svenska reningsverk 
(%). 

Uppskattning av årliga utsläpp via reningsverk 
 
Baserat på dessa beräkningar uppskattades den genomsnittliga andelen som når effluenten 
(genomsnitt bland fem verk) till mellan 2.3 -2.8 % av de ingående mängderna för de 6 
substanserna (Tabell 3). Utifrån dessa andelar uppskattades de genomsnittliga årliga 
utsläppen från reningsverk i Sverige till mellan 0.24 kg (klorometylisotiazolinon) och 4100 
kg (vinylacetat) (se Tabell 3). Det finns få tidigare studier på området, men enligt en ännu ej 
publicerad studie från forskningsprogrammet ChemiTecs (Lexén J, personlig 
kommunikation) uppskattas de årliga utsläppen av diuron från svenska reningsverk till 60 
kg per år. Enligt beräkningarna i föreliggande studie skulle således färgindustrins bidrag till 
de totala utsläppen vara ca 2 % (1.4/60), trots att användningen av diuron i färg beräknas 
utgöra ca 30 % av den totala diuronanvändningen (Lexén J, personlig kommunikation). Då 
användningen antas vara överskattad kan de verkliga mängderna vara mindre. Samtidigt 
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tyder resultaten från modellutvärderingen (bilaga 1) på att STP-EX-modellen har en 
tendens att underskatta utgående mängder. En viss osäkerhet föreligger också gällande 
antagandet om att 1 % av försålda kvantiteter når reningsverken. 
 
Tabell 3. Uppskattade utsläpp av färgtillsatser från svenska reningsverk 

 vinylacetat 1,2-benziso-
tiazolinon 

Klorometyl-
isotiazolinon 

 

Metyl-
isotiazolinon 

bronopol diuron 

Andel som 
når 
effluenten 
(%) 

2.3 
(0.8-3.9) 

2.3 
(0.8-3.9) 

2.5 
(0.8-4.3) 

2.3 
(0.8-3.9) 

2.5 
(0.8-4.3) 

2.8 
(0.9-4.8) 

Årliga 
utsläpp (kg) 

4100 
(770-
9900) 

9.4 
(3.0-16) 

0.24 
(0.07-0.43) 

1.3 
(0.07-3.9) 

1.3 
(0.07-4.3) 

1.4 
(0.43-2.4) 

Slutsatser   

 

 Över 80 % av de inkommande mängderna färgtillsatser till reningsverk beräknas 
brytas ned i bioreaktorn 

 De färgrelaterade årliga utsläppen av vinylacetat, 1,2-benzoisotiazolinon, 
klorometylisotiazolinon, bronopol samt diuron via svenska reningsverk uppskattas 
till 4100, 9.4, 0.24, 1.3, 1.3 respektive 1.4 kg 

 En viss osäkerhet föreligger gällande antagandet om att 1% av försålda kvantiteter 
når reningsverken. 
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Summary 
 

The EU Water Framework Directive (2000/60/EC) (WFD) commits EU member states to 
achieve good environmental status of all water bodies by 2015. One of several ways 
pollutants end up in our waters is through municipal wastewater treatment plants (M-
WWTPs), which are obliged to report releases of compounds listed by the European Pollutant 
Release and Transfer Register (E-PRTR). Most environmental reports from Swedish M-
WWTPs included in E-PRTR have not reported released amounts of several of the organic 
compounds found on the E-PRTR list, possibly due to difficulty of quantification in the 
WWTP effluent. Previous studies have shown that the release of several of these compounds 
could be close to, or above the reporting limits, thus methods for estimating them are 
required.  
 
Chemical fate models, specially designed to simulate fate processes in wastewater treatment 
plants may be helpful tools for M-WWTPs when estimating their releases. In this report the 
applicability of the STP-EX model to simulate releases from Swedish M-WWTPs is evaluated 
by first comparing the theoretical results from four different M-WWTPs for 18 
chemicals/chemical groups, and then through model evaluation by comparing modeled and 
measured results from Bromma M-WWTP for PAHs, alkylphenols and PBDEs.  
 
Overall the model can be a helpful tool to give an indication of annual released amounts of 
organic pollutants from Swedish M-WWTPs. Still, releases to the effluent predicted from 
both incoming amounts and amounts in sludge (primary + secondary) at Bromma M-WWTP 
results in an underestimation for almost all included substances. The most accurate 
estimations are for PAHs, where the water/sludge ratio predicts the released amounts within a 
factor of 2. For PBDEs and alkylphenols the difference between measured and predicted 
releases varies with a factor of 5-370, with an average of 45 for OUT/IN and 103 for 
water/sludge. The largest differences are for BDE-85.  
 
The modelled water/sludge ratios vary with up to a factor 30 between the four different 
modeled M-WWTPs, making it preferable to model each M-WWTP instead of a “general” 
one. Measurements in the digested sludge are not suitable for predicting the released amounts 
to water, as the digesting process results in increases with up to 280% for some compounds 
and decreases with more than 95% for others.  
 
According to the measurements, only 3-42% (for all compounds except BDE-85) of the 
amounts entering the aeration tank ends up in either the sludge or the effluent. Two main 
explanations have been pointed out; either the model underestimates the degradation, and/or 
that processes such as recirculation of water, which are not included in the model, plays an 
important role for the fate of incoming compounds. The amount of BDE-85 in the effluent is 
higher than in the influent, which is expected to be due to degradation of BDE-209. Making 
more measurements and enable modeling of a mixture of compounds, as well as making a 
sensitivity analysis of the existing model, would improve the model and simplify the 
interpretation of the modeled results.   
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1 Introduction 
 

The EU Water Framework Directive (2000/60/EC) (WFD) commits EU member states to 
achieve good environmental status of all water bodies by 2015. In the directive, certain 
chemical substances are pointed out, from which natural waters should be protected. The 
reason for this is that they are known to have, or to potentially have, negative effects on 
humans and aquatic wildlife. At present, the WFD list of priority substances comprises 33 
substances/groups of substances, among those polycyclic aromatic hydrocarbons (PAHs), 
dichloro-diphenyl-trichloroethane (DDT), mercury, lead and poly-brominated-diphenyl ethers 
(PBDEs). (EU, 2008). Member states are regularly asked to suggest candidate substances for 
inclusion on the list, and for these substances a so-called dossier is prepared. Depending on 
the identified hazard, such candidates may then be included on the priority pollutant list. 
 
Pollutants enter our waters through e.g. transport from agricultural land, via atmospheric 
deposition, through direct releases from industries and households, through leaching from 
landfills and via municipal waste water treatment plants (M-WWTPs) (Swedish EPA, 2013). 
Some of these releases are ”diffuse” in their nature, and thus very difficult to quantify, 
whereas others are canalised through specific release points, such as M-WWTPs, where they 
are easier to control.  
 
In total 91 pollutants are included in the European Pollutant Release and Transfer Register (E-
PRTR), to which the release to water, air and land from industrial facilities of these target 
pollutants should be registered (EEA, 2013b). This register intends to cover 90% of the 
emitted mass (of each included compound) from the industries covered by E-PRTR (EEA, 
2013a). There are several different directives (such as the WFD and the IPPC directive) 
connected to E-PRTR, due to the varying primary recipients of the environmental releases 
(e.g. water, air or land). The compounds include greenhouse gases, other gases, heavy metals, 
pesticides, chlorinated organic substances, other organic substances and inorganic substances. 
All urban waste-water treatment plants with a capacity of at least 100 000 person equivalents 
(pe) have to report emissions of pollutants included on the list if they are released in higher 
amounts than the reporting limits (EU, 2006). For Sweden, Ek (2011) concluded that 
compounds such as heavy metals are usually relatively well covered in environmental reports, 
and the Swedish figures presented in E-PRTR for these substances are therefore generally of 
good quality. However, in most environmental reports from Swedish M-WWTPs larger than 
100 000 pe several of the organic compounds found on the E-PRTR list are not included. 
Preliminary estimates by Ek (2011) show that the release of several of these compounds could 
be close to, or even above reporting limits. Possible explanations that have been suggested are 
that there actually are no releases of these compounds from most M-WWTPs, or that the 
concentrations in the effluents are below method detection limits, and therefore difficult to 
quantify. 
 
Even though the M-WWTPs are mainly built for cleaning the water from e.g. phosphorous, 
nitrogen and organic matter (Stockholm water, 2011) the treatment processes will also have 
an effect on other compounds. The waste water is usually composed of a mixture of water 
from households, industries and storm water and contains a wide range of compounds, such as 
detergents, antibacterials, flame-retardants, water soluble paints, dissolving agents, biocides 
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and pharmaceuticals. These products can be, or include, compounds from the E-PRTR list, 
and therefore opens up for the question: What will happen with the compounds after they 
enter the M-WWTP? Are they released in quantities that are of concern and need to be 
reported?  
 
Many of the listed organic compounds are hydrophobic chemicals (with high Kow-values) 
and are therefore likely to mainly partition into the sludge phase. Some releases to effluent 
water will still occur, but at each point in time the concentration of such substances in the 
water will be low, and may thus be difficult to measure. A second challenge concerns the 
volatile organic substances, VOCs as their tendency to volatilise during the treatment process 
will reduce their presence in the water phase. Even if chemicals may be difficult to measure in 
outgoing water from WWTPs, it is relevant to estimate the release because the total annual 
volumes might be high enough to raise concern, especially for persistent substances. 
 
Understanding, and being able to predict, the fate of pollutants in M-WWTPs is therefore 
crucial for industries that are required to report to E-PRTR. It can also be helpful for 
producers that want to take responsibility for the whole lifecycle of their products, including 
the use and waste stage, e.g. fate in the M-WWTPs. To find a general correlation between the 
amount of a specific compound that enters the M-WWTP and the amount that leaves the plant 
could be an alternative to actual measurement, and therefore be helpful for predictions about 
compounds released in amounts below detection limits.  
 
Chemical fate models parameterized to municipal treatment plants may be used to predict the 
fate and release of organic chemicals from M-WWTPs (Mackay D, 2001).They can be a 
useful complement to experimental approaches, or an alternative when measurements are not 
possible. The on-going OECD project “Removal/emission predictions of wastewater 

treatment for exposure assessment and PRTR – summary and compilation of responses from 

OECD 2012 survey”, aims to compile knowledge and common practice regarding methods to 
estimate releases from M-WWTPs and lists models currently used for this purpose. One of the 
modelling tools included is the so-called STP-EX model (Seth et al. 2008).STP-EX is a 
further developed version of a model by Clark et al. (1995), which was listed as one of the 
most commonly used modelling tools among the OECD countries participating in the above 
mentioned project. It is used by e.g. Environment Canada and the US Environmental 
protection agency (US EPA). Wang et al. (2007) used the Clark model to predict outgoing 
amounts of PAHs, which were shown to agree with measured releases from a Canadian 
WWTP within about 10%. Seth et al. (2008) compared modelled and measured removal 
efficiencies of e.g. PAHs, volatile organics, phenols and phthalates using the STP-EX model. 
The modelled/measured agreement was generally within 2-22% (somewhat larger for 
included pesticides). The largest difference between measured and modelled values was 
explained by uncertainties associated with the degradation half-lives. 
 
Even though the model has shown good results compared to measured data in earlier studies, 
it has not been evaluated for Swedish conditions, which in some cases deviate, for example 
due to the common practice of nitrogen fixation and sludge digestion. 
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1.1 Objective 
 

The objective of this study is to investigate and evaluate the applicability of a previously 
developed fate-model, the STP-EX model, to Swedish conditions. More specifically, the aim 
is to determine how well it can predict the emissions of organic pollutants to water and sludge 
in Swedish WWTPs. 
 
The project has been divided into two parts. In the first theoretical part, the focus was to 
understand how the differences between Swedish M-WWTPs affect the fate of chemicals, and 
to estimate the amounts of the included chemicals that would reach the recipients. In the 
second part measurements at an M-WWTP were made to evaluate the model predictions for 
selected chemicals. The theoretical part also served as a selection process of chemicals for use 
in the model evaluation part. 
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2 Material and methods 
 

For this project the model STP-EX (Seth et al. 2008) has been used. It is a relatively simple, 
transparent and robust model that can be used to predict chemical fate in WWTPs by 
calculating the partitioning between different compartments, such as air (volatilisation), 
sludge and water. The STP-EX model is fugacity based, meaning that the model uses the 
compounds tendency to escape from one media to another (fugacity = ‘escaping tendency’, 
with units of Pascal) as a basis for mass balance calculations (Mackay, 2001). These 
calculations use physical-chemical properties such as molecular weight, Kow, vapour 
pressure and water solubility. The concept of fugacity is only applicable to organic chemicals 
– for inorganic substances (e.g. metals) other approaches are necessary. In contrast to its 
predecessor (Clark et al. 1995), the STP-EX model also has an ability to handle ionizing 
chemicals. Since none of the included chemicals in this study is expected to ionize to an 
extent that would affect the results substantially, in accordance with Seth et al. (2008), pKa-

values were not considered. 

2.1 Part 1 – Modelling 

2.1.1 Model parameterization 
 

The STP-EX model requires input data on the composition and characteristics of influent 
water and the different steps in the water treatment process. Data on water inflow 
(volume/time), biochemical oxygen demand (BOD),total suspended solids (TSS), pH, 
temperature and concentration of the chemical in the incoming water are required, as well as 
the properties for “primary settling tank”, “aeration tank” and “secondary settler” to describe 
the crucial treatment processes, see Figure 1 
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Figure 1. STP-EX model interface and input data required. Model developed by Seth et al. (2008) 
 

The process data were collected from four of the WWTPs included in the national monitoring 
program 2010 (Haglund and Olofsson, 2011); Henriksdal, Ryaverket, Ellinge and Gässlösa. 
Not all WWTPs were able to give site specific values for all input parameters. In these cases 
the input values were estimated from other process data, for example, air flow in the aeration 
tank can be estimated from knowledge about working properties of the aeration pump. 
 
The input data used for each of the M-WWTPs are shown in  

 
Table 1. The variations between years for the influents (flow, TSS and BOD) and the effluents 
(TSS) are shown in the parentheses. These data are collected from their environmental reports 
(Henriksdal 2007-2011, Ryaverket 2007-2012, Ellinge 2007-2011 and Gässlösa 2008-2010).  
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Table 1. Data for the different M-WWTPs. Input data were based on the prevailing conditions in 2012. 
Variations between years (Henriksdal 2007-2011, Ryaverket 2007-2012, Ellinge 2007-2011 and Gässlösa 2008-
2010) are shown in parentheses.  

Henriksdal Ryaverket Ellinge Gässlösa

INFLUENT CHARACTERISTICS

Flow, m3/h 10400 (9880-10500) 16000 (13500-16100) 480 (420-509) 1800 (1460-1920)

TSS, g/m3 280 (260-310) 178 (161-336) 390 (390-488) 202 (227-307)

BOD, g/m3 200 (190-250) 138 (133-156) 371 (371-600) 124 (98-149)

STP OPERATIONG 

CONDITIONS

Liquid Temp. 14 15 15 12

pH 7 7 6,9 7

STP DESIGN VALUES

Primary

Surface Area, m2 8200 5800 710 1212

Depth, m 3,6 4 2,55 2,85

Solids Removal, % 60 54 60 60

TSS Primary Sludge, g/m3 20000 28000 27000 25000

Chemical Liq Phase MTC, m/h 0,016 0,016 0,016 0,016

Liq Phase/ Gas Phase MTC 

Ratio 0,009 0,009 0,009 0,009

Aeration Tank

Surface Area, m2 22500 2200 810 2080

Depth, m 12 10 4,2 6

MLSS, mg/L 2500 2400 4000 3000

Air flow rate, m3 air/m3 

inflow rate 2,6 0,3 10,4 1,17

Sludge Recycle  as fraction of 

influent 0,37 0,3 0,3 0,5

Waste Sludge as fraction of 

influent 0,01 0,006 0,006 0,005

Liq Phase/ Gas Phase MTC 

Ratio 0,025 0,025 0,025 0,025

Secondary Settler

Surface Area, m2 11000 21100 1100 1260

Depth, m 5,2 10 3,2 3,52

Effluent TSS, g/m3 7 (2.0-7.0) 10 (4.5-12.5) 5 (4.4-6.4) 15 (6.0-12.0)

Liq Phase/ Gas Phase MTC 

Ratio 0,009 0,009 0,009 0,009  
 
 

2.1.2 Chemicals 
 

The group of chemicals selected for the modelling exercise are all organic compounds that 
fulfil the criteria of the STP-EX-model, but cover a range of different physical-chemical 
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properties, and therefore behave differently in the WWTP. The chemicals included can be 
divided into volatile organic substances (VOCs), poly-brominated-diphenyl ethers (PBDEs), 
polyaromatic hydrocarbons (PAHs), nonylphenol and nonylphenolethoxylates (NP and NPE), 
octylphenol and octylphenol-ethoxylates (OP and OPE), chloroalkanes (C10-13) and a few 
additional substances. A total of 18 chemicals/chemical groups were selected based on results 
from Pettersson and Wahlberg (2010). The selected compounds are all listed together with 
their physical-chemical properties in Table 2. The model only requires either KOW or KBW 
(solids-water partition coefficient), and either vapour pressure together with water solubility 
or KAW. As seen below KAW and KBW are not used as input in the model runs, and are 
therefore marked as “0”. None of the compounds included are expected to ionize to a larger 
extent than given by Seth et al. (2008), therefore, a pKa of zero is used as input value.  
 
Table 2.Physical-chemical properties used for the compounds. 

Molecular mass g/mol KAW Vapour Pressure, Pa Water Solubility, g/m3 Log KOW pKa Log KBW

nonylphenol branched 220 0 1,26E-02 5,00E+00 5,92 0 0

4-n-nonylphenol 220 0 1,09E-01 7,00E+00 5,76 0 0

octylphenol 206 0 1,30E-02 3,11E+00 5,50 0 0

octylphenolethoxylate 250 0 1,49E-04 4,47E+00 4,96 0 0

BDE 47 486 0 8,18E-05 9,28E-03 6,30 0 0

BDE 85 565 0 7,64E-06 1,02E-03 6,70 0 0

BDE 99 565 0 7,64E-06 1,02E-03 6,70 0 0

BDE 100 565 0 7,64E-06 1,02E-03 6,70 0 0

BDE 209 959 0 5,42E-11 1,29E-08 9,10 0 0

DEHP 391 0 1,89E-05 2,70E-01 7,60 0 0

tetrachloroethylene 166 0 2,47E+03 2,06E+02 3,40 0 0

tetrachloromethan 154 0 1,53E+04 7,95E+02 2,83 0 0

trichlorobenzene 181 0 6,11E+01 3,00E+01 3,93 0 0

1,2-Dichloroethane 99 0 1,05E+04 8,60E+03 1,48 0 0

trichloroethylene (tri) 194 0 8,45E+04 1,81E+03 2,12 0 0

dichlormethane 85 0 5,80E+04 1,30E+04 1,25 0 0

trichloromethane 119 0 2,63E+04 7,95E+03 1,97 0 0

benzo(a)pyrene 252 0 7,32E-07 1,62E-03 6,13 0 0

benzo(b)fluoranthene 252 0 6,67E-05 1,50E-03 5,78 0 0

benzo(k)fluoranthene 252 0 1,29E-07 8,00E-04 6,11 0 0

indeno(1,2,3-cd)pyren 276 0 1,67E-08 1,90E-04 6,70 0 0

anthracene 178 0 8,71E-04 4,34E-02 4,45 0 0

fluoranthene 202 0 1,23E-03 2,60E-01 5,16 0 0

benzo(g,h,i)perylene 276 0 1,33E-08 2,60E-04 6,63 0 0

chloroalkanes (C10-13) 410 (320-500) 0 2,10E-02 0.31 (0.15-0.47) 6.54 (4.39-8.69) 0 0

HCBD 261 0 2,93E+01 3,20E+00 4,78 0 0

isodrin 365 0 5,87E-03 1,42E-02 6,75 0 0  
 
The physico-chemical properties used are either experimental or estimated using quantitative 
structure property relationship (QSPR) methods, meaning that the estimated values are 
calculated based on known properties of similar compounds. Commercial products of 
chloroalkanes (or chlorinated paraffins) are complex mixtures that contain large amounts of 
homologues and isomers, in this case with a carbon chain length of 10-13. The properties are 
usually reported based on the average chlorine content. In this project, data on chloroalkanes 
(C10-13) were taken from ECHA (2008), where the average of the minimal and maximal 
chlorine content where used. Other compounds with variable properties as a result of their 
isomeric mixtures are NPEs and OPEs. For OPEs the properties used are the only ones 
presented under the name “Octylphenolethoxylates” at EPIWEB 4.1 (USEPA, 2013). For 
NPEs, no representative were found, therefore they were not included in this modelling part. 
Physical-chemical properties of PBDEs were taken from Palm et al. (2004), and remaining 
physical-chemical properties were collected from the “PhysProp Database” (SRC, 2013).  
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The degradation half-lives can vary between different kinds of sludge, Seth et al. (2008) 
suggested that the half-life in water be used, and provided a conversion scheme for estimation 
of biodegradation half-lives in different treatment steps. Degradation half-lives in water were 
collected from EPIWEB 4.1 (USEPA, 2013). These values were then used to estimate half-
lives in the different treatment steps in the WWTP, as shown in appendix A. 
 

2.1.3 Model simulations 
 

The model was run for each compound at each of the four M-WWTP, using the input data 
presented in  

 
Table 1 and Table 2. When modelling different scenarios between years, all properties of the 
M-WWTP were kept constant, apart from the input parameters “Flow”, “TSS” and Effluent 
TSS” (see Table 1), which were varied according to the intervals presented in Table 1. 
 
To enable the use of monitoring data in sludge to estimate releases to water, results from the 
model runs were used to calculate ratios between water and sludge (RW/S) according to: 

RW/S =Mwater/Msludge 

Where Mwater is the predicted annual release with water effluent and Msludge the predicted 
annual release with sewage sludge.  

Outgoing amounts with effluents were then calculated by multiplying the measured annual 
release with sludge by the ratio RW/S.  

The incoming concentration is irrelevant for the modelled water/sludge ratio and was set to 1 
g/m3 for all included compounds.  
 

2.2 Part 2 – Model evaluation and verification 
 

To evaluate the model, measurements at an M-WWTP were performed. To allow for thorough 
model evaluation and relatively easy tracking of reasons for potential model/measurement 
disagreement three main criteria were defined when selecting the M-WWTP: i) one main 
incoming water stream (ensuring representativeness in the incoming water sample), ii) access 
points for sampling at each individual treatment step, iii) no “extreme inflow”, iv) a relatively 
uncomplicated and linear treatment process.  
 
None of the four M-WWTPs assessed in the first part fulfilled the listed criteria; thus, 
Bromma M-WWTP was selected for this purpose. This is a WWTP with an uptake of 316 200 
pe (Stockholm vatten, 2012). Bromma was suitable as sampling place because its water 
treatment process is relatively easy to simplify in the model, it is relatively large (> 100 000 
pe), and it has one main incoming stream of water that is not extremely high.  
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2.2.1 Chemicals 
 

The chemicals selected for the evaluation were substances from the groups polycyclic 
aromatic hydrocarbons (PAHs), poly-brominated-diphenyl ethers (PBDEs) and alkylphenols. 
They were chosen because they fulfil the requirements of the STP-EX model, are predicted to 
be released in amounts above or close to the reporting limits (Ek, 2011; and part 1 in the 
current study see chapter 3.1), and because the expected concentrations are considered 
possible to measure with existing methods. 
 
The physico-chemical data used are the same as in the first part of the project. 
Complementary data for alkylphenols were collected from EPIWEB 4.1 (USEPA, 2013) 

(Table 3). The PBDEs included are BDE-47 (tetra), BDE-100 (penta), BDE-99 (penta), BDE-
85 (penta) and BDE-209 (deca). Seven different PAHs were included. Four of them, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene and indeno(123cd)pyrene, are 
sometimes unitized and should be reported as a group to E-PRTR. Benzo(ghi)perylene, 
fluoranthene and anthracene are also included in the second part. The latter two were included 
to include a wider span of physical-chemical properties for this substance group. The 
alkylphenols included are nonylphenol (NP), octylphenol (OP) and their ethoxylates (NPEO1, 
NPEO2, OPEO1 and OPEO2). KAW, pKa and KBW were not considered as input parameters 
for either of these compounds, and were therefore set to zero. 
 
Table 3. Physico-chemical properties used for measured alkylphenols. 

Molecular mass g/mol KAW Vapour Pressure, Pa Water Solubility, g/m3 Log KOW pKa Log KBW

NP 220 0 1,09E-01 7,00 5,76 0 0

NPEO1 264 0 2,38E-05 1,10 5,58 0 0

NPEO2 308 0 1,22E-06 1,05 5,30 0 0

OP 206 0 1,30E-02 3,11 5,50 0 0

OPEO1 250 0 6,40E-05 3,46 5,09 0 0  

2.2.2 Sampling 
 

The samples were taken at Bromma M-WWTP during three different days in the spring 2013. 

Samples were collected from the different treatment steps as shown in Figure 2Fel! Hittar 

inte referenskälla.: 1) incoming water (2 L), 2) water after the primary settling tank (2 L) 
(before the aeration tank), 3) outgoing water (3 L), 4) primary sludge (2 L) and 5) secondary 
sludge (1 L). Water samples were taken as flow proportional 24 hour samples. Grab samples 
of sludge were used since the sludge acts as a “passive sampler” during its lifetime, thus a 
grab sample of sludge represents the sludge lifetime. The last day of sampling approximately 
0.3-0.4 L of digested sludge (6) (from the sludge tank) was collected. 
During the first day of sampling, April 17, the spring flood was still on-going. For the last 
two, May 2 and May 8, the inflow of water was back to normal. 
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Figure 2. The different sampling points: 1 - Influent, 2- Water after primary settling tank, 3 - Effluent, 4 - 
Primary sludge, 5 - Secondary sludge, thickened, 6 - Digested sludge. Picture adapted from Stockholm water 
(2012) 

 

2.2.3 Chemical analysis and determination of solid contents 
 

The analysis of the chemicals and the amount of solids (TS) in sludge was made from the 
same sample bottles. For the chemical analysis a combined extract from the water and 
particulate phases of the sample was divided in two parts. From the first part an alkaline 
extract was analysed for phenolic substances and the remaining organic extract for PAHs, 
both by GC-MS-MS (in EI mode). The second part was treated with sulphuric acid and 

analysed for PBDEs using GC-MS (NCI). For details about the analysis, see Appendix C. 
 
Analysis of total suspended solids (TSS) in both incoming and outgoing water and 
biochemical oxygen demand (BOD7) in incoming water are made once a week at Bromma 
WWTP. In addition to the mentioned analysis the amount of TS and TSS in primary- and 
waste-sludge was determined for each sampling period. For the last day of sampling TSS was 
also measured in outgoing water because the water samples for chemical analysis were taken 
one day after the regular testing at Bromma WWTP. The high relevance of this value for the 
predicted fate of hydrophobic compounds made it relevant to determine whether there was a 
noticeable difference between the two days. The two first days of sampling was made during 
the same days as the weekly measurements. 
 
The content of solids in sludge was analysed in accordance with the standard “Determination 

of suspended solids in waste water and their residue on ignition” (Swedish standard 02 81 12-
3).  
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2.2.4 Modelling 
 

Modelling of the measured compounds was performed using three different settings, due to 
daily variations in for example inflow, TSS and BOD7, for Bromma WWTP. Thereby the 
impact of these variations on the output was explored. Parameters for which daily variations 
are not monitored were kept constant. The different settings are shown in Table 4, together 
with averages from 2012. The input data were provided by S. Remberger, Bromma M-
WWTP. 

At Bromma M-WWTP there are several aeration tanks of different sizes. Their average depth 
and their total surface area are used as input in the model. 

Table 4. The settings used when running the model for the different sampling days at Bromma M-WWTP. All 
values marked with a (*) are collected directly from Bromma M-WWTP or their environmental report from 
2012. 

   April 17 May 2 May 8 Average 2012 

INFLUENT CHARACTERISTICS 
        

Flow, m3/h 9690* 5630* 5270* 5900* 

TSS, g/m3 100* 120* 150* 192* 

BOD, g/m3 40* 100* 110* 100* 

STP OPERATING CONDITIONS         

Liquid Temp. 14,3 14,3 14,3 14,3* 

pH 7,5 7,5 7,5 7,5 

STP DESIGN VALUES         

Primary        

Surface Area, m2 4040 4040 4040 4040* 

Depth, m 2,4 2,4 2,4 2,4* 

Solids Removal, % 55 55 55 55* 

TSS Primary Sludge, g/m3 43000 51000 41000 43000 (TS)* 

Chemical Liq Phase MTC, m/h 0,016 0,016 0,016 0,016 

Liq Phase/ Gas Phase MTC Ratio 0,009 0,009 0,009 0,009 

Aeration Tank         

Surface Area, m2 7430 7430 7430 7430* 

Depth, m 4,8 4,8 4,8 4,8* 

MLSS, mg/L 3600 3600 3600 3600* 

Air flow rate, m3 air/m3 inflow rate 0,88 0,88 0,88 0,88* 

Sludge Recycle  as fraction of influent 1 1 1 1* 

Waste Sludge as fraction of influent 0,012 0,012 0,012 0,012* 

Liq Phase/ Gas Phase MTC Ratio 0,025 0,025 0,025 0,025 

Secondary Settler         

Surface Area, m2 5600 5600 5600 5600* 

Depth, m 4,7 4,7 4,7 4,7* 

Effluent TSS, g/m3 14* 1,3* 2* 3,1* 

Liq Phase/ Gas Phase MTC Ratio 0,009 0,009 0,009 0,009 
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3 Results and Discussion 

3.1 Part 1 – Modelling 
 

The results from the model runs are presented in Figure 3a-d. The predicted chemical 
distribution differs between chemicals as well as between the different WWTPs, but the 
general pattern is that hydrophobic compounds will mainly partition to sludge and VOCs will 
mainly biodegrade or evaporate. Other compounds of intermediate hydrophobicity and 
reactivity will partly biodegrade and partly  partition to sludge. This results in some variations 
between compounds belonging to the same group. For the alkylphenols the difference is quite 
small, while PAHs and chloroalkanes display a wider range in predicted fate. For example, 
the properties of indeno(1,2,3-cd)pyrene are similar to those of the PBDEs, and therefore this 
PAH is predicted to behave in a similar ways as the PBDEs, i.e. mainly partition to sludge, 
while another PAH (anthracene), with a lower logKow and higher vapour pressure, is 
predicted to mainly biodegrade. The chloroalkanes have a wide range of properties, 
depending mainly on the length of their carbonchains and their chlorine content, resulting in 
variable fate and behaviour. 
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Figure 3a-d. Percentage distribution of the chemicals in the different M-WWTPs. a) = Henriksdal, b) = 
Ryaverket, C = Gässlösa and d) = Ellinge. Nonylphenolethoxylate was not modelled due to lacking physico-
chemical data.  

 
 

Model predicted ratios between water and sludge for the four WWTPs are presented in Figure 

4Fel! Hittar inte referenskälla.. A ratio >1 implies that on an annual basis, larger amounts of 
that chemical are predicted to be released with effluent water than with sludge. As evident 
from the figure, the ratios for individual substances differ between the included WWTPs, by 
up to a factor of 30 (for trichloroethylene). As shown in the figure, VOCs are more likely to 
be found in effluent water than in sludge, yet they are rarely detected in effluent water. A 
previous study conducted by IVL (Lilja et al., 2010) indicated that when detected, the 
concentrations of VOCs were well below toxic levels, and it was proposed that these need not 
be prioritised for further effluent monitoring. If desired, an alternative approach for VOCs is 
to estimate outgoing amounts based on incoming water concentrations (i.e. by deriving an 
OUT/IN ratio), which may be easier to measure. 
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Figure 4. Ratio between the amount partitioning  to water and the amount partitioning  to sludge in the modelled 
WWTPs. Note the logarithmic scale on the y-axis. 

 

 
The modelled water/sludge ratios of hydrophobic compounds vary strongly as a result of 
changes in the TSS-levels in the outflow. This is exemplified in Figure 5 with the variability 
in RW/S for BDE 209 due to changes in effluent TSS in Henriksdal. The water/sludge ratios 
RW/S differ not only between chemicals and different WWTPs, but may also vary between 
years, since the TSS in the effluent can vary substantially from year to year. In 2011, the 
annual average of TSS in outgoing water at Henriksdal had increased from an average of 2 
mg/L to 7 mg/L. Gässlösa had a similar change of TSS in the outflow, with an increase from 6 
to 12 mg/L between 2008 and 2010 and even higher in the following two years, with a TSS of 
up to 15-16 mg/L. The opposite trend was displayed for Ryaverket, with a decrease of TSS in 
the effluent from 12.5 to 4.5 mg/L. Only a small variation was observed at Ellinge WWTP.  
 
 

 
Figure 5. Effect of changes in suspended solid content (1-15 mg/L) in effluent water on the predicted effluent 
water/sludge ratio of BDE-209 in Henriksdal. 

 

Providing that the modelled scenarios are representative for the prevailing conditions at the 
time of sludge sampling in the two studies by Pettersson and Wahlberg (2010) and Haglund 
and Olofsson (2011), their measurements together with our predicted ratios between water 
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and sludge can be used to estimate the annual emissions to water, as shown in Figure 6. The 
figure also illustrates how these results compare to the reporting limits (EC, 2006). It should 
be noted that many of the included compounds should be reported in groups (e.g. some PAHs, 
PBDEs, NP+NPE, OP+OPE). According to the predicted annual releases DEHP, 
chloroalkanes, OP+OPE, NP+NPE, PBDEs and some PAHs are above or close to the 
reporting limits. 

 
Figure 6. Predicted annual emissions to water of target substances, as estimated from the model predicted 
water/sludge ratio, measured concentrations in sludge (Pettersson and Wahlberg. 2010) and reported annual 
amount sludge produced. The black dots indicate the E-PRTR reporting limit. Missing substances indicate that 
data on concentrations in sludge wasn’t measured. Note the logarithmic scale. 

 

3.2 Part 2 – Model evaluation and verification 

3.2.1 Determination of solid contents 
The TSS-content in the primary sludge at Bromma M-WWTP, were in order of sampling, 43, 
51 and 41 kg/m3, i.e. 45 kg/m3 on average. This can be compared to the average TS (total 
solids) content during 2012 of 43 kg/m3. The average TSS content is expected to be slightly 
below 43 kg/m3, as TS is generally expected to be slightly higher than the concentration of 
TSS.  

The TSS concentration in the effluent water on the last day of sampling was determined to 1,5 
g/m3 which is close to the concentration 2 g/m3 measured by Bromma M-WWTP the day 
before.  

3.2.2 Results from chemical analysis 
The lab analyses included a wide range of compounds in each of the groups of PBDEs, PAHs 

and alkylphenols. All results are found in Appendix B and G. Here, the focus is on those 
compounds that were included in the first part of this project. Individual concentrations were 

multiplied by the total daily volumes of water or sludge (Appendix E) in each step to obtain 
the total amount of each compound passing through each step during that single day 
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(Appendix D). The average amounts passing through each step during the three days of 
sampling are shown in Figure 7. 

 

The measurements made at Bromma M-WWTP agree with the model assumptions that a high 
flow, shorter residence time in the M-WWTP, and a high particle content in the effluent 
generally means higher concentrations (and actual amounts) of organic pollutants in both 
incoming and outgoing water. During the first day of sampling, concentrations of TSS in the 
effluent were much higher than during the other two sampling days. According to the model, 
as shown in Figure 5, the released amounts of hydrophobic compounds should therefore be 
higher during the first day of sampling. These predictions agree with the measured amounts  
in the effluent (Appendix D), as for almost all compounds the amounts in the effluent are 
clearly higher during the first day.  
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Figure 7. Average daily amount (g) in each of the measured steps. Note that the scale is logarithmic.
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According to the results illustrated in Figure 8 the amounts of most of the chemicals in the 
incoming water seem surprisingly low (or the other seems surprisingly high) compared to the 
amounts in the other treatment steps. For example, most of the chemicals occur in similar or 
slightly higher amounts in outgoing water from the primary settling tank, as in the influent 
water. This is surprising because hydrophobic compounds, eg PBDEs, are expected to be 
attached to particles and thus the main part would settle together with these in the first 
treatment step, which is also one of the main purposes with the primary settling tank. It was 
also somewhat surprising to find higher daily amounts in the primary sludge compared to 
incoming water (e.g. PAHs, NP, BDE-209). The distribution patterns of the different PAHs 
are relatively similar to each other, except for fluoranthene in the digested sludge which is 
lower than in the secondary sludge, possibly due to degradation in the digestion process. The 
variations are larger between the different alkylphenols. Still, there is a similarity between NP 
and OP, but they differ from their ethoxylates, indicating that the ethoxylate-group affects 
their fate more than the amount of carbons (eight or nine) does. 

 

BDEs -85 and -209 stand out from the other PBDEs. For BDE-85, the primary settling tank 
appear to remove some of the chemical from the water phase (i.e. lower amounts in the 
outgoing water from this step than in incoming water), but the amounts leaving the M-WWTP 
with effluent water are higher than in all the other flows. This might be an indication of 
degradation of higher brominated substances such as BDE 209 to lower PBDEs, e.g BDE-85 
which has been suggest also in previous studies (Gerecke et al, 2005). The observed decrease 
of BDE-209 in the effluent, which is more enhanced than for the other PBDEs, fits with this 
theory. As shown in Figure 8 BDE-85 is the only compound for which the average amount 
increases in the effluent compared to the influent (more than 100% of incoming amount is 
released), but several others, eg, benzo(a)pyrene, benzo(ghi)perylene, OP, OPEO2 and BDE-
100 are at least during one sampling day released in similar or higher amounts (81-110%) 
compared to the incoming quantities.  

On the other hand, the average outgoing amounts are generally lower, for the PAHs average 
amounts in the effluent are below 10% of incoming amounts, while nine of the twelve 
alkylphenols and PBDEs are below 18%. For the remaining seven compounds (including 
BDE-85) the effluent quantities vary between 28 and 188% of incoming amounts. For 
fluoranthene and NP the three measurements are consistent with each other, varying by less 
than a factor of 2. The percentage of the incoming amounts that passes through the plant to 
the effluent is surprisingly not generally higher during the first day with high incoming flow 
(shorter residence time) and high amount of TSS in the effluent. Only the ethoxylates have 
clearly higher OUT/IN ratios (3-5 times higher) during the first day Figure 8. For some 
compounds there seem to be an increase to the second day of sampling. Even though this is 
mainly for PAHs that where below detection limits in the effluent (appendix B) it indicates 
that something not included in the model has an effect. For example, if there is an increased 
amount entering the M-WWTP during high flow, they could be kept for some time in the M-
WWTP by re-circulated streams that are not covered by the model. This could in turn result in 
more biodegradation and delay the entry of the compounds into the 
effluent.
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Figure 8. Percent of incoming amount that ends up in the effluent. The columns represent the average of 
incoming amounts ending up in the effluent and the error bars reflect the variations of percentage ending up in 
the effluent during the different days of sampling. The highest value for BDE-85 is 305%. 

3.2.3 Measurements compared to the modelled results 
The model presents the results in several ways; one of them is the partitioning of incoming 
amounts. The measured data will here be presented in a similar way by comparing the 
measured and the modelled fraction of incoming amounts in each measuring point. 
Measured/modelled ratios were derived by dividing the measured fractions by the modelled 
fraction at the corresponding treatment step. The results are shown in Figure 9.  
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Figure 9. Average ratios between measured and modelled fractions of incoming substance that are removed in 
each treatment steps. The red line shows where the ratio is one (Measured = Modelled). A ratio > 1 implies that 
the measured amounts are higher than the modelled amounts. Values < 1 mean that the model overestimates the 
amount that will be removed in that step. The error bars show how the ratio differs between the tree different 
times of sampling. 
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The figure shows that the measured/modelled ratio with a few exceptions (OP, BDE 100 and 
BDE 85 in effluent water and NPEO1 in secondary sludge) deviates from 1 by less than a 
factor of 10. As seen in appendix F the model underestimates most ratios, with the exception 
of alkylphenols in both primary and secondary sludge and PBDEs in secondary sludge. The 
poorest agreement between model and measurements was observed for PBDEs in effluent 
water, where the model underestimates the relative outflow by a factor of 20 (range 1.4 – 65). 
On average, the model underestimates the relative amounts in the different treatment steps by 
a factor of about 8 (measured/modelled ratios vary between 0,02 and 210) for the selected 
substances. As illustrated by the error bars, the model sometimes overestimates and 
sometimes underestimates the outgoing amounts. With five exceptions (NP, OP, BDEs 100, 
99 and 85) all effluent ratios cross the value of 1, implying that model predictions for most 
compounds lie within the acceptable range.  
 
The predictive capability varies with the M-WWTP settings, which is illustrated by the 
relatively large error bars. The model has a tendency to underestimate the amount of PAHs in 
most of the treatment steps. The highest ratios for PAHs are almost all from the second day of 
sampling. The first day of sampling, when the water inflow was higher than normal, the ratios 
were generally lower, even <1 in some cases for secondary sludge and effluent water, 
meaning that the model overestimated the amounts partitioning to these treatment steps. For 
the alkylphenols the results are somewhat different; the amounts of the ethoxylates in sludge 
are overestimated by the model, whereas the model predictions agree fairly well with the 
measurements for both NP and OP. On average, the effluent fractions and the fractions 
leaving the primary settling tank are underestimated by the model, while the variability range 
for ethoxylates in the effluent overlaps the ratio of 1. For NP and OP the lowest ratios in the 
effluent were observed on the first day of sampling (high flow), whereas for the ethoxylates 
the lowest ratios were found during normal flow. For the PBDEs there is generally an 
underestimation for the water samples, with the peak for BDE-85 in the effluent where the 
measured amounts are 65 (30-210) times higher than the model predicted amounts. Most of 
the underestimations are made about the alkylphenols, a group that stand out from the other 
two. This variation makes it harder to compensate for the error, than it would be if it for 
example always underestimated the amounts. 
 

Even though there are some potential sources of error in the calculations, in e.g. daily flow in 
each measuring point, overflow during the first day of sampling and the density of the sludge 
samples, they don’t seem big enough to explain the main differences. More likely, something 
relevant in the water treatment process or about the physico-chemical data is either not 
covered by the model or calculated in an optimal way. One interesting observation is that 
despite the effort to collect flow proportional samples that would represent the same water 
package in all treatment steps, incoming amounts were not always higher than amounts in the 
other sampling points. Two possible explanations are worth to point out. The first is that there 
could be sedimentation of particles (where most of the chemicals are supposed to be attached) 
in sampling ducts before the measuring point, making the sampled water not representative 
for the influent. The second, more likely, explanation could be water recirculation, which is 
not included in the model, both from flushing water of the last filters in the cleaning process, 
and reject water from the secondary sludge. Both are connected before the primary settling 
(where it stands for ca 4% of the flow in Bromma M-WWTP) but after the sampling place of 
incoming water. From the measured amounts entering the aeration tank only a total of 6-42% 
(with exception of BDE-85) are found in the thickened secondary sludge and the effluent 
water, meaning that 58-94% are either biodegraded, evaporated or ending up in the 
recirculation water. Evaporation seems unlikely as none of the measured compounds are 
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volatile. Partly these results could be explained by the re-circulation, but it also seems like the 
model underestimate the degradation. For example, for PBDEs that seems likely as they aren’t 
predicted to biodegrade much at all, but the measurements shows that they biodegrade and/or 
re-circulates. If some of the compounds are re-circulated, it could explain why there are 
higher amounts that enter the aeration tank compared to the influent. It is possible that the 
overestimation of sludge partitioning for BDE 85 and alkylphenolethoxylates may partly be 
due to the missing process of water re-circulation in the model. 
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Figure 10. The blue columns illustrate the percentage of measured amounts entering the aeration tank that was 
not found in either the thickened secondary sludge or in the effluent water. The red columns show the predicted 
degradation in the aeration tank. For BDE-85 the measured amounts in the effluent and secondary sludge 
increased with 250%, instead of decreasing as the other compounds. 

 

The observation that water re-circulation potentially influences the fate of hydrophobic 
substances in the WWTP, especially in connection to high water flows, calls for inclusion of 
this process in the model to achieve a better understanding of chemical fate and removal in 
M-WWTPs. Furthermore, problems due to lacking knowledge about the degradation in M-
WWTPs were identified already by Seth et al (2007), and the possible problems with finding 
a correct input value for the compounds could be one of the reasons for why some of our 
modelled results differs so from the measured ones. To better understand the role of e.g input 
data about degradation in the STP-EX model it would be helpful with an uncertainty analysis. 

 

When the amount of each compound in each step is known, the partitioning between primary 
sludge, secondary sludge and effluent water can be illustrated. The model predicted fate 
(average over the sampling period) is shown in the right columns in Figure 10 left columns 
illustrate the fate according to the measurements.The modelled distribution of PAHs in sludge 
(primary + secondary) and water differs compared to the measured distribution with less than 
a factor 3 for most compounds.  The largest differences are for anthracene and fluoranthene 
where the fractions ending up in effluent water are 7-8 times higher in reality compared to the 
model predictions. Even though the total fraction ending up in sludge is quite similar for this 
group, the distribution between primary and secondary sludge differs somewhat. Similar 
results were found by Katsoyiannis et al (2005) when comparing a similar fate model with 
removal of POPs by sludge (primary and secondary) in an M-WWTP in 
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Figure 11. The left column shows the measured partitioning between primary sludge, secondary sludge and the effluent, while the right column shows the 
modelledpartioning.
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Greece. For the alkylphenols the partitioning differs in general more between modelled and 
measured results than it did for the PAHs. For nonylphenol the difference between modelled 
and measured distribution between sludge and the effluent is below a factor 3, for octylphenol 
below a factor 6, and for the ethoxylates the model underestimates the partitioning with 
approximately a factor of 14 (13-16). For BDE-47 the partitioning between sludge (prim + 
sec) and the effluent differs with a factor of 3, but for BDE-99 and -100 it varies with a factor 
of 8-10. Modelled and measured distribution of BDE-209 is within a factor 2. The measured 
sludge/water distribution for BDE-85 stands out from the other PBDEs, as the amount in 
water stand for more than 70 % of the total amount leaving the M-WWTP through one of 
these three ways, resulting in a measured partitioning 80 times higher than predicted. 

 

According to the model (Figure 3) approximately 25-45% of incoming ethoxylathes are 
predicted to biodegrade. NPE are known to degrade to NP (EPA, 2005), and OPE could 
therefore be expected to degrade to OP. To understand the effect on the partitioning of the 
compounds it would be relevant to understand were and to which extent the degradation 
mainly takes place. For example, if the degradation of the ethoxylathes to NP and OP mainly 
takes place in the aeration tank, as assumed by the model, the amounts of NP and OP are 
expected to decrease less in the secondary sludge and in the effluent, compared to their 
ethoxylates. For NP and OP, as seen in Figure 9, the partitioning to the effluent is higher than 
expected and about the same as expected to secondary sludge. For the ethoxylates on the other 
hand, the partitioning to both the effluent and the secondary sludge is overestimated. As 
shown in Figure 7 the partitioning of alkylphenols to digested sludge is clearly higher than of 
their ethoxylates. For the PBDEs on the other hand, the model predicts that close to no 
biodegradation will take place. These substances are expected to partition mainly to sludge. 
For BDE 85 this deviates from the observation of increasing amounts in the effluent, and low 
levels (below detection limit in primary and secondary sludge). Also for the other PBDEs 
there are higher water/sludge ratios than predicted Figure 11. They do not increase in amounts 
in the aeration tank such as BDE-85 (Figure 10) does though, which they would be expected 
to if they were common degradation products from BDE-209. 
 
It is also important to consider that some chemicals are formed in the WWTP through 
breakdown of other substances, as indicated by our results for BDE 85. Therefore, in addition 
to incoming amounts of a chemical it is also important to include incoming amounts of 
precursor substances when predicting the WWTP fate of a certain substance. A multispecies 
model similar to what has previously been developed for the environment (Cahill and 
Mackay, 2003), might be preferable in such cases. Such a model might be wise to apply also 
in the case of alkylphenols. According to the model predictions for octylphenol 7% of the 
incoming amounts are expected to pass through to the effluent, whereas our measurements 
indicate a larger proportion (44 %) in the effluent water, most likely due to degradation of 
octylphenolethoxylates.  
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3.2.4 Content in the digested sludge 
 

Because of the relatively high availability of sludge data in e.g. environmental reports from 
some M-WWTPs, it would be beneficial if measurements in sludge, preferably digested 
sludge, could be used to estimate outgoing amounts of chemicals. 
By comparing the total daily amount ending up in primary and secondary sludge to the daily 
average in the digested sludge, the effect from the processes between them can be predicted. 
The average amount in primary + secondary sludge is calculated from the values in Appendix 

D. The amount of each compound in the digested sludge is calculated as: 
 
The measured concentration * the volume of the tank / residence time  

 

where the volume is 1700 m3 and the residence time 30 days.  
 

Daily amount in digested sludge / Daily amount in primary + secondary sludge 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 

For most of the compounds some degrading processes appear to be active in the digested 
sludge since the amounts here are generally lower than the amounts in the primary + 
secondary sludge. The decreases for PAHs are generally quite similar to that of PBDEs. The 
alkylphenolethoxylates decrease with 68-96% in the digested sludge compared to primary + 
secondary, whereas NP and OP increase, most likely as a result of degradation of the 
ethoxylates, forming the alkylphenolic counterpart. BDE-209, that is known to be persistent, 
is found in unexpectedly low amounts in the digested sludge.  
Due to the obvious effect of digestion on the chemical composition in sludge, this matrix is 
not the most suitable to use for estimating release to surface water. The sum of secondary+ 
primary sludge would be preferable. To adapt the STP-EX model to more Swedish conditions, 
it would be relevant to include the digesting process. 
 

Figure 11. The ratio between daily amounts in the digested sludge compared to the 
primary+secondary sludge. If the ratio is > 1 (above the red line) the content is higher in 
the digested sludge than in the primary+secondary sludge. 
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3.2.5 Annual amount in the effluent at Bromma M-WWTP 
 
Assuming that the average measured amounts in the effluent at Bromma M-WWTP are 
representative, the annual amounts released via the effluent can be estimated, which is shown 
in Figure 13 together with the E-PRTRs reporting limits (EU, 2006). At Bromma M-WWTP, 
estimated releases nononylphenol and its ethoxylates are clearly above the reporting limits, 
while the others are below. 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

Figure 13. Estimated annual amount released through the effluent water at Bromma WWTP. For most of the 

included compounds the reporting limit are for a sum of several compounds. SUM PAH4 includes the four 
compounds benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene and indeno(123cd)pyrene. The 
reporting limit for PBDEs also includes compounds that are not measured in this project. 
 

 

As illustrated in Figure 14 using model predicted sludge/water ratios would generate 
reasonable (approximately about a factor of 2) estimates for most PAHs and for BDE 209, 
whereas the in/out ratio would underestimate the releases by a factor of 3,5-13. Anthracene 
and fluoranthene are the only compounds for which the emissions would be overestimated 
(within a factor of 2) if predicted sludge/water ratios are used. Releases of alkylphenols and 
PBDEs would be underestimated by a factor of 6 – 230 (average 45) if OUT/IN ratios are 
used and by a factor of 5-370 (average 103) if sludge/water ratios are used. According to the 
modelled ratios from both the influent, and the distribution between sludge and the effluent, 
there would be a clear underestimation of released amounts both from alkylphenols and from 
BDE-85, -99 and -100 and BDE-47. The other compounds water/sludge-ratio differ less 
between measurements and modeling. Noticeable is that the largest difference between 
measured and modelled ratios are for alkylphenols, which here seem to be the compounds that 
might be close to, or above, reporting limits. It should be noted here, that it is possible that the 
three days of sampling performed within the current study do not cover all annual variations 
of inflow, overflow and sludge production, leaving some uncertainties in the 
modelled/measured comparison.  
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Figure 14. Annual released amounts according to predicted water/sludge and OUT/IN ratios, compared to 
measured amounts in the effluent. 
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4 Conclusions and recommendations 
 

Overall, the STP-EX model can be useful as a screening model for organic compounds 
entering Swedish M-WWTPs. Especially as there are a demand for at least an indication of 
released amounts of several organic compounds to enable estimations about whether the 
released amounts are of concern. Still, the model is far from perfect and some considerations 
about both the input data and the calculations are therefore preferable to take in to account 
when predicting and analyzing the results. When using the STP-EX model, relevant 
considerations are: 

• The modelled water/sludge and OUT/IN ratios underestimates the released amounts 
from Bromma M-WWTP of almost all included chemicals 

• The water/sludge ratios for PAHs predict released amounts within approximately a 
factor 2, while the other estimations are within a factor of 5-370 (all of them are 
underestimations) 

• It is preferable to use measurements in the influent or in primary + secondary sludge, 
instead of measurements in digested sludge, when predicting releases to the effluent 

• Degradation of e.g. BDE-209 (to BDE-85) seems to take place, which is not expected 
according to the model 

• Recirculation of water seem to affect at which point in time the releases will take place 

• The digesting process can result in an increase of some compounds, e.g. NP and OP, 
in the digested sludge 

• Input data about the treatment processes should preferable be for each specific M-
WWTP, rather than for a “general” Swedish M-WWTP 
 

 
 
If the model should be used in a wider extend, it would be preferable to implement and 
proceed with the following steps: 

• Implement recirculation of water and digestion of sludge in to the model 

• Making more measurements (in several steps) over a longer time, to clarify e.g. the 
actual degradation and the effects from water-recirculation  

• Compare modelled and measured results for less “ideal” M-WWTPs 

• Enable predictions of mixtures 

• Make a sensitivity analysis to track the most critical input parameters  
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Appendix: 

A. Degradation half-life for modelled compounds 

 

Half life degredation (h), liquid phase Primary Tank Aeration Tank Secondary Settling Tank Aqueous biodeg. Half life (h)

nonylphenol branched 10 1 1 360

4-n-nonylphenol 10 1 1 360

NPEO1 + NPEO2 10 1 1 360

oktylphenol 10 1 1 360

oktylphenolethoxylate 10 1 1 360

BDE 47 30 3 3 4320

BDE 85 30 3 3 4320

BDE 99 30 3 3 4320

BDE 100 30 3 3 4320

BDE 209 30 3 3 4320

DEHP 10 1 1 360

tetrachloroethylene 10 1 1 1440

tetrachloromethan 10 1 1 1440

trichlorobenzene 10 1 1 1440

1,2-Dichloroethane 10 1 1 900

trichloroethylene (tri) 10 1 1 900

dichlormethane 10 1 1 900

trichloromethane 10 1 1 900

benso(a)pyrene 10 1 1 1440

benso(b)fluoranthene 10 1 1 1440

benso(k)fluoranthene 10 1 1 1440

indeno(1,2,3-cd)pyren 10 1 1 1440

anthracene 10 1 1 1440

flouranthene 10 1 1 1440

benzo(g,h,i)perylene 10 1 1 1440

chloroalkanes (C10-13) 10 1 1 < 2700

HCBD 30 3 3 4320

isodrin 30 3 3 4320  
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B. Measured concentrations of included substances 
 

ng/g wet weight Influent Primary sludge Secondary sludge,  thickened

2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08

Anthracene 0,011 0,007 0,008 9,50 4,00 3,50 3,10 1,50 0,99

Fluoranthene 0,067 0,011 0,018 57,00 18,00 17,00 24,00 16,00 12,00

Benzo(b)fluoranthene 0,045 0,008 0,008 38,00 10,00 11,00 19,00 11,00 10,00

Benzo(k)fluoranthene 0,021 0,003 0,004 18,00 3,50 4,40 5,60 3,80 3,70

Benzo(a)pyrene 0,024 <0.002 0,005 24,00 5,70 6,60 9,00 5,80 5,50

Indeno(123cd)pyrene 0,017 0,003 0,004 14,00 4,10 5,00 7,80 4,20 4,50

Benzo(ghi)perylene 0,019 <0.002 0,004 14,00 3,60 4,20 7,60 4,50 4,50

NP 0,22 0,16 0,24 130 47 75 94 58 94

NPEO1 0,18 0,23 0,32 13 13 12 8,9 4,9 6,4

NPEO2 0,09 0,21 0,19 8,6 9,5 9,2 5,1 3,5 5,4

OP 0,010 0,006 0,009 3,4 1,4 1,6 2,0 1,3 2,6

OPEO1 0,004 0,018 0,019 0,2 0,2 0,3 0,7 0,3 0,4

OPEO2 0,001 0,001 0,001 0,1 0,0 0,0 0,3 0,1 0,1

BDE-47 0,00092 0,00068 0,00066 0,190 0,160 0,200 0,580 0,480 0,550

BDE-100 0,00019 <0.00016 <0.00017 0,045 0,060 0,045 0,120 0,098 0,120

BDE-99 0,00170 0,00120 0,00093 0,310 0,420 0,330 0,770 0,540 0,720

BDE-85 0,00009 0,00010 0,00007 <0.036 <0.032 <0.04 <0.038 <0.036 <0.036

BDE-209 0,01400 0,00850 0,00640 4,900 6,800 9,900 2,700 2,000 3,800

Water out from  primary settling tank Effluent Digested sludge

2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08 2013-05-08

Anthracene 0,007 0,008 0,005 0,001 0,001 0,000 20,00

Fluoranthene 0,050 0,024 0,021 0,003 <0.0011 <0.001 93,00

Benzo(b)fluoranthene 0,038 0,008 0,009 <0.0017 <0.0021 <0.0019 38,00

Benzo(k)fluoranthene 0,016 0,004 0,004 <0.0017 <0.0021 <0.0019 15,00

Benzo(a)pyrene 0,022 0,005 0,005 <0.0017 <0.0021 <0.0019 21,00

Indeno(123cd)pyrene 0,013 0,004 0,005 <0.0017 <0.0021 <0.0019 12,00

Benzo(ghi)perylene 0,020 0,004 0,005 <0.0017 <0.0021 <0.0019 13,00

NP 0,43 0,34 0,43 0,043 0,026 0,032 1000

NPEO1 0,42 0,34 0,53 0,067 0,021 0,005 13,0

NPEO2 0,42 0,49 0,44 0,0180 0,0038 0,0035 3,4

OP 0,019 0,012 0,017 0,0040 0,0051 0,0074 56,0

OPEO1 0,014 0,019 0,019 0,0012 0,0005 <0.0003 0,8

OPEO2 0,002 0,002 0,001 0,0007 0,0002 <0.00014 0,2

BDE-47 0,00130 0,00230 0,00160 <0.000064 0,00009 0,00017 1,70

BDE-100 0,00031 0,00056 0,00038 <0.00014 <0.00012 <0.00016 0,46

BDE-99 0,00340 0,00620 0,00350 <0.00074 <0.00063 <0.00081 2,00

BDE-85 0,00004 <0.000027 0,00009 0,00016 0,00009 0,00021 0,15

BDE-209 0,01800 0,01700 0,00800 <0.00064 <0.00055 <0.0007 3,40  
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C. Method for chemical analysis 
 
Internal standards: deuterated PAHs (D8-naphtalene, D10-acenaphtene, D10-Phenanthrene, 
D10-pyrene, D12-Chrysene, D12-perylene, D12-benzo(ghi)perylene), 13C6-tert-octylphenol, 
BDE-166, BDE-190. 
  
A solid phase extraction column (Isolute C18, Biotage) was conditioned with methanol, 
acetone and water. The acidified water phase of a sample was passed through the column. The 
analytes were eluted with acetone. The particulate phase of the sample was extracted with 
acetone and hexane+MTBE. 
  
The combined extract was diluted with acidified water and extracted with hexane+MTBE.  
The resulting extract was divided in two equal parts, Hex1 and Hex2. 
Hex1 was equilibrated with an equal volume 1M NaOH+MeOH 1+1. The hexane phase was 
cleaned up on a silica gel column and analysed for PAHs. The NaOH+MeOH phase was 
diluted with water, acidified and extracted with hexane+MTBE. The extract was acetylated 
using acetic anhydride and analysed for phenolic compounds. 
Hex2 was treated with concentrated sulphuric acid, cleaned up on a combined sulphuric acid 
/silica column and analysed for PBDEs 
PAHs and phenolic compounds were analysed using GC-MSMS in EI mode, PBDEs using 
GC-MS in CI mode. 
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D. Daily amounts of each compounds in each measuring point 
Daily amounts at each step, calculated from concentrations and daily flow. Red amounts are calculated 

from lower than-values. 

Daily amount (mg) Influent Primary sludge Secondary sludge, thickened 

2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08

Anthracene 2450 880 919 4400 1814 1520 237 114 76

Fluoranthene 14900 1420 2180 26402 8165 7385 1830 1220 916

Benzo(b)fluoranthene 10000 970 1000 17600 4540 4780 1450 840 763

Benzo(k)fluoranthene 4680 349 447 8340 631 1910 427 290 282

Benzo(a)pyrene 5350 129 581 11100 2590 2870 687 443 420

Indeno(123cd)pyrene 3790 375 496 6490 1860 2170 595 321 343

Benzo(ghi)perylene 4230 129 520 6490 1630 1820 580 343 343

NP 49000 20700 29000 60200 21300 32600 7170 4430 7170

NPEO1 40100 29800 38700 6020 5900 5210 679 374 488

NPEO2 20900 27200 23000 3980 4310 4000 389 267 412

OP 2230 802 1090 1580 635 695 153 99,2 198

OPEO1 980 2330 2300 97,3 68,0 130,3 52,7 25,2 32,8

OPEO2 200 91,8 67,7 40,3 14,5 16,5 19,1 8,4 7,0

BDE-47 205 88,0 79,8 88,0 72,6 86,9 44,3 36,6 42,0

BDE-100 42,3 10,3 10,3 20,8 27,2 19,5 9,2 7,5 9,2

BDE-99 379 155 112 144 191 143 58,8 41,2 55,0

BDE-85 18,9 12,9 8,7 8,3 7,3 8,7 1,5 1,4 1,4

BDE-209 3120 1100 774 2270 3080 4300 20 153 290

Water out from  primary settling tankEffluent Digested sludge

2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08 2013-05-08

Anthracene 1720 1080 607 142 70,3 32,9 1130

Fluoranthene 11600 3250 2660 720 74,3 63,2 737

Benzo(b)fluoranthene 8830 1080 1150 198 142 120 5270

Benzo(k)fluoranthene 3720 514 556 198 142 120 4190

Benzo(a)pyrene 5110 676 683 198 142 120 1700

Indeno(123cd)pyrene 3020 473 582 198 142 120 1640

Benzo(ghi)perylene 4650 514 645 198 142 120 2150

NP 100000 46000 54400 9990 3510 4040 56700

NPEO1 97600 46000 67000 15600 2840 632 737

NPEO2 97600 66300 55600 4180 514 442 193

OP 4420 1620 2150 930 689 935 3170

OPEO1 3250 2570 2400 279 68,9 19,0 43,1

OPEO2 372 284 164 163 21,6 8,8 8,5

BDE-47 302 311 202 7,4 12,2 21,5 96,3

BDE-100 72,1 75,7 48,0 16,3 8,1 10,1 26,1

BDE-99 790 838 443 86,0 42,6 51,2 113

BDE-85 9,5 1,8 11,5 37,2 12,7 26,5 8,5

BDE-209 4180 2300 1010 74,4 37,2 44,2 10,2  
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E. Daily flow of water/sludge and percentage of TS at each measuring 

point 
 

 

Sample place Date Daily flow (m3) TS 

Influent 2013-04-17 223000

2013-05-02 129000

2013-05-08 121000

Primary sludge 2013-04-17 463 5,06%

2013-05-02 454 4,96%

2013-05-08 434 3,81%

Secondary sludge, 2013-04-17 76 6,96%

 thickened 2013-05-02 76 6,42%

2013-05-08 76 5,79%

Water out from  2013-04-17 232000

primary settling tank 2013-05-02 135000

2013-05-08 126000

Effluent 2013-04-17 232000

2013-05-02 135000

2013-05-08 126000

volume/resident time

Digested sludge 2013-05-08 1700 m3/30 days 31,90%  



38 
 

 

F. Ratio between measured and modelled partitioning 
 

Ratios between measured and modelled fractions, in percent, of incoming substance that are 
removed in each treatment 

steps.

ratio measured/modelled Primary sludge Secondary sludge, thickened

2013-04-17 2013-05-02 2013-05-08 Average 2013-04-17 2013-05-02 2013-05-08 Average

Anthracene 9,4 9,9 7,0 8,7 2,5 5,9 4,2 3,9

Fluoranthene 4,4 14 7,8 8,7 1,0 11 5,8 5,1

Benzo(b)fluoranthene 3,5 9,2 9,2 7,3 0,60 4,4 4,1 2,8

Benzo(k)fluoranthene 3,4 3,4 8,0 4,9 0,31 3,0 2,4 1,8

Benzo(a)pyrene 3,9 38 9,2 17 0,43 12 2,7 5,0

Indeno(123cd)pyrene 3,1 9,1 8,0 6,8 0,44 2,2 1,8 1,5

Benzo(ghi)perylene 2,8 23 6,4 11 0,39 7,1 1,8 3,2

Average PAHs 4,4 15 7,9 9,2 0,82 6,5 3,2 3,3

NP 2,4 2,0 2,2 2,2 0,62 1,1 1,4 1,0

NPEO1 0,31 0,40 0,27 0,3 0,08 0,08 0,09 0,09

NPEO2 0,44 0,36 0,38 0,4 0,13 0,10 0,20 0,14

OP 1,5 1,7 1,3 1,5 0,37 0,92 1,4 0,84

OPEO1 0,26 0,07 0,13 0,2 0,49 0,15 0,22 0,32

OPEO2

Average Alkylphenols 1,0 0,90 0,85 0,9 0,34 0,47 0,66 0,48

BDE-47 0,80 1,5 2,0 1,5 0,59 1,1 1,4 1,0

BDE-100 0,90 4,8 3,5 3,1 0,57 1,7 2,1 1,5

BDE-99 0,70 2,3 2,3 1,8 0,41 0,63 1,2 0,75

BDE-85 0,81 1,0 1,8 1,2 0,20 0,25 0,38 0,28

BDE-209 1,3 5,1 10 5,5 0,016 0,31 0,85 0,41

Average PBDEs 0,91 2,9 4,0 2,6 0,36 0,80 1,2 0,79

ratio measured/modelled Water out from primary settling tank Effluent

2013-04-17 2013-05-02 2013-05-08 Average 2013-04-17 2013-05-02 2013-05-08 Average

Anthracene 0,92 1,7 0,95 1,2 0,70 1,8 0,89 1,0

Fluoranthene 1,3 4,1 2,3 2,6 0,71 1,2 1,0 0,91

Benzo(b)fluoranthene 1,8 2,3 2,4 2,2 0,32 6,7 5,4 2,7

Benzo(k)fluoranthene 1,7 3,2 2,7 2,5 0,68 25 15 7,4

Benzo(a)pyrene 2,0 11 2,5 5,3 0,60 68 12 14

Indeno(123cd)pyrene 1,8 2,8 2,6 2,4 0,84 37 19 7,9

Benzo(ghi)perylene 2,4 8,7 2,7 4,6 0,75 103 17 16

Average PAHs 1,7 4,9 2,3 3,0 0,66 35 9,9 7,1

NP 4,2 4,6 3,9 4,2 3,3 7,7 6,2 4,8

NPEO1 4,8 3,1 3,5 3,8 6,2 3,8 0,66 4,4

NPEO2 8,4 4,6 4,7 5,9 3,1 0,63 0,67 1,9

OP 3,8 4,0 4,0 3,9 6,6 32 33 18

OPEO1 5,6 1,9 1,9 3,2 4,1 0,87 0,26 2,4

OPEO2

Average Alkylphenols 5,4 3,6 3,6 4,2 4,7 9,0 8,2 6,4

BDE-47 3,2 7,7 5,5 5,5 0,52 8,0 13 4,2

BDE-100 3,7 16 10 10 5,9 70 68 24

BDE-99 4,6 12 8,7 8,4 3,5 25 32 10

BDE-85 1,1 0,31 2,9 1,4 30 88 210 66

BDE-209 3,0 4,6 2,9 3,5 0,38 5,1 5,6 1,4

Average PBDEs 3,1 8,1 6,1 5,8 8,0 39 66 21
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G. Measured concentrations of excluded compounds 
 

ng/g wet weight Influent Primary sludge Secondary sludge, tickened

2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08

Naphtalene 0,018 0,038 0,032 2,40 4,30 2,20 0,79 0,42 0,34

Naphtalene, 2-metyl- 0,013 0,021 0,019 3,60 9,70 7,60 1,00 0,64 0,28

Naphtalene, 1-metyl- 0,009 0,014 0,013 2,30 5,00 3,40 0,71 0,45 0,21

Biphenyl 0,004 0,006 0,005 1,40 3,10 2,40 0,86 0,60 0,45

Naphtalene, 2.6-

dimethyl 0,007 0,012 0,011 12,00 16,00 19,00 13,00 10,00 12,00

Acenaphtylene 0,001 <0.00098 <0.00098 0,54 0,52 0,41 0,40 0,25 0,17

Acenaphtene 0,005 0,005 0,009 2,30 1,20 0,94 0,55 0,37 0,19

Naphtalene, 2.3.5-

trimethyl- 0,002 0,003 0,007 0,74 2,20 1,60 0,56 3,10 0,36

Phenanthrene 0,037 0,021 0,025 30,00 12,00 9,90 9,30 5,10 2,80

Fluorene 0,009 0,008 0,012 5,20 4,00 2,90 1,90 2,00 0,69

Phenanthrene, 1-

methyl- 0,008 0,003 0,006 5,20 3,20 3,00 2,70 4,30 1,70

Benzo(a)anthracene 0,035 0,003 0,008 25,00 6,80 7,40 8,80 7,00 6,40

Chrysene 0,035 0,007 0,009 23,00 6,10 6,80 10,00 7,30 6,20

Benzo(e)pyrene 0,022 0,003 0,005 16,00 4,20 4,80 9,40 5,40 5,00

Perylene 0,005 <0.002 <0.002 4,60 1,20 1,30 2,30 1,30 1,20

Dibenz(ah)anhracene 0,008 <0.002 <0.002 4,30 1,40 1,70 2,40 1,60 1,60

Triclosan 0,15 0,14 0,13 32 26 38 66,0 42,0 66,0

Bisphenol A 0,20 0,26 0,22 16 10 10 17,0 9,8 13,0

BDE-154 <0.00018 <0.00016 <0.00017 <0.032 <0.029 <0.036 0,035 <0.032 0,041

BDE-153 <0.00019 <0.00016 <0.00018 0,018 0,033 0,029 0,099 0,031 0,046

BDE-183 0,00005 <0.00003 <0.000032 0,0088 <0.0069 <0.0087 <0.0083 <0.0078 0,0092

ng/g wet weight Water out from  primary settling tank Effluent Digested sludge

2013-04-17 2013-05-02 2013-05-08 2013-04-17 2013-05-02 2013-05-08 2013-05-08

Naphtalene 0,020 0,035 0,015 0,004 0,003 0,011 16,00

Naphtalene, 2-metyl- 0,020 0,098 0,009 0,003 0,006 <0.001 21,00

Naphtalene, 1-metyl- 0,013 0,063 0,006 0,002 0,005 <0.001 14,00

Biphenyl 0,009 0,032 0,004 0,003 0,005 <0.001 6,30

Naphtalene, 2.6-

dimethyl 0,009 0,051 0,007 <0.001 0,005 <0.001 56,00

Acenaphtylene 0,002 0,003 <0.00096 <0.00085 <0.0011 <0.001 1,10

Acenaphtene 0,005 0,007 0,005 0,001 0,001 <0.001 5,80

Naphtalene, 2.3.5-

trimethyl- 0,002 0,014 0,001 <0.001 0,002 <0.001 6,00

Phenanthrene 0,038 0,048 0,023 0,004 0,002 <0.001 66,00

Fluorene 0,009 0,026 0,008 0,002 0,006 <0.001 21,00

Phenanthrene, 1-

methyl- 0,007 0,021 0,005 0,001 0,001 0,000 13,00

Benzo(a)anthracene 0,015 0,008 0,008 <0.00085 <0.0011 <0.001 30,00

Chrysene 0,025 0,012 0,013 0,001 <0.0011 <0.001 29,00

Benzo(e)pyrene 0,024 0,005 0,005 0,001 <0.00064 <0.00057 16,00

Perylene 0,005 <0.0018 <0.0019 <0.0017 <0.0021 <0.0019 4,40

Dibenz(ah)anhracene 0,006 <0.0018 <0.0019 <0.0017 <0.0021 <0.0019 5,20

Triclosan 0,17 0,17 0,19 0,040 0,047 0,029 220

Bisphenol A 0,19 0,28 0,34 0,079 0,061 0,036 180

BDE-154 <0.00014 0,00016 <0.00017 <0.00015 <0.00013 <0.00016 0,18

BDE-153 <0.00015 0,00018 <0.00017 <0.00015 <0.00013 <0.00017 0,2

BDE-183 <0.000027 <0.000026 <0.000032 <0.000027 <0.000024 <0.00003 0,051  
 

 
 

 


