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Sammanfattning 

ChEmiTecs, óEmissioner av organiska ämnen från varoró, är ett forskningsprogram som 
finansieras av Naturvårdsverket. Målsättningen med ChEmiTecs är att öka förståelsen 
och kunskapen om emissioner av organiska ämnen från varor samt att dimensionera hur 
stort problemet är jämfört med andra utsläppskällor.  
 
Inom ChEmiTecs har detaljerade fallstudier genomförts för ett antal utvalda 
fallstudieämnen för att öka förståelsen kring hur organiska ämnen emitteras från varor. 
De utvalda fallstudieämnena är diisononylftalat (DINP), trifenylfosfat (TPP), 
tributylfosfat (TBP), bensotiasol-2-tiol (MBT) och 8:2 fluortelomer alkohol (8:2 FTOH). 
I denna studie har substansflödesanalyser (SFA) för dessa fallstudieämnen genomförts i 
syfte att uppskatta betydelsen av emissioner från användningsfasen av varor i förhållande 
till andra utsläppskällor. I substansflödesanalyserna har viktiga utsläppskällor och 
spridningsvägar identifierats utifrån data från litteraturen, såsom emissionsfaktorer och 
uppmätta halter i miljön. Substansflödesanalyserna har genomförts för Sverige. 
Resultaten kan vidare skalas ner för att motsvara Stockholms kommun. 
 
Resultaten från substansflödesanalyserna visar att produktionen av DINP, TPP, TBP, 
MBT and 8:2 FTOH sker utomlands, medan tillverkning av kemiska produkter och varor 
innehållande dessa ämnen sker inom Sverige. Utsläpp av dessa ämnen till luft och vatten 
från tillverkning av kemiska produkter och varor kan därför ske i Sverige.  
 
Utsläpp från hushållens användning av varor och kemiska produkter kan vara en viktig 
spridningsväg till miljön för de studerade ämnen. Dessa utsläpp sker främst till 
inomhusluft samt till vatten och slam via avloppsvatten.  
 
Huvuddelen av DINP, TPP, TBP, MBT and 8:2 FTOH uppskattas att förbli i varorna 
när de når avfallshanteringen, då emissionerna under livscykelns tidigare faser är betydligt 
mindre än vad som tillsätts varan vid produktion. Inga uppskattningar av utsläpp från 
återvinning har hittats. Utsläpp via lakvatten bedöms vara av mindre betydelse jämfört 
med andra utsläppskällor. I denna studie har det antagits att majoriteten av de studerade 
ämnena bryts ned vid förbränning. 
 
Studien har identifierat stora dataluckor med avseende på utsläpp, halter i miljön samt 
koncentrationer i varor. Dessa dataluckor ger upphov till stora osäkerheter bland annat 
med avseende på emissionsfaktorer vilket medför att det svårt att få en övergripande bild 
av ämnenas flöden i samhället och miljön. 
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Abstract 

Organic Chemicals Emitted from Technosphere articles (ChEmiTecs) is a research 
programme funded by the Swedish Environmental Protection Agency. The programme's 
goal is to improve the understanding of emissions of organic substances from articles 
and to clarify and determine the magnitude of this problem. This study addresses one of 
the main objectives of the research program, to estimate the importance of emissions 
from articles in relation to other emission categories and pathways.  
 
In ChEmiTecs, detailed case studies are carried out to elaborate the understanding of the 
emission processes. Here, substance Flow Analysis (SFA) methodology has been applied 
in order to evaluate the importance of emissions from service life of articles in relation to 
other emission sources for the case study chemicals. The following chemicals were 
included: diisononyl phthalate (DINP), triphenyl phosphate (TPP), tributyl phosphate 
(TBP), benzothiazole-2-thiole (MBT) and 8:2 fluorotelomer alcohol (8:2 FTOH). In the 
SFAs the most important emission sources and pathways for the selected chemicals have 
been identified using both emission estimates for different emission categories as well as 
environmental data. The SFAs were undertaken for the Sweden. The results may also be 
scaled down to the municipality of Stockholm. 
 
The main results of the SFAs for the case study chemicals, DINP, TPP, TBP, MBT and 
8:2 FTOH show that production of these chemicals occurs abroad while manufacture of 
chemical products and articles can take place in Sweden thus emissions to air and water 
may take place.  
 
Emissions via household use of articles and chemical products can be an important 
pathway of these chemicals to the environment.  Emissions to indoor air and to water 
and sludge via M-WWTPs have been identified as important pathways.  
 
The majority of the chemical substances remain in the articles when they reach end-of-
life as the estimated emissions of the chemicals during the life cycle of articles are minor 
compared to the initial amount added to the articles. No emission data has been found 
for recycling processes. Landfill leachate appears to be of minor importance compared to 
the other sources. Here, the assumption has been made that the included substances 
DINP, TPP, TBP, MBT and 8:2 FTOH are mainly decomposed via incineration. 
 
Big data gaps of emissions and of environmental concentrations were identified and it 
was particularly difficult to obtain data of content in products. These data gaps give large 
uncertainties in emission factors and it is difficult to get an overall picture of the flow of 
a substance in the community and the environment. 
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1 Introduction 
Organic Chemicals Emitted from Technosphere articles (ChEmiTecs) is a research 
programme funded by the Swedish Environmental Protection Agency. The programme's 
goal is to improve the understanding of emissions of organic substances from articles 
and to clarify and determine the magnitude of this problem. This study addresses one of 
the main objectives of the research program, to estimate the importance of emissions 
from articles in relation to other emission categories and pathways. Information 
regarding important complementary emission sources has been complied, for a selection 
of substances. 
 
In ChEmiTecs, detailed case studies are carried out to elaborate the understanding of the 
emission processes. Articles which exist in large quantities and with a use pattern which 
can give rise to emissions of organic chemicals were selected. For each article, a specific 
substance of importance was selected. The selection procedures are described in 
Andersson & Rännar (2009) and Rännar & Andersson (2010). In total, eight different 
consumer articles and associated substances were selected as case studies.  
 
Substance Flow Analysis (SFA) methodology has been applied in order to evaluate the 
importance of emissions from service life of articles in relation to other emission sources 
for the case study chemicals. In the SFAs the most important emission sources and 
pathways for the selected chemicals have been identified using both emission estimates 
for different emission categories as well as environmental data. The case study chemicals 
and their corresponding article, for which substance flow analyses were conducted, are 
shown in Table 1. 
 
The SFAs were undertaken for the whole Sweden. The results may also further be scale 
down to the urban area of Stockholm, limited to the area within the borders of the 
municipality of Stockholm. The results from the SFAs were used as input data to the 
Stockholm multimedia urban fate (SMURF) model developed within the project (Palm 
Cousins, 2012). 
 
Table 1 Case study chemicals, and their corresponding article, for which substance flow analyses 
were conducted.  

Product Substance Abbreviation 
PVC flooring Diisononylphtalate  DINP 
LCD screens Triphenyl phosphate  TPP 
Concrete foundations Tributyl phosphate  TBP 
Tires Benzothiazole-2-thiole MBT 
Jackets 8:2 fluorotelomer alcohol  8:2 FTOH 

 
This report gives a background to the approach used and a summary and synthesis of the 
results. 
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2 Substance flow analysis (SFA) 
The basic idea of an SFA is to make flows of a substance within the technosphere and in 
the environment visible and comparable and to facilitate identification of the major 
emission sources. An SFA should contain flows of a substance throughout its lifecycle, 
and finally the emissions of a substance into key recipients, e.g. water, air or soil. Imports 
to or exports out of the system (defined in time and space) should also be assessed.  
 
The overall aim is to achieve a mass balance where all flows are accounted for, and the 
input quantity equals the quantity accumulating in and/or leaving the system. To identify 
and quantify substance flows there is, however, often a need to make a number of 
assumptions and estimations. A complete balance between inflow and outflow may thus 
not always be achieved. See e.g. Brunner & Rechberger (2004) for more detailed 
descriptions of substance flow analysis and material flow analysis.  
 
In some cases, the fate of the substance in the natural environment is also assessed as 
part of an SFA. This information can be gained from e.g. measurements of transport 
procedures such as atmospheric deposition, outgoing sewage water, sedimentation rates, 
leakage from soils and degradation rates or predicted using chemical fate models or a 
combination of these. In the ChEmiTecs project the environmental fate of chemicals is 
predicted using mass-balance modelling exercises, combined with empirical literature 
data of the type mentioned above. 
 
Figure 1 shows a schematic picture where the SFA describes the left part of this picture 
and the right part, i.e. what happens after the substance has been emitted.  

 
Figure 1 Schematic picture of the pathways of a substance in the technosphere and in the 
environment. The illustrated flows are examples only (Andersson et al., 2012). 

 
The data presented in an SFA are only valid during a limited time period. Use pattern, 
technology (e.g. limiting emissions), regulations etc. may change and thus also the sources 
and flows of a substance.  
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The SFAs carried out in this study, were intended to describe the current situation in 
Sweden and Stockholm, i.e. the period for which the research programme is running 
(2007-2012). The SFAs, e.g. emission estimates are carried out on yearly bases  

2.1 Background information about the substances 
 
The following background information was used for each of the substances: 
 

¶ Physical and chemical properties  

¶ Production and use; data from e.g. the Swedish Products Register (SPIN, 2011) 
and the KemI-stat (2011) database by Swedish Chemicals Agency 

¶ Environmental fate and environmental levels; data from the literature and the 
Swedish Screening database (www.ivl.se) 

 
The usage data from SPIN and KemI-stat differ slightly. SPIN presents the net 
consumption, i.e. manufactured minus exported amounts, while KemI-stat includes the 
exported amounts in their figures. Neither of these two databases contains information 
about import of chemicals in finished articles. 

2.2 Sources of emissions  
Emissions and flows of the studied chemicals were estimated where possible, and 
estimated qualitatively where no measurement data were available. These estimations 
were based on official statistics and registers as well as available literature, such as 
Paulsson (2010). The picture of emissions and flows is illustrated as an SFA diagram, see 
Figure 1. 
 
Emissions and flows were estimated for Sweden, but the national emissions may also be 
scaled down to Stockholm based on: 

¶ Population, scaling factor of 0.09 (population Sweden 9 417 000, Stockholm 
847 073) 

¶ Land and lake area, scaling factors 0.0004 and 0.0008 respectively (area land 
Sweden 421 544 km2, Stockholm 188 km2, area lakes Sweden 27 816 km2, 
Stockholm 21 km2) 

 
The scaling factor based on area was only used for estimation of atmospheric deposition. 

2.2.1 Manufacture 

The use quantities of chemical products within Sweden, in different sectors, were 
obtained from the Swedish Products Register (SPIN, 2011) and KemI-stat (KemI-stat, 
2011). Emissions from manufacturing were estimated by applying emission factors 
reported in the literature, e.g. EU risk assessment reports. 

2.2.2 Service life of consumer articles and materials 

Emissions from service life of consumer articles and materials has been estimated using 
indoor air concentrations together with the yearly ventilation air volume/m2 (15800 
m3/year m2) and the area of heated buildings in Sweden (678 million m2) (Andersson et 
al., 2012). Organic substances emitted from articles to indoor air may be further 
transported to other matrices such as dust. Such flows are not quantified in this study, 
but are instead studied in Palm Cousins (2012) and Palm Cousins et al. (in preparation) by 
applying a fate model to the emissions. 

http://www.ivl.se/
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2.2.3 Municipal wastewater treatment plants (M-WWTP) 

The amount of the chemicals released to the environment via municipal wastewater 
treatment plants (M-WWTP) were estimated with the use of data on concentrations in 
effluent waters and sludge in combination with statistics on total amounts of sludge 
produced (2.1×105 tonnes/year) and water volumes (1.8×109 m3/year) released and from 
M-WWTPs in Sweden, according to the principles outlined by Andersson et al. (2012) 
(www.cohiba-project.net). This methodology was slightly adapted for the purposes of the 
present study. 
 
Sludge from Swedish M-WWTPs could be used for different applications, such as filling 
material or spreading on agricultural land. In this study, the following applications of 
disposal of sludge have been used (Statistics Sweden & Swedish EPA, 2010):  
 

¶ Filling material (construction soil to roads, golf courses, etc.): 27% 

¶ Agricultural soil: 26% 

¶ Landfilling: 23% (3% put on landfills and 20% used as cover on landfills) 

¶ Incineration: 0.2% 

¶ Other disposal, stored or not reported: 24% 

2.2.4 Landfills 

The amount of the chemicals released via landfill leachate were estimated with the use of 
data on concentrations of the substances in landfill leachate and total leachate volume 
(1.6×106 m3/year) discharged to M-WWTP, surface waters and forest soil. This was 
made according to the principles outlined by Andersson et al. (2012). The landfill leachate 
is assumed to be emitted to the following recipients (Andersson et al., 2012): 
 

¶ Receiving waters without treatment, 14% 

¶ Forest soil without treatment, 14% 

¶ M-WWTP, 72% 

2.2.5 Air transport and atmospheric deposition 

The loads to land and water surfaces resulting from atmospheric deposition were 
estimated by extrapolation of measurement data from e.g. Swedish screening studies. The 
atmospheric deposition is generally measured in the unit ng/m2 and day.  
 
To estimate the atmospheric deposition for the entire Sweden, the measured values were 
up-scaled using the land (417 000 km2) and water surface (33 000 km2) area of Sweden 
(Andersson et al., 2012).  
 

http://www.cohiba-project.net/
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3 Substance flow analysis for diisononylphthalate 
(DINP) 

3.1 Background information 

3.1.1 Physical and chemical properties 

Diisononylphthalate (DINP) consists of a complex mixture containing mainly C9-
branched isomers (European Chemicals Bureau, 2003). There are two different 
substances attributed to the names 1,2-Benzenedicarboxylic acid, di-C8-10-branched alkyl 
esters, C9-rich or di-òisononyló phthalate. DINP 1 (CAS 68515-48-0) is manufactured by 
the òPolygasó process whereas DINP 2 (CAS 28553-12-0) is n-butene based. Under the 
EU risk assessment these substances have been considered equivalent from a health and 
environmental perspective, and a single EU risk assessment has been conducted for 
DINP (ECPI, 2010). The chemical structure together with physical and chemical 
properties of DINP is shown in Table 2. 
 
Table 2 Physical and chemical properties of DINP  (European Chemicals Bureau, 2003; 
US EPA, 2011). 

 Diisononylphthalate (DINP) 

Structure 

 
CAS no. 28553-12-0 

Molecular formula C26H42O4 

Molecular weight (g/mol) 418.61 

Melting point (°C) ca. -50 

Boiling point (°C) > 400°C 

Density (g/cm
3
) ca. 0.975 at 20°C 

Water solubility (ɛg/l alt. g/m
3
) 0.6 ɛg/l at 20ÁC; 3.1E-4 g/m

3
 

Log Kow 8.8 / 8.6  

3.1.2 Production and use 

According to the European Council for Plasticisers and Intermediates (ECPI), there are 
currently four major producers of DINP in the EU (ECPI, 2010). However, there is no 
production of DINP in Sweden. 
 
DINP has a wide range of indoor and outdoor applications. DINP, together with di-
isodecyl phthalate (DIDP), account for the majority of phthalate use as plasticisers in the 
EU (European Chemicals Bureau, 2003).  
 
The total use of DINP in Sweden 2009 was 12 000 tonnes. According to the Swedish 
product register (SPIN, 2011) the use of DINP in chemical products has increased 
between 1999 and 2009, see Figure 2. This increase may mainly be connected to voluntary 
phase-out of DEHP which in many cases has been replaced by DINP. It should be 
noted that the amount of DINP in imported finished articles is not included in Figure 2. 
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The total net inflow of DINP to the Swedish society may therefore be higher than the 
net inflows presented below. Between 1992 and 2009, the number of preparations 
containing DINP has constantly increased, from five preparations in 1992 to 158 
preparations in 2009. However, the consumed amount of DINP has decreased. 
 

 
Figure 2 Use of DINP in Sweden between 1992 and 2009 (KemI-stat, 2011; SPIN, 2011).  

 
According to SPIN, 95% of DINP is used as a plasticiser for flexible PVC in 
constructions and industrial applications as well as in goods e.g. wire and cable, film and 
sheet, flooring, industrial hoses and tubing, footwear, toys and food contact plastics. The 
remaining five per cent is used in non-PVC applications such as rubbers (50% of non-
PVC applications), adhesives, sealants, paints, lacquers and lubricants (European 
Chemicals Bureau, 2003). Table 3 shows the use of DINP in Sweden divided into 
different use categories (SPIN, 2011). 
 
Table 3 Use of DINP in Sweden (2008) per each national use category (SPIN, 2011). 

Code Use category 
No of 

preparations 
Use 

(tonnes) 

B35100 Softeners for plastic, rubber, paint and adhesive 6 12 379 

L10301 Adhesives No thinner Industrial use 14 33 

U05100 Padding (filling) materials 23 24 

R30800 Raw materials for production of plastics 10 15 

U05300 Tightening materials (putty) 12 5 

L10201 Adhesives Based on organic thinners Industrial use 8 >0 

L10601 Adhesives Hardener for adhesive Industrial use 4 >0 

3.1.3 Environmental fate and environmental levels 

If released to air, DINP may exist in both the vapour- and particulate phases. In the 
atmosphere, vapour-phase DINP may be degraded in by reaction with hydroxyl radicals; 
the half-life for this reaction in air is estimated to be 11 hours based on an OH radical 
concentration of 1.5*106 molecules/cm2 and a second order degradation rate constant, 
kOH, of 2.34*10-11(USEPA, 2011). Particulate-phase DINP may be removed from the 
atmosphere by wet or dry deposition. 
 
DINP is expected to have low mobility in soil. Volatilization from moist soil surfaces 
may take place but adsorption to soil may attenuate this process. According to U.S. 
National Library of Medicine (2011), biodegradation of DINP in soil may also occur.  
 
If released into water, DINP will most likely adsorb to suspended solids and sediment. 
Volatilization from water surfaces is expected to be another important process (U.S. 
National Library of Medicine, 2011). 
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Based on estimates from a model that predicts distribution and elimination of chemicals 
by municipal wastewater treatment plants, 82% of DINP in wastewater will be adsorbed 
to sludge, 10% will be degraded and 1% will be stripped to air, and the remaining 7% 
being released with the aqueous effluent (European Chemicals Bureau, 2003). 
 
Environmental levels of DINP found in literature are shown in Table 4. Some of these 
data were used for emission estimates of DINP. 
 
Table 4 Environmental concentrations of DINP  

Matrix Concentration levels 
No of 
samples Reference 

Ambient air    

Air, background <0.25-0.48 ng/m
3
 3 Palm Cousins et al., 2007 

Air, urban 0.28-1.1 ng/m
3
 9 Palm Cousins et al., 2007 

Indoor air    

Urban, Stockholm 2.1-2.9 ng/m 2 Palm Cousins, manuscript 

Water    

River water, Sweden <0.2 µg/L 7 Kaj et al., 2010 

Storm water, urban <0.1ï85 µg/L 17 Björklund et al., 2007 

Atmospheric deposition    

Lille Valby, Denmark 17 µg/(m
2
 year) (average) 1 Vikelsoe, 2001 in Björklund 2007 

Biota    

Fish, fresh water, coast, Sweden <50µg/kg lw 3 Palm Cousins et al., 2007 

Blue mussel, Sweden <50µg/kg ww 10 Kaj et al., 2010 

Sediments    

Sediment, fresh water  <100 µg/kg dw 3 Palm Cousins et al., 2007 

Sediment, coast <100-240 µg/kg dw 6 Palm Cousins et al., 2007 

Sediment, urban 2000-3200 µg/kg dw 3 Palm Cousins et al., 2007 

Sediment, fresh water <20-<100 µg/kg dw 11 Kaj et al., 2010 

M-WWTP    

Effluent, hospital 0.67-3,9 µg/L 2 Kaj et al., 2010 

Effluent <0.30 µg/L 28 Kaj et al., 2010 

Sludge 7.2-75 mg/kg dw 64 Screening database, IVL 2011 

Landfills    

Leachate <0.2 µg/L 2 Kaj et al., 2010 

3.2 Sources of emissions of DINP 

3.2.1 Manufacture 

DINP may be emitted to the environment during production of DINP and during 
processing of PVC and non-PVC products, e.g. rubber. Since DINP is not produced in 
Sweden emissions via production may be of minor importance. Manufacture of PVC 
does, however, occur within the country. 
 
The total use of DINP in Sweden 2008 was 12 498 tonnes (SPIN, 2011) of which 95% is 
assumed to be used in PVC and the other 5% to be used in non-PVC applications. 
During PVC processing, DINP goes through a number of manufacturing steps including 
raw materials handling and compounding. Further, there are five different types of 
conversion manufacturing processes used to manufacture different types of articles. For 
estimation of emissions, it is assumed that the DINP used in these processes in Sweden 
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is distributed in the same way as in EU in 1994 (European Chemicals Bureau, 2003). For 
non-PVC processing, emission factors are only given for unspecified conversion, why no 
further division is made. 
 
Based on the emission factors given in the Risk Assessment Report (European Chemicals 
Bureau, 2003) and the data from the product register (SPIN, 2011) the total emissions 
from PVC processing in Sweden to waste water and air were estimated to be 7 tonnes 
respectively. The emissions to waste water and air from non-PVC processing were 
estimated to be 1 tonne respectively. The estimated emissions are presented in Table 5 
and Table 6. 
 
Table 5 Estimated emissions of DINP from PVC-processing. Consumed DINP in 
different conversion processes is assumed to be the same in Sweden 2008 as in the EU in 

1994 (SPIN, 2011, in European Chemicals Bureau, 2003). 
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DINP-consumption [t/a], 
EU year 1994*  102000 102000 19000 42000 8300 22000 9600 
 
DINP-consumption [%], 
EU year 1994* 100% 100% 19% 41% 8% 22% 10% 

  
       DINP-consumption [t/a], 

Sweden, 2008** 12000 12000 2300 4900 970 2600 1100 

  
       Emission factor to waste 

water 0.005% 0.0035% 0.025% 0.025% 0.005% 0.081% 0.18% 
 
Emission factor to air 0.005% 0.0035% 0.025% 0.025% 0.005% 0.081% 0.18% 

  
       Emission to waste water 

[t/a] 0.6 0.4 0.6 1 0.05 2 2 
Emission to air  
[t/a] 0.6 0.4 0.6 1 0.05 2 2 

*Cadogan et al. (1994) in RAR 2003 
** Based on DINP-consumption [%], EU year 1994 
*** Worst-case emission 

 
Table 6 Emissions from non-PVC processing (SPIN, 2011, Cadogan et al., 1994 in 

European Chemicals Bureau, 2003) 

  
Raw materials 

handling Compounding Conversion 

Processing in non-PVC polymers, [tonnes] 630 630 630 

Emission factor to waste water 0.005% 0.0035% 0.18% 

Emission factor to air 0.005% 0.0035% 0.18% 

Emission to waste water [t/a], Sweden 2008 0.03 0.02 1 

Emission to air [t/a], Sweden 2008 0.03 0.02 1 
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3.2.2 Service life of consumer articles and materials 

The use of chemical products and articles containing DINP may contribute to the release 
of DINP in the indoor environment via volatilisation and/or abrasion. Building products 
have long residence time and large amounts are stored in the society, which may lead to 
long-term release of additives such as e.g. DINP in the indoor environment.  
 
Emissions of DINP from articles to indoor air were estimated in the ChEmiTecs project. 
Emissions of organic compounds from articles were predicted based on both material 
properties and the chemical structure of the organic compounds, in combination with 
national statistics and surveys of article and waste flows in society (Holmgren et al., 2012). 
As a result of this calculation model, the total emission of DINP from vinyl flooring in 
Sweden was estimated to 40 kg/year. Assuming that the same amount DINP is used in 
other indoor materials used for wall and roof covering, the total emission of DINP to 
indoor air was estimated to 80 kg/year.  
 
Indoor air may also be a source of DINP to outdoor air through the ventilation system in 
the buildings. DINP has been measured in the ventilation outlet from two building 
complexes in the Stockholm area ranging between 1.2-4.6 ng/m3 (n=9) with a median 
concentration of 3.2 ng/m3 (Palm-Cousins et al., manuscript). Using the methodology 
described in section 2.2.2, this gives an estimated yearly load of DINP to the outdoor in 
the range of 10-50 kg (median 30 kg). This yearly emission estimate corresponds to the 
buildings of types as single-family house, block of flats and public buildings and not 
industrial buildings. 
 
The emission estimates using the two above described methods generate results within 
the same order of magnitude. 

3.2.3 Municipal wastewater treatment plants 

To estimate flows of DINP from wastewater, data from M-WWTP effluents measured in 
a Swedish screening study were used, where measured concentrations were in the range 
of 0-0.3 µg/L (the upper value represents the reporting limit) (n=28, Kaj et al., 2010). 
Assuming that this is a representative for Swedish M-WWTPs, the yearly load to surface 
water was estimated to 0-0.5 tonnes/year (Andersson et al., 2012). 
 
DINP has been measured in 31 of 64 sludge samples from Swedish M-WWTPs at an 
average concentration of 33 mg/kg DW (range: 7.2-75 mg/kg DW, median value: 30 
mg/kg DW, n=64) (www.ivl.se). Adopting the sludge concentration range given above, 
the annual loads via sludge for different applications, see section 2.2.3, were estimated 
and resulted in a total load of 1-20 tonnes (average 7 tonnes, median 6 tonnes) 
distributed as follows: 
 

¶ Filling material: 0.4 -4 tonnes (average 2 tonnes) 

¶ Agricultural soil: 0.4 ð 4 tonnes (average 2 tonnes) 

¶ Landfilling: 0.3 ð 4 tonnes (average 2 tonnes) 

¶ Incineration: 0.003 ð 0.03 tonnes (average 0.02 tonnes) 

¶ Other disposal: 0.4 ð 4 tonnes (average 2 tonnes) 

http://www.ivl.se/
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3.2.4 Landfills  

Landfilling of materials and sludge containing DINP could potentially lead to emissions 
of the substance via volatilisation or via landfill leachate. No data on volatilisation of 
DINP from landfills has been found, thus this emission could not be estimated. 
 
DINP concentrations have been reported from two effluent samples from landfills, but 
the concentrations were below the reporting limit (0.2 µg/L) (n=2, Kaj et al., 2010). 
Applying the concentration range of 0-0.2 µg/L, the yearly load from landfills was 
estimated to below 0-4 kg. 0-0.5 kg may be emitted to receiving waters, 0-0.5 kg to forest 
soil and 0-3 kg to sewage treatment plants each year. The calculations were based on the 
COHIBA model for landfill leachate (Andersson et al., 2012), see section 2.2.4 for a 
description of the methodology. Considering the limited data available on DINP in 
landfill leachates, these estimates should be regarded as very approximate.  

3.2.5 Air transport and atmospheric deposition 

In a Swedish screening study of phthalates (Palm Cousins et al., 2007) the concentration 
of DINP in air was measured in totally 12 samples from 4 locations in southern Sweden. 
The levels in air varied between <0.25 ng/m3 at Råö (background station) to 1.1 ng/m3 
in Mossarp (county of Jönköping), with a median value of 0.66 ng/m3 (www.ivl.se). 
There is, however, no known Swedish data on atmospheric deposition of DINP. 
 
In a Danish study (Vikelsoe, 2001 in Björklund 2007) DINP was measured in deposition 
samples from Lille Valby in Denmark, which is a rural monitoring station, with an 
average annual flux of 17 µg/m2 and year. 
 
Using the above described Danish average and the area of Sweden (see section 2.2.5), 
atmospheric deposition of DINP could be roughly estimated to be 0.6 tonnes/year to 
inland surface waters and 7 tonnes/year to land, assuming the same atmospheric 
deposition in the whole country. Since the estimates for atmospheric deposition is only 
based on one measurement outside of Sweden, the results should be considered as very 
uncertain. 
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3.3 Summary  
The emission estimates from different sources of DINP to the environment are 
summarised in Table 7. 
 
Table 7 Summary of the sources, size and receiving compartments of DINP emissions in 
Sweden 

Source Name flow Size flow 
(tonnes/year) 

Released to 

Industry Influent wastewater 8 M-WWTP 

Industry Emission to air 8 Outdoor air 

M-WWTP Effluent wastewater 4 (0-0.5) Surface water 

M-WWTP Sewage sludge 2 (0.8-8) Soil 

M-WWTP Sewage sludge 2 (0.3-4) Waste disposal (incineration and 
landfills) 

M-WWTP Sewage sludge 0.4-4 Other (storage or not reported 
compartments) 

Landfills Leachate 0-0.0005 Surface water 

Landfills Leachate 0-0.0005 Soil (forest) 

Landfills Leachate 0-0.003 M-WWTP 

Use of 
articles 

Diffusion 0.08 Indoor air 

Use of 
articles 

Advection from indoor 
air 

0.01-0.05 Outdoor air 

Air pollution Atmospheric deposition 0.6 Inland surface water 

Air pollution Atmospheric deposition 7 Soil 

 
A substance flow diagram for DINP in Sweden is presented in Figure 3. The values are 
based on most recent data found and are presented in tonnes DINP per year. 
 

 
Figure 3 Substance flow diagram for diisononylphthalate in Sweden (tonnes DINP/year) 
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DINP will be released to water and air during processing of PVC and non-PVC 
products. The yearly release of DINP from the manufacture steps in Sweden has been 
estimated to totally 20 tonnes.  
 
During the use phase of articles, DINP may be emitted to the environment. Since many 
articles are used indoors, the emissions often occur to indoor air. A study of the use of 
vinyl flooring and other indoor materials for wall and roof covering showed that 8 kg 
DINP is emitted in Sweden per year. DINP also exist in other products. However, no 
data on the amount and emissions of DINP from these products is known. 
 
Atmospheric transport of DINP occurs, since concentrations of the substance have been 
measured in ambient air. This is also indicated by a Danish study where atmospheric 
deposition of DINP has been detected (Vikelsoe, 2001 in Björklund 2007). No data on 
atmospheric deposition of DINP is available for Sweden.  
 
DINP is released from municipal waste water treatment plants (M-WWTP). The flows of 
DINP to M-WWTPs are probably due to diffuse emissions in the society. Sludge from 
M-WWTP will contribute to environmental concentrations of DINP when the sludge is 
used as filling material, or disposed to agriculture land. 
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4 Substance flow analysis for triphenyl phosphate 
(TPP) 

4.1 Background information 

4.1.1 Physical and chemical properties 

Triphenyl phosphate (TPP) occurs as colourless crystals at room temperature and 
belongs to the group of organophosphates. The chemical structure and the physical and 
chemical properties of TPP are shown in Table 8. 
 
Table 8 Chemical structure and physical and chemical properties of triphenyl phosphate 
(UNEP, 2002; US EPA, 2005)  

 Triphenyl phosphate (TPP) 

Structure 

 

CAS no. 115-86-6 

Molecular formula C18H15O4P 

Molecular weight (g/mol) 326.28 

Density (g/cm
3
) 1.2055 at 50 °C 

Melting point (°C) 48-50 

Boiling point (°C) 245 at 14.6 hPa 

Water solubility (mg/l) 0.2-1.9 at 20 °C 

Vapour pressure (Pa) 8.35×10
-4

 

Henry´s law constant (Pa m
3
/mole) 0.018-0.036 

Log octanol-water partition coefficient (Log Kow) 4.6 

4.1.2 Production and use 

According to the OECD SIDS (UNEP, 2002), the global annual production of TPP 
(excluding East Europe) was approximately 20 000 to 30 000 tonnes in year 2000, of 
which 25% is estimated to be produced in Western Europe. Four producers/importers 
of TPP are registered in Europe (European Commission, 2011), but none are located in 
Sweden.  
 
The total use of TPP in Sweden was approximately 70 tonnes in the year of 2009, see 
Figure 4. During the time period 1999-2009, the use of TPP has fluctuated between 18 
and 132 tonnes per year. It should be noted that TPP in imported finished articles are 
not included in these figures. The total net inflow of TPP to the Swedish society is 
therefore higher than the net inflows presented above. 
 
Looking at the number of preparations containing TPP, there has been more than a 
tenfold increase since the beginning of the studied time period, from 8 preparations in 
1992 to 92 preparations in 2009. 
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Figure 4 Use of TPP in preparations in Sweden between 1992 and 2009 (SPIN, 2011; 
KemI-stat, 2011). 

 
TPP can be used for a wide variety of applications, for example as a flame retardant, in 
hydraulic fluids and in adhesives. Approximately 50% of the TPP is used as a flame 
retardant in PVC, where it also serves as a plasticizer (UNEP, 2002). In addition, TPP is 
used as a flame retardant in other polymers (22%), in printed circuit boards (11%) and in 
photographic films (7%). The remaining 10% is used in applications such as hydraulic 
fluids, adhesives, inks and coatings (UNEP, 2002). 
 
Table 9 shows the use of TPP in Sweden divided into different use categories (SPIN, 
2011, KemI-stat, 2011). It is evident that the major use of TPP in Sweden is in polymers, 
which is similar to the global use pattern. 
 
Table 9 Use of TPP in Sweden (2009) per national use category (KemI-stat, 2011). 

Code Use category 
No of 
preparations 

Use 
(tonnes) 

H10100 Hydraulic oils 4 0.1 

R30800 Raw materials for production of plastics 6 57 

S45110 Lubricating grease and oil 24 0.5 

S45150 Gear oils 13 0.1 

S45250 Additive to lubricating agents 4 0.1 

4.1.3 Environmental fate and environmental levels 

Because of its physical-chemical properties with a log Kow of 4.6, TPP can be expected 
to preferably partition to organic phases in the environment. However, it is not totally 
water repellent and it has reasonably high water solubility, thus minor amounts can also 
be expected to be found in dissolved phase in aquatic environments. Similarly, with an 
estimated octanol-air partition coefficient LogKoa of 9.4 (estimated as Kow×H/RT, at 
25 degrees), TPP would mainly partition to aerosols in the atmosphere, but minor part 
may also exist in the gaseous phase.  
 
In air, TPP is expected to rapidly degrade via indirect photolysis by reaction with 
hydroxyl radicals (UNEP, 2002). The half-life of TPP in air has been estimated using 
AOPWIN and the results show a half-life of approximately 12 hours. In water, TPP will 
most likely sorb to suspended solids and to sediment. However, with a logKow of 4.6 
some co-existence in the dissolved phase can be expected if released to water. When 
dissolved in natural waters (pH 8.2), a half-life of 1.1-2.0 days has been estimated for 
TPP (UNEP, 2002). The hydrolysis products were diphenyl phosphate and phenol. 
Further hydrolysis of diphenyl phosphate was not observed. TPP has been classified as 
readily biodegradable in water according to a test that corresponds to OECD Guideline 
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301C (UNEP, 2002). Volatilization of TPP from water has been assessed as hardly 
occurring (UNEP, 2002). If released to soil, TPP is likely to have low mobility based on 
the logKow of 4.6. Degradation of TPP in soil has been observed both under aerobic 
and anaerobic conditions as a result of both biotic and abiotic processes.  
 
Measurements of TPP in wastewater treatment plants show elimination rates from the 
water phase of 92% in a Japanese WWTP and >85% in an American WWTP (UNEP, 
2002) This is in agreement with estimates from modelling, which yielded an elimination 
rate of 93% (UNEP, 2002).  
 
Bioaccumulation of TPP has been studied in fish and plants (UNEP, 2002). The assessed 
bioconcentration factors (BCF) for fish were in the range of 110-144 while for the plants, 
they were below 50. The BCFs for fish indicate that there is a moderate bioaccumulation 
potential even though TPP is not considered persistent in the environment. The 
environmental levels of TPP are shown in Table 10. No data for urban air, water or 
sediment concentrations were found. 
 
Table 10 Concentrations of TPP in different environmental matrices in Sweden. 

Matrix 
Concentration 

Average (Min-Max) 

No. of 
samples Reference 

Ambient air    

Air, remote location 12 ng/m
3 

1 Haglund & Marklund, 2005 

Indoor air    

Indoor air 3.7 (<0.10-23) ng/m
3
 35 Haglund & Marklund, 2005 

Indoor air 

- Home 
- Day care 
- Office 

 
0.2 (n.d.-0.8) ng/m

3
 

0.1 (n.d.-0.9) ng/m
3
 

0.6 (n.d.-2.7) ng/m
3
 

 
10 
10 
10 Bergh et al., 2011 

Dust 
- Home 
- Day care  
- Office 

 
1.6 (0.1-4.2) ɛg/g 
3.5 (0.3-17) ɛg/g 
8.8 (0.9-32) ɛg/g 

 
10 
10 
10 

Bergh et al., 2011 

 

Atmospheric deposition    

Atmospheric deposition, 
remote location <0.30 ng/(m

2
 day) 1 Haglund & Marklund, 2005 

Biota    

Fish, limnic, Sweden 160 (21-810) ng/g lw 19 Sundkvist & Haglund, 2009 

Fish, marine, Sweden 79 (4.2-400) ng/g lw 12 Sundkvist & Haglund, 2009 

Blue mussel, Sweden 56 (18-93) ng/g lw 2 Sundkvist & Haglund, 2009 

WWTP    

Influent 180 (76-290) ng/L 9 Haglund & Marklund, 2005 

Effluent 71 (41-130) ng/L 7 Haglund & Marklund, 2005 

Effluent 65 (15-120) ng/L 8 Lilja et al., 2010 

Sludge 130 (52-320) ng/g dw 17 Haglund & Marklund, 2005 

Sludge 450 (13-870) ng/g dw 23 Haglund & Olofsson, 2007 

Sludge 260 (32-1300) ng/g dw 8 Haglund & Olofsson, 2008  

Sludge 92 (22-210) ng/g dw 8 Haglund & Olofsson, 2009 

Landfills    

Leachate 3.0 (2.8-3.2) ɛg/L 2 Cerne et al., 2007 
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4.2 Sources of emissions of TPP 

4.2.1 Manufacture 

TPP is not produced in Sweden. Emissions from the production of TPP are therefore 
not discussed further. According to SPIN (2011) and KemI-stat (2011) TPP is used 
within Swedish industry, why emissions during processing of PVC and other polymers as 
well as during production of hydraulic fluids and oils can occur.  
 
The total use of TPP in Sweden 2009 was 70 tonnes (SPIN, 2011) and the main use was 
as a raw material for production of plastics (57 tonnes). OECD (2009) has developed an 
Emission Scenario Document on Plastic Additives in which emission factors for raw 
material´s handling, compounding and conversion are estimated. These emission factors 
have been used here in order to estimate emissions of TPP from the plastics industry in 
Sweden. General emission data for flame retardants from the OECD report (2009) were 
used since the main application of TPP is as flame retardant. In Table 11, emission factors 
are given for two particle sizes, <40 µm and >40 µm to cover the likely range of particles 
sizes of TPP.  
 
Table 11 Emission factors for flame retardant during different processes of plastics 
processing (OECD, 2009). 

Process 
Particle size <40 µm Particle size >40 µm 

Water Air Waste Water Air Waste 

Raw materialôs handling 0.6% 0% 1% 0.2% 0% 0.01% 

Compounding 0.051% 0.001%  0.011% 0.001%  

Conversion (open) 0.005%   0.005%   

Conversion (closed) 0.001%   0.001%   

 
Using these emission factors in combination with the annual use of TPP in Sweden, 
ranges of emissions from use of TPP in the plastics industry were estimated to 100-400 
kg to water, 0.6 kg to air and 6-600 kg to waste. 

4.2.2 Service life of consumer articles and materials 

Many of the articles and chemical products that contain TPP are used in indoor 
environments. During the articles lifetime, emissions of TPP can occur as a result of 
diffusion from the materials but also by abrasion. Depending on the use and surrounding 
environment, emissions can vary. Concentrations of TPP in air and dust from different 
indoor environments in Sweden have been reported in two studies; Haglund & Marklund 
(2005) and Bergh et al., (2011). The measured concentrations in indoor air ranged from 
below detection to 23 ng/m3, while concentrations in dust ranged between 0.1- 32 Ǫg/g. 
 
Based on the methodology described in section 2.2.2, a yearly load of TPP to outdoor air 
from indoor air was estimated to be in the range of 0-30 kg. This yearly emission 
corresponds to the buildings of types as single-family house, block of flats and public 
buildings but not industrial buildings. 
 
Other emissions from use can occur through spills of hydraulic oils or base oils during 
service of cars and airplanes. These emissions have not been estimated here. 

4.2.3 Municipal wastewater treatment plants 

TPP has been measured in influent, effluent and sludge from M-WWTPs in Sweden 
(Lilja et al., 2010; Haglund & Marklund, 2005; Haglund & Olofsson, 2007, 2008, 2009), 
see Table 10. The average concentration of TPP in influent water to Swedish M-WWTPs 
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was 0.18 µg/L, with a range of 0.08-0.29 µg/L. The yearly input of TPP to Swedish M-
WWTPs was estimated to be 300 (100-500) kg. For effluent water, the average 
concentration of TPP was 0.07 µg/L with a range of 0.02-0.13 µg/L (Table 10). Applying 
the same methodology as for the influent water, the yearly outflow of TPP in sewage 
effluent was estimated to 100 (30-200) kg. The methodology for estimation of flows in 
M-WWTPs is described in section 2.2.3. 
 
As mentioned above, TPP has also been measured in sewage sludge in an average 
concentration of 270 ng/g dw (13-1300 ng/g dw). Following the approach given in 
section 2.2.3, the total amounts released via sludge was estimated to be 3-300 kg (average 
70 kg) distributed according to: 
 

¶ Filling material: 0.8 -80 kg (average 20 kg) 

¶ Agricultural soil: 0.8 ð 80 kg (average 20 kg) 

¶ Landfilling: 0.7 ð 70 kg (average 20 kg) 

¶ Incineration: 0.006 ð 0.6 kg (average 0.1 kg) 

¶ Other disposal: 0.7 ð 70 kg (average 20 kg) 

4.2.4 Landfills 

Landfilling of materials containing TPP could potentially lead to emissions of the 
substance via landfill leachate. Volatilisation from landfills is expected to be limited 
because of the high logKoa (>9). TPP in landfill leachate have been measured at two 
Swedish landfills, see Table 10 above. The average concentration was 3.0 µg/L (2.8-3.2 
µg/L ) (Cerne et al., 2007). 
 
Using the methodology in section 2.2.4 and the landfill leachate concentration, the total 
amount of TPP in all Swedish landfill leachate is estimated to be 50 (40-50) kg each year. 
7 kg may be emitted to receiving waters, 7 kg to forest soil and 30 kg to sewage treatment 
plants each year. 

4.2.5 Air transport and atmospheric deposition 

Only one measurement of atmospheric deposition of TPP has been found, which was 
performed at the remote station Pallas in northern Finland where the deposition was 
below the detection limit of 0.30 ng/m2 day. TPP may be transported via air and 
atmospheric deposition. However, there is not enough data to estimate any fluxes. 
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4.3 Summary  
The different sources of emission of TPP to the environment are summarised in Table 

12. 
 
Table 12 Emissions and flows of TPP in Sweden. 

Source Name flow Size flow 
(kg/year) 

Released to 

Processing of plastics Diffusion to air 0.6 Indoor air 

Processing of plastics Wastewater 100-400 M-WWTP 

Processing of plastics Solid waste 6-600 Incineration 

Households and industry Influent wastewater 300 (100-500) M-WWTP 

WWTP Effluent wastewater 100 (30-200) Surface water 

WWTP Sewage sludge 40 (2-200) Soil (filling material and 
agricultural soil) 

WWTP Sewage sludge 20 (0.7-70) Landfill 

WWTP Sewage sludge 0.1 (0.006-0.6) Incineration 

WWTP Sewage sludge 20 (0.7-70) Unknown 

Use of articles Diffusion from indoor air 0-30 Outdoor air 

Landfill Landfill leachate 7 (6-7) Surface water 

Landfill Landfill leachate 7 (6-7) Soil 

Landfill Landfill leachate 30 (30-40) M-WWTP 

 
In Figure 5 a substance flow diagram for TPP in Sweden is presented. The values are 
based on most recent data found and are presented in kg TPP per year. 
 

 
Figure 5 Substance flow diagram for triphenylphosphate in Sweden (kg TPP/year).  
* marks flows where concentrations were below the detection limit. 
 

The SFA shows that approximately 100 000 kg TPP is yearly imported to Sweden, either 
as the pure substance or in the plastic in televisions. The inflow of TPP in other 
imported articles than televisions has not been possible to investigate in this study.  
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The major emission sources of TPP are industrial processing of plastics and diffuse 
emissions mainly from households. TPP emitted during the use phase of articles is 
expected to end up in dust which is either incinerated or ends up in wastewater. 
 
When comparing inflow of TPP in products with outflow, one can see that the inflows 
are much larger than the outflows from the product. This indicates that the majority of 
the TPP remains in the products when it either reaches waste management or reuse.  
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5 Substance flow analysis for tributyl phosphate 
(TBP) 

5.1 Background information 

5.1.1 Physical and chemical properties 

Tributyl phosphate (TBP) occurs as a colourless and odourless liquid at room 
temperature and it belongs to the group of organophosphates. The chemical structure 
and the physical and chemical properties of TBP are shown in Table 13. 
 
Table 13. Chemical structure and physical and chemical properties of tributyl phosphate 
(OECD, 2002). 

 Tributyl phosphate (TBP) 

Structure 

 

CAS no. 126-73-8 

Molecular formula (C4H9O4)3PO 

Molecular weight (g/mol) 266.32 

Density (g/cm
3
) 0.97  

Melting point (°C) -70 

Boiling point (°C) 130°C at 5 hPa 

Water solubility (mg/l) 400 at 20 °C 

Vapour pressure (Pa) 3.47*10
-4

 at 25 °C 

Henry´s law constant (Pa m
3
/mole) 0.015 

Log octanol-water partition coefficient (Log Kow) 4 

5.1.2 Production 

According to the OECD SIDS (OECD, 2002), the global annual production of TBP 
(excluding East Europe) is approximately 3 000 to 5 000 tonnes. Six 
producers/importers of TBP are registered in Europe (European Commission, 2011). 
Four are located in Germany, one in the UK and one in the Netherlands. None are 
located in Sweden.  

5.1.3 Use 

The total use of TBP in Sweden was 2009 approximately 30 tonnes, see Figure 6. During 
the time period 1999-2009, the use of TBP has fluctuated between 24 and 48 tonnes per 
year. It should be noted that TBP in imported finished articles are not included in these 
figures. The total net inflow of TBP to the Swedish society is therefore higher than the 
figures presented here. 
 
There has been a slight decrease in the number of preparations containing TBP since the 
late 1990s, currently amounting to approximately 85 preparations (Swedish Chemicals 
Agency, 2011; SPIN, 2011). 
 

http://upload.wikimedia.org/wikipedia/commons/f/fe/Tributyl-phosphate-2D-skeletal.png
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Figure 6 Use of TBP in preparations in Sweden between 1992 and 2009 (SPIN 2011; 
KemI-stat, 2011). 

 
The main industrial use of TBP is as a flame retardant in aircraft hydraulic fluid and as a 
solvent for rare earth extraction and purification (OECD, 2002). More than 80 % of the 
TBP is used for these applications. Minor uses of TBP are as a defoamer in cement 
casings for oil wells, as a carrier for fluorescent dyes, as a solvent in nuclear fuel 
processing or as an anti-air entrainment additive for coatings and floor coverings.  
 
Table 14 shows the use of TBP in Sweden divided into different use categories (KemI-
stat, 2011). The major industrial use of TBP in Sweden is as an anti-foaming/foam-
reducing agent. 
 
Table 14 Use of TBP in Sweden (2009) per national use category (KemI-stat, 2011). 

Code Use category 
No of 

preparations Use (tonnes) 

F05250 Pigment pastes 7 > 0 

H10100 Hydraulic oils 7 4.1 

L10101 Adhesives Water based Industrial use 6 > 0 

O25400 Anti-foaming agents, foam-reducing agents 5 12.4 

 

5.1.4 Environmental fate and environmental levels 

In water, TBP may hydrolyse by a base catalysed reaction (OECD, 2002). No hydrolytic 
degradation was however observed in a study using sterile water with varying pH. In 
another study where bacteria (Pseudomanas diminuta) was present in the water, a 
degradation of 50% after two hours and 100% degradation after 48 hours of TBP was 
observed. 
 
Experimentally determined Koc values indicate that the mobility of TBP in silty loam 
and clay loam soils is low, while the mobility is moderate in sandy loam soils (OECD, 
2002). 
 
The bioaccumulation potential of TBP has been determined experimentally for a number 
of fish species (OECD, 2002). Bioconcentration factors (BCF) for fish were in the range 
of 5.5-49. The BCFs for fish indicate that TBP has a low bioaccumulation potential. 
The environmental levels of TBP are shown in Table 15. No data regarding urban air, 
water or sediment concentrations were found. 
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Table 15 Concentrations of TBP in different environmental matrices in Sweden. 

Matrix 
Concentration 

Average (Min-Max) 

No. of 
samples 

Reference 

Ambient air    

Air, background 0.28 ng/m
3 

1 
Haglund & Marklund, 
2005 

Air, airports 960 (270-2100) ng/m
3
 3 

Haglund & Marklund, 
2005 

Indoor air    

Indoor air 14 (<0.10-120) ng/m
3
 33 

Haglund & Marklund, 
2005 

Indoor air 

- Home 
- Day care 
- Work 

 
16 (3.5-45) ng/m

3
 

61 (3.7-320) ng/m
3
 

21 (n.d.-100) ng/m
3
 

 
10 
10 
10 

Bergh et al., 2011 

Dust 
- Home 
- Day care  

- Work 

 
0.6 (n.d.-1.7) ɛg/g 
2.0 (1.2-6.2) ɛg/g 
0.7 (n.d.-3.2) ɛg/g 

 
10 
10 
10 

Bergh et al., 2011 

Atmospheric deposition    

Atmospheric deposition, 
background 

230 ng/(m
2
 day) 1 

Haglund & Marklund, 
2005 

Biota    

Fish, limnic, Sweden 160 (21-810) ng/g lw 19 
Sundkvist & Haglund, 
2008 

Fish, marine, Sweden 79 (4.2-400) ng/g lw 12 
Sundkvist & Haglund, 
2008 

Blue mussel, Sweden 56 (18-93) ng/g lw 2 
Sundkvist & Haglund, 
2008 

M-WWTP    

Influent 19 (7-52) ɛg/L 9 
Haglund & Marklund, 
2005 

Effluent 3.1 (0.36-6.1) ɛg/L 9 
Haglund & Marklund, 
2005 

Effluent 0.11 (0.019-0.39) ɛg/L 7 Lilja et al., 2010 

Sludge 370 (39-850) ng/g dw 17 
Haglund & Marklund, 
2005 

Sludge 92 (0.20-640) ng/g dw 23 Haglund & Olofsson, 2007 

Sludge 42 (4.0-250) ng/g dw 8 Haglund & Olofsson, 2008  

Sludge 43 (13-180) ng/g dw 8 Haglund & Olofsson, 2009 
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5.2 Sources and flows of TBP 

5.2.1 Manufacture 

TBP is not produced in Sweden. Emissions from the production of TBP are therefore 
not discussed further. According to SPIN (2011) and Swedish Chemicals Agency (2011) 
TBP is used within Swedish industry and emissions during processing of for example of 
hydraulic fluids and oils can occur.  
 
The total use of TBP in Sweden 2009 was approximately 30 tonnes (Swedish Chemicals 
Agency, 2011). The main use of TBP registered in the Product register is as anti-foaming 
or foam reducing agent for which 12 tonnes were used during 2009 (Swedish Chemicals 
Agency, 2011). Emission data from usage has however not been found. 

5.2.2 Service life of consumer articles and materials 

According to OECD (2002) the main application of TBP is as a flame retardant in 
hydraulic fluids for aircrafts or as a solvent for rare earth extraction and purification.  
 
Aircraft hydraulic fluids flame retarded with TBP generally contains 25-75% TBP 
(OECD, 2002), which approximately is in the same range as found by Haglund & 
Marklund (2005), who reported the TBP content in a hydraulic fluid used in Swedish 
aircrafts to be 19%. 
 
When hydraulic aircraft fluids are used, there is a risk for leakages which can cause 
emissions of TBP to the environment. These leakages are likely to mainly occur during 
maintenance of the aircrafts, for examples during routine checking of fluid levels, during 
draining/refilling of hydraulic fluids or during testing of hydraulic parts (OECD, 2002) 
and there be directed to hard surfaces and subsequently storm water. However leakages 
of TBP can also occur during operation of the aircrafts.  
 
According to KemI-stat, 4.1 tonnes of TBP was used for hydraulic fluids within the 
Swedish industry in 2009 (Swedish Chemicals Agency, 2011). This amount only includes 
the TBP used for hydraulic fluids produced in Sweden but aircraft hydraulic fluids are 
also imported into Sweden. According to Statistics Sweden (2009), the net inflow 
(domestic production + import - export) of hydraulic fluids (CN 3819) was 1435 tonnes 
in 2005. The category CN 3819 contains three subcategories, of which hydraulic fluids 
flame retarded with phosphate esters is one subcategory. Here, it has been assumed that 
15% of CN 3819 is hydraulic fluids flame retarded with TBP. That yields a net inflow of 
approximately 240 tonnes of hydraulic fluids flame retarded with TBP. Based on the TBP 
content in hydraulic fluids given by UNEP (2001) and Haglund & Marklund (2005), the 
TBP concentration is somewhere between 20-75%. Assuming that 10% of the hydraulic 
fluid is released into the environment yields an emission of 5-20 tonnes of TBP from 
aircraft hydraulic fluids each year. 
 
TBP can also be used as a flame retardant in plastics such as polystyrene (Jansson, 2008). 
During the life time of the plastic products, emissions of TBP can occur as a result of 
diffusion from the materials but also via abrasion of the material. The magnitude of the 
emissions can vary depending on the use and surrounding environment. Another 
application of TBP in indoor environments is in floor polishes (Marklund et al., 2003). 
However, no data regarding content of TBP in floor polish has been found.  
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Concentrations of TBP in air and dust from different indoor environments in Sweden 
have been reported in two studies; Haglund & Marklund (2005) and Bergh et al., (2011). 
These measured concentrations in indoor air ranges from below the detection limit (not 
specified) to 320 ng/m3, while the concentrations in dust range from below detection to 
6.2 Ǫg/g. 
 
According to the methodology in section 2.2.2, the yearly load of TBP to outdoor air 
from indoor air was estimated to be in the range of 0-3000 kg. This yearly emission 
estimate would correspond to the buildings of types as single-family house, block of flats 
and public buildings and not industrial buildings. 

5.2.3 Municipal wastewater treatment plants 

TBP has been measured in influent, effluent and sludge from M-WWTPs in Sweden 
(Lilja et al., 2010; Haglund & Marklund, 2005; Haglund & Olofsson, 2007, 2008, 2009), 
see Table 15. The average concentration of TBP in influent water to Swedish M-WWTPs 
was 19 µg/L, with a range of 6.6-52 µg/L. The yearly input of TBP to Swedish M-
WWTPs is estimated to 30 000 (10 000-90 000) kg is obtained. For effluent water, the 
average concentration of TBP is 1.8 µg/L with a range of 0.019-6.1 µg/L. in effluent is 
3 000 (30-10 000) kg. The methodology for estimating these flows is described in section 
2.2.3. 
 
As mentioned above, TBP has also been measured in sewage sludge with an average 
concentration of 160 ng/g dw and a range of 0.20-850 ng/g dw. Following the approach 
in section 2.2.3, the total amounts released via sludge were estimated to 0.05-200 kg 
(average 40 kg) distributed according to: 
 

¶ Filling material: 0.01 -50 kg (average 10 kg) 

¶ Agricultural soil: 0.01 ð 50 kg (average 10 kg) 

¶ Landfilling: 0.01 ð 50 kg (average 9 kg) 

¶ Incineration: 1×10-4 ð 0.4 kg (average 0.08 kg) 

¶ Other disposal: 0.01 ð 50 kg (average 9 kg) 

5.2.4 Landfills 

Landfilling of materials containing TBP could potentially lead to emissions of the 
substance via landfill leachate. Volatilisation should be limited due to the high logKoa 
value of 9.2. Leachate from two Swedish landfills has been analysed for TBP in a study 
by Cerne et al. (2007). TBP was not detected in any of the samples. 

5.2.5 Air transport and atmospheric deposition 

Only one measurement of atmospheric deposition of TBP has been found, see Table 15 
above. That measurement was performed in Pallas, Finland which is considered a remote 
location with regard to air pollution. The result of the measurement was 230 ng/ m2 day. 
Due to the remote location of Pallas, the data is not applicable when estimating 
atmospheric deposition for entire Sweden. However, the results indicate that air 
transport and atmospheric deposition are possible pathways for transportation of TBP. 

5.3 Summary  
The different sources of emission of TBP to the environment are summarised in Table 

16. 
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Table 16 Summary of flows of TBP in Sweden. 
Source Name flow Size flow (kg/year) Released to 

Households and industry Influent wastewater 30 000 (10 000-90 000) M-WWTP 

Households and industry Effluent wastewater 3 000 (30-10 000) Surface water 

Households and industry Sewage sludge 20 (0.02-100) Soil (filling 
material and 
agricultural soil) 

Households and industry Sewage sludge 9 (0.01-50) Landfill 

Households and industry Sewage sludge 0.08 (0.0001-0.4) Incineration 

Households and industry Sewage sludge 9 (0.01-50) Unknown 

Use of aircraft hydraulic 
fluids 

Leakage of hydraulic fluid 5 000-20 000 Soil, wastewater, 
surface water 

Use of articles Diffusion from indoor air 0-3 400  Outdoor air 

 
In Figure 7, a substance flow diagram for TBP in Sweden is presented. The values are 
based on most recent data found and are presented in kg TBP per year. 
 
 

 
Figure 7 Substance flow diagram for TBP in Sweden (kg TBP/year). 

 
Approximately 16 000 kg/year of TBP is imported to Sweden as a pure substance. TBP 
is also imported in finished articles and in chemical products, such as hydraulic fluids. It 
is estimated that 50 000-200 000 kg TBP is imported in hydraulic fluids each year. Flows 
of TBP via import of other finished articles have not been possible to estimate in this 
study.  
 
The major emission sources of TBP to the environment are via diffuse releases mainly 
from households (34 000 kg/year) which reaches the M-WWTPs and via use of hydraulic 
fluids (3200 kg /year). As for TPP, the majority of TBP will remain in the product when 
it enters the waste management stage since content of TBP in the products are much 
larger than the emitted amounts from the products.  
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6 Substance flow analysis for benzothiazole-2-thiole 
(MBT) 

6.1 Background information 

6.1.1 Physical and chemical properties 

Chemical and physical properties of benzothiazole-2-thiole (2-Mercaptobenzothiazole; 
MBT) are shown in Table 17. 
 
MBT occurs in its pure state as needle-shaped crystals that are insoluble in water. MBT is 
a priority risk reduction substance, classified as òvery toxic to aquatic animalsó, òmay 
cause long-term effects in the aquatic environmentó and òmay cause sensitization by skin 
contactó (R 50/53, R43; Swedish Chemicals Agency 2011; European Commission Joint 
Research Centre; 2011).  
 
Table 17 The physical and chemical properties of Benzothiazole-2-thiole (MBT ) (U.S. 
National Library of Medicine, 2011). 
 Benzothiazole-2-thiole (MBT) 

Structure 

 
CAS no. 149-30-4 

Other names 2-Mercaptobenzothiazole; Thiotax 

Molecular formula C7H5NS2 

Molecular weight 
(g/mol) 

167.24 

Melting point (°C) 172-180  

Boiling point (°C at 760 mmHg) 305 

Density 1.46 

Water solubility 120 mg/L at 14ºC (EXP) 

Log Kow 2.42 (EXP) 

6.1.2 Production and use 

MBT is a High Production Volume (HPV) chemical. According to the European 
Commission Joint Research Centre (2011) there are six HPV producers/importers of 
MBT in EU (Germany, Netherlands, Belgium, Spain, France and UK). Information 
about the total production volumes of MBT in Europe has not been found. There is no 
production of MBT in Sweden.  
 
MBT is widely used chemical in industry and in household articles. The primary use of 
MBT is in the rubber industry as a non-volatile vulcanisation accelerator but also as an 
intermediate in the production of other accelerators, some of which may decompose 
during vulcanisation and form MBT. As benzothiazoles are accelerators that are common 
in tyre manufacturing, large quantities of these substances are imported from abroad. 
During the period of 2006-2009, the accumulated amount of tires (net inflow) used for 
cars, lorries and buses and tractors in Sweden was 29 million, 11 million and 2.2 million, 
respectively. The net inflow was calculated using data on import and export and domestic 
production when available (Brolinson and Carlsson, 2011). 
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MBT has also other applications such as inhibiting biocorrosion in cooling systems or in 
paper manufacturing. The substance is a biocide and is as such included in the European 
directive on biocides EG 2032/2003 (Remberger et al., 2006). 
 
In Sweden, the usage of MBT between 1999 and 2009, varied between 2 and 29 tonnes 
per year (SPIN, 2011; KemI-stat, 2011), Figure 8. 2009 the use of MBT in chemical 
products in Sweden was 12 tonnes, of which 8 tonnes were exported. Of the remaining 4 
tonnes, 2 tonnes were used as raw materials for production of rubber products, 1 tonne 
as accelerators and the rest as other cleaning/washing agents (SPIN, 2011; KemI-stat, 
2011). It should be noted that MBT in imported finished articles are not included in 
these figures. The total net inflow of MBT to the Swedish society may therefore be 
higher than the net inflows presented here. 
 

 
Figure 8 Use of MBT  in Sweden between 1992 and 2009 (SPIN, 2011; KemI-stat, 2011). 

6.1.3 Environmental fate and environmental levels 

MBT may enter the environment during its production, transport, disposal, and use as a 
rubber vulcanization accelerator, fungicide and a chemical intermediate. MBT has a low 
to moderate mobility in soil, if released on land it may leach, especially in alkaline soil 
(HSDB, 2011).  
 
If released to water, MBT would be partially dissociate and partially absorb to sediment, 
especially in acidic water. It would rapidly photo-degrade in surface water with a half-life 
of 0.05 days in summer and 0.21 days in winter. MBT is not expected to bioconcentrate 
in fish (HSDB, 2011).   
 
In the atmosphere, MBT will react with photochemically-produced hydroxyl radicals 
resulting in an estimated atmospheric half-life of 8.4 hours (HSDB, 2011).  
 
Environmental levels of MBT in air, water, sediments, soil and biota are shown in Table 
18. These data have been used in the emission estimates below. 
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Table 18 Concentrations of MBT in different environmental matrices in Sweden 

Matrix 
Concentration 
levels 

No of 
samples Reference 

Air  
 

 

Air (urban and close to poss. 
point source) <1 ng/m

3
 6 Remberger et al., 2006 

Air (background, urban and 
close to poss. point source) <0.1 pg/m

3
 8 Brorström-Lundén et al., 2011 

Soil    

Soil (background, urban) <0.6 ng/g dw 6 Brorström-Lundén et al., 2011 

Atmospheric deposition    

Urban site, Stockholm <5-37 ng/(m
2 

day) 3 Remberger et al., 2006 

Urban and background site, 
Stockholm and Råö 

<0.06-<0.3 ng/(m
2
 

day) 4 Brorström-Lundén et al., 2011  

Water 

 
   

Surface water (fresh water, 
background, urban) <0.05-0.08 µg/L 13 Remberger et al., 2006 

Surface water (fresh water, 
coast-background, urban) <0.003-0.019 µg/L 11 Brorström-Lundén et al., 2011  

Sediment    

Sediments (fresh water 
background, urban) <20-950 µg/kg dw 16 Remberger et al., 2006 

Sediments (fresh water, coast-
background, urban) <0.8 µg/kg dw 6 Brorström-Lundén et al., 2011  

 Biota 

 
   

Biota (perch) <10 µg/kg ww 7 Remberger et al., 2006 

Biota (blue mussel) <5-59 ng/g dw 11 Brorström-Lundén et al., 2011  

Biota (perch) <0.7-7.4 ng/g ww 8 Brorström-Lundén et al., 2011  

Crops (wheat) <0.1 ng/g ww 4 Brorström-Lundén et al., 2011  

M-WWTP    

Effluent <0.05-0.69 µg/L 13 Remberger et al., 2006 

Effluent  <0.06-0.59 µg/L 5 Brorström-Lundén et al., 2011  

Sludge <20-950 µg/kg dw 24 Remberger et al., 2006 

Sludge 10-25 µg/kg dw 5 Brorström-Lundén et al., 2011  

6.2 Sources of emissions of MBT 

6.2.1 Manufacture 

During 2009 approximately 12 tonnes MBT was used in Sweden in chemical products 
(KemI-stat, 2011). The potential emission sources from the manufacture step of articles 
and chemical products containing MBT could be: 

¶ Manufacture of rubber products 

¶ Production of accelerators 

¶ Manufacture of cleaning/washing agents 

However, data on the emissions of MBT during the manufacture steps of different 
articles and chemical products containing MBT in Sweden was not found. Emission 
factors related to the production processes were not available.  
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6.2.2 Service life of consumer articles and materials 

Approximately 120 000 tonnes of all types of tyres are imported to Sweden annually. 
During the production stage, 1 g MBT/kg rubber is added to the tyres (120 000 kg 
MBT). Assuming that 1-20% of the MBT does not react during the vulcanisation 
process, 1 200-24 000 kg MBT will remain in the final product and enter the Swedish 
market.  
 
Almost all end-of life tyres used in Sweden are recycled. Most of the recycled tyres are 
used for the production of energy, mainly in the cement industry. Tyres may also be 
reused in other products such as e.g. asphalt rubber used as road-pavement. The 
proportion of rubber in the asphalt is 1.5 to 2 weight %. Between 2007 and 2009 more 
than 1000 tonnes rubber granulate was used in the production of asphalt rubber in 
Sweden (Viman, 2011). Using the same calculations as above, the MBT stock in the 
asphalt rubber used as road pavement in Sweden (between 2007 and 2009) is 
approximately 10-200 kg depending on how much of the unreacted MBT from the 
vulcanisation processes that remain in the tyres. It is not known how much of MBT may 
further be emitted to the environment. 
 
Recycled tyres are also used for the production of so-called artificial grass and a small 
portion as pavement or equipment (e.g. swings) at playgrounds.  

6.2.3 Municipal wastewater treatment plants 

MBT was measured in effluent water from 13 M-WWTPs in Sweden in concentrations 
between <0.05 and 0.69 µg/L (Remberger et al., 2006). In recent study MBT was 
detected in effluents from five M-WWTPs in levels from <0.06 to 0.59 µg/L 
(Brorström-Lundén et al., 2011). 
 
The mean concentration of MBT in M-WWTP effluents as measured by Remberger et al. 
(2005) and Brorström-Lundén et al. (2011) was 0.20 µg/L (range: <0.05-0.63 µg/L, 
median 0.15 µg/L, n=18). Using the methodology in section 2.2.3 and assuming that 0.20 
µg/L is a representative M-WWTP effluent MBT concentration in Sweden, the yearly 
load was estimated to approximately 400 kg (range: <100-1000 kg, median value: 300 kg). 
 
MBT has also been measured in sewage sludge from 26 Swedish M-WWTP in 
concentrations ranging from <0.020-0.95 Ǫg/kg dry weight (average 0.19, median 0.06 
µg/kg dw, n=29) (Remberger et al., 2005; Brorström-Lundén et al., 2011). 
 
Following the approach in section 2.2.3, the total amounts released via sludge were 
estimated to <4-200 kg (average 40 kg) distributed according to: 
 

¶ Filling material: <1 -50 kg (average 10 kg) 

¶ Agricultural soil: <1 ð 50 kg (average 10 kg) 

¶ Landfilling: <1 ð 50 kg (average 9 kg) 

¶ Incineration: <9×10-3 ð 0.4 kg (average 0.08 kg) 

¶ Other disposal: <1 ð 50 kg (average 10 kg) 

6.2.4 Landfills 

Solid waste containing MBT may be created in the manufacturing phases of the life cycle 
as well as during private use of MBT containing products. Landfilling of materials 
containing MBT could potentially lead to emissions of the substance via landfill leachate. 
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MBT was measured in effluent from two landfills in mean concentration of 0.093 µg/L 
(Brorström-Lundén et al., 2011). Applying this concentration, the yearly load was 
estimated to 2 kg. 0.2 kg is emitted to receiving waters, 0-0.2 kg to forest soil and 1.5 kg 
to sewage treatment plants each year. The estimates were based on the methodology 
described in section 2.2.4. Considering the limited data available on MBT in landfill 
leachates, these estimates should be regarded as very approximate. 

6.2.5 Air transport and atmospheric deposition 

Atmospheric deposition of MBT was measured in the city of Stockholm with a daily flux 
of <5-37 ng/m2 day (n=3, Remberger et al., 2005). MBT was also measured in deposition 
at a background site at the Swedish west coast and in the city of Stockholm. These results 
were below the limit of quantification, <0.06-<0.3 ng/m2 day (Brorström-Lundén et al., 
2011).  
 
Using the above described range and the methodology in section 2.2.5, atmospheric 
deposition could be roughly estimated to <0.04-600 kg to inland surface waters and <5-
6000 kg to land, assuming the same atmospheric deposition in the whole country. The 
lower values correspond to estimates based on half the detection limit. The higher values 
represent data from an urban site in Stockholm (n=2), which means that the calculations 
probably are overestimated considering the atmospheric deposition for the whole 
country and are therefore not further used in this study.  

6.3 Summary  
The different sources of emission of MBT to the environment are summarised in Table 

19.  
 
Table 19 Summary of the sources, size and receiving compartments of MBT emissions in 
Sweden. 

Source Name flow Size flow (kg/year) Released to 

M-WWTP Effluent wastewater 400 (<100-1000) Surface water 

M-WWTP Sewage sludge 20 (<2-100) Soil (filling material and 
agriculture) 

M-WWTP Sewage sludge 9 (<1-50) Landfills 

M-WWTP Sewage sludge 0.08 (<0.0009-0.4) Incineration 

M-WWTP Sewage sludge 10 (<1-50) Unknown 

Landfills Leachate 0.2 Surface water 

Landfills Leachate 0.2 Forest soil 

Landfills Leachate 2 (1-2) M-WWTP 

Air pollution Atmospheric deposition 0.04 Inland surface water 

Air pollution Atmospheric deposition 5 Soil 

 
The substance flow diagram for MBT in Sweden is given in Figure 9. The values are 
based on most recent data found and are presented in kg MBT per year.  
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Figure 9 Substance flow diagram for MBT in Sweden, values given in kg/year, * marks 
flows where concentrations were below the detection limit. 

 
Approximately 4 tonnes MBT is annually imported to Sweden as pure substance. The 
imported amounts of MBT in products are unknown. 
 
The major emission sources of MBT to the environment are diffuse releases from 
households and industry which reaches the M-WWTPs. Approximately 380 kg MBT may 
annually enter the environment via effluent water from municipal WWTP. Another 41 kg 
will end up in the sludge from M-WWTP.  
 
The results from a Swedish screening of benzothiazoles (Brorström-Lundén et al. (2011) 
showed a high detection frequency of MBT in different environmental media. This study 
also confirmed that release from M-WWTPs is an important pathway of MBT to the 
environment, an indication that the environmental occurrence is due to diffuse emission 
from e.g. consumer products. The occurrence of MBT in storm water indicated that 
traffic related emissions will take place. MBT mainly occurred in the aquatic 
environment. Air transport seemed to be of minor importance.   
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7 Substance flow analysis for 8:2 fluorotelomer 
alcohol (8:2 FTOH) 

7.1 Background information 

7.1.1 Physical and chemical properties 

The chemical structure of telomer alcohols is characterised by a perfluorinated carbon 
chain, which is followed by a CH2-CH2-group connected to the hydroxy group. The 
physical and chemical properties of 8:2 fluorotelomer alcohol (8:2 FTOH) are 
summarised in Table 20. 
 
Table 20 Physical and chemical properties 8:2 fluorotelomer alcohol (8:2 FTOH) (CAS 
database, 2011). 
 8:2 fluorotelomer alcohol 

Structure 

 
CAS no. 678-39-7 

Molecular formula C10H5F17O 

Molecular weight (g/mol) 464.12 

Melting point (°C) 50 

Boiling point (°C at 10 mm) 113 

Density (g/cm
3
) 1.633 

7.1.2 Production and use 

FTOH is manufactured as a raw material used in the synthesis of fluorotelomer-based 
surfactants and polymeric products. FTOH is used to make acrylate monomer, a 
fundamental building block for the polymeric products representing more than 80% of 
the fluorotelomer-based products manufactured and used worldwide. However this 
reaction leaves 0.1-0.5 wt % unreacted residual FTOH as a byproduct in the polymeric 
products (Prevedouros et al., 2006). The manufacture of FTOHs usually results in a 
mixture containing six to twelve fluorinated carbon congeners with the 8:2 FTOH being 
the dominant one. FTOHs are present in consumer articles as residual raw materials (de 
Voogt et al., 2006). 
 
In 2006, there were four manufactures of fluorotelomer-based raw materials, one in 
North America, one in Germany and two in Japan (de Voogt et al., 2006).  
 
According to Dinglasan-Panlilio and Mabury (2006), the global production of FTOH was 
estimated to approximately 11000-14000 tonnes/year. About 40% of the FTOH 
production takes place in North America (Ellis et al., 2004). 
 
The fluorotelomer alcohols are used to treat paper to improve its moisture and oil barrier 
properties. FTOHs are also used in waterproof outdoor clothing and in waterproofing 
agents for textiles (Herzke et al., 2009). 8:2 FTOH have been detected in several 
consumer products, such as, textile- and leather furniture, shoes, ink, carpets, paper and 
outdoor clothing (Herzke et al., 2009; Swedish Society of Nature Conservation, 2006). 
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There is no data available on the usage of 8:2 FTOH in chemical products in the Swedish 
product register (SPIN, 2011, KemI-stat, 2011).  

7.1.3 Environmental fate and environmental levels  

FTOH have the potential to form stable perfluorinated carboxylates such as PFOA and 
PFNA (Herzke et al., 2009).  
 
Due to its volatility, FTOH are expected to occur predominantly in the atmospheric gas 
phase. Rain scavenging is not expected to be an efficient atmospheric deposition process 
of FTOH (Herzke et al., 2007). 
 
In Table 21 the environmental levels of 8:2 FTOH in air, dust and soils are presented. 
These data have been used in the emission estimates in subsequent sections. 
 
Table 21 8:2 FTOH levels in different environmental matrices 

Matrix 
Concentration levels No of 

samples 
Reference 

Ambient air    

Air, above North Atlantic and 
Canadian Archipelago 

5.8-26 pg/m
3
  Shoeib et al., 2006 

Air, Toronto, Canada, semi-urban 41 pg/m
3
 (average)  Shoeib et al., 2006 

Air, N Atlantic and Canadian 
Archipelago 

5.8-26 pg/m
3
  Shoeib et al., 2006 

Air, vessels in the Atlantic Ocean, 
the Southern Ocean and the Baltic 
Sea 

1.8-130 pg/m
3
  Dreyer et al., 2009 

Air, Canadian Arctic 14 pg/m
3
, (average) 10 Stock et al., 2007 

Air, N America 
11-160 pg/m

3
 (6:2, 

8:2,10:2 FTOH) 
 Stock et al., 2004 

Outdoor air, urban air, Canada, 
passive samplers 

150 pg/m
3
 (average) 6 Shoeib et al., 2011 

Indoor air    

Indoor air, Canada, passive 
samplers 

2.9 ng/m
3
 (average) 56 Shoeib et al., 2011 

Indoor air, Norway 0.92-25 ng/m
3
 40 Haug et al., 2011 

Indoor dust    

House dust, Canada 88 ng/g  Shoeib et al., 2011 

Soil    

Surface soils, USA; six fields to 
which sludge had been applied 

5-73 ng/g  Yoo et al., 2010 

Surface soils, USA, background site < Det. limit  Yoo et al., 2010 

M-WWTP    

Effluent, Norway <LoD-20 ng/L 29 Thomas et al., 2011 

Sludge, Norway 2.3-150 ng/g dw 32 Thomas et al., 2011 

 

7.2 Sources of emissions of 8:2 FTOH 
Release of the volatile FTOHs may occur during the entire the supply chain, from 
production, application into consumer use and disposal. Unreacted telomer alcohols can 
potentially vaporise during production of the monomer as well as from polymeric 
materials. Dinglasan-Panlilio and Mabury (2006) showed that the total residual masses of 
fluoroalcohols from fluorinated polymers and surfactants ranged from 0.04 to 3.8% on 
the basis of dry weight of initial fluorinated material. 

7.2.1 Manufacture 

Data on usage of 8:2 FTOH in chemical products in Sweden is not available and no 
emission factors from the manufacturing steps of FTOH containing articles were found. 
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However, according to the usage categories of this substance, potential emission sources 
from manufacture steps of FTOH containing products in Sweden could be: 
 

¶ Paper mills 

¶ Textile industries 

¶ Production of fluorotelomer-based surfactants and polymeric products 

7.2.2 Service life of consumer articles and materials 

The use of goods and products containing FTOH may contribute to the release of 
FTOH to indoor environment, e.g. air and dust. Indoor air may be a source to outdoor 
air through the ventilation system in the buildings.  
 
Swedish data on concentration of 8:2 FTOH in indoor air was not found in the literature. 
8:2 FTOH has been measured in indoor air in Norwegian households in an average 
concentration of 6.4 ng/m3 (range: 0.92-25 ng/m3, median value: 5.2 ng/m3) (Haug et al, 
2011). Assuming that Norwegian concentrations also are representative for Sweden the 
yearly load of 8:2 FTOH, to the outdoor air was estimated to be 60 kg (range: 10-300 kg, 
median value: 50 kg) using the methodology described in section 2.2.2. 

7.2.3 Municipal wastewater treatment plants 

There were no Swedish data found in the literature. 8:2 FTOH was measured in effluent 
water from eight WWTP in Norway in average concentration of 3.7 ng/L (range: <LoD-
20ng/L, n=29, median value: 1.8 ng/L) (Thomas et al., 2011). Assuming that this is a 
representative range of 8:2 FTOH concentrations in M-WWTP effluent also in Sweden, 
the yearly load was estimated to 7 kg (range: <LoD-40 kg, median value: 3 kg). The 
methodology is described in section 2.2.3 
 
8:2 FTOH has been measured in sewage sludge from eight Norwegian M-WWTP in 
concentration ranging from 2.3 to 147 ng/g dw (Thomas et al., 2011). Following the 
approach in section 2.2.3, the total amounts released via sludge was estimated to 0.5-30 
kg (average 4 kg) distributed according to: 
 

¶ Filling material: 0.1 -8 kg (average 1 kg) 

¶ Agricultural soil: 0.1 ð 8 kg (average 0.9 kg) 

¶ Landfilling: 0.1 ð 7 kg (average 0.8 kg) 

¶ Incineration: 1×10-3 ð 0.06 kg (average 0.007 kg) 

¶ Other disposal: 0.1 ð 7 kg (average 0.8 kg) 

7.2.4 Atmospheric deposition 

No data on atmospheric deposition of 8:2 FTOH has been found in the literature.  
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7.3 Summary  
The different sources of emission of 8:2 FTOH to the environment are summarised in 
Table 22.  
 
Table 22 Summary of the sources, size and receiving compartments of 8:2 FTOH 
emissions in Sweden. 

Source Name flow Size flow (kg/year) Released to 

M-WWTP Effluent wastewater 7 (<LOD-40) Surface water 

M-WWTP Sludge 2 (0.2-16) Soil (filling material and agricultural 
soil) 

M-WWTP Sludge 0.8 (0.1-7) Landfills 

M-WWTP Sludge 0.007 (0.0001-0.008) Incineration 

M-WWTP Sludge 0.8 (0.1-7) Unknown  

Use of articles Diffusion to indoor 
air 

70 (10-300) Outdoor air 

 
The substance flow diagram for 8:2 fluorotelomer alcohol (8:2 FTOH) in Sweden is 
given in Figure 10. The values are based on most recent data found and are presented in 
kg 8:2 FTOH per year. 
 

 
 
Figure 10 Substance flow diagram for 8:2 fluorotelomer alcohol (8:2 FTOH) in Sweden, 
average emission in kg/year 

 
Unreacted telomere alcohols can potentially gas-off both during production of the 
monomer and from polymeric materials that contain FTOH. Indoor air is an important 
pathway of the 8:2 FTOH to ambient air and diffuse emissions from the use phase of 
articles used indoors may contribute to the  occurrence of this chemical in the 
environment. The 8:2 FTOH that enter the M-WWTP will end up in both sludge and 
effluent water in an average magnitude of 10 kg/year. 
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8 Discussion and conclusions 

8.1 Major sources and flows 
 
No production of the pure substances, DINP, TPP, TBP, MBT and 8:2 FTOH occurs in 
Sweden, thus no emissions from production takes place in the country. These chemicals 
are however imported to Sweden and information regarding industrial use and the import 
in chemical products of four substances (DINP, TPP, TBP and MBT) is available from 
the Swedish Chemicals Agency (SPIN database and KemI-stat). For 8:2 FTOH such data 
is confidential and therefore not available.  
 
Import of substances in materials and articles is not included in the SPIN-database. To 
estimate the amounts of these substances in imported finished articles to Sweden, it is 
necessary to have information of both imported amounts of the articles and declaration 
of content in the articles. Trade statistics are available from Statistics Sweden. However, 
the statistics do not include private import, and estimated import of chemicals in articles 
is therefore likely to be underestimated using Statistics Swedenõs data.  
 
Industrial use and manufacturing can result in emissions of the chemicals to air and 
water. These emissions can be substantial in comparison to other emission sources, e.g. 
16 tonnes DINP per year were estimated to be emitted during processing while 
emissions from the use of PVC flooring were estimated to be 80 kg per year. Emission 
factors from industrial use were not available for TBP, MBT and 8:2 FTOH. 
 
Diffuse emissions of chemicals can occur during the use phase of consumer products 
and articles by release to air and via abrasion. A substantial part of these emissions take 
place indoors but the chemicals can then be transported to outdoor air via ventilation. 
Emission estimates of the use of articles have not been estimated here, however, Project 
4 within the ChEmiTecs programme aims to reduce this data gap. 
 
Household use of articles and chemical products can result in emissions of chemicals to 
M-WWTPs. Depending on the physical and chemical properties of the substance; it can 
be degraded or partitioned to either effluent water or sludge after wastewater treatment. 
The chemicals may be distributed to the environment via effluent water or via dispersion 
of sludge.  
 
When the articles have reached their end-of-life, they can be incinerated, re-used, 
recycled or landfilled. When comparing emissions during the life cycle of articles to the 
initial amount added to the articles, the added amount is often much larger than the 
emissions. It is therefore likely that the majority of the chemical substances remain in the 
articles when they reach end-of-life treatment which is to consider in the recycling of 
articles. No emission data has been found for recycling processes. Landfill leachate 
appears to be of minor importance compared to the other sources during the life cycle. 
Here, the assumption has been made that the included substances DINP, TPP, TBP, 
MBT and 8:2 FTOH are mainly decomposed via incineration. 
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One important pathway of the chemicals to land and water is via atmospheric transport 
and deposition, which may take place both in a local scale, close to point sources and in 
urban areas, and from distance sources via atmospheric long range transport. Air and 
deposition data is missing or below the detection limit for the studied substances.  

8.2 Uncertainties and data gaps 
The quality of the input data to the SFAs varies considerably, which mainly is due to lack 
of both emission and environmental data. While usage of chemicals within the Swedish 
industry often is known, limited information exists regarding emissions from industrial 
processes. Another large data gap is the amounts of the substances in imported finished 
articles and chemical products. In some cases, this flow has been estimated using trade 
statistics and estimated concentrations in different materials, but only for single articles. 
Project 4 within the ChEmiTecs programme aims to reduce this data gap. Very limited 
amounts of emission data have been found for the use and waste management phases, 
for example recycling.  
 
There is often a limited amount of measurement data. When available, often only one or 
a few measurements in various media have been found in the literature and/or  databases. 
Since the substances studied here are not measured regularly or included in monitoring 
programs, results from different studies are not necessarily comparable due to e.g. 
different sampling strategies and lack of standardised sampling and analytical methods. 
More monitoring data is needed, which would decrease the uncertainties in emission 
estimates, identification of pathways and environmental fate of the chemicals. 

8.3 Main conclusions 
The main results of the SFAs for the case study chemicals, DINP, TPP, TBP, MBT and 
8:2 FTOH show that: 
 

¶ Production of these chemicals occurs abroad while manufacture of chemical 
products and articles can take place in Sweden, thus emissions to air and water 
may take place.  

 

¶ Emissions via household use of articles and chemical products can be an 
important pathway of these chemicals to the environment. Emissions to indoor 
air and to water and sludge via M-WWTPs have been identified as important 
pathways. 

 

¶ The majority of the chemical substances remain in the articles when they reach 
end-of-life as the estimated emissions of the chemicals during the life cycle of 
articles are minor compared to the initial amount added to the articles.  

 

¶ Large data gaps of emissions and of environmental concentrations were 
identified and it was particularly difficult to obtain data of content in products. 
These data gaps give large uncertainties in emission factors and it is difficult to 
get an overall picture of the flow of a substance in the community and the 
environment. 
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