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Sammanfattning

ChEmiTecs) hissioner av organiska amnen fran §asorett forskningsprogram som
finansieras av Naturvardsverket. Malsattningen med ChEmiTecs ar att oka forstaelsen
ochkunskapen om emissioner av organiska amnen fran varor samt att dimensionera hur
stort problemet ar jamfért med andra utslappskallor.

Inom ChEmiTecs har detaljerade fallstudier genomfdOrtsett antal utvalda
fallstudieamnefor att 6ka forstaelsen kgihur organiska @mnen emitteras fran varor
De utvalda fallstudiedamnenar diisononylftalat (DINP), trifenylfosfat (TPP),
tributylfosfat TBP), bensotias@Hiol (MBT) och 8:2 fluortelomatkohol (8:2 FTOH).

| demastudiehar substansflodesanalySFA for dessa fallstudieamngenomforts
syfteatt uppskattdbetydelsen av emissioner fran anvansfaisgyrav varor i férhallande

till andra utslappskallot substansflédesanalysenmar viktiga utslappskallor och
spridningsvagar identifieratifran daa fran litteraturen, sdsom emissionsfaktorer och
uppmatta halter i miljonSubstansflodesanalysernar genomforts for Sverige
Resultatetkan vidareskala ner for att motsvara Stockholms kommun.

Resultaten frasubstansflodesanalysevigar attproduktionen a\DINP, TPP, TBP,

MBT and 8:2 FTOHsker utomlands, medan tillverkning av kemiska produkter och varor
innehéllande dessa amnen siaen Sverige. Utslapp av dessa amnen till luft och vatten
fran tillverkning av kemiska produkter oaloviean darfor ske i Sverige.

Utslapp fran hushallens anvandning av varor och kemiska produkter kan vara en viktig
spridningsvag till miljon for de studerade amnebDessa utslapp sker framst till
inomhusluft samt till vatten och slam via aviogifen

Huvuddelen a®INP, TPP, TBP, MBT and 8:2 FTOtppskattas att forblivarorna

nar de nandallshanteringen, @issionernander livscykelns tidigare faser ar betydligt
mindre &n vad som tillsatts varan vid produktion. Inga uppskattningar av @slapp fr
atervinning har hittats. Utslapp via lakvatten bedéms vanadre betydelse jafort

med andra utslappskallor. | destudie har det antagits att majoriteten av de studerade
amnena bryts ned vid férbranning.

Studien har identifierat stora datalucked avseende pdslapp, halter i miljon samt
koncentrationer i varoRessa dataluckor ger upphov till stora osdkerheter bland annat
med avseende pénissionsfaktorailket medfor att detvart att fa en évergripande bild
avamnenafioden i samhalletch miljon.
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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 substencasidles

and to clarify and determine the magnitude of this problesstudyaddresses one of

the main objectives of the research progi@arastimate the importance of emissions
from articlesn relation to other emission categories and pathways.

In ChEmiTecsdetailed case studies are carried out to elaborate the understanding of the
emission processétere, sibstance IBw Analysis (SFAgethodology has been applied

in order to evaluate the importance of emissions from service life of aretii®imto

other emission sources for the case sthéynicalsThe following chemicals were
included: diisononyl phthalate (DINP), triphenyl phosphate (TPP), tributyl phosphate
(TBP), enzothiazol@-thiole (MBT) and 8:2 fluetelomer alcohol (8:2 FTOHf the

SFAs he most important emission sources and pathways for the selected chemicals have
been identified using both emission estimatebfferent emission categories as well as
environmental datdhe SFA were undertaken for the Swedgme resultamay also be

scaled down to the municipality of Stockholm.

The main results of the SFAs for the case study cheBisi#ls, TPP, TBP, MBT and
8:2 FTOH show thgtroductionof thesechemical®ccursabroad while manufacture of
chemicaproducts and articlesn take place in Swedkusemissions tair and water
may take place.

Emissionsvia tousehold use of articles and chemical prodactse an important
pathway of these chemicals to the environment. Emissions to indoor aiwatet to
and sludge via-WWTPs have been identified as important pathways.

The majority of the chemical substances remain in tlesanthen they reach eofel

life as lhe estimate@missions of the chemicals during the life cycle of articles are minor
compared to the initial amount added to the artieemissiordata habeen found

for recycling processes. Landfill leachate appears to be of minor importance compared to
the other sourceslere, 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 frofrechnospherarticles(ChEmiTeg) is a research
programme fundelly the SwedisBnvironmental Protection Agendjhe programme's

goal is to improve the understanding of emissions of organic substances from articles
and to clarify and determine the magnitude of this problesistudyaddresses one of

the main objectigeof the research prograto,estimate the importance of emissions

from articlesin relation to other emission categories and pathWdgsnation
regarding important complementary emission sources has been comalssdedtion

of substances.

In ChEmiTecs detailed case studies are carrietbalaborate the understanding of the
emission processes. Articles which exist in large quantities and with a use pattern which
can give rise to emissionsogganic chemicals were selected ekch article, specific
substance of importance was selecié@. selection procedures are described in
Andersson & Ranng2009) and Rannar & Andersg2010. In total, eight different
consumer articles and associated substances were selected as case studies.

Substace How Analysis (SFAhethodology has been appliedrder to evaluate the
importance of emissions from service life of articles in relation to other emission sources
for the case studshemicalsin the SFAsHe most important emissi@ources and
pathwaysfor the selected chemicals have been idénifiegboth emission estimates

for differentemissiorcategories as well as environmental agacase study chemicals

and their corresponding article, for which substance flow analyses were canelucted,
shown inTablel.

The SFA were undertakefior the wholeSwedenThe results maysa furtherbe scale

down to theurban area of Stockholm, limitedthe area within the bordeof the
municipality of StockholnThe 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 chemicalsand their correspondingarticle, 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-thiole MBT
Jackets 8:2 fluorotelomer alcohol 8:2 FTOH

This report gives a background to the approach used and a summary and symhesis of t
results.
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2 Substance flow analysis (SFA)

The basic idea of an SFA is to make flows of a subai#imoghe techngshere and in

the environmenvisible and comparable and to facilitate identification of the major
emissiorsourcesAn SFA should contain flows of a substance throughout its lifecycle,
and finally the emissions of a substanc&aytoecipient&.gwate, air or soil. Imports

to or exportout ofthe system (defined in time and space) should also be assessed.

The overallaim is to achieve a mass balance valfidiews are accounted for, ahd
input quantity equals the quantity accumulating in aledAong the system. To identify
and quantify substance flows therenasvever often a need to make a number of
assumptions and estimatiohsomplete hlance between inflow and outflow may thus
not always be achieved. ®eg.Brunner & Rechberger (20D for more detailed
descriptions of substance flow analysis and material flow analysis.

In some casethe fate of the substance in the natural environmalspigssesseals

part of @ SFA Thisinformationcan be gained from.gmeasurements of tigyort
procedures such as atmospheric deposition, outgoing sewage water, sedimentation rates,
leakage from soils and degradation matesedicted using chemical fate models or a
combination of thesén the ChEmiTecsproject theenvironmentalate of chenicalsis
predictedusing masshalance modelling exercises, combined with empirical literature
data of the type mentioned above.

Figurel shows a schematic picture where the SFA describes the left part ofithis pict
and the right part,e what happens after the substance has been emitted.

PATHWAYS OF HAZARDOUS SUBSTANGES

INDUSTRY, APPLICATION AND EMISSION PATTERNS

® Product @ Emission to air ® Other emissions _

Atmospheric

T deposition
Product1 ~ —— ; —

______________________________________ Conversion
Primary Industrial N

Producer A use B > Product2 .
Adsorption

Industrial :
ol Product 3

l l

Production chain End use

Aqueous
Environment

Figure 1 Schematic picture of the pathways of a substance in the technosphere and in the
environment. The illustrated flows are examples onlgAnderssonet al, 2012.

The data presented in an SFA@ky valid during a limited tingeriod Use pattern,
technologyd.glimiting emissions), regulations etc. may change and thus also the sources
and flows of a substance.
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The SFAs carried out this study wereintendedto describe the current situation in
Sweden an&tockholm,.e.the period for which thessearclprogramme is running
(20072012. The SFAse.gemissiorestimates are carried oatyearly bases

2.1Background information about the substances

The following backgund information asused for each of the substances:

Physical and chemical properties

Production and uselata frome.gthe Swedish Products Regis&®IN, 2012
and the Kembktat (2011) database by Swedish Chemicaly Agenc

1 Environmental fate and environmental lewvdd$a from the literature and the
Swedish Screening databasen(.ivl.sg

T
T

The usagedata from SPIN and Kenstat differ slightly. SPIN presents the net
consumptionj.e.mandactured minus exported amounts, while K&atlincludes the
exported amounts in their figurBleither of these two databases contains information
about import of chemicals in finished articles.

2.2Sources of emissions

Emissions and flows of th&tudied cbmicalswere estimatedwhere pssible and
estimatedjualitatively where nmeasuremerndata were availablEhese estimations
were based on official statistics and registers as well as available $tefatase
Paulsson (2010)he pictureof emissioa and flowss illustratecas an SFA diagrasee
Figurel.

Emissions and flows wezstimated for Sweddout hie national emissions may also be
salad down to Stockholm based on:
1 Population, scaling factor of 0.@bpulation Swedef@41700Q Stockholm
847073
1 Land and lake area, scaling factors 0.0004 and 0.0008 respeetvéynd
Sweden421544 km, Stockholm188 km, area lakes Swed@i@816 km,
Stockholn21 knd)

The scaling factor based on avasonlyused forestimation oatmospheric deposition.

2.2.1 Manufacture

The use quantities of chemical products within Swedetifferent sectors, were
obtained from the Swedish Products Register (2PN andKeml-stat (Kemistat,
2011) Emissionsfrom manufactung were estimated by applying emission factors
reported in the literature,gEU 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 airconcentrations together withe yearly ventilation air volumé/if15800

m%¥year m?) and the area of heated buildings in Sweden (678 mi)lihnaerssoret

al., 2012. Organic substances emitted from articles to indoor air may be further
transported tather matrices such as dust. Such flows are not quantified in this study,
but are instead studied inrR&ousins (20)2nd Palm Cousies al(in preparationby

applying a fate model to the emissions.
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2.2.3 Municipal wastewater treatment plants (MWWTP)

The amount of the chemicakdeased to thenvironment vianunicipal wastewater
treatment plants (WWTP) were estimated with the use of data on concentrations in
effluent waterand sludge in combination wahatistics on totehmounts of sludge
produced (2.1x2@onnes/year) andater volumegL8x10 m¥year)releasedndfrom
M-WWTPs in Swedeaccording to the principles outlinedAnderssoret al(2012)
(www.cohibgroject.nét Ths methodology was sligh#lglapted for thpurposes of the
preent study

Sudgefrom Swedish MVWTPscould beused for different applicatigmisich as filling
material or spreading on agricultural land. In this study, the folégpirgations of
disposal of sludge haveen usedtatistics Sweden&wedish EPA2010:

1 Filling materialconstruction soib roads, golf courses, et27%
Agricultural soiR26%

Landfilling:23%(3% put on landfills and @Z0used as cover on landfills)
Incineration0.2%

Other disposaktored or not reported4%

E N N ]

2.2.4 Landfills

The amant of the chemicateleasedialandfill leachate were estimated with the use of
data on concentrations of the substances in landfill leachate and total leachate volume
(1.6x16 m¥year) dischargedo M-WWTP, surface waters and forest soil. This was
madeaccording to the principles outlined by Anderssal(202). The landfill leachate

is assumed to be emitted to the following recipfeme(ssoret al.2012)

1 Receiving waters withdteatment14%
1 Forest soil without treatment, 14%
1T M-WWTP, 72%

2.2.5 Air transport and amospheric deposition

The load to land and water surfacessulting fromatmospheric deposition were
estimated by extrapolation of measuremenfrdaia.gSwedistscreening studi€bhe
atmospheric deposition is generally measutteg imit ng/nf and day.

To estimate the atmospheric deposition for the entire Sweden, the measured values were
up-scaledusingthe land(417000 knd) and water surfag83000 ki) areaof Sweden
(Anderssoret al 2012)
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3 Substance flow analysis for diisononylphthalate
(DINP)

3.1Background information

3.1.1 Physical and chemical properties

Diisononylphthalate (DINPgonsists ofa complex mixture containing mainlg- C

branched isomergEuropean Chemicals Bureau, 200hhere aretwo different
substanceattributel to the names XRenzenedicarboxylic acidCdiybranched alkyl

esters, Gricha di-o i s onony |l BNPAKRCAAS G851880)kis manufactured by

the OPolygasd pr oces s-120)hsabutere basddl Uddertte ( CAS
EU risk assessntethese substances have been considered equivalent from a health and
environmental perspective, and a single EU risk assessment has been conducted for
DINP (ECPI, 2010). Thechemicalstructure together witphysical and chemical
properties of DINP ishownin Table2.

Table 2 Physical and chemical properties oDINP (European Chemicals Bureapu2003
US EPA, 20111

Diisononylphthalate (DINP)

Structure

HE £H,
e, HE
HE T HE, o,
v S

CAS no. 28553-12-0

Molecular formula C26H4204

Molecular weight (g/mol) 418.61

Melting point (°C) ca. -50

Boiling point (°C) > 400°C

Density (g/cm®) ca. 0.975 at 20°C

Water solubility (e g/ I 31 t. 0.6 eg/|31B4gn?0AC
Log Kow 8.8/8.6

3.1.2 Production and use

According tathe European Council for Plasticisers and Intermediates (ECPI), there are
currently fourajorproducers of DINP in the EU (ECPI, 2018pwever, lhereis no
production of DINP in Sweden.

DINP has a wide range of indoor and outdoor applications.,Ddyether withdi-
isodecyl phthalate (DIDRJccount for the majority of phthalate use as plastinisiee
EU (European Chemicals Burgea003.

The totaluse of DINP in Sweden 2®as 12000tonnes. According to the Swedish
product registerSPIN, 2011 the use of DINP in chemical products has increased
betweerLl999nd 200, seerigure2. This increasmaymainlybe connected to voluntary
phaseout of DEHP whichin many casesas been replaced by DINR. should be
noted thathe amounof DINP in imported finished articlesnot included irFigure2.
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The total net inflovof DINP to the Swedish society may therefore be higher than the
net inflows presentedelow. Between 1992 and 200Be tnumber of preparations
containing DINPhas constarly increas# from five preparations in 1992 to 158
preparations in 200dowever, te consumed amount of DINP has decikase

16000 180
14000 4 160
12000 B B P Use Keml-stat
+* 2 :
10000 | | _’_‘_ H i 120 é (tonnes)
I
g 8000  p | 707’ 77777 S 100 8 musespin
s » [ (tonnes)
2 -8 &
6000 BB EEEEEEI L 60 E + Number of
+ 4 preparations
4000 . * & € e L 40 Keml-stat
2000 « ¢ - @ B A )
¢ ¢
0 » T T T T T T T T T T T T T T T T 0
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 2Use of DINP in Sweden betweer1992and 20® (Keml-stat, 2011SPIN, 2011

According to SPINJ95% of DINP is used as a plasticiser for flexible HVC
constructions and industrial applications as well as ingggede and cable, film and
sheet, flooring, industrial hosesltubing, footwear, toys and food contact plagties.
remainingive per cent is used in rBVC applications such as rulsbg0% of non
PVC applications), adhesives, sealants, paints, lacquers and luBtioapesn(
Chemicals Burea003).Table 3 shows the use of DINP in Sweden divideid
different use categori&P(N, 2011

Table 3 Use of DINP in Sweden (2008) per each national use catego8P(N, 2011

No of Use
Code Use category preparations (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, DINPhayexist in both the vapouand particulate phaséds the
atmosphere, vapoghase DINP mape degraded in by reaction with hydroxyl radicals;
the halflife for this reaction in air is estimated to bdédursbased on an OH radical
concentration of 1.5*1@nolecules/crhand a second order degradation rate constant,
kOH, of 2.34*1G(USEPA,201). Particulatgphase DINP mape removed from the
atmosphere by wet dry deposition.

DINP is expected to havew mobility in soil Volatilization from moist soil surfaces
may take place bafsorption to soimay attenuatehis processAccording toU.S.
National Library of Medicir{2¢011)biodegradation of DINP iro8 may als@ccur

If released into water, DINWill most likelyadsorb to suspended solids and sediment.

Volatilization from water surfaceseipectedo be another importargrocess .S.
National Library of Medicin20Q11).

10
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Based orestimates froramodelthat predicts distribution and elimination of chemicals
by municipal wastewater treatmplaints 82% ofDINP in wastewatewill be adsorbed

to sludge, 10% will be degraded and 1% will be strippedanddire remaining 7%
being released withetlaqueous effluerifropean Chemicals Burg2003).

Environmental levels of DINfound in literaturere shown ifmable4. Some of these
data were used for emisstmtimates of DINP

Table 4 Environmental concentrations ofDINP

No of
Matrix Concentration levels samples | Reference
Ambient air
Air, background <0.25-0.48 ng/m® 3 Palm Cousins et al., 2007
Air, urban 0.28-1.1 ng/m® 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 pg/L 7 Kaj et al.,, 2010
Storm water, urban <0.17 85 pg/L 17 Bjorklund et al., 2007

Atmospheric deposition

Lille Valby, Denmark 17 pg/(m?® year) (average) ‘ 1 ‘ Vikelsoe, 2001 in Bjérklund 2007

Biota

Fish, fresh water, coast, Sweden <50pg/kg Iw 3 Palm Cousins et al., 2007
Blue mussel, Sweden <50ug/kg ww 10 Kaj et al., 2010
Sediments

Sediment, fresh water <100 pg/kg dw 3 Palm Cousins et al., 2007
Sediment, coast <100-240 pg/kg dw 6 Palm Cousins et al., 2007
Sediment, urban 2000-3200 pg/kg dw 3 Palm Cousins et al., 2007
Sediment, fresh water <20-<100 pg/kg dw 11 Kaj et al.,, 2010

M-WWTP

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

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

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

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

3.2Sources of emissions of DINP

3.2.1 Manufacture

DINP may be emitted to the environment during production of DINP and during
processing oPVC andnon-PVC productse.grubber. Sinc®INP is not produced in
Sweden emissi®rvia production may be of minor importamdanufacture of PVC
does, however, occur within the country.

The total use of DINP in Sweden 2008 was 12 498 tonnes 28B)Nf which95%is
assumed to based in PVC and the othe¥%50 be used in no#PVC applications.
During PVC processing, DINgbeghrough a number of manufacturing stapkiding
raw materials handling and compounding. Further, there are five dijeesnoft
conversion manufacturing processes used to ntanefdiéferent types of articléor
estimation of emissisyit is assumed that the DINP used in these prodasSesden

11
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is distributed in the same way as in EU in B@4gean Chemicals Burgeda003)For
nonPVC processing, emission factors are only given for unspecified conversion, why no
further division is made.

Based on the emission factors giveharRisk Assessment Report (European Chemicals
Bureau2003) and the data from the pradwgister $PIN, 2011 the total emissisn

from PVC processing in Sweden to waste water andragstimated tde 7 tonnes
respectively. The emissdo waste water and air from ABWC processingvere
estimated tdoe 1 tonne respectivelfhe estima&d emissions are presentedable5
andTable6.

Table 5 Estimated emissions of DINP from PVGprocessing. Consumed DINP in
different conversion pocesses is assumed to be the sameSweden 200&s in the EU in
1994(SPIN, 2011in European Chemicals Bureap2003).

)
2 o | 2§
%) o % 2 @ 59
© c I .. .2 ..o -9
= 35 c 2 c ¥ c 2 c S c 9
g s G £ S % S E S 9 Sa
< 2 3 no v o (2= 28] 203
€ £ S o2 ] o8 o0 2 o0
z 2 £ = g2 28 225 | 2%
T o o ® o X% o = SRR o ©
X c (@) [ON®) ouw [O= oo o 0o
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

*Cadogaret al(1994) in RAR 2003
** Based on DINRconsumptiorj%], EU year 1994
*** \Worstcase emission

Table 6 Emissions from nonPVC processing $PIN, 2011 Cadogan et al, 1994 in
European Chemicals Bureap2003)

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

12
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3.2.2 Service life of consumer articles and materials

The use othemical producendarticlesontaining DINP may contribute to the release

of DINP in the indoor envonmentvia volatilisation and/or abrasion. Building products

have long residence time and large amounts are stored in the society, which may lead to
longterm release of additives such.gBINP in the indoor environment.

Emissions of DINP fronarticlesto indoor air were estimated in the ChEmiTecs project.
Emissions of organic compounds from articles were predicted bdsst oraterial
properties and the chemical structure of the organic compounds, in combination with
national statistics and swywef article and waste flows in so§ldtfmgrenet al 2012

As a result of this calculation model, the total emission of DINP from vinyl flooring in
Sweden was estimatedi0 kglyear. Assuming that the same amount DINP is used in
other indoor mateaals used for wall and roof covering, the total emission of DINP to
indoor air was estimated3@kgyear.

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 ventilaittet om two building
complexes in the Stockholm araaging betweeh.24.6 ng/nt (n=9) with a median
concentration of 3.2 ngf (PalmCousinset al manuscript Using the methodology
described in sectidh2.2 this give an estimated yearly load of DidRhe outdooin

the range 01050 kg (median 30 RgThis yearly emission estimate corresponds to the
buildings of types as sinfdenily house, block of flats and public buildings and not
industrial buildings.

The enission 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 wastewatetadromM-WWTP effluents measured in
a Swedish screening studyewesedwhere measured concentrations were iratige
of 0-0.3 pg/L (the upper value represents the reporting limit) (n=28t Kg2010).
Assuming thathis is arepresentativior Swedish MVWTPs the yearly load to surface
water wagstimatedo 0-0.5tonnes/year (Anderssat al 2012).

DINP has been measured in &164 sludge samples fr@wedish MVWTPsat an
average concentration of 33 mg/kg DW (ranger5712g/kg DW, median value: 30
mg/kg DW, n=64) www.vl.sg. Adopting the sludge concentration range given above,
the annual loads via sludge different applications, see secf2dh3 were estimated
and resulted in a totéad of 1-20 tonnes (average 7 tonnes, mediartofines)
distributed as follows:

Filling material: 04 tonnes (averagadhnes)
Agricultural soil: 0.4 tonnes (averagddhnes)
Landfilling: 0.8 4 tonnes (averagedhnes)
Incineration: 0.0030.03 tonnes (average 0.02 tonnes
Other disposal: 04 tonnes (averageadhnes)

E R
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3.2.4 Landfills

Landfilling of materiaBnd sludgeontaining DINP could potentially lead to emissions
of the substance vimlatilisation or vidandfill leachatédNo data on volatilisation of
DINP from landfillshasbeen foungthus this emission could not be estimated.

DINP concentrationbavebeen reported frortwo effluentsamplegrom landfills but

the concentratiom werebelow the reporting limi{02 pg/L) (n=2, Kajet al 2010).
Applying the concentration range 02 pg/L, the yearly loadfom landfillswas
estimatedo below0-4 kg 0-0.5kgmay beemitted to receiving wateds).5kg to forest
soil andd-3 kg to sewage treatment plants each Mearcalculations were based on the
COHIBA modelfor landfill leachat(Anderssoret al 20R), sce sectior®.2.4for a
description of the methodolog§onsidering 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 screenistydyof phthalates (Palm Cousetsal 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 AgiiRa0 (bekground station) to 1.1 ngim

in Mossarp (county of Jonkoping), with a median value of 0.66 (agym.ivl.s®

There ishoweverno known Swedish data on atmospheric deposition of. DINP

In a Danish study (Vikelsoe, 2001 in Bjorklund 2007) DINP wasrete@sdeposition
samples from Lille Valby in Denmavkhich is a rural monitoring statiavith an
averagannual fluxof 17 ug/nt and year.

Using the above described Danish averagthamadeaof Sweder(see sectio.2.5,
atmospheric depositiaf DINP could be roughly estimattx be 0.6 tonnes/year to

inland surface waters afdtonnes/year to landassuming the same atmospheric
deposition in the whole countBince the estimates for atmospheric deposition is only
basd on one measurement outside of Sweden, the results should be considered as very
uncertain.
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3.3Summary

The emission estimates frodifferent sources of DINP to the environment are
summarised imable?.

Table 7 Summary of the sources, size and receiving compartments of DINP emissions in
Sweden

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

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 Diffusion 0.08 Indoor air

articles

Use of Advection from indoor 0.01-0.05 Outdoor air

articles 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 preserfgglire3. The values are
based on most recent data found and are presented in tonnes DINP per year.

Legend
Emission to land
Emission to surface water
_—
Emission to wastewater
——————————— Transboundary air pollution
Emission to indoor air
Emission to outdoor air T T T T T T I 0.01-0.05 ?
T Ty > Indoor air — :
Product flows 1 :L ________ 1
1
Waste flows ! -
[}
B et : Air
! 1
Import as : 1
pure substance | T T T T T T e R M-WWTP
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Rlsls 2?1008 1?2
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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 aRY@on
products. The yearly release of DINP ftbe manufacture steps in Sweldas been
estimated to totally 20nnes.

During the uselmase of article®INP may beemitted to the environment. Since many
articlesare used indoors, the emissions often occur to indoor air. A sthdyusé tof
vinyl flooring and other indoor materials for wall and roof covehiogred tha8 kg
DINP is emitted in Swedgper yearDINP also exist in other products. However, no
data on the amount and emissions of DINP from these products is known.

Atmospheric transpoof DINP occurssince concentrations of the substance have been
measured imambientair. This is also indicated by a Danish siddyre atmospheric
deposition of DINP has been detecfeikelsoe, 2001 in Bjorklund 2pNo data on
atmospheric depositiaf DINP is available for Sweden

DINP is releaseffom municipalvaste water treatment plantsWMVTP). The flows of
DINP to M-WWTPs are probably due to diffuse emissions in the sStieliye from
M-WWTP will contribute tenvironmental concentratiooiSDINP when the sludge is
used as filling material, ésmbsed 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 crystalsmattemperature and
belongs to the group of organophosphates. The chemical sendttinephysical and
chemical properties of TRReshown inTable8.

Table 8 Chemical structure and pysical and chemical properties of triphenyl phosphate
(UNEP, 2002; US EPA, 2005)

Triphenyl phosphate (TPP)

Structure @
o_0

QO’P‘O
CAS no. 115-86-6
Molecular formula C18H1504P
Molecular weight (g/mol) 326.28
Density (g/cm®) 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) 8.35x10™
Henry’s law constant (Pa m*/mole) 0.018-0.036
Log octanol-water partition coefficient (Log Kow) 4.6

4.1.2 Production and use

According to the @CD SIDS (UNEP, 2002), the global annual production of TPP
(excluding East Europe) was approximateG0@Go 3@®00 tonnes in year 2000, of
which 25% is estimated to be produced in Western Europe. Four producers/importers
of TPP are registered in Eurqgiropean Commission, 2011), but none are located in
Sweden.

The total use of TPP in Sweden was approximately 70 tonnes in the yearse2009
Figure4. Duringthe time period 1998009, the use of TPP has tiiaded between 18

and 132 tonnes per year. It should be noted that TPP in imjiadkddarticlesare

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 atthe number of preparations containing TPP, there hasrmgenthan a

tenfoldincrease 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 (SPI0L1;
Keml-stat, 2011).

TPP can be usddr a wide variety of applicatiofa, exampleas a flame retardant, in
hydraulic fluids and in adhesivégproximately 3@ of the TPP is used adlame
retardant in PVC, where it also serves as a plasticizer (UNERn2aiftlion TPP is

used as a flame retardant in other polymers (22%), in printed circuit boards (11%) and in
photographic films (7%). The remaining 1®Used inapplicationsud ashydraulic

fluids, adhesives, inks and coatings (UNEP, 2002).

Table9 shows the use of TPP in Sweden divideddifferent use categorieSP(N,
2011 Kemkstat, 2011)t is evidenthatthe major use of TPR Swedeifs in polymers
which is similar to the glohedepattern.

Table 9 Use of TPP in Sweden (2009) per national use category (Kestht, 2011).

No of Use
Code Use category preparations | (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 fateand environmental levels

Because of its physichlemical propertiestiv 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 anthasreasonablfigh water solubility, thmsinor amounts can also

be expected to be founddissolvedohase imquatic environmentSimilarlywith an
estimated octanalr partition coefficient LogKoa 6f4 (estimated asowxH/RT, at

25 degreesYPPwould mainly partition to aerosols in the atmospherendr part
mayalsoexist in the gaseous phas

In air, TPPis expectedo rapidly degrade via indirect photolysis by reaction with
hydroxyl radicals (UNEP, 2002he half-life of TPP in air has been estimated using
AOPWIN and the results show a Hédf of approximately 12okrs In water, TPRuill

most likelysorb tosuspended solidsdto sedimentHowever, with a logkow of 4.6
someco-existence in the dissolved phase can be expected if released Wheater.
dissolved in natural waters (pH 8.2), alifaléf 1.12.0 days has beestimatedor

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 frevaterhas beerassesseds hardly
occurring(lUNEP, 2002)If released to soil,PPis likely to have low mobilibased on

the logKkow of 4.6Degradation of TPP in soil has been observed both under aerobic
and aaerobic conditions as a resubath 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) Thiss in agreementith estimatesrom modelling which yiEled an elimination

rate of 9% (UNEP, 2002).

Bioaccumulation of TPP has been studied in fish and plants (UNEPT20@2kessed
bioconcentration factors (BCF) for fish were in the range -d4#1@hile for thelants,
theywere below 50. The BCFs for fish indicate that there is a moderate bioaccumulation
potential even though TPP is not considered persistent in the envirofineent.
environmental levels of TPP are showiable10. No datafor urban air, water or
sediment concentrations were found.

Table 10Concentrations of TPP in differentenvironmentalmatrices in Sweden.

Concentration No. of

Matrix Average (Min-Max) samples Reference
Ambient air
Air, remote location 12 ng/m3 1 Haglund & Marklund, 2005
Indoor air
Indoor air 3.7 (<0.10-23) ng/m® |35 Haglund & Marklund, 2005
Indoor air

- Home 0.2 (n.d.-0.8) ng/m3 10

- Day care 0.1 (n.d.-0.9) ng/m® 10

- Office 0.6 (n.d.-2.7) ng/m® 10 Bergh et al., 2011
Dust

- Home 160.1-4. 2) ¢€g|10

- Day care 35(0317) eg/|l0 Bergh et al., 2011

- Office 88(09-32) eg/]|10
Atmospheric deposition
Atmospheric deposition,
remote location <0.30 ng/(m2 day) 1 Haglund & Marklund, 2005
Biota
Fish, limnic, Sweden 160 (21-810) ng/g Iw 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 Iw 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 30(28-3. 2) eg]|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 discussedurther. According to SPIN (2011) and Kestdt (2011) TPP is used
within Swedish industmyhyemissions during processing of PVC and other polgmers
well as duringroduction of hydraulic fluids and aidsoccur.

The total use of TPP in Sweden 2009 wasri@s&PIN, 2011land he main uswas

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 conveasemstimatedTheseemission factors

have beensedherein order to estimate emissions of TPP from the plastics industry in
SwedenGeneral emissiorathfor flame retardantsom the OECD report (2009ere

used since the main application of TPP isme fretardanin Tablell, emission factors

are given for two particle sizes, <40 um and >40 um to cover the likely range of particles
sizes of TPP.

Table 11 Emission factors for flame etardant during different processes of plastics
processing(OECD, 2009)

Particle size <40 pm Particle size >40 pm

Process

Water

Air

Waste

Water

Air

Waste

Raw material 6

0.6%

0%

1%

0.2%

0%

0.01%

Compounding

0.051%

0.001%

0.011%

0.001%

Conversion (open)

0.005%

0.005%

0.001%

0.001%

Conversion (closed)

Using these emission factors in combination witlarthealuse of TPAn Sweden
ranges of emissions from use of TPP in the plastics indaestrgstimated 03400
kgto water, @ kg to air and-600 kg to waste.

4.2.2 Service life of consumer articles and materials

Many of thearticles andchemicalproducts that contain TPP are used in indoor
environments. During tharticleslifetime, emissions of TPP can occur as a result of
diffusian from the materials but alspabrasion. 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 Bergtet al (2011). The measured concentrations in indoor air ranged from
below detection to 23 ngfwhile concentrations in dust rangetiveer9.23 2 Og/ g .

Based on the methodology described in s&fdhayealy load of TPP to outdoor air
from indoor air was estimated to be in the rang@3& kg. This yearly emission
corresponds to the buildings of types as dugidy house, block of flats and public
buildings but not industrial buildings.

Other emissian from use can occur through spills of hydraulic oils or base oils during
service of cars and airplarfiégsse emissions have not been estimated here.

4.2.3 Municipal wastewater treatment plants

TPP has been measured in influent, effluent and sludge fillVTWsin Sweden
(Lillaet al 2010; Haglund & Marklund, 2005; Haglund & Olofsson, 200§ 2009,
seeTable10 Theaverage concentration of TPP in influent water to SwedléWVPs
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was0.18 gL, with a rangef 008-0.29 ug/L Theyearly iput of TPP to Swedish-M
WWTPs was estimated tobe 300 (10600) kg. For effluent water, the average
concentration of TP®Ras0.07 ugL with a range of 0.d213 ug/L(Table 10)Applying
the same methodology as for the influeatery the yearlgutflow of TPP in sewage
effluentwas estimated tb00 (30200) kg. The methodology for estimation of flows in
M-WWTPs is described in sectibB.3

As mentionedabove TPP has also been measured in sewsdge sl an average
concentration of 270 ng/g d@31300 ng/g dy Following theapproachgivenin
section2.2.3 thetotalamounts released via sludgsestimated tbe 3-300 kg (average
70kg) distributed @ording to

1 Filling material: 8-80kg (averag@0kg)
1 Agricultural soil: 8.0 80 kg (averag@0kg)
{1 Landfilling: 07 & 70kg (averag@0kg)

71 Incineration: 0.008606 kg (averag8.1kg)
71 Other disposal: Do 70kg (averag@0kg)

4.2.4 Landfills

Landfilling of materials containing TPP could potentially lead to emissions of the
substance via landfill leachatelatilisation from landfillss expectedto be limited
because of the high logkoa (>BRP in landfill leachate have been measured at two
Swedish tadfills, seerable10 above The average concentration was 3.Q (£)83.2

ugL ) (Cerneet al 2007).

Using the methodology in sectib@.4and thelandfill leachateoncentrationthe total
amount of TPP in aBwedishandfill leachatis estimatedo be50 (4650) kg eackiear.

7 kgmay beemittedto receiving wars, 7 kg to forest soil andk@pto sewage treatment
plants each year.

4.2.5 Air transport and amospheric deposition

Only one measurement of atmospheric deposition of TPP has beemfoichdwas
performedat the remotestationPallasin northernFinlandwherethe depositionwas
below the detection limit of 0.30 ng? day. TPP may be transported via air and
atmospheric degdion. 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 summarisel in
12

Table 12Emissions and fows of TPP in Sweden

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

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 Figure5 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.
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Figure 5 Substaice flow diagram for triphenylphosphate in Sweden (kg TPP/year)
* marks flows where concentrations were below the detection limit.

The SFA shows that approximately Q@@ kg TPP is yearly imported to Sweden, either
as the puresubstance or in the plasin televisions. Ehinflow of TPP in other
imported articles than televisions has not pegsibldo investigatén this study.
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The majoremissionsources of TPP aineadustrial processing of plastarsd diffuse
emissiongnainly from householdsTPP emitted during the use phasef articlesis
expected to end up in dust whichtisegiincinerated or ends up in waatew

When comparingflow of TPPin products with outflow, one can see that the inflows

are much larger than the outflows from trealpet. This indicates that the majority of
the TPP remains in the products when it eiteahes waste managenoemeuse
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5 Substance flow analysis for tributyl

(TBP)

5.1 Background information

5.1.1 Physical and chemical properties

phosphate

Tributyl phosphate (TBP) @m@s as a colourless and odourless liquid at room
temperature anidl belongs to the group of organophosphates. The chemical structure
and thephysical and chemical properties of @aB8hownin Table13

Table 13 Chemical structure and physical and chemical properties tibutyl phosphate

(OECD, 2003.
Tributyl phosphate (TBP)
Structure ﬁ
P T 1 e o e
___/‘-/O
CAS no. 126-73-8
Molecular formula (C4H904)3PO
Molecular weight (g/mol) 266.32
Density (g/cm®) 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" at 25 °C
Henry’s law constant (Pa m*/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 approximatel 008 to S00 tonnes. Six
producers/importers of TBP aregistered 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 2@89%pproximately 30 tonneseerigure6. During

the time period 1992009, 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 Swediskety is therefore higher than the
figurespresented here.

There has been a slight decreatiee number of preparations containing $iBee the

late 199Qscurrently amounting tapproximately 85 preparations (Swedish Chemicals
Agency, 2018PIN, 201).
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Figure 6 Use of TBP in preparations in Sweden between 1992 and 2009 (SP0M12
Keml-stat, 2011).

The mainindustrialuse of TBP is as a flame retardant in aircraft hydraulic fluid and as a
solven for rare earth extraction and purification (OECD, 2002). More tRaro8the

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
procesing or as an asdir entrainment additive for coatings and floor coverings.

Table14 shows the use of TBP in Sweden dividexldifferent use categoridse(ml-
staf 2011) The majorindustrialuse of TBP in Sedenis as an antoaming/foam
reducing agent.

Table 14Use of TBP in Sweden (2009) per national use categole(ml-stat, 2011).

No of
Code Use category preparations Use (tonnes)
F05250 Pigment pastes 7 >0
H10100 Hydraulic oils 7 4.1
L10101 Adhesives Water based Industrial use 6 >0
025400 Anti-foaming agents, foam-reducing agents 5 12.4

5.1.4 Environmental fateand environmental levels

In water, TBRnayhydrolyse by a base catalysed reaction (OECD, 2002). No hydrolytic
degradatio was however observed in a study using sterile water with varying pH. In
another study where bacterRsqudomanas dimimaa present in the water, a
degradation of 50% after two hours and 100% degradation after 48 hours of TBP was
observed.

Experimerally determined Koc values indicate that the mobility ofiT Bty loam
and clay loam soils is low, while the mobility is moderate in sandy loam soils (OECD,
2002).

The hoaccumulatiopotentialof TBP ha been determined experimentally for a number

of fish species (OECD, 2002). Bioconcentration factors (BCF) for fish were in the range
of 5.549. The BCFs for fish indicate that TBP has a low bioaccumulation potential.

The environmental levels of TBP are showhable15 No data regarding urban air,
water or sediment concentrations were found.
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Table 15Concentrations of TBP in different environmentalmatrices in Sweden.

Matrix Concentration No. of Reference
Average (Min-Max) samples
Ambient air
. 3 Haglund & Marklund,
Air, background 0.28 ng/m 1 2005
Air, airports 960 (270-2100) ng/m® 3 Haglund & Marklund,
2005
Indoor air
Indoor air 14 (<0.10-120) ng/m® 33 Haglund & Marklund,
2005
Indoor air .
- Home 16 (3.5-45) ng/m 10
- Day care 61 (3.7-320) ng/m’ 10 Bergh etal., 2011
- Work 21 (n.d.-100) ng/m® 10
Dust
- Home 06(Md-1.7) €9/ ¢glo
- Day care 20(126.2) ¢€g/ gllo Berghetal,, 2011
- Work 07(nd-3.2) €9/ glo

Atmospheric deposition

Atmospheric deposition,

Haglund & Marklund,

background 230 ng/(mz day) L 2005

Biota

Fish, limnic, Sweden 160 (21-810) ng/g Iw 19 Sanakvist & Haglund,
Fish, marine, Sweden 79 (4.2-400) ng/g Iw 12 ggggkvist & Haglund,
Blue mussel, Sweden 56 (18-93) ng/g lw 2 ggggkvist & Haglund,
M-WWTP

Influent 19(752) eg/ L |9 piaglund & Markdund,
Effluent 31(0366. 1)L g/ |9 ';ggé“”d & Marklund,
Effluent 0.11(0.019-0 . 39) ¢|7 Lilja et al., 2010

Sludge 370 (39-850) ng/g dw 17 ';ggé“”d & Marklund,
Sludge 92 (0.20-640) ng/g dw 23 Haglund & Olofsson, 2007
Sludge 42 (4.0-250) ng/g dw Haglund & Olofsson, 2008
Sludge 43 (13-180) ng/g dw Haglund & Olofsson, 2009
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5.2 Sources and flows of TBP

5.2.1 Manufacture

TBPis not produced in Sweden. Emissions from the production of TBP are therefore
not discusedfurther. According to SPIN (2011) and Swedish Chemicals Agency (2011)
TBP is used within Swedish induatigemissions 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 registetied Product register is as doéiming

or foam reducing agent for which 12 tonnes were used during 2009 (Swedish Chemicals
Agency, 2011fEmission datbfom usagéas howevemnot been found.

5.2.2 Service lifeof consumer articles and materials

According toOECD (20®) the main application of TBP is as a flame retardant in
hydraulic fluids for aircrafts or asoévent for rare earth extraction and purification

Aircraft hydraulic fluids flame retarded with TBP generally contait®025BP
(OECD, 2002 whichapproximatelys in the same rangas found byHaglund &
Marklund (2005who reportedhe TBP content in a hydraulic fluid used in Swedish
aircraftdo be19%

When hydraulic aircraft fluids are used, there is a risk for leakages which can cause
emissias 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 (OECT), 200

and there be directed to hard surfaces and subsequenthiyateriowever éakages

of TBPcan also occur during operation of the aircrafts.

According to Kembtat, 4.1 tonnes of TBP was used for hydraulic fluids within the
Swedishndustry in 2008Swedish Chemicals Agency, 2011). This amount only includes
the TBP used for hydraulic fluids produced in Swiedtearcraft hydraulic fluids are

also imported into Sweden. According to Statistics Sweden (2009), the net inflow
(domestic production + impor 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%o0f CN 3819 is hydréia fluids flame retardedth 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 somewhere between-28%. Assuming that 10% of the hydraulic

fluid is released into the environment yields an emigske?0 tonnesof TBP from

aircraft hydraulic fluids each year.

TBP can also be used as a flame retardant in plastics such as @@3estgsam, 2008).
During thelife time of theplastic products, emissions of TBP can occur as a result of
diffusion from the materials but also via abrasion of the mategiahagnitudef the
emissions can vamgepending on theise and surrounding emviment Another
application of TBP in indoor environments is in floor polishes (Mardiald2003).
However, no data regardocantentof TBP in floor polish has been found.
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Concentrations of TBP in air and dust from different indoor environmesigeden
have been reported in two studies; Haglund & Marklund (2005) andtEer{011).
These measured concentrations in indoor air ranges from below the detedimant limit
specifiedjo 320 ng/m, whilethe concentrations in dust range from bed@tection to

6.2 0Qg/ g.

According to the methodology in sectib®.2 the yearly load of TBP to outdoor air
from indoor air was estimated to be in the rang®3000 kg.This yearly emission

estimate would correspond to theldings of types as sinégenily 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 sludgéVfivTPsin Sweden
(Lilja et al 2010; Haglund & &fklund, 2003daglund & Olofsson, 2007, 2008, 3009
seeTablels Theaverage concentrationT®P in influent wagr to Swedish MVWTPs
was19 pg/L, with a rangef 6.652 ug/L Theyearly iput of TBP to SwedisM-
WWTPs is estimated 30000 (1@M0090000)kg is obtained-or effluent water, the
average concentration of TBP is 1.8 pwgith a range of 0.0491 pgL. in effluent is
3000 (3eL0000) kgThe methodology for estimating these flows is describedtion
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&BR0ng/g dwFollowing theapproach

in sction2.2.3 the total amounts released via sludge were estimd€B8-200 kg
(averagd0kg) distributed according to:

Filling material: 0.050 kg (averagedkg)
Agricultural soil: 0.0350 kg (averag&0kg)
Landfilling: @10 50kg (averasP kg)
Incineration1x10* & 04 kg (average@ kg)
Other disposal: 0.@50kg (averagekg)

E R N

5.2.4 Landfills

Landfilling of materials containing TBP could potentially lead to emissions of the
substance via landfill leachatelatilisation should be lired due to the high logKoa
value of 9.2 eachate from two Swedish landfills has aealysed foFBP in a study

by Cernest al(2007). TBP was not detected in any of the samples.

5.2.5 Air transport and amospheric deposition

Only one measurement of atmosghdaposition of TBP has been foun&, T&ble15

above. That measurement was performed in Pallas, Finland which is comsideted a
location with regard to air pollution. The resiuthe measurement was 230migday

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 &PTto the environment are summarisedainle
16
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Table 16Summary 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 | Leakage of hydraulic fluid | 5 000-20 000 Soil, wastewater,
fluids surface water

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

In Figure?7, asubstance flow diagram for TBP in Sweden is presented. The values are

based on most recent daiarfd and are presented in kg TBP per year.
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Figure 7 Substance flow diagram for TBP in Sweden (kg TBP/year)

Approximately 1600 kdyear of TBP is imported to Swedenaggure substanc&BP

is alsamportedin finished articleandin chemical productsuch as hydraulic fluidis

is estimated that ®®0G200 000 kg TBP is imported in hydraulic fluids each year. Flows
of TBP via import of other finished articles haetbeenpossibleto estimatan this
study.

The major emission sources of TBP to the environmentaatéfuse releasesainly
from households (D0 kgkear) which reaches the/MWTPs andiause of lydraulic
fluids (3200 kg /years for TPP, the majority of TBHIl remain inthe product when
it enters the waste management stage cintentof TBP in the products are much
larger than themitted amountsom 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 poperties

Chemical and physical propertiesbenzothiazol@-thiole (2Mercaptobenzothiazole;
MBT) areshown inTablel?.

MBT occurs in its pure state as nestbged crystals that are insoluble in water. MBT is

a priority risk reduction substance, cl as:c
causelonger m effects in the aquatic environmen
contact 6 ( Rwvedsh Chericals &Ryédd\y1;European Commission dbi

Research Centr2011).

Table 17 The physical and chemical properties oBenzothiazole2-thiole (MBT) (U.S.
National Library of Medicine, 201)L

Benzothiazole-2-thiole (MBT)

Structure
s

CAS no. 149-30-4
Other names 2-Mercaptobenzothiazole; Thiotax
Molecular formula CsHsNS,
Molecular weight 167.24
(g/mol)
Melting point (°C) 172-180
Boiling point (°C at 760 mmHg) 305
Density 1.46
Water solubility 120 mg/L at 14°C (EXP)
Log Kow 2.42 (EXP)

6.1.2 Production and use

MBT is a Hgh Production Volume (HPV) chemical. Accordinghto European
Commission Joint Research Ce(2@l1) there are six HPV producers/importers of
MBT in EU Germany, Netherlands, Belgium, Spain, France andinfégtmation
about thetotal production volumes MBT in Europehas not beefound. There is no
production of MBT in Sweden.

MBT is widely usechemicalin industry and in household articlése primaryuseof

MBT isin the rubber industry as a narlatile vulcanisation accelerdior alsoas 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 20e®009, 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 expaoneatid do
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 orbiocides EG 2032/2003 (Rembergieal 2006).

In Sweden, the usage of MBT between 1999 and 2009, varied between 2 and 29 tonnes
per yearSPIN, 2011 Kemkstat, 201}l Figure8. 2009 the use of MBT in chemical
productsin Swedemvasl12 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
asaccelerators and the rest as other cleaning/washing (8g8Nf2011 Kemlstat

201). 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.
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Figure 8 Use of MBT in Sweden between 12%and 2009 (SPIN2011Keml-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 acceterafungicide and a chemical intermedMB has a low

to moderate mobility in soil, if released on land it may leach, especially in alkaline soil
(HSDB, 2011

If releasedo water, MBT would be partially dissociate and partially absorb to sediment,
especially in acidic water. It would rapidly ptiegmade in surface watgth a haHife

of 0.05 days isummer and 0.21 days in winkBT is not expcted to bioconcentrate

in fish(HSDB, 2011

In the atmospherayIBT will react with photochemitaproduced hydroxyl radicals
resulting in an estimated atmospherielifadf 8.4 hour¢gHSDB, 201).

Environmental levels of MBT in air, water, sediments, soil and biota arenShaivim i
18 Thesadatahave beensed in the emission estimates helow
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Table 18Concentrations of MBT in different environmental matrices in Sweden

Concentration No of
Matrix levels samples | Reference
Air
Air (urban and close to poss.
point source) <1 ng/m® 6 Remberger et al., 2006
Air (background, urban and
close to poss. point source) <0.1 pg/m® 8 Brorstrdm-Lundén et al., 2011
Soil
Soil (background, urban) l <0.6 ng/g dw 6 Brorstrdm-Lundén et al., 2011
Atmospheric deposition
Urban site, Stockholm <5-37 ng/(m2 day) |3 Remberger et al., 2006
Urban and background site, <0.06-<0.3 ng/(m”
Stockholm and Rao day) 4 Brorstrom-Lundén et al., 2011
Water
Surface water (fresh water,
background, urban) <0.05-0.08 pg/L 13 Remberger et al., 2006
Surface water (fresh water,
coast-background, urban) <0.003-0.019 pg/L |11 Brorstrdm-Lundén et al., 2011
Sediment
Sediments (fresh water
background, urban) <20-950 pg/kg dw | 16 Remberger et al., 2006
Sediments (fresh water, coast-
background, urban) <0.8 pg/kg dw 6 Brorstrdm-Lundén et al., 2011
Biota
Biota (perch) <10 pg/kg ww 7 Remberger et al., 2006
Biota (blue mussel) <5-59 ng/g dw 11 Brorstrdm-Lundén et al., 2011
Biota (perch) <0.7-7.4 ng/lgww |8 Brorstrom-Lundén et al., 2011
Crops (wheat) <0.1 ng/g ww 4 Brorstrom-Lundén et al., 2011
M-WWTP
Effluent <0.05-0.69 pg/L 13 Remberger et al., 2006
Effluent <0.06-0.59 pg/L 5 Brorstrom-Lundén et al., 2011
Sludge <20-950 pg/kg dw | 24 Remberger et al., 2006
Sludge 10-25 pg/kg dw 5 Brorstrom-Lundén et al., 2011

6.2 Sources of emissions of MBT

6.2.1 Manufacture

During 2009 approximately tonnes MBT was used in Swedeohiemical products
(Keml-stat 2011) The potential emission sources from the manufacture stejgles

and chemical produatentaining MBT could be:

1 Manufacture of rubber pitacts
1 Production of accelerators
1 Manufacture of cleaning/washing agents

However, data on the emissions of MBT during the manufacture steps of different
articles and chemicatoductscontaining MBT in Sweden was not fougchission
factors related to thequuction processegerenot available.
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6.2.2 Service life of consumer articles and materials

Approximately 12000 tonnes of all types of tyres are imported to Sweden annually.
During the production stage, 1 g MBT/kg rubber is added to the tyreé30Q1RQ

MBT). Assuminghat 120% of the MBT doesnot react during the vulcanisation
process, 20024000 kg MBT wilfemainin the final product and enter the Swedish
market.

Almostall endof life tyres used in Sweden are recycled. Most of the recyclee tyres ar
used for the production of energy, mainly in the cement industry. Tyres may also be
reused in other products such eag.asphalt rublreused as rogohvement 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 P00 kgdepending 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 productioncalled artificial grassid a small
portion as pavement or equipmenggwings) at playgrounds.

6.2.3 Municipal wastewater treatment plants

MBT was measured @ffluent water from 13 IWWTPs in Sweden in concentration
between <0.05 and 0.69 pg/L (Rembergenl 2006). In recergtudy MBT was
detected in effluemtfrom five MWWTRs in levelsfrom <0.06 to 0.59 pug/L
(BrorstromLundénet al 2011).

The mean concentration of MBT inWWTP effluents as measured by Rembetger
(2005) and Brorstrédfrundénet al (2011)was0.20 ug/L (range: <0.08.63 pgl/L,
median 0.15 pg/L, n=18)sing the methodology in sectib.3and asuming that 0.20
ug/L is a representative-WIWTP effluent MBT concentration in Sweden, the yearly
load wastimatedo approxnately200kg (range: <10A000 kg, median value: 8g)

MBT has also been measured isewage sludge from 26 SwedistWWWTP in
concentrations ranging from <0.d20 95 Qg / k davechgey0.19y medi@udtt
ug/kg dw, n=29]Rembergest al 2005; Brorstrofhundénet al 2011).

Following the approacim sction2.2.3 the total amounts released via sludge were
estmated to<4-200 kg (verage 48Qq)distributedaccording to:

Filling materiakl -50 kg (average k@)
Agricultural soik1 0 50 kg (averagedkg)
Landfilling<1 6 50 kg (averagekg)
Incineration<9x10° 8 0.4 kg (average 8Xn)
Other disposak 1 d 50 kg (average k@)

= =4 -4 -8 4

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 prodwtdfilling of materials
containing MBT could potentially lead to eomssof the gsbstance via landfill leachate.
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MBT was measured in effluent from two landfills in mean concentration of 0.093 ug/L

(BrorstromLundén et al 2011).Applying this concentratiprthe yearly loadvas
estimatedo 2kg. 0.2kg is emitted to recng waters,-02 kg to forest soil antl.5kg
to sewage treatment plants each yé@r.estimates were basedthe methodology
described in sectioh2.4 Considering the limited data availablevi@T in landfill
leachateshese estimates should be regarded as very approximate.

6.2.5 Air transport and @amospheric deposition

Atmospheric deposition of MBT was measured in the city of Stockitiolandaily flux
of <5-37 ng/nt day (n=3, Remberget a| 2005). MBT was also measurateposition
at a background site at the Swedish west coast and in the city of Stdtiebelasults
werebelowthe limit of quantification, <0.68.3 ng/nt day (Brorstrorbundénet al

2011).

Using the above described range tardmethodology inestion 2.2.5 atmospheric
depositio could be roughly estimatecki®.04600 kg to inland surface waters &
6000 kg to land, assuming the same atmospheric deposthenwhole countrylhe
lower values correspond to resties based on half the detection lifhie. higher values

represent data from an urban site in Stock{rot), which means that the calculations
probably are overestimated considering the atmospheric deposition for the whole
countryand are therefore nfatrther used in this study

6.3 Summary
The different sources of emissioMBT to the environment are summarisediable
19
Table 19Summary of the sources, size and receiving compartmes 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 MBT in Sweden is given Kigure9. 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 foMBT in Sweden, values given in kg/year* marks
flows where concentrations were below the detection limit.

Approximately 4 tonnes MBT is annually imported to Swegrmeasubstanc&he
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 tW&/NTPs Approximately 8 kg MBT may
annually enter the enviroent via effluent water from municipal WWTP. Another 41 kg
will end up in the sludge from\MWTP.

The results froma Swediskcreeningf benzohiazoles (Brorstrofhundénet al (2011)
showeada high detection frequenayMBT in differentenvironmentainedia. This study
alsoconfirmedthat release fronM-WWTRs isan important pathway of MBT to the
environment, an indication that #rvironmentabccurrence is due to diffuse emission
from e.gconsumer products. The occurrenfeMBT in storm water indicad that
traffic relatedemissionswill take placeMBT mainly occuwed in the aquatic
environment. Air transport seedto be ofminorimportance.
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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 chenical properties

The chemical structure of telomer alcohols is characterised by a perfluorinated carbon
chain, which is followed by a GEH,-group connected to the hydrogsoup. The

physical and chemical properties of 8:Brdtalomer alcohol (8:2 FTOHare
summarised iMable20.

Table 20 Physical and chemical properties 8:2 fluorotelomer alcohol (8:2 FTOHICAS
database, 20)1

8:2 fluorotelomer alcohol

Structure i}il[i ]II

CAS no. 678-39-7
Molecular formula CioHsF170
Molecular weight (g/mol) 464.12
Melting point (°C) 50
Boiling point (°C at 10 mm) 113
Density (g/cm®) 1.633

7.1.2 Production and use

FTOH is manufactured as a raw material used in the synthesis of fluordiedecher
surfactants and polymeric products. FT@Hised to make acrylate monomer, a
fundamental building block for the polymeric products representing more than 80% of
the fluorotelomebased products manufactured and used worldiwaeever his
reaction leaes 0.40.5 wt % unreacted residual FTOH as a byproduct in the polymeric
products (Prevedourad al 2006).The manufacture of FTOHs usually resuta
mixture containing six to twelve fluorinated carbon congeitiethe 8:2 FTOH being

the dominant me FTOHs arepresent in consumer artickssresidual raw materials (de
Voogtet al 2006)

In 2006, there werur manufactures of fluorotelormased raw materials, one in
North America, one in Germany and two in Japaviddgtet al 2006).

Accading toDinglasarPanlilio and Mabury (2006), the global production of Fi&H
estimatedto approximatelyl100014000 tonnes/yearAbout 40% of the FTOH
production takes place in North America (Etlel 2004).

The fluorotelomer alcohols are usettdat paper to improve its moisture and oil barrier
properties. FTOHs are also used in waterproof outdoor clothing and in waterproofing
agents for textiles (Herzlke al 2009). 8:2 FTOH have been detected in several
consumer productsuch as, textdand leathefurniture, shoes, ink, carpets, paper and
outdoorclothing (Herzket al 2009; Swedish Society of Nature Conseryvafiog).
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There is no data available on the usage of 8:2 FTOH in chemical products in the Swedish
product register (SPIN2011, Kemkstat, 2011

7.1.3 Environmental fate and environmental levels

FTOH have the potential to form stable perfluorinated carboxylates such as PFOA and
PFNA (Herzkeet al 2009).

Due to itsvolatility, FTOH are expected to occur predominantly in thespitieiic gas
phase. Rain scavenging is not expected to be an efficient atmospheric deposition process
of FTOH (Herzkeet al 2007).

In Table21 the environmental levels of 8:2 FTOH in air, dust and soils anetqaese
Thesadatahave beensed in the emission estimatesubsequersections

Table 218:2 FTOH levels in differentenvironmentalmatrices

Concentration levels No of Reference
Matrix samples
Ambient air
Air, above North Atlantic and 5.8-26 pg/m® Shoeib et al., 2006
Canadian Archipelago
Air, Toronto, Canada, semi-urban 41 pg/m® (average) Shoeib et al., 2006
Air, N Atlantic and Canadian 5.8-26 pg/m® Shoeib et al., 2006
Archipelago
Air, vessels in the Atlantic Ocean, 1.8-130 pg/md Dreyer et al., 2009
the Southern Ocean and the Baltic
Sea
Air, Canadian Arctic 14 pg/m®, (average) 10 Stock et al., 2007

11-160 pg/m® (6:2, Stock et al., 2004
Air, N America 8:2,10:2 FTOH)
Outdoor air, urban air, Canada, 150 pg/m°’ (average) 6 Shoeib et al., 2011
passive samplers
Indoor air
Indoor air, Canada, passive 2.9 ng/m’ (average) 56 Shoeib et al., 2011
samplers
Indoor air, Norway 0.92-25 ng/m® 40 Haug et al., 2011
Indoor dust
House dust, Canada | 88 ng/g | | Shoeib et al., 2011
Soil
Surface soils, USA; six fields to 5-73 ng/g Yoo et al., 2010
which sludge had been applied
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 oaning theentirethe supply chajrfrom
production, application into consumer use and disposal. Unreacted telomer alcohols can
potentially vapoms during production of the monomer as well as from polymeric
materialsDinglasarPanlilio and Mabury (20G8)owedhat the total residual masses of
fluoroalcohols from fluorinated polymers and surfactants ranged from 0.04 to 3.8% on
the basis of dry wérgof initial fluorinated material.

7.2.1 Manufacture

Data on uageof 8:2 FTOH in chemical products in Sweden isauailableand no
emission factors from the manufacturing steps of FTOH contarticigavere found.
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However, according to the usage categofithis substance, potential emission sources
from manufacture steps of FTOH containing products in Sweden could be:

1 Paper mills
1 Textile industries
1 Production ofluorotelomeibased surfactants and polymeric products

7.2.2 Service lifeof consumer articles ad materials

The use of goods and products containing FTOH may contribute to the release of
FTOH to indoor environmeng.gair and dust. Indoor air may be a source to outdoor
air through the ventilation system in the buildings.

Swedish data on concehtma of 8:2 FTOH in indoor air was not found in the literature.
8:2 FTOHhas beemmeasured in indoor aim Norwegian households in an average
concentration of 6.4 ngfgrange: 0.925 ng/n¥, median value: 5.2 nghgHauget al
2011). Assuming thhlorwegian concentrations ak@ representatifer Sweden the
yearlhjoadof 8:2 FTOH,to the outdoor air wasstmatd to be 60 kg {ange10-300kg,
median value0Xkg)using thenethodology described in seclah 2

7.2.3 Municipal wastewater treatment plants

There were no Swedish data found in the liter8RrETOH 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{homaset al 2011)Assuming thathisis a
representative range of B'POH concentrationin M-WWTP effluent also in Sweden,
the yearly load wastimatedo 7 kg (range: <LoB40 kg, median value:k8) The
methodology is described in secidh3

8:2 FTOH has been measured in sewage sludge from eight Norwe@ismRvin
concentration ranging from 2.3 to 147 ndvg(Thomaset al 2011)Following the
approachn sction2.2.3 the total amounts released via sludggestimated t®.530
kg (averageldy) distributed according to:

Filling material: 0-8 kg (averagkkg)
Agricultural soil: 048 kg (averag@.9kg)
Landfilling: 0.B 7 kg (average.8kg)
Incineration: £10° 8 006kg (average 0.007 kg)
Other disposal: 047 kg (average.8kg)

= =4 4 -4 4

7.2.4 Atmospheric deposition
No data on atmospheric deposition of 8:2 FTaslbeefound in the literature.
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7.3 Summary

The different sources of emission of 8:2 FTOH to the environmeesti@mmarised in
Table22

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 70 (10-300) Outdoor air
air

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

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

Unreacted telomere alcohols can potentialkpfigd®th during production of the
monomer and from polymeric materials that contain FTi@ldor air isanimportant
pathway of the 8:FTOH to ambient aiand dffuse emissions from the use phase of
articles usedndoors may contribute to theoccurrence of this chemical the
environment. The 8:2 FTOH that enter theMWTP will end up in both sludge and
effluent water inmaveragenagnitudef 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, MB8:arkeTOH occurs in
Swedenthus no enissions from productidlakes place inthe countryThesechemicals
arehoweveimported to Swexhand nformation regarding industrial asel the import
in chemical products four substance@®©INP, TPP, TBPand MBT) is availableom
the Swedish Chemicals Age(BPIN database and Kestat) For8:2 FTOHsuch data
is confidential and therefore not available.

Import of substances imaterials anerticles isnot included irthe SPINdatabaselo
estimatehe amounts of these substanicesnportedfinished article’ Swedenit is
necessary to have informatadrboth imported amounts of the articles and declaration

of contentin the articles. Trade statistics are available from Statistics Swedeer,

the statistics doot include private import, amgtimated import of chemigal articles

is therefore |Iikely to be underestimated

Industrial use and manufacturican result in emission$ the chemicals air and
wate. These emissions candubstantiain comparison to other emissisouces e.qg.
16 tonnesDINP per yearwere estimated to beemitted during processing while
emissions from the use of PVC floonmgreestimated tde 80 kg peryear Emission
factorsfrom industrial useverenot available fofFBP, MBT and 8:2 FTOH.

Diffuse enissions othemicalsan occuduring the use phasé consumer products
and articles by release to air andiwiasionA substantigbart of these emissions take
place indo@ but the chemicalganthen be transported to outdoor air via ventilation.
Emissionestimatesf the use of articles kianot beerestimatedhere however, Project

4 within the ChEmigcs programme aims to reduce this data gap.

Household use of articles an@riical productsan result irmission®f chemicals to
M-WWTPs. Depending on the physaradichemical properties of the substariasgn

be degradedr partitioned to either effluent water or sludge after wastewater treatment.
The chemicals may be disited to the environment via effluent water or via dispersion
of sludge

When thearticles hve reached their entllife, they can be incinerated;used,

recycled or landfillelivhen comparing emissions during the life cycle of articles to the
initid 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 @ifdife treatmentvhich isto considerin the recyclingof
articles.No emissiondata ha been foundfor recycling processdsandfill leachate
appears to be of minor importance compared to the other sdurogsthe life cycle

Here, the assumption has been nihdethe included substances DINFPPP, TBP,

MBT and 8:2 FTOFremainlydecomposediaincineration
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One important pathway tie chemicals to lanahdwater is via atmospheric transport
and deposition, which meakeplace both in a local scale, close to point sources and in
urban areagnd fromdistance sourcega atmosperic long range transpofir and
deposition dta 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 consideraioly mainlys due tdack

of both emissiomnd environmental dat&hile uageof chemicals within the Swedish
industryoften is known, limited informationexiss regarding emisss from industrial
processeg\nother large data gaphe amountsof the substances in imported finished
articles athchemicaproducts. In some cases, this flow has been estimated using trade
statistics andstimateatoncentrations in different materials, but only for single articles.
Project 4 within the ChEng€s programme aims to reduce this datav/gap limited
amountsof emissiordata have been found for the use and waste managbass,

for example recycling.

There is often a limited amountoéasurement dai&hen availableften only one or

a few measurememtsvarious mediaave been found in the laéureandor databases
Since the substances studied ae¥aot measuredegularly oincluded in monitoring
programs results from different studies are not necessarily comparable edge to
different sampling strategessd lack of standardisedmpling and analyticalethods
More monitoringdata is needed, whigiould decrease the uncertainiiegmission
estimates, identification of pathways and environmental fate of the chemicals.

8.3 Main conclusions

Themain results dhe SFAs forthe case stycchemical®INP, TPP, TBP, MBT and
8:2 FTOHshow that

1 Production ofthesechemicaloccursabroadwhile nanufacture of chemical
products and articlesin take place in Swediusemissions tair and water
may take place.

1 Emissionsvia tousehold usef articles and chemical producen be an
important pathway of theseemicals to the environmegtnissions to indoor
air and to water and sludge viaMWTPs have been identified as important
pathways

1 The majority of the chemical substances reméne iartcles when they reach
endof-life as he estimatecemission®f the chemicalduring the life cycle of
articlesare minor compared the initial amouradded to the articles

1 Large data gaps of emisssormnd of environmental concentrations were
identified and it was particularly difficult to obtain data of content in products
These data gaps giaege uncertainties emission factorandit is difficult to
get an overall picture of the flow of a substance in the comrandithe
environment.

41



Emission inventories of different source categories for selected organic substances

References

AnderssopH., PalmCousinsA., MuntheJ., BrorstroriundénE., IVL; WickmanT.,
PetterssorM., Holmstrom K., JamtrgtA., City of Stockholm; Parkméi,
FischerS., Swedish Chemical Agency; MethdneBYKE; Krupanell., Zielonka
U., Piaseckd., Hch, A., IETU; NielsenU., DHI, (2012. WP4 Background paper
Identification of sources and estimation of inputs to the Baltic Sea. COHIBA WP4
report.

AnderssonpP L. and RannarS.(2009)A report on the initial procedure for
identification of chemicésticle/use combinations of concern, including the
selected castudy chemicals. ChemiTecs repoidP2Umea, 2009

Bergh, C., Torgrip, R., Emenius, G. and Ostman, C. (2011). Organophosphate and
phthalate esters in air and settled @asnultilocationindoor study. Indoor Air,
21, pp. 6776. John Wiley & Sons A/S.

Bjorklund K., MalmgvistP.-A. and StromvallA.-M. (2007)Kallor till och floden av
ftalater och nonylphenoler i Stockholms dagvalga gifter, nya verktyg.
Stockholm Stad.

Bjorklund J.A.,ThuressonK., Palm Cousing., SellstromU., EmeniusG. and de Wit
C.A.(2013. Indoor Air Is a Significant Source of-deicabrominated Diphenyl
Ethers to Outdoor Air via Ventilation Systems. Environmental Science &
Technology, DOI: 10.1021/es2041.22v

BrolinsonH. and Carlssgi. (2011). Material flows for some prodddi€D-
monitors, tires, jackets and bridge foundations in cor@inémiTecs Report P4
D3h.

BrorstromLundén E., HanssorK., RembergeM., Kaj L., AnderssarH., MagnérJ.,
Liljelind P. and HaglungP. (2011)Results from the national screening 2009:
Screening of benzothiazoles, benzenediaminesrarwdriazoles. IVL report
B2023

BrunnerP.H. and Rechbergét. (2004. Practical Handbook of Material Flow Analysis.
Advanced Methods in Resource and&\Management. Lewis Psi@rrs. ISBN 41
566706041.

CASDatabase (201Themical Boakttp://www.chemicalbook.com/

Cerne, O., AllatdA -S, EK, M., Junestedt, &xdSvenson, A. (200Dtvardering av
behandlingaetoder for lakvattenbehandlihgemisk karaktarisering av lakvatten
fore och efter olika behandlingssteg pa ett antal svenska deponier. IVL report
B1748.

De Voogt P., BergelJ., de CoefV., de WolfW., Heimstade., McLachlanM., van
LeeuwenS. and von &n, A. (2006)Perfluorinated Organic Compound in the
European Environment. PERFORCE Report, draft version,
http://www.science.uva.nl/perforce/Final%20reportA.pdf

42


http://www.science.uva.nl/perforce/Final%20reportA.pdf

Emission inventories of different source categories for selected organic substances

DinglasarPanlilig M. J. A and MaburyS. A. (2006). Significant Residual Fluorinated
Alcohols Present in Various Fluorinated Materials. Environ. Sci. Technol. 2006, 40,
14471453

Dreyer A., Weinberg., TemmeC. and EbinghapR. (2009). Polyfluorinated
Compounds in the Atmosete of the Atlantic and Southern Oceans: Evidence for
a Global Distribution. Environ. Sci. Technol. 2009, 43,6550¢

EuropearChemical8ureau2003)European Union Risk Assessment Report on
DINP. European Chemicals Bureau
http://ecb.jrc.ec.europa.eu/DOCUMENTS/EXisting
Chemicals/RISK_ASSESSMENT/REPORT/dinpreport046.pdf

ECPI(European Council for Plasticisers and Intermedja@d<)) European Council
for Plasticisers and Intermediates, DINP Fhattfs//www.dinp-facts.com/home

Ellis, D. A., Martin, J. W., De Silv&. O., HurleyM. D., Sulbeak Andersév. P. and
Willington T. J. (208). Degradtion of Fluorotelomer Alcohols: A likely
Atmospheric Source of Perfluorinated Carboxylic Acids. Environ. Sci. Technol.
2014, 38, 3318321

EuropearCommissiodoint Research Cen(&911)European chemical Substances
Information SystefESIS) http://esis.jrc.ec.europaleu

Haglund, Pand Marklund, A. (2005). Organofosfater i svensk éniijib
screeninguppdrag fran Naturvardsvetkeea Universitet, commissioned by
Swedish EPA.

Haglund, Pand Olofsson, U. (2007)Jiljo6vervakning av slaniRedovisning aesultat
fran 2004, 2005 och 2006 ars provtagnidgaea Universitet, commissioned by
Swedish EPA.

Haglund, P. & Olofsson, U. (2008)ljodvervakning av slairRedovisning av resultat
fran 2007 ars provtagnitgmea Universitet, commissioned by Swedigh EP

Haglund, P. & Olofsson, U. (200g)ljo6vervakning av slanRedovisning av resultat
fran 2008 ars provtagnitgmea Universitet, commissioned by Swedish EPA.

HaugL. S., Hber, S., Schlabachl., BecherG. and ThomsenC. (2011). Investigation
on Per Polytuorinated Compounds in Paired Samples of House Dust and Indoor
Air from Norwegian Homes. Environ. Sci. Technol. 2011, 45 (19), pp9&®1

Herzke D., Schlabzh, M., Mariusserk., UggerugH. and HeimstadE. (2007). A
literature survey on selected chemicgboconus- Literature survey of
polyfluorinated organic compounds, phosphor containing flame retardants, 3
nitrobenzanthrone, organic tin compounds, platinum and silver. NILU report
2238/2007.

Herzke D., PosnerS. and Olssqi. (2009). Survey, screeningaralyses of PFCs in
consumer products. Swerea-Ri6ject report 09/47, TR578/2009

43


http://ecb.jrc.ec.europa.eu/DOCUMENTS/Existing-Chemicals/RISK_ASSESSMENT/REPORT/dinpreport046.pdf
http://ecb.jrc.ec.europa.eu/DOCUMENTS/Existing-Chemicals/RISK_ASSESSMENT/REPORT/dinpreport046.pdf
http://www.dinp-facts.com/home

Emission inventories of different source categories for selected organic substances

Holmgen T., PerssorL., AnderssonP. L.and HaglundP. (202). A generic emission
model to predict release of organic substances from mateoatumer goods
Sciencef the Total Environment 437, pp. 8864

JanssorE. (2008). Kartlaggning av kemiska amnens férekomst i materiplsistge
gummi och textil. Sjalvstandigt arbete 15hp, 2008:1, Institutionen for Miljokemi,
Stockholms universitet, (KEMI) (in Swedish).

Kaj, L., Allard A.-S., Egelrud_., RembergeM., WiklundP.and BrorstrémLundén E.
(2010). Regional screening 200@alys av fenolara amnen, ftalater, kvartara
ammoniurddreningar, tennorganiska féreningar och ytterligare antifoulingdmnen i
miljoproverIVL report B1934

Kemlst at (2011) -stmatdéab aSswee da ksehmIChemi cal s
http://apps.kemi.se/kemistat/start.aspx?sprak=e

Lilja, K., Remberger, M., Kaj, L., AllardSA Andersson, H. @mBrorstrémLundén, E.
(2010)Chemical and biological monitoring of sewage effluent water. IVL Swedish
Environmental Research Institute. IVL report B1897.

Marklund, A., Andersson, B. and Haglund, P. (Z2&&gningf organophosphorous
compounds and tireistribution in various indoor environments. Chemosphere,
vol 53, pp. 1137146. Elsevier Ltd.

OECD (Organisation for Economic ©gperation and Development) (2002). SIDS
Initial Assessment Report for 12th SIAM (Paris, France June 2001): Tributyl
phosphge CAS No 12638. Updated March 2002. UNEP Publications.

OECD (Organisation for Economic &@peration and Developme(@p09). OECD
Series on Emission Scenario Documents, NuntbEnfssion Scenario
Documents on Plastic Additives. OECD Environment Healtd Safety
Publications, Report ENV/JIM/MONO(2004)8/REV1.

Pacyna, J. MSundsetl., Pacyna, E. G., Palm Cousins, A., Hansson, K., Guerra, P.,
Eljerrat, E., Krupanek, J. and Zielonka, U. (2009). SOCOPSE Workp#ckage 2
D2.1. Material Flow Analysis smlected Priority Substances.

Palm Cousiné\., RembergeM., Kaj L., EkhedenY., DusanB. andBrorstrom
LundénE., (2007)Results from the Swedish National Screening Programme 2006
Subreport 1. Phthalates. IVL report B1750

Palm Cousins, A. (2012he effecof the indoor environment on the fate of organic
chemicals in the urban landscape. Science of the Total Environment 438, pp.233
241.

Palm Cousiné\., Hdmgren T. and RembergeM. (Manuscript)lEmissions of two

phthalate esters and BDE 209 to indoor air aidithpact on urban air quafty
evaluation of an urban emnmental fate model.

44

Age


http://apps.kemi.se/kemistat/start.aspx?sprak=e

Emission inventories of different source categories for selected organic substances

Palm Cousin#\., Westerdahl.,HanssonK., BrorstromLundén, E., RydbergT.,
HaglundP. andHolmgren T. (in preparationAssessing the relatimeportance of
emissionfrom articles of selectedganic substances

Paulsson, B2010. Occurrence in the environment of esgdy chemicalsA literature
study ChEmiTecs Report H35a.

PrevedourgsK., Cousingl. T., BuckR. and Korzenwski S. H. (2006). Sources, Fate
and Transport of Perfluorocarboxylates. Environ. Sci. Technol. vol. 40, NO 1, 2006

RembergeM., Woldegiorgj#\., Kaj L., Anderssonl., Palm Cousink, DusayB.,
EkhedenY. andBrorstromLundén E. (2006). Results from theeslish Screening
2005 Subreport 2 Biocides. IVL report B1700

RannarS.and AnderssonP.L.(2010. A Novel Approach Using Hierarchical Clustering
to Select Industrial Chemicals for Environmental Impact Asseskuerd! of
Chemical Information and Modeling,(5)) pp 3€B6.

ShoeibM., HarnerT. and Vlahos P.(2006): Perfluorinated chemicals in the Arctic
atmosphere. Environ Sci Technol 40(24),0r5838

ShoeibM., HarnerT., WebsteiG. M.and Chi LeeS. (2011). Indoor Source of Poly
and Perfluorinated Compounds @™y in Vancouver, Canada: Implications for
Human Exposure, Environ. Sci. Technol. 2011, 45 (19), @80059

SPIN(2011. Dat abase epSubasttiaomcse si niSmedBrdi ¢ Count
Chemicals Agency.

Statistics Sweden (2009). Milttoinflode & 1000 varugrupper; import minus export
plus industrins varuproduktion efter varugrupp enligt KN4, (varugrupperna 2501
9706). A2005CN 3819. http://wwwsch.se/

Statistics Sweden (2011) Hushallens ekonomi @&l hushall efter hushallstyp.
http://w ww.scb.se/Pag/TableAndChart 163554.aspx

Statistics Sweden & Swedish EPA (2010). Discharges to water and sewage sludge
production in 2008, MI 22 SM 1001.
http://www.sch.se/statistik/MI/MI0106/2008A01/MI0106_2008A01_SM_MI22S
M21001.pdf

StockN. L., LayF. K., EllisD., Martin J. W., MuirD. and MarburyS. A. (2004).
Polyfluorinated Telomer Alcohols and Sulfonamides in the North American
Troposphere. Environ. iIS§echnol. 2004, 38, 9936

StockN. L., FurduiV. 1., Muir, D. and MarburyS. A. (2007). Perfluoalkyl
Contaminants in the Canadian Arctic: Evidence of Atmospheric Transport and
Local Contamination. Environ. Sci. Technol. 2007, 4133389werea IVF,
(2009): Project report 09/4YA-2578/2009 Swerea IVF

45


http://www.scb.se/statistik/MI/MI0106/2008A01/MI0106_2008A01_SM_MI22SM1001.pdf
http://www.scb.se/statistik/MI/MI0106/2008A01/MI0106_2008A01_SM_MI22SM1001.pdf

Emission inventories of different source categories for selected organic substances

Sundkvist, Aand Haglund, P. (2009prganofosfatestrar i humanmjolk och fisk fran
svenska sjoar och kustnara omradered Universitet, commissioned by Swedish
EPA.

Swedish Chemicals Agency (2011). teringsguiden, Keml
http://kemi.se/templates/PRIOframes 4045.aspx

Swedish Energy Agency (20$Lmmary of energy statistics for dwellings ard non
residential premises for 20B8port ES 2011:04 (in Swedish).

Swedish Society of Nature Conservation (2006). Fluorerade miljogifter i allvadersklader.
Svensé Naturskyddsforeningen rapport 2006

ThomasK.V., LangfordK.H., MuthannaT., Schlaba¢iM., EngeE.K., BorgepA.,
Ghebremeskg\l., GunderserH., LeknesH., UggerudH., HaglundP, LiagZ.
and LiltvedH. (2011)Occurrence of selected organic micropollutants and silver at
wastewater treatment plants in Norway. NIVA report nr-B1El, Norway

UNEP (UnitedNations Environmerrogramne)(2002). OECD SIDS Triphenyl
phosphate CAS No 1-B&6. UNEP Publications.

US EPA (2005). Furniture Flame Retardancy Partnership: Environmental Profiles of
Chemical FlamRetardant Alternatives for Ld&»ensity Polyurethane Foam.
Volume 1. US EPA.

US EPA(2011)EPI Suité". http://www.epa.gov/oppt/exposure/pubs/episuited!.htm

U.S. National Library of Medicine (2011): Hazardous Substances Data Bark, Toxnet
Toxicology Data Networkttp://toxnet.nlm.nih.gov/cgibin/sis/htmigen?HSDB

Viman L. (2011). Gummiasfaltbelaggni®g@gmmanstélining av utférda matningar och
provningar. VTI uitande 752, Dnr: 2009/02029;
http://www.trafikverket.se/TrvSeFiler/Foretag/Bygga_och_underhalla/gummiasfa
[t/00_huvudrapport_vti_sammanstaily_gummiasfalt_ 2011 05_02.pdf

Yoo, H., Washingtan). W., Jackson Ellingtan, Jenking. M. and NeillM. P. (2010).
Concentration, Distribution, and Persistence of Fluorotelomer Alcohols ir Sludge
Applied Soils near Decatur, Alabama, USA. EnviroiteSbnol. 2010, 44, 8397
8402

46


http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://www.trafikverket.se/TrvSeFiler/Foretag/Bygga_och_underhalla/gummiasfalt/00_huvudrapport_vti_sammanstallning_gummiasfalt_2011_05_02.pdf
http://www.trafikverket.se/TrvSeFiler/Foretag/Bygga_och_underhalla/gummiasfalt/00_huvudrapport_vti_sammanstallning_gummiasfalt_2011_05_02.pdf

