e |Statens forurensningstilsyn
@ | Norwegian Pollution Control Authority

Survey of national sources, 2007

PFOA IN NORWAY




PFOA in Norway TA-2354/2007

Preface

The discharges of PFOA should be significantly cedlby 2010 and completely
eliminated before 2020. Therefore, the NorwegialluBon Control Authority (SFT)
has commissioned IFP Research (Sweden), togettieNMNiU (Norway) and

FORCE Technology (Denmark), to perform a survegaifonal sources of PFOA
and PFOA-precursors in Norway. The overall ainoiglentify all possible sources of
PFOA in Norway along the whole life cycle from puation, use and disposal in
industrial manufacturing and applications and offessible sources such as long
range transport by air and sea currents.

This report outlines relevant perfluorinated praduand possible user companies of
these products, that were surveyed as potentiateswf PFOA in Norway. PFOA is
present in a low concentrations in consumer pradsieth as coated and impregnated
textiles, carpets, paper, paints and lacquers. kange transport of PFOA, in
estimated annual amounts from 130 kg to 380 kggremMiorway mainly from the
ocean and to a lesser extent from airborne pastigtbere the main part of PFOA has
its origin from remote direct sources that manufeepolyfluorinated substances and
polymers.

SFT, Oslo, December 2007

Anne Mari Opheim
Director for the department of Local environmemtenagement



PFOA in Norway TA-2354/2007

Table of content

4.1
4.2
4.3
43.1
4.3.2
4.4
4.5

5.1
5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.2
5.2.1
5.2.2
5.2.3
5.24
5.3
5.4

6.1
6.1.1

6.1.2
6.2
6.2.1
6.2.2
6.3

7.1

7.1.1
7.1.2
7.1.3
7.2

7.2.1
71.2.2
7.2.3

SUMIMIATY ettt e e ettt r e e e et e e e et e e e e ea e e e etan s e e ennaaseeeannneeees
Background and PUIMPOSE .......ccooiiiiiie et eeeeee s
(O 01T 0 01153 1Y SR
Literature study on applications in products of PFQA and precursors............
PFOA related SUDSTANCES ...........oooiieeeeeeee e 12
Global Use Of PFOA. ... e 12

[ @ AN | o T o] o To [ T £ 17
Perfluorochemical treated products for foodtact.................cccceeeeeerennnnnnn. 17
Waterproofed textiles and impregnation flladents................ccccevvvevvvnnnes 19
Precursors in ProduCtS..........oooiiiiiieiiie e 20
CONCIUSIONS. ...coiiiiiiei e 22
Literature study on transport of PFOA and precursorsS........oooeeeeeeveeeeeeeevvnnnnns
Transport Of PFOA ... e e e 24
LOCAI SOUICES ...ttt e e e e e e e e e e e e et e eeeees s bnnnnneeennnne 24
OCRAN CUITENTS ...t e e e e eeeeeeeennnns 24
Wet and dry depOoSItiON ...........ooiiiicceeeeeiiiiiieer e 25
LONG-range air traNSPOI .............. s eeeeeeeeeeeeereeeeenennnnnn e e eeeeeesas 26
ST=To 10 g 1T o1 B 0] 11T ] o PR 26
Transport and fate of PFOA PreCUISOIS. . eeereeeeeerirrinniiiieaeeeeaeanennes 20
Atmospherical transSformation ...........cceccceeviiieiiiiinn s 27
Biological transformation ..............cceeeeiiiiiiii i 28
Waste INCINEIALION ...........ccoeiiiiiiieeeeeieeiiiiire e e e e e e e e eeeee e e nnnneeeees 28
LoNg range air tranNSPOI.............. e eeeeeeeeennnnnnnnaaaaeeeaeeaeaseereeeeeeneees 29
Transport models for PFOA and volatile precisQ.......cccoevveveeeeeeeeeeieene. 30
Long range transport assessment of PFOA in BYMW..........cccoovvvvvevennnes 33
Mapping of the use of PFOA IN NOIWAY .......cccuiueeiiiiiiiiiiiiiiiiiiiie e
Search in the Norwegian Product Register ferai?FCA-precursors....... 35
Identifying substances that potentially cagrdde to PFOA (PFOA
o110 =T 0] =) 36
Search in the Norwegian Product Register.............ooooiiiiiiiiiiiiiiiiiiccinn, 36
CoNtact t0 COMPANIES........coiiiiiieieeccee e e e e e aaeas 37
Identifying sectors and products that magdagces to PFOA..................... 37
CompPAanIies t0 CONTACT...........ccevviieeeeeeiiiiiieee e e e e e e e e e e e e e 39
Estimations based on StatiStiCs........ e e 39
Source information on relevant product groups for FFOA............cccoevvvvvvvvinnns
IMPregnation AgeNTS..........uuuuiuuueicmmmmmm e 41
Impregnating agents for teXLles ...... o eeeeeriiiiiie e 41
WWBKES ..ottt et e 42
POLSI .. 43
Impregnated ProduCts ...........oooviiiiiceeeee e 44
Paper (food paper, microwave paper, PapeS)CUP.......cccevrrereerrrrrrrnnnnnnnns 44
Textiles (out-door clothing, apparel, tarfrayltents)........ccccceeeeeeeneeeeiennnn. 44
FOOT WEAL ... e e 45



7.2.4
7.3
7.4
7.4.1
7.5
7.5.1

8.1
8.2
8.3
8.4
8.4.1
8.4.2
8.5
8.6

9.1
9.2
9.2.1
9.3
9.3.1
9.3.2
9.3.3
9.34
9.3.5
9.3.6
9.4

10.

11.
111
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
11.10
11.11

PFOA in Norway TA-2354/2007

(OF= T 01 PP 46

o V] 1= T Lo I = oo 11 1T SR 46

Fire fighting foams ... 48

Oil and gas INAUSTEIY .....ccceeee e e e e eee e 49

Other produCt CatEQOIIES ... .cove e ettt 49
HErDICIAES ..o e 49
Results: Emissions, sources and trends in NOrway............ccouevvvviviiiiiinnneeeeeeeenn. 50
Previous results; PFAS emissions in Norway 2200006) ........................ 50
Norwegian industrial sources of PFOA IN 2007..............ccooovviiiiiiiiiinnnnnns 52
Norwegian consumer product sources of PFOABV2.........cccceeevveeeeeenn. 55
Emissions of PFOA in Norway, 2007 ... 57
Sewage and landfill related environmentaasé of PFOA........................ 57
Emission of PFOA from consumer products ftbemNorwegian marked ..58
Trends of PFOA USE iN NOIMWAY ............ummmmmmsssnnnseeeeeeeeeeesseeeeenennnnnnnn 59

(0] o o3 [F ] 0] o 13U 61
DISCUSSION .iiiiiieeee ettt eeeems ettt et e e e e e e e e e e e e e e s e a b bbb bbb b e e e e ee e s e e e e nnnnn 61
Knowledge and data gapsS ............ .. e eeennnnnnnaaneeeeeeeeeeeeeeeeessesnnees 61
Physico-chemical properties of fluorine chemist............cccccceevieiiiiennenn. 62
Physico-chemical properties of fluoropolymeans their treated surfaces...62
Alternatives to C8-fluortelomer CheMISHIY . eeeeeeeeieiiiiiiiiee e 64
Fluorinated polyether..........oooo i 65

Fatty alcohol polyglycolether sulphate ceeeeeeecoooeeeeeeeeiiiiee, 65.
SIlICONE POIYMEIS .o 65
SUIFOSUCCINALE......oiiiiii i erreee e e 66
Propylated aromatiCs .........ooooii i 66
CONCIUSIONS.....coiiiiii it e e e e e 67

FULUI® WOTK. ... e ettt e e e e e e e ee e e e 67
RETEIENCE LISt .uiiiiiiiiiiiiiiiiiei e et 69
Appendix A — terminology and definitioNS..........couuveeiiiiiiiiiiii e 4.7
FIUOrOChEMICAL ... 74
Fluorinated chemical ... 74
FIUOIOTEIOMET ... e e e e e 74
Fluorotelomer alcohol (FTOH)..........ie e 14

e[0T ] o] 0o 1Y/ 2 1= 74
Fluorinated (0rganic) POIYMEr ........cooeiiieeiiiiieee e 74
Perfluoro- / perfluorinated .............com oo eeeeeeeeeeeeeeeee e ee e 74
Perfluoroalkylated substance (PFAS) ..., 74
FIUOIO SUIMACTANT........uuiiiiiiiiiiiiieeee e 75
Perfluorocarboxylic acid (PFCA) ... 15
Polyfluorinated SUbStaNCeS ...........cceemmeeiii i, 75



PFOA in Norway TA-2354/2007

1. Summary

Perfluorinated products are extremely versatileaedused in a variety of industrial
and consumer applications and products. Some sétperfluorinated products
contain or release perfluoroalkyl carboxylates, agittnem perfluorooctanoic acid
(PFOA) and its salts, that are documented as l@rgjstent and widely spread in
man and environment. Among the polyfluorinated pietd, some of them are known
as PFOA-precursors, as they can be degraded to BMA environment. PFOA

will be classified by EU as a carcinogenic and oéprctive toxicant according to the
formal classification from of the advisory comradtof hazardous substances of the
European commission.

In context to Norwegian policy, the discharges BOR should be significantly
reduced by 2010 and completely eliminated befo02Therefore the Norwegian
Pollution Control Authority (SFT) has commissiorle® Research (Sweden),
together with NILU (Norway) and FORCE Technologye(inark), to perform a
survey of national sources of PFOA and PFOA-prexrsrs Norway. The overall
aim is to identify all possible sources of PFOANiarway along the whole life cycle
from production, use and disposal in industrial ofaaturing and applications and
other possible sources such as long range transpait and sea currents.

This report outlines relevant perfluorinated praduand possible user companies of
these products, that were surveyed as potentiateswf PFOA in Norway. Since the
Norwegian market is complex, priorities in the s&tn of relevant products and
companies for a survey were necessary for the sadentification and quantification
of PFOA in Norway.

Estimate of the annual maximal emission of PFOA frm a range of consumer
products identified in this survey as major contritutors of PFOA

Carpets 12 kg
Coated and impregnated paper 1,3 kg
Textiles 0,5 kg
Paint and lacquer 1 kg

Estimate of annual long range transport of PFOA inb Norway
Total of direct and indirect sources 130 to 380 kg

For the determination of the quantities of releyaneiducts on the Norwegian market
and the companies that trade these products, tastibssearch in the Norwegian
Product register was performed. The search wasllmasa version of the OECD
preliminary list of Perfluorinated Substances frapril 2006, that cover around 1000
fluorinated substances. From this list 362 subgstitat may degrade into PFOA
have been identified. In addition SFT has providesibstances from an earlier
search, which resulted in a total search for 3@ssunces in the Norwegian Product
Register. This search resulted in 29 of these anbes being identified as fluorinated
substances used in products in Norway. Howevegusecof confidentiality reasons,
no total amount for each of these 29 substances reported.

A parallel search was conducted in the Nordic BessrKey by D&B
(www.nordicbusinesskey.comipdated in May 2007. This database covers all
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registered companies in Norway, and among the@2@ompanies in various
sectors were identified to be potential users oflparinated products. Since a direct
contact with all these companies was a time consgiand unrealistic task, a strategy
for a limited but effective contact activity wasoposed to SFT. This strategy was
based on the search in the Norwegian Product eggistontext to the size (turnover
and number of employees) of the relevant compaaraéthey already were known
from previous studies as users of perfluorinatedipets. It was also recommended to
identify companies that are positioned early inNloewegian distribution chain, such
as importers and distributors.

In this survey a range of impregnated consumerymsdand cleaning agents have
been identified as potential sources of perfludgedaubstances and consequently as
potential sources of PFOA into Norwegian society anvironment.

Coated and impregnated textiles are estimatedsrsthdy to emit approximately 0.5
kg pure PFOA in one year based on statistics ailégaroduction for 2006 in
correspondence to analytical results of PFOA freaent studies in Norway initiated
by SFT.

Carpets have not been a target for chemical PF@#yses in Norway yet, but
according to correspondence with the chemical nantufers, the PFOA
concentration in factory treated carpets is abdunbs higher and for home treated
carpets 25 times higher as in treated clothingcé&aarpets are used in much higher
amounts than clothing according to statistics fi®&B in 2006, between 10 and 50
times higher amounts of PFOA are expected to ¢ehngeNorwegian market applied
on carpets compared to textiles. With the perspethat 0,5 kg pure PFOA could
have its origin from textiles in one year, an estiethat around 12 kg PFOA from
carpets could enter the Norwegian society in ora.ye

Since paper-treatment products containing perflated compounds are believed not
to be in use anymore, only fluorotelomer-type treatt, containing trace amounts of
PFOA (less than 0.1%) is considered in this refRetent literature reported that the
raw material for paper coating contains 88-160 g@R/kg product. The author used
a dilution factor of 300 for the application of ttev material to the finished product,
resulting in an average PFOA concentration of 86&g or <0.0002% PFOA in
coated paper and cardboard.

Since the predominant manufacturer of coated amdeignated paper in Norway
declared that the company didn’t anymore use paifiated substances, the focus in
this report will be on importation to Norway. Calations based on statistics from
SSB on imported coated paper into Norway for thee Y06, in combination with
analytical results from recent literature sourcesoated and impregnated paper,
resulted in an estimate of 1.3 kg PFOA enteringWégrapplied on paper each year
with increasing tendency.

According to calculations and estimations carriatin this survey impregnating
agents for textiles, waxes and polishes, contributeery low amounts of PFOA in
comparison to impregnated carpets and impregnaseiiet goods, Amounts of PFO

in impregnating agents are in the range of a feamgrto almost 100 grams content of
PFO. Paints and lacquers amount between 0.4 kg tkglof PFO based on annual



PFOA in Norway TA-2354/2007

statistics from SSB in context to reported totabants of PFO from literature. This
would mean that paints and lacquers are in the sange of PFO contribution as
coated paper? and impregnated textiles.

A literature survey was conducted of recent literaidata, that describe the latest
knowledge about sources and transport of PFOAgrespand environment. Many
potential pathways for human exposure to PFCAs mmeisibnsidered, including food,
drinking water, air as well as consumer produat®d; surface waters and air are
impacted by local, regional, continental and gldP&CA emissions.

In 2004 SFT estimated a Norwegian emission of ab@ubns perfluoroalkylated
substances per year (2002 data; SFT, 2004). Nonafiton about the portion of PFO
in this number was given. With the conservativénestion of a 10% portion, 1700 kg
PFO would have been emitted in 2002. With an 80&tirke according to literature,
340 kg PFO will be emitted in Norway during theipdr2005 — 2050, less than
1/1000 of the estimated minimum emission globaflgwever, since consumption of
PFO treated products still apparently increasé¢arway, no decrease of emissions
caused via the consumer product route can be eegeobn.

This survey describes a range of analytical resalteerning consumer products and
historical data of indirect and direct emission®80A from manufacturing use and
processing of perfluorinated products in NorwayeDai the lack of sufficient data,
this study cannot fully assess the relative impon¢eof consumer articles in
comparison to water, food and air to PFOA or PF@posure in Norway. It is
strongly recommended that a priority be put onreistudies, building on work which
has been recently published, to make such an assetsThis data achieved in this
study can be supportive in the future work for ithentification of relevant
perfluorinated chemicals and their importance ascas of PFOA in Norway.
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2. Background and purpose

The Norwegian policy and goal is a significant retthn of the discharges of PFOA
by 2010, and to eliminate use and emissions coelglbefore 2020, the so-called
one generation target report (Report to the Sigiftin. 14 (2006-2007), "Together for
a Non-toxic Environment — Preconditions for a S&feture”).

In focus of this policy is, among other things, gretection of consumers from
consumer products that have a direct impact ortthealt also to regulate and reduce
the amounts of prioritised hazardous substances $aurces that contribute to the
greater part of emissions to man and the envirohmgnong these prioritised
hazardous substances are perfluorooctanoic acidsasalts (PFOA) and related
compounds.

SFT (Norwegian Pollution Control Authority) has te®re commissioned a survey
that aims to identify possible sources of PFOA gltheir life cycle in Norway from
use and exposure in industrial manufacturing amdiegiions and other possible
public and industrial sources such as long rarggesport by air.

Perfluoroalkylated substances (PFAS) are usedvierakindustrial branches such as
paper, plastic, engineering, leather and textiligtry, but they also occur in a large
range of consumer product preparations, for exampteeaning and polishing
products, but also as surfactants in fire fighfiogms.

The present knowledge of the exact chemical cortipasiin preparations of
perfluorinated compounds is very limited. This makeifficult to evaluate the
exposure and the impact of the presence of PFAI&ienvironment. Additionally,
new studies suggest that environmental sourcesomadmay be important in fully
understanding human exposure to PFOA (Fromme,&20@l7; Horowitz et al,. 2007).

The methodology used for the product survey was to

* |dentify relevant business sectors and relevantpaomes within these sectors.

» Perform a search in the Norwegian Product Regsstd/other databases.

» Contact the most relevant companies operating vy The contact were
primarily by personal contact (phone interviewg)@emented by e-mail
correspondence.

» Contact international producers of polyfluorinatesnpounds (PFCs) such as
DuPont and 3M.

Results of the project are
* An assessment of different sources and their velantributions to
emissions of PFOA in Norway along its life cyclerfr production, use and
disposal in industrial manufacturing and consunpglieations and other
possible sources like long range transport byradraater currents.
» ldentifying gaps of knowledge for future researdthim this area.
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3. Chemistry

Polyfluoroalkylated substances belong to a large@mplex group of organic
substances that are extremely versatile and usadaniety of industrial and
household applications.

The main characteristics of these polyfluorinateshpounds are the replacement of
most hydrogens by fluorine in the aliphatic chamicture. Some of these organic
fluorine compounds are known as perfluorinated cwimeans that all hydrogens
have been replaced with fluorine.

The chemical structure of PFOA (perfluorooctanooda pentadecafluorooctanoic
acid) contains a perfluorinated carbon chain widvem carbons connected to a
carboxylate group (RC. Commonly the abbreviation PFOA describes both th
perfluorooctanoic acid and its salts. Only the amimm, sodium, potassium and
silver salts of PFOA are in industrial use.

Figure 1: Perfluorooctanoate.

Perfluorinated carboxylic acids (PFCAs) do not wataturally. They have been
manufactured in 50 years (Kissa, 2001). The pradgypocess for industrial
manufacture of PFCAs, and specifically PFOA, igctrochemical fluorination
(ECF) (Kissa, 2002, Prevedouros et al, 2006).

In the ECF process, all hydrogens are replacedfitiine in a radical reaction. The
ECF process yields 10-30% branched isomers asaw@lhomologous series of acids.
For instance, acids with 4-9 carbons result fronf-p@duction of PFOA. The
majority of PFOA, largely as its ammonium salt, mdds been manufactured by the
ECF process. The major global PFOA manufacturer3t! Company, announced in
2000 that they would stop their production. Othedoicers have continued to
manufacture PFOA by the ECF process.

A second process used to manufacture PFOA is aaidat perfluorooctyl iodide,
which is made by the telomerisation process. Tloarterisation process reacts a
molecule, called telogen, with two or more unsdtdanolecules in the ethylene
family, called taxogens. The principal reaction is:

YZ + nA >  Y-(Ay-Z

Telogen Taxogen Tedom

When pentafluoroethyl iodide (telogen) as an exangpleacted with
tetrafluoroethylene (taxogen) straight, short cliteitomers” are with the general
formula: F[CRCF,],l wheren is between 4 and 8 (Kissa, 2001). The telomennati
process yield only linear, even carbon number sulgsss as it is practiced
commercially (Kissa, 2001). Perfluorooctyl iodisdéiere n=4, is a raw material used
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to manufacture the ammonium salt of PFOA (Grottdienu2002). PFOA is not used
or added in the manufacture of telomers, howeveray be formed as an unintended
by-product from oxidation of perfluoroalkyl iodidew material (Prevedourous,
2006). PFOA is also a by-product in the manufactdingerfluorooctyl sulfonyl-based
products (Prevedourous, 2006).

Residual raw materials in the manufacture of flsglmmer and
perfluoroalkylsulfonyl-based products such as fiielomer alcohols and
perfluoroalkyl sulfonamido alcohols have been shoovhe potential indirect sources,
“precursors”, of PFOA and PFCAs from their degramain the environment
(Prevedouros, 2006). Recently, the global manufastaf fluorotelomer-based
products have entered in to a voluntary programinergby they have committed to
reduce by 95% the levels of PFOA and PFOA precarnsoemissions and products
by 2010 (US EPA, 2006).

The major historic industrial use of ammonium s&lPFOA since the 1950s has been
as a processing aid in the manufacture of fluongpels such as
polytetrafluoroethylene (PTFE) (Kissa, 2001). PF&#l other PFCAs have also been
used in fire fighting formulations and a wide arcdyndustrial and consumer
products (Prevedourous, 2001). The direct emissid?+OA to the environment

from its manufacture and use are the largest (>pPhi&toric sources of PFOA in the
global environment.

The different chemical-physical properties of PF@#4sus volatile precursors will
result in differing transport pattern of the twaygmound groups. Directly emitted to
water in the environment PFOA is expected to dissahd dissociate almost entirely
to the perfluoroactanoate but the protonated fdrfPFDA is always present. Recent
studies suggest that the pKa of PFOA at environatlgnelevant concentrations is
3.5, one order of magnitude higher than previouspported (Ellis, 2007).

In addition, the undissociated acid has a very kagbour pressure lending it capable
of atmospheric transport (Kaiser, 2005). Experirmératve shown that PFOA can be
measured in the air above an aqueous solutionicomePFOA (Ellis, 2006,
European commission, 2006)

A recent study investigating emissions from an stdal facility showed that indeed
air transport over long distances of particle-boBR@®A directly emitted from a
fluoropolymer manufacturing site is possible (Bartd007).

Equilibrium
CR(CR)sCOO0 + H* < CR(CF)sCOOH
PFO PFOA

Majority Minority

10
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Table 1:Physico-chemical characteristics of PFOA and APF&nmonium
perfluorooctanoate) ; (European Commission, 2006)

2.1 Physical form

PFOA and APFQ are solids. (Kirk-Othmer, 1994).

2.2 Molecular weight

PFOA: 414.09
APFO: 431.10

2.3 Melting point/range (°C)

PFOA: 52 — 54 °C (Kirk-Othmer, 1994).
PFOA: 54.3 °C (Lide, 2003).

2.4 Boiling point/range (°C)

PFOA: 183 °C (Kirk-Othmer, 1994).
PFOA: 188-192 °C/736 mm Hg (Boit, 1975)
APFO: 130 (decomposition) (3M Company, 1987)

2.5 Decomposition temperature

No data found PFAQO and APFO.

2.6 Vapour pressure (Pa(°C))

PFOA: 0.15 mm Hg at 25 °C /Estimated (Lyman WJ, 1985).
PFOA: 10 mm Hg at 25 °C (approx.) (Exfluor, 198)

APFO: 0.0081 Pa (8 x 10®) at 20 °C, calculated from measured
data (Washburn et al., 2005).

PFOA: 2.25 Pa (0.017 mm Hg) at 20 °C and 4.19 Pa (0.031 mm
Hg) at 25 °C (Kaiser et al., 2005)

2.7 Relative density (D,%)

Density/specific gravity. 1.792 (g/ml) (Kirk-Othmer, 1994).

2.8 Vapour density (air = 1)

14.3 (calculated, the ratio of the molecular mass of PFOA |, 414.09
g/mol to the “mean molecular mass” of air 29.0 g/mol)

2.9 Conversion factor (11011 hPa at
25°C)

PFOA: 1 ppm = 17.21 mg/im®
APFO: 1 ppm = 17.92 mg/m?®

2.10 Solubility conc. at sat. (g/l) solvent Temperature (°C)
PFAQ: 3.4 water 20 °C (Merck, undated)
PFOA: 9.5 water 25 °C (Kauck and
Diesslin, 1951)
APFO: = 500 water 20 °C (3M Company,
1987)
PFOA: 4.14 water 22 °C (Prokop et al.,
1989)
2.11 Partition coefficient (log Pow) Experimental No data
Calculated No data.
2.12 Flammability No data found.
Flash point (°C) open cup: closed cup:
Explosivity limits (% viv) lower limit: upper limit:
Auto-flammability temp. (°C)
2.13 Explosivity No data found.
Danger of explosion at result of: shock: friction: ignition:

Explosive properties at high
temperature

2.14 Oxidizing properties

No data found.

2.15 Other physico-chemical properties

Dissociation Constants: pKa = 2.80 in 50% aqueous ethanol (Brace,
1962).

pKa = 2.5 (Ylinen et al., 1990)

11
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4. Literature study on applications in products of PFQA
and precursors

PFOA has been classified as toxic (T; R48/23),icagenic (Carc Cat2, R45), and a
reproductive toxicant (Repr Cat2, R61) by the EUtmn3£' of August 2007 (SFT,
2007). Presently, no national or European reguiatiche use of PFOA exists. In the
SFT publication: Impact assessment of a proposairfzhibition on certain hazardous
substances in consumer products, dated 29 May 208 proposed to ban PFOA, its
salts and esters in consumer products with a thleé$ével of 0.005 weight % and 1
ng/n? in textiles and other coated materials.

4.1 PFOA related substances

The Organization for Economic Co-operation and Dgwaent (OECD) has
published a preliminary list of PFOS, PFC, PFOA ealdted compounds, and
chemicals that may degrade to PFCA (OECD, 2006@a)eA Il in this publication
contains a list of PFOA and its salts, and polyntleas contain PFOA as a part of the
entire polymer. Both linear and branched polyflnated octanoic acid derivatives,
telomers and polymers are included. However, ireganonly
chemicals/fluorotelomers containing a linear perfinated G-chain connected to a
carbon atom have the potential to form PFOA anBB@A precursors.

Since PFOA contains a lineag-8ackbone,only chemicals/fluorotelomers, mentioned
on that list, containing a linear perfluorinateg@®ain connected to a carbon atom
have the potential to form PFOA and be PFOA prexsrs

In a second publication, the OECD addressed resti#2006 survey on the
production and use of PFOS, PFAS, PFOA, PFCA, tetated substances and
products/mixtures containing these substances (QRCO6b). The questionnaire
circulated was returned by 17 OECD countries, 6@&CD countries and 2
companies. The responses showed that 4 countdesahufacture/import 4 PFOA
related substances. These substances were PFOAmummgalt (CAS No. 3825-26-
1), PFOA sodium salt (CAS No. 335-95-5), the linpantadecafluorooctanoic acid
(PFOA acid, CAS No. 335-67-1) and a mixture oflthear and branched forms
(branched pentadecafluorooctanoic acid, CAS No80&b-0). In 2005 the
manufacture/import volumes of the PFOA as acid, R@monium salt and PFOA
sodium salt were up to 10, 260 and 10 tons, resedyet

4.2 Global use of PFOA

In 2005 almost all PFOA and its ammonium salt wesed as polymerisation aids in
the manufacture of fluoropolymers and as a componesqueous fluoropolymer
dispersions (OECD, 2006b). While the majority afoilopolymers are sold as solids,
where the PFOA (and PFNA) processing aid is remalgthg industrial processing,
some fluoropolymer dispersions, which still contBifOA, were used in coatings for
non-stick cookware, paint formulations, as photpgrafilm additives, as breathable
barrier films for textiles and in the textile fihisg industry. These fluoropolymer
dispersions were mainly for industrial uses, bumegaint products could be for
consumer use as well. The fluoropolymer resin vaesldor glass fibre impregnation
in tubes, cables, tape for industrial use as vgihahe coating of non-stick cookware.

12
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In 2005 four countries manufactured/imported 2Zprsors of perfluorocarboxylic
acid (PFCA) (OECD, 2006b). The volumes of the periinated precursors and
polyfluorinated precursors of PFCA were between &84 2 580 tons and between
344 and 3 440 tons, respectively. Only some of thawe the potential to form PFOA
and notably in much smaller amounts than the amdaf precursors themselves since
PFOA is a much smaller molecule then the precur3drs 22 PFCA precursors
included:

. 1 perfluoro-amine compound 10-100 tons;

. 2 perfluoro-ether compounds 240-1 140 tons;

. 4 perfluoro-iodide compounds 112-1 120 tons;
. 4 partial perfluoro compounds 22-220 tons;

. 3 fluoro-alcohol compounds 21-210 tons;

. 5 fluoro-ester compounds 212-2 120 tons;
. 1 fluoro phosphate compound 10-100 tons;

. 2 poly fluoro compounds 101-1 010 tons.

PFCA precursors were also reported in coating féatimns or cleaning/washing
products for textile, leather, paper, glass, masand concrete surfaces, in anti-foam
formulations, in silicone rubber products, in irdettidges of printers and analytical
laboratory uses. All these uses were at low volu(@&CD, 2006b).

Prevedouros et al. (2006) summarized the recentremndistorical global use of
PFCAs, mainly PFOA, in the last 50 years, distisging between direct and indirect
sources. Amounts and time periods are given inrEiguPrevedourost al. 2006b):

Direct Sources Indirect Sources
APFO APFN
1850's - Present | 1970's - Present
_| PFCA Manufacture PRCA | AEEE
1950°s - Present impurities | 69733700 :
Fluorotelomer-Based Products
Fluoropolymar 1970's - Present
-~ Manufacture
1851 - Present
¥ POSF-Based Products
Flu_u mpu_lymer 1950's to Present
Dispersions T
1851 - P 1 - t
351 - Present impunties | De0radstion | AFFF
- AFFF Products
1965 - 1974

Consumer & Industrial
- Products
1951 - Present

Figure 2: Potential sources of perfluorocarboxy{@®FCAs); APFO = ammonium
perfluorooctanoate; APFN = ammonium perfluorononatey AFFF = aqueous fire-
fighting foam; POSF = perfluorooctylsulfonyl flude, taken from (Prevedouros et
al. 2006Db).
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Table 2: Global Historical PFCA Production and Esigns Summary, taken from

(Prevedouros et al., 2006b)

Estimated total

; ; Historical Estimated total global
Enwronsr(r)lspctgl INPUt | time period historical PFCA r%%%%lon
(years) emissions (metric tons) (pmetric tons)

Direct PFCA Sources
1) PFCA
manufacture
PFO/APFO 1952004 400-700 36005700
PFN/APFN 197532004 70-200 8002300
Total manufactured 470-900 4400-800()
%) Industrial and

onsumer Uses
Fluoropolymer
manufgcta/re (APFO) 19512004 20004000
Fluoropolymer .
dlslgersmn processing 19512004 200-300
(APFO)
Fluoropolymer
manufgcta/re (APFN) 19752004 4001400
Fluoropolymer
proces%iné (APFN) 19752004 10-20
Aqueous fire fightin
foams (AFFF) 019 19654974 50-100
Consumer and
industrial products 19602000 40-200
Total direct 3200-6900
Indirect PFCA
Sources
1) POSF-based
products
PFCA residual -
impurities 19602002 20-130
POSF-based precursor 5
degradation. © 19602002 1-30
POSF-based AFFF 1970-200 3-30
2) Fluorotelomer-
based products
PFCA residual
impurities 19742004 0.330
Fluorotelomer-based
precursor degradation 19742004 6-130
Fluorotelomer-based
AFFE 19752004 <1
Total indirect 30-350
Total source |
emissions (direct + 3200-7300

indirect)

% Low and high estimated values as well as the gesfaise/production for each source are based upon
publicly available information cited in the text.
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Direct sources with up to 6 900 tons emitted PFGhenepresenting the vast
majority of PFCAs emitted to the global environmeainpared to indirect sources
which contributed up to 350 tons.

The same research group published a model footigeterm (1950-2050) global fate
of PFOA by composing an initial global-scale maakbce model to evaluate,
whether identified direct emissions of PFOA fromnutacture and use could account
for observed concentrations of PFOA in the envireninTable 3 lists both direct and
indirect PFOA emission sources to the global emrrent. This table also presents
estimated minimum and maximum projected cumulaivgssions between 2005 and
2050 for each source together with the contributibeach source to the total PFOA
emissions for the time period. Projected cumulaginessions between 2005 and 2050
(480-950 tons) are forecasted to be at least 80¢érlthan the estimated cumulative
emissions between 1950 and 2004 (Armitagal. 2006).
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Table 3: Estimated Historical (1950-2004) and F&({2005-2050) PFOA Emissions
(Armitage et al. 2006).

PEOA emission 1950-2004 min- % of total PEOA 2005-205Q min-|% Qf tptal PFO

Source max (metric emission (average max (metric emissions
tons) bns) (average)

Direct Sources || | | [

'(:Appr;‘g;‘“facw””g D060-4090  [72.3% 410-815 86.0%

APFO 370-590 11.8% 20-40 4.2%

manufacturing

'(::PdF'é‘;ers'O” 215-340 6.8% 45-75 8.7%

IAFFF-ECF |50-100 11.8% lo 0%

'(::Pm;‘“facw””g 3-10 0.1% <1-2 0.1%

Consumer &

Industrial Products|® ° 0.1% 0 0%

APFN 1-2 0% <1 0%

manufacturing

PVDF (APFN)  |<1 0% <1 0%

| Direct sources: |[2700-5140 192.9% l475-932 199.0%

Indirect Sources || | | [

POSF raw materia 4585 5 0% 0 0%

degradation

IPOSF impurities  |[14-110 11.2% lo 0%

IPOSF-AFFFs |2-23 0.2% lo 0%

FT raw material -y 0.6% 1-14 0.8%

degradation

FT impurities |<1-17 0.1% <1-4 10.2%

| Indirect sources: [23-795 17.1% l1-18 11.0%

Direct andindiredtlyroz 5035 1000% 476-950 100.0%

& AFFF = aqueous film forming foams (also aqueorssffghting foams); APFN = ammonium

perfluorononoate; APFO = ammonium perfluoroocta@pBCF = electrochemical fluorination, a
process used to produce fluorinated chemicals; B&oropolymer; FT = fluorotelomer; POSF =
perfluorooctanesulfonyl fluoride; PVDF = polyvingne fluoride.

The contribution of indirect sources is expecteddorease both in absolute numbers
and relative to direct sources within the year 20%50nitage, 2006).

Following processes occurring during the life cyai@ general PFS-containing
consumer product can cause emission and transkR®finto the environment:

Was
Bind

Offgassing

hout
ing to particles
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- Abrasion
- Cleaning/Washing
- Disposal
- Further processing
- Migration
- Uptake and excretion into the human organism
- Uptake from plants and animals
- Leachate
Which of these processes dominate for PFOA is glhown.

4.3 PFOA in products

The chemical resistance, non-stick properties hadral stability of fluoropolymers
such as PTFE have lead to a variety applicatioesmsumer products, which may be
potential PFOA sources. Additionally, PFOA can berfd as impurity and
unintended by-product in consumer products treaiddpolyfluorinated chemicals
such as fluorotelomers and perfluoroalkylsulforéealerivatives e.g.
perfluorooctane sulfonyl fluoride (PFOSF).

4.3.1 Perfluorochemical treated products for food contact

Polytetrafluoroethylene (PTFE) is, for example,dus®ecoat cookware intended for
stovetop cooking and baking. Other polyfluorinateémicals, such as fluorotelomer
and perfluoroalkylsulfonic acid derivatives (e.g:®SF), are or have been used to
treat paper to improve its moisture and oil banpieperties. In particular, papers used
in contact with high-fat content foods may be teatith fluorotelomer or
perfluoroalkylsulfonyl-based paper additives/cogsimo prevent oil stains or oil soak
through the paper. Typically, these paper coatadyltives are phosphate esters or
acrylic polymers containing polyfluoroalkyl functiality (Begleyet al. 2005).

Larsenet al.(2005) detected small amounts of PFOA (up to 1pt8) m extracts of
polytetrafluoroethylene (PTFE) resins, obtaineéradipplying pressure and increased
temperatures to the material. Subsequent studiesabfvare, coated with PTFE
dispersions have shown no-detectable-levels of PERQractable from cookware
under normal use conditions (Powletyal.,2005. A later study by the Norwegian
Institute of Public Health (2007) went in furtheatdils about these findings. In a
worst case scenario the new study showed that@hladnan would be exposed to
66 ng PFOA /kg bw, when drinking 100 ml water cabkea PTFE coated pan. It
was concluded that, even at an assumption of 10fi%ke of PFOA, these extremely
low levels will not be an essential intake routeHamans. According to Horowitz,
98% of the PFOA intake is contributed to by fooa(etwitz, 2007).

Begley et al. (2005) analysed several consumenyatsdor PFOA and concluded
that fluorotelomer-based paper coating/additivenidations before application onto
paper have the highest PFOA content, but duringhabapplication rates this amount
of PFOA will be diluted by about 300 times on tiveaf paper product (see Table 4).
Therefore, the PFOA content in finished paper sthdel in the few hundred mg/kg
range, which is consistent with the data in Table 4
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Table 4: Summary of PFOA analysis in product, (Beglt al. 2005).

Consumer products Concentration of PFOA (ug/kg)
PTFE cookware 4-75
Dental floss (PTFE based) 3
Dental tape (PTFE based) 4
PTFE film/sealant tape 1 800
FEP (fluoro-ethylene-propene copolymer) nd
tubing

Popcorn bags 6—290
French fry box nd
Paper plates (soak-proof shield) nd
Hamburger and sandwich wrapper nd
Perfluoro paper coatings (not applied) 88 000-1@D|(0

nd = non detects

The residue content of PFOA in PTFE-productsiieatliy related to the processing
temperatures used to make the products. Cookwardetal products use a high
temperature sintering process that should volatfEOA, while production of PTFE
film used as e.g. sealant tape does not use titatisig process. Beglest al. (2005)
conclude that fluoropolymer food-contact materadsnot appear to be a significant
source of human exposure to perfluorochemicals REQA). In particular, the
coated cookwares tested did not appear to be disag source of PFOA.
Furthermore, an extreme heating test (abusive)etbokware did not appear to
increase the residual amount of PFOA in the coogwadditional PFOA did not
appear to be formed during the normal use or mistifgese products.

This results were in contrast to the results ofomenmecent study of Sinclagt al.
(2007), where gas-phase release of PFOA, 6:2 FEO#8:2 FTOH were measured
from heating non-stick frying pans and microwavegmwn bags. Gas-phase PFOA
was measured in all four non-stick frying pan bsarlPFOA was reported to vaporize
at 189 °C and decompose at temperatures highe28&ahC .

The authors suggest that residual PFOA is relefisedthe PTFE coating to the gas
phase under the normal cooking temperatures. Gaseptoncentration of PFOA
varied depending on the frying pan brand, whichgests that the sintering conditions
(temperature, pressure, and duration) used indagng of fluoropolymers may have
an influence on the release of PFOA. In additidfOR was detected in water boiled
for 10 min. in three brands of non-stick frying pgiable 5).
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Table 5: Released amounts (ng) and concentratjaysrt) of PFOA and
fluorotelomer alcohols from non-stick frying parfsiaifferent brands (Sinclair et al.
2007).

Brand | Suface | o | proa | 62 FTOH | 8:2 FTOH
temperature
oC cm2 | ng [pg/m2| ng |[glcm2| Ng [pg/m?2
1 180 640 | 12| 19| 16| 25 73 114
2 229 477 32| 67| 97 204 298 635
3 190 670 | 192 281 360 54 28  4p
4 205 650 | 40| 61| <10 <1%  4( 61
Stainles 230 670 <5 <7 <10 <15 <10 <1b
steel

In the same study, PFOA was found in the vapouwdymred by microwave heating of
pre-packed popcorn bags. Furthermore, mg quantifieeth PFCAs and FTOHs
were calculated to coat the entire surface of #ekage (Sinclaiet al. 2007). The
authors noted that they were not able to explarotigin of the FTOHs from the
cookware, because FTOHSs are not used to manufamokevare, and no plausible
way for FTOH to be formed from PTFE is known.

Table 6: Released amount (ng) of PFOA of fluoratelpalcohols at making popcorn
in a bag of three different brands. (Sinclair et 2007)

Brand PFOA 6:2 FTOH 8:2 FTOH
1 16 223 258
2 17 <20 <20
3 <2,5 <20 <20

4.3.2 Waterproofed textiles and impregnation fluids/agens

For many applications, easy maintained textileddamred (upholstery, table-cloths,
car seats), or the textiles must be waterproobbesithable (tents, ski clothes, rain
jackets, shoes). PFCs repel both dirt, water aedsgr, and are therefore ideal
chemicals for surface treatment of such textilestifermore, polytetrafluoroethylene
(PTFE)-based membranes are often used in rain doatso their water resistance
and ability to “breathe”. In this context PFOA miag found in the products as an
impurity as noted earlier and not as an delibeyatdtled active component.

The Norwegian Pollution Control (SFT) and Frienfishe Earth Norway reported
results of the analyses of perfluorinated compoumdextiles in 2006 (Schulzet al.
2007; SFT, 2006). The content of PFOA in the arelytextiles varied between 0.4
and 127 pg/mz textileT@ble 3. The highest values were found for a jacket peedu
by Bergans with 127 pg/mz2. The levels of PFOA wamesidered low and in the same
order of magnitude as findings in biota from remotations.
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Table 7: PFOA concentrations in water- and staingdied textiles in pg/m?2 of single
samples (Schulze et al. 2007; SFT, 2006)

Resultsfrom SFT report

Kmk Colour Kids Marmot | Sandvika Head Ultima | Reima| H&M

3.08 0.42 13.7 34.2 1.21 9.26 1.82 2.26
Stormberg Stormberg| Fjell Raven

1.73 8.23 32.7

Results from Friends of the Earth, Norway report

PolarnOPyret Peak| HellyHansen| Stadium| Bergans| Bergans
476 performance 20.4 0.80 127 23.2
24.6

Recently, Friends of the Earth, Norway, publishedport about PFAS in
impregnation fluids, covering PFOA as well. Thinemmmercial products were
analysed for a variety of PFAS. Seven of the ingastd products contained PFOA,
varying between 45 and 692 ng/mL (Naturvernforban2@07). Waterstop from
Collonil classic contained the highest amountsi®R with almost 700 ng/mL.
Additionally, other PFCA as well as up to 1000-tsrtegher amounts of 8:2 FTOH
were detected.

A risk characterization from the potential exposir®FOA in consumer articles has
been published (Washbuet al, 2005). The authors investigated potential human
exposure to PFOA in a wide variety of consumeckesi, including treated textiles
and concluded that the trace levels of PFOA presentd not be expected to cause
adverse human health effects not contribute to tftahie levels of PFOA in human
blood. The authors noted that PFOA was presentumaber of consumer articles,
which were not treated with fluorinated productsisTmay result from the presence
of PFOA contamination globally (Yamashédtaal, 2005).

4.4 Precursors in products

The formation of PFOA from fluorotelomers and pgoflooctyl sufonamide raw
materials and polymers may occur during use oféreproducts, as a result of
atmospheric photolytic processes or via metaboishumans and biota. Potential
global environmental concentrations of PFOA fromsthindirect sources has been
assessed and estimated to be small (Prevedouf@). 2bne the less, in Norway,
precursors to PFOA may potentially arise from |lazalrce and from long-range
transport.

A study performed by Dinglasan-Panlikb al. (2006), indicates the potential for a
significant amount of residual fluorinated alcohtase released from a suite of
fluorinated materials that are industrially applastl commercially available and
hence contribute substantially to the atmospheridén of FTOHs (Figure 3).
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Figure 3: Profiles of residual unbound polyfluoried alcohols detected in the seven
fluorinated materials tested. Values are expressedercent of total residuals
measured, taken from (Dinglasan-Panlilio et al. D0

The examined fluorinated materials contained 0.@343residual free fluorinated
alcohols on an applied fluorinated alcohol basig (dass basis). The ability of these
compounds to undergo long-range atmospheric tranppmvides means to the
production of PFCASs in the environment, as theyraeg. This study also suggests
that direct exposure of the general populatiornésée compounds is plausible, if these
materials are applied in homes and are outgasfieigteeatment of surfaces,

including carpet, textiles, or paper products. Metsm of these volatile precursors
could then lead to the perfluorinated acids detertdiuman blood samples
worldwide (Dinglasan-Panliliet al. 2006).

Two patterns of PFCAs, were found (Figure 4 andifédp). They are hypothesized
to represent the two main production processe$GA3. Figure 4 shows a
“‘common” almost symmetric distribution of PFCA holmgues around PFENA, which
leads to the conclusion that this PFCA mixtureiosgrom an electrochemically
produced PFNA.

Concentration {ig/m?)
- - N N w w B B~ [<J
o ] o [ o (3] o ] o

5

o
Yo ¥ FFEFFFIELE S
AN ST S PN A S Y
LK & & L &K Qéqéq«

Figure 4: PFCA pattern in the extract from a tegt{A) (Berger and Herzke, 2006).

In contrast, Figure 5 shows predominantly evenaarumbered homologues,
dominated by PFOA, as could be expected from anetisation production of

PFOA. Surprisingly, in both textile extracts PFQ4sto C15 could be detected,
which might point to direct sources of long-chaerfluorocarboxylates (Berger and
Herzke, 2006). So far it was hypothesised, thatehmeust be degradation products of
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other long-chain fluorochemicals, such as FTOHsr{Mat al., 2004a). Further
research is needed to better understand thesensadied to be able to more
confidently assign their origin.
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Figure 5: PFCA pattern in the extract from a test(B) (Berger and Herzke, 2006).

4.5 Conclusions

PFOA can be present in consumer products treatibdfiorinated compounds due to
intentional application, in form of an unintendesidues or due to degradation of
precursor compounds like FTOHSs. It is not alwayssgae to distinguish between
these cases, since recipes of technical applicatommostly confidential or the
actual composition of the used mixture of activeapounds confidential. Products
intended for contact with food seem to contain $BOA amounts, but since almost
all available data origins from authors relatedluoropolymer manufacturing
companies, the interpretation of these data shoelldone carefully. The same is the
case for research on metabolism of PFOA in orgamighata from independent
research groups are needed in order to confirnethetentially prejudiced findings.
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5. Literature study on transport of PFOA and precursors

PFOA is present in wildlife, humans, air and watérsughout the world. It has been
emitted for over 50 years to the global environmPROA is water-soluble and
waters are believed to be the main global envirariedeeservoir for PFOA
(Prevedourogt al.2006; Armitageet al. 2006; Wania, 2007). PFOA is believed to be
transported globally by coupled water-air mechasigiindings of PFOA in air
samples (particulate phase) and in remote regigtiseaArctic confirm the potential

of PFOA to get transported over long distancesnidagt al. 2007a; Shoeibt al.

2006; Smithwicket al. 2005; Smithwiclet al. 2006).

No consensus exists in the scientific community reiggrtransport pathways and
environmental fate of PFOA. Although it is cleaatlvoth water and air are the means
by which substances move globally, there is no comagreement about what is
most important.

Several possible explanations of PFOA findingsemote regions are discussed by
thescientific community:

- Direct sources during production, use and disghaf PFOA and PFOA-
containing products (Armitaget al. 2006; Prevedourast al. 2006;
Wania, 2007)

- PFOA may be emitted from primary sources in assiotiavith particulate
matter, and be directly transported long-distamecelse atmosphere
attached to particles (Simcik, 2005).

- Emissions of the more volatile PFOA precursorofters) in industrial
areas may be transported by air to the arctic agdadied to PFOA there
by atmospheric photolysis of (D’Eon & Mabury 20®&lis et al. 2004
Martin et. al 2006.

Direct sources of PFOA include its applicationndustry and as impurity in
fluoropolymer manufacture, aqueous fire fightingrfts, and other industrial
products, with total global production estimatedy#o4 400-8 000 tons. These may
undergo subsequent long-range transport througatthesphere and oceans.

Direct emissions of PFOA can occur during its piigtun, product use and as product
impurities. In 2000 about 20 tons of PFOA was ezdifrom the largest PFOA
production plant in the US which used the electencical fluorination (ECF)

process. The estimated historical global emissoynadustry from PFOA production
(1951-2004) are estimated between 400 and 700wotisthe main part emitted via
water (Prevedourast al, 2006). As a result of the termination of PFOAdrction
using the ECF-based technology, global manufagwemissions have decreased
from 45 tons in 1999 to about 15 tons in 2004 anaint expected 7 tons in 2006
(Prevedourost al, 2006).

Sewage treatment plants (STP) may be importanokgeof diffuse releases of PFCs
into the aquatic environment. The particulate pladgbe influent contributes
significantly to the overall influent concentratiohPFCA. STP sludge was shown to
contain high amounts of PFOA and STP can serveias gources for PFC both for
the aquatic ecosystem (effluent discharges) antetiestrial (sewage sludge
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application) (Kallenbormt al, 2004; US EPA, 2004; de Voogt and Saez, 2006;
Schultz, 2007; Sinclair et al.?, 2007). The ranigeOA in leachate water from
Norwegian landfills and effluents from sewage pamnts 5-115 ng/l and 6-78 ng/l in
the particle phase (SFT, 2005).

5.1 Transport of PFOA

The different chemical-physical properties of PF@#sus volatile precursors will
result in differing transport pattern of the twargmound groups. Directly emitted
PFOA is expected to dissociate in the environmbnost entirely to the ionic PFOA.
One author postulated that with its negligible waparessure, high water solubility
and moderate sorption to solids, accumulation ifase waters and to particulate
matter is likely (Mabury, 2004).

Recent studies suggest that the pKa of PFOA at@mwientally relevant
concentrations is 3.5, one order of magnitude hitjen previously reported
(European commission, 2006). In addition, the prated acid has a very high vapour
pressure lending it capable of atmospheric trangg@iser, 2005). Experiments have
shown that PFOA can be measured in the air aboag@a&ous solution containing
PFOA (Ellis, 2006) A recent study investigating esmns from an industrial facility
showed that indeed air transport over long distaiégarticle-bound PFOA directly
emitted from a fluoropolymer manufacturing sit@assible (Barton, 2007).

Equilibrium
F(CR);COO- + H+ < F(CR);COOH
PFO PFOA
Majority Minority

5.1.1 Local sources

In order to better understand the pathways foisprart of ammonium
perfluorooctanoate (APFO) from a point source,a$ed investigation of
environmental media (water and soil) near a fluohpmer manufacturing production
site was undertaken by Dawsal. (2007). Environmental media at and near a
fluoropolymer manufacturing facility in Parkersbuxyest Virginia, USA, which uses
APFO, were analysed for perfluorooctanoate. Tha ffatm the groundwater flow
and air dispersion modelling, the Ohio River sangprogram, and the surveying
and sampling program indicate that air transpatiésmost likely transport pathway
from point sources to off-site environmental meaha that APFO from the point
sources is transported via air emissions by wirdliamleposited on the well field
surface soils. The investigation results furthgupsrt the hypothesis, or transport
conceptual model, in which precipitation then lezcthe APFO downward through
the unsaturated zone to the aquifer. Dissolved ARS@erfluorooctanoate, then
migrates with groundwater within the aquifer (Dagisal. 2007). Additional studies
building on this work have also been conducted t{Ba2006; Barton et al.? 2007).

5.1.2 Ocean currents

Yamashiteet al. (2005) detected PFOA as the major perfluorinatedpmound in
oceanic waters. Wania (2007) and Armitag@l. (2006) have confirmed by ocean
transport modelling that oceanic currents are bajltransport vehicle for PFOA and
likely the major pathway for PFOA transport to Acowvaters.
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Kaiseret al.(2006) carried out experiments in laboratory saadécating that
perfluorooctanoate is concentrated in the surfaaefwhether alone in an aqueous
solution or with another co-surfactant. This resulggests that marine aerosol
transport should be considered as a potentiallypnapt transport mechanism. The
authors calculated an enrichment factor of upitof8am produced from bubbling
through a dilute PFOA solution.

Based on the concentrations measured in open ogan, it is possible to calculate
an annually flux of between 2 and 12 tons of pertwctanoic acid (PFOA) to the
Arctic (Prevedourost al. 2006). Subsequent refined calculations using tloddpop
model confirm this finding (Wania, 2007; Armitageal, 2006). However, how this
or other transport mechanisms contribute to biodh &re part of the Arctic food chain
originating with water exposure is still to be deteed. Alternatively, or perhaps
additionally atmospherically deposited PFAS origimgfrom indirect sources such
as fluorotelomer alcohols and perfluoroalkyl suiorindoalcohols and -amides have
been proposed to have a greater influence on theditally productive near-surface
waters (Smithwiclet al. 2006). In addition, ocean transport of PFOA toAletic is
highly dependent upon the rate of water, air antémeouple-with-air processes.
Ocean water transport alone has been estimatedéoyegsearcher to take on the order
of decades (Let al. 2006) and a recent modelling study suggests thatlohg times

of PFCAs in biota may indeed be explainable by ndeansport (Armitaget al.

2006). More monitoring and modelling research isdeel to be able to elucidate the
importance of these potential transport processes.

5.1.3 Wet and dry deposition

Air can carry and precipitation deposit particleibd PFOA over considerable
distances. The potential for airborne emissionsergo long-range transport or to
be removed from the atmosphere is influenced biy gigsical-chemical properties.
When perfluorooctanates enter the environmentt giigisical-chemical properties
can vary significantly, depending on whether itséxias acid, salt, or dissociated ions.
The most volatile species, the undissociated &eid,a pH-dependent air-water
partitioning coefficient (Ky). The variability of K, with pH influences the potential
for vapour formation from aqueous environments latel deposition. Using the pH-
dependent K-aw, and measured rain and air contiemsaBartoret al. (2007)

showed that PFOA exists primarily in the partidege in ambient air near direct
sources of emissions, and that it is efficientignenged by rain droplets, making wet
deposition an important removal mechanism for eiomssoriginating from either
PFOA or APFO. Washout ratios of particle-associ&E®DA were determined to be

in the same range as other semi-volatile compoudndsyhich wet deposition is an
important mechanism for atmospheric removal anasiépn onto soils and water
bodies.

Additionally, Scottet al. (2006) found PFOA as a major component in pregtijoib
samples across North America. Mega cities like Mtor@re possible sources for
PFOA in precipitation, shown by frequencies of 10@¥PFOA findings in Toronto
rain/snow samples.

The results from Scoét al. (2006) generally support the hypothesis by Etial.
(2004) that FTOHSs are oxidized, in part, in the adphere to ultimately yield PFCAs.
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This is also consistent with observations of higltesicentrations of polyfluorinated
alcohols and —sulfonamides in the North Americapasphere found near urban
areas. However, the highest concentrations, fluxed proportions of PFOA were
seen in urban influenced sites and, not as pretjicienore remote sites. The air mass
trajectory results also point to highly populatedan areas as the main sources, with
low PFOA in the coastal sites associated with @sses coming from the East and
southeast Atlantic. However, there was considerabéglap in the air mass directions
implying multiple sources and possibly local sosrceuld also have a strong
influence on the concentrations (Scetttl. 2006).

Ellis et al. (2004) estimated, based on prevailing air coneéiotrs, that atmospheric
oxidation of FTOHs gives rise to agCy0) PFCA flux in the range 1-100 t/yr in
North America or a deposition of 40-4100 n§/m

Younget al. (2007) investigated high Arctic ice caps to deiemseasonal cycles,
temporal trends, and atmospheric fluxes of PFOAyTound high fluxes for PFOA,
averaging 271 kg/yr, in 2004 and 2005, confirmimg éstimates by Ellis and co-
workers (2004). These fluxes agree with those detexd through modelling of
FTOH degradation as well (Wallingt@nt al. 2006). According to these findings,
atmospheric transport and degradation of 8:2 FTOtHe most plausible explanation
for the fast response to changes in productioncaadging concentrations of PFOA
in ice cores. Additionally, PFOA levels are toolhig be explained by ocean
transport. The findings of the non-commercial PF& PFUNA in similar
concentrations argues against the deposition ettiransported PFOA to the Arctic
but for contamination by atmospheric oxidation oéqursors as well.

5.1.4 Long-range air transport

Only sparse information is available describingltrey-range air transport properties
of PFOA, due to its low volatility in the dissoaal state. Barber et al. (2007)
collected air samples from 4 field sites in Eurapeal, semi-rural and urban.

Additionally, air samples were taken from indoazdtions in Norway. There are also
ongoing outdoor air sampling in Birkenes and Nyshied in Norway but the final
results are not available at present.

Perfluorooctanoate was often the predominant comgpdound in the particulate
phase at concentrations ranging from 1-818 pd?MOA was ubiquitous in air
samples. The repeated findings of non-volatiledd?+AS in air samples raises the
possibility that they might directly undergo siga#int atmospheric transport on
particles away from source regions (Baréeal. 2007). A recent study suggests that
direct emissions from a fluoropolymer manufactursitg do have the potential to
undergo transport in air over long distances (Beetaal, 2007).

5.1.5 Sediment sorption

Sediment sorption experiments of PFCA, conducteHliggins & Luthy (2006), were
influenced by both sediment-specific and solutipeesfic parameters. Sediment
organic carbon, rather than sediment iron oxidéeradnwas the dominant sediment-
parameter affecting sorption, indicating the impode of hydrophobic interactions.
However, sorption also increased with increasidgt&m concentration of the
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calcium ion (C4") and decreasing pH, suggesting that electrostagcactions are
also important. Perfluorocarbon chain length wasdtminant structural feature
influencing sorption, with each CF2 moiety conttibg 0.50-0.60 log units to the
measured distribution coefficients. These data lshprove useful for modelling and
to evaluate the potential environmental fate of tass of contaminants.

5.2 Transport and fate of PFOA precursors

Unlike PFOA, volatile and semi volatile precursdiise 8:2 FTOH, will be
distributed in the atmosphere available for longgeatransport prior to degradation
and deposition as the final product PFOA (Yoemh@l. 2007). Both
photodegradation, radical initiated oxidation adl we biotransformation of suitable
precursor compounds can lead to the formation @A°far away from the original
emission.

5.2.1 Atmospherical transformation

Several studies investigated the chemical reacteading to PFOA as a final product
(Anderseret al. 2006; Wallingtoret al. 2006). In general, the 8:2 fluorotelomere
alcohol seems to be the most important precursibr avhigh potential of forming
PFOA and PFNA in the atmosphere by radical initlaigidation (Anderseat al.

2006; Wallingtoret al. 2006):
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Figure 6: Simplified mechanism for the atmosphdegradation of 8:2 FTOH (blue
box) illustrating its conversion into C8F17CHO (grebox) and the competition
between NO and either HO2 or CH302 radicals thaits the formation of
perfluorocarboxylic acids (red box), taken from Whajton et al. (2006).

Testing that, Gauthieat al. (2005) photodegraded 8:2 fluorotelomer alcohadt (8:
FTOH) in aqueous hydrogen peroxide solutions, stittield water systems, and
Lake Ontario (Canada) water samples. It was foandchtlergo indirect photolysis
with half-lives of 8:2 FTOH ranging between 0.831d®3 hours in the different
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experiments applied. No significant loss of theepacompound by direct photolysis
could be observed. The major monitored product® wes 8:2 fluorotelomer
aldehyde, the 8:2 fluorotelomer acid (8:2 FTCA)] &FOA.

The results of Gauthiet al. (2006), confirm the chemistry model, developed by
Wallington et al (2006), indicating that 8:2 FTOHgilades in the atmosphere to yield
PFOA and other perfluorocarboxylic acids (PFCAS).

5.2.2 Biological transformation

Biologic transformation of precursor compoundsanrge near regions can result in
PFOA as well. Dinglasaet al. (2004) examined the aerobic biodegradation oBtBe
telomer alcohol using a mixed microbial system. Trigal measured half-life of the
8:2 FTOH was similar to 0.2 days/mg of initial biass protein. Telomer acids and
PFOA were identified as metabolites during the ddgtion, the unsaturated telomer
acid being the predominant metabolite measuredo@ical transformation may be a
major degradation pathway for fluorinated teloma®hols in aquatic systems,
followed by transport of the end-products, amoriget PFOA, via water currents
and oceans to remote regions (Dinglastal. 2004). elaborated further on the
biodegradation pathway for 8:2 FTOH in activatadige for ninety days, achieving
mass balance and showing that yield of PFOA werdeasiob-10%.

Sinclairet al. (2006) found significantly increased mass flow®60A after
secondary treatment by activated sludge in a waster treatment plant, in New
York State, USA. The observed increase in mass @ibseveral PFOA may have
resulted from biodegradation of precursor compowud$ as fluorotelomer alcohols.

In a recent report, D’Eon & Marbury (2007) investigd the potential of
polyfluoroalkyl phosphate surfactants (PAPS), ndyiperic fluorinated surfactants
approved for application to food contact paper potsl, to get metabolized to PFOA
by mice. The ingestion of PAPS and thevivo production of perfluorinated acids
seems to be linked, stressing the issue of manynjavestigated potential PFOA
precursors used in considerable amounts in costproducts.

5.2.3 Waste incineration

Yamadaet al. (2005) investigated the fate of a fluorotelomesdzhpolymer under
incineration conditions to determine whether PF@Aormed as a thermal
degradation product. The main aim was to investitfa¢ thermal degradation of a
fabric treated with a fluorotelomer-based acryldymer under laboratory conditions
conservatively representing typical combustion ¢k of time, temperature, and
excess air level in a municipal incinerator. Thdrtaating was initiated at 600 °C.
The decomposition of the “Telomer” (GR1CH,CHx—X) functionality resulted in

the formation of compounds containing the sCH-CH, fragment in greater amounts
with increasing temperature (Yamaetaal. 2005).

Additionally, the authors report that analysis R&fOA in combustion tests of the
treated and untreated article at 1000 °C showedketectable level of PFOA. It can
therefore be concluded that under typical municipadte incineration conditions no
significant quantity of PFOA would be formed frohetincineration of a textile or
paper substrate treated with a fluorotelomer baseglic polymer even without
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consideration of post-combustion pollution congquipment for acid gas scrubbing
in place at municipal incinerators (Yamagtaal. 2005).

In Norway, combustion of waste is always carrietlauemperatures greater than
850°C, ensuring the destruction of PFOA.

5.2.4 Long range air transport

The potential for airborne emissions of precursonpounds to undergo long-range
transport or to be removed from the atmospheneflisenced by their physical-
chemical properties.

Several studies were carried out in order to ingats the fate of PFOA precursors in
remote regions Shoeéi al.(2006) analysed twenty high-volume air samples
collected during a crossing of the North AtlantiaCanadian Archipelago in July
2005 and found high concentrations (sum of gas-panticle-phase) of FTOHs; most
for 8:2 FTOH (perfluoroctyl ethanol) followed by :POFTOH (perfluorodecyl
ethanol) and 6:2 FTOH (perfluorohexyl ethanol).
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Figure 7: Total air concentrations (sum of gas phasd particle phase) for FTOHs
and PFASs across the North Atlantic Ocean and Ciamadrchipelago and in
Toronto, Canada, taken from (Shoeib et al. 2006).

Barberet al.(2007) detected 8:2 FTOH and 6:2 FTOH in air saslom 4 field
sites in Europe as the prevailing analytes fourtthéngas phase, at 5-243 pgjand
5-189 pg/m, respectively. These volatile PFCs were ubiquiiowsr samples.
Concentrations of neutral PFCs were several omfarsagnitude higher in indoor air
than outdoor air, making homes a likely importaiffude source of PFCs to the
atmosphere.

Jahnkeet al. (2007b) carried out a study on the occurrencerbbme PFAS in the
gaseous and particulate phase of German air samakas at a metropolitan site
(Hamburg city centre) as well as in a rural areal@of). Furthermore, they focused
on the influence of different ambient temperatuwesirborne PFAS concentrations
as well as the distribution of analytes betweergtdseous and particulate phase and
the two sampling sites. A wide distribution of FT§Huorinated sulfonamides, and
sulfonamidoethanols (FOSAs/FOSES) air was fountofihe detected compounds
belong to the group of volatile precursor compounfdBFCA/PFOA. A significant
correlation was found with the ambient temperatarehe partitioning of airborne
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FOSEs between the gaseous and particulate phaseeashFTOHs and FOSAs were
almost exclusively found in the gaseous phase.

5.3 Transport models for PFOA and volatile precursors

In order to predict and better understand to saxtenéthe extremely complex
mechanisms of the transport of PFOA and volatiéeprsors several recent
developed transport models have been applied magkxrale in order to predict
future exposure and transport of PFOA to remotensg No study calculated the
transport of PFOA to Norway directly, but similanclusions can be drawn:

Results for the calculation of the globally distiiion of PFOA, obtained using the
IMPACT 3-D chemistry/transport model analysis dotamed by Wallington et al.
(2006) The results suggest that telomers and degiradation products are ubiquitous
in the Northern Hemisphere. The sum of 8:2 FTOH igdegradation products are
typically (0.5-5) x 10 molecule crit in remote ocean and Arctic locations in the
Northern Hemisphere. This is lower than the cornedions in source regions by just
a factor of 5 and is consistent with an atmospHhéeatime of 20-40 days for the
group as a whole. Telomer species in the remot¢éhEior Hemisphere in the model
are one-third primary 8:2 FTOH, one-third long-tivituorine-containing aldehydes,
and one-third terminal reaction products. PFOASss abiquitous in the Northern
Hemisphere. Using estimated emissions of FTOHsthase&ir concentrations and
the three-dimensional model, 0.4 t/yr of perfluat@moic acid was calculated to be
deposited at latitudes north of 65°N via atmospghexidation. Concentrations are
often higher at remote locations than in sourcéreg with the highest values
occurring over the Atlantic and Pacific Oceans,tNd\frica, and the Arctic during
the summer. This is consistent with the chemiségcdbed in Figure 6. The present
modelling results do not prove that the atmosphexidation of 8:2 fluorotelomer
alcohol is the source of PFCAs observed in remmtations. However, the present
modelling results show that with current estimatieshemistry and flux the
atmospheric oxidation of 8:2 FTOH can provide amjiative explanation for the
presence of PFCAs in remote regions.
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Figure 8: Ratio of PFOA to (PFOA + COFx) at 50 mahitude for (a) January and

(b) July. The colour scale extends from 0.02 t& @aken from (Wallington et al.
2006).

Armitageet al. (2006) estimated that between 2 700 and 5 900abR&O have been
emitted between the years 1950 and 2004. The lesgege source contribution
(~72% of the total) originated from fluoropolym&R) manufacturing, followed by
ammonium perfluorooctanoate (APFO) manufacturiri2¢s of total) and FP
dispersion processing (~7% contribution). Direatrses are estimated to be
approximately an order of magnitude larger tharnréwod sources. However, the
model analysis indicates that a general patteen2§i-30 year delayed response to
emission reductions will be observed. This pattetaresult of the time required for
extremely persistent chemicals such as PFO totriguige throughout the oceans.
Oceanic rates of exchange between northern tengpecatins and the Arctic are
likely to be different for the Atlantic and Pacifiaceans which could lead to varying
time lags depending on the major oceanic trangpates for PFO to the Arctic.
Depending on the scenario considered, a net fl28 tons per year of PFO was
estimated to flow into the Northern Polar zonehaf model in 2005. It is noteworthy
that these preliminary estimates are 20-60 timeatgr than the amount estimated to
be deposited from the global emission, distribyteomd degradation of 8:2
fluorotelomer alcohol. If concentrations in thernpairy exposure media (i.e., surface
water) continue to increase due to direct soultés)ows that concentrations in
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wildlife will also continue to increase long afemissions have been drastically
reduced or even eliminated.

Figure 9 shows the modelled change in concentratidime ocean water of the
northern hemisphere of the model for the simulaimay-Term Fate of PFO from
1950 to 2050 for one representative model scena@hie.absolute values vary
between scenarios, but the general patterns atrdsado not. Ocean water
concentrations in the Northern Polar zone of theehare estimated to have
increased steadily from commencement of emissioid95b1 until the present day
with an estimated doubling time between 1975 ar@#29 approximately 7.5-10
years. After 2005, ocean water concentrationseri\trthern Temperate, Boreal, and
Subtropical model zones are predicted to declireerasult of redistribution to other
zones and emission reductions, although therd¢imsealag of 5-10 years between
emission reductions and concentration declines.éMied concentrations in the
Northern Polar zone are projected to increase ahtiut 2030 and then gradually
decline as ocean concentrations adjust to lowessan rates and PFO degradation
and/or burial processes exert their continued amfbe (Armitagest al. 2006).
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Figure 9: Modelled change in concentration in trean water of the northern
hemisphere for the period 1950-2050. The scendustiated assumes maximum
historical emission levels, a mixed mode of emtegligible degradation (i.e.,
maximum half-life), and a minimum value @fKVertical bars represent annual
emissions, the solid line represents modelled ow&star concentration in the
Northern Temperate zone, and the dotted line regmtssmodelled ocean water
concentration in the Northern Polar zone, takemfr@Armitage et al. 2006).

In 2007, Wania carried out a simulation with thealty averaged global fate and
transport model Globo-POP, in combination withdnisal emission estimates for
FTOHs and PFOA, to evaluate the relative efficieanyl importance of the two
transport pathways of direct and indirect PFOA sesii(Wania, 2007). The author
used a global modelling study that considers amdrasts both transport hypotheses
with the objective to evaluate their relative e#fitcy and importance, building on the
model used by Armitaget al.(2006). It also needed to be confirmed that radast

of the emissions of volatile precursor compoundsidiindeed result in fast declines
in Arctic seawater concentrations. Estimates ofetinéssion-independent Arctic
Contamination Potential reveal that the oceanitsjpart of directly emitted PFCAs is
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more than 10-fold more efficient than the atmosjghéegradation of FTOHSs in
delivering PFCAs to the Arctic, mostly becauseh&f low yield of the reaction. The
cumulative historic emissions of FTOHSs are lowentihose estimated for PFOA
alone by a factor of 2-3, further limiting the cohution that precursor oxidation
(Wania, 2007).

Armitage and Wania concluded that PFOA from diesuissions to the environment
will most probably be transported to the Arctic vizean currents for several decades
ahead, even with a considerable reduced indugttaluction, potentially giving rise
of PFOA levels in wildlife and humans. A similarsasption can be applied for
Norway as well.

More temporal and spatial multi-media monitoringagtter and biota in food chains
along with modelling efforts is needed to fully elehine time trends and be able to
begin to elucidate the relative contributions akdt and indirect sources and air and
water transport pathways.

5.4 Long range transport assessment of PFOA in Norway

PFOA can reach Norway in different ways.
)] Long range transported dissolved in ocean waters
i) Resolving from ocean surface waters (foam etc.)
i) Long range transported via air currents adsorbgutbcles
iv) Atmospheric degradation of 8:2 FTOH

i) and ii) will play a role for the shoreline of Reay alone whilst iii) and iv) will
influence the PFOA burden of the terrestrial areldbastal ecosystem.

The SFT commissioned NILU in 2007 to measure anathgrs also PFOA in air
samples, investigating long range transport pragge(Miljgovervakning av utvalgte
kjemiske forbindelser, P-820). Three samples framm [bcations were sampled (Ny
Alesund and Birkenes). The results are expectéueagnd of year 2007 and will give
an indication of the contribution of long rangensport to the PFOA burden in
Norway.

However, data of the air measurements of PFOA dagistinguish between route ii),
iii) and iv). Only an overall assumption will begsable for Norway, based on very
rough estimations and very few data points (6 samfsbm two locations are not
representative for the whole country).

Until then only literature data can be used in otdeassess the possible PFOA
amounts entering Norway via long-range transport.

Using estimated emissions of FTOHs based on acerdrations and the three-

dimensional model, 0.4 t/yr of perfluorooctanoitdagas calculated to be deposited
at latitudes north of 65°N via atmospheric oxidati@oncentrations are often higher
at remote locations than in source regions, wighhighest values occurring over the
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Atlantic and Pacific Oceans, North Africa, and #retic during the summer
(Wallingtonet al.2006).

Armitage et al. (2006) estimated that between 2a@5 900 tons of PFO have been
emitted between the years 1950 and 2004 (Armigagéd 2006). Direct sources are
estimated to be approximately an order of magnitadger than indirect sources.

According to model calculations and measured bakyt levels of surface ocean
water concentrations (e.g., located away from tisearces and coastal regions)
>80% of global inventory of PFO is present in tharld's oceans in 2005. After
2005, ocean water concentrations in the NorthempBgate, Boreal, and Subtropical
model zones are predicted to decline as a resudtdi$tribution to other zones and
emission reductions, although there is a time fagr D0 years between emission
reductions and concentration declines. Regardingvhp however, modelled
concentrations in the Northern Polar zone are ptegeto increase until about 2030
(but to a maximum at much lower levels than inNleethern temperate zone, 150
pg/L and 500 pg/L, respectively) and then graduddlgline as ocean concentrations
adjust to lower emission rates and PFO degradatiaiior burial processes exert their
continued influence.

Depending on the scenario considered, a net flB«28 tons per year of PFO was
estimated to flow into the Northern Polar zonehaf imodel in 2005.

Estimates of the emission-independent Arctic Coiration Potential reveal that the
oceanic transport of directly emitted PFCAs is ntbian 10-fold more efficient than
the atmospheric degradation of FTOHSs in deliveRRgCAs to the Arctic, mostly
because of the low yield of the reaction. The cuativg historic emissions of FTOHs
are lower than those estimated for PFOA alone fagtar of 2-3, further limiting the
contribution that precursor oxidation (Wania , 2D07

Long range transported PFOA = direct sources +aatisources
= 8-23 tons /yr + 0.4 tons/ yr
= 8-23.4 tons/yr for the Northern Polar zone

The Norwegian terrestrial area of the Northern Podme correspond to ca 90 000
km? plus 40 000 krhfor Svalbard plus ca. 300 000kimcean area. Together it sums
up to ca. 430 000 kim

The Arctic area covers 26 000 000%mhe Norwegian part corresponds to
approximately 1.6% of that area. If 8 — 23.4 tomijit be transported via long range
transport to the Northern Polar zone in tatiad Norwegian part would correspond to
0.13 — 0.38 tons of PFOA per year, estimated frata tbr 2005. We stress that the
numbers are illustrative and are subject to largeertainties.

However, the estimated long range transported ata@ue in the same order of
magnitude as the estimated direct PFOA emissions.
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6. Mapping of the use of PFOA in Norway

PFOA is neither manufactured nor used in produstiarNorway. The PFOA
released into the Norwegian environment is impoeiéiter in the form of techno
chemical products or as components (impuritiesiished products (e.g. as a
constituent in impregnated textiles). The PFOA fbimthe Norwegian environment
may be caused by impurities in compounds, produithkscontent of certain
fluorinated substances or by degradation prodwots tertain fluorinated substances
(PFOA precursors). Certain perfluorocarboxylic aqidFCAs) and certain PFAS
compounds — all with a chain length of seven ohtegay be degraded to PFOA in
the environment. The mapping of PFOA in Norway é¢f@re includes the mapping of
several hundred different fluorinated substancal with the potential to degrade to
PFOA in the environment.

In this report we have only investigated the sutxsta with the potential to degrade to
PFOA. Degradation to higher PFCAs (i.e. longer sha&.g. G or Cy; etc.) has not
been included in this study.

In order to map the use of PFOA in Norway, we hased the following sources of
information:

» Search in literature and Internet

» Search in the Norwegian Product Register

* Interview with different companies (mainly Norweg)a

The search carried out in the Product Registertldontact to companies is
described in more details below.

6.1 Search in the Norwegian Product Register for usef ®FCA-
precursors

In order to find products with a content of PFOAsabstances that may potentially
degrade to PFOA in the environment, a search hexs pperformed in the Norwegian
Product Register for different fluorinated substsic

The search in the Product Register does not igealtiproducts with a content of
fluorinated compounds as only chemical compoundsdte classified as dangerous
should be registered. Articles/products such agegmated consumer products
(clothes, carpets etc.) are not registered in tbdut Register. As the fluorinated
compounds are not classified as dangerous, theipi®degistered with a content of
fluorinated compounds must also contain other sulgsts which are classified as
dangerous.

The search in the Product Register can therefdreaased as the only source to
products containing fluorinated products that ptiédlly can degrade to PFOA (PFOA
precursors). It must be supplemented by informagiatihered in a different way. The
information from the Product Register is therefarth a high degree of probability
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incomplete, and the actual import will be much éardA considerable amount will
also be imported to Norway as a constituent ini¢aited products, which are not
governed by a compulsory registration in the Pro®Register.

The information gathered from the Product Registes used as a guide to identify
products that contains substances that potentaftydegrade to PFOA and as a guide
to which companies and sectors that were inteigsticontact in order to find
information about substances that potentially cagralde to PFOA.

6.1.1 Identifying substances that potentially can degradéo PFOA (PFOA
precursors)

OECD has in April 2006 (OECD 2006a) published tipeeliminary list of fluorinated
substances, i.e. PFOS, PFAS, PFOA and related aamdp@nd chemicals that may
degrade to PFCA. This preliminary list containswatdg000 CAS numbers in total. It
is divided in the following categories:

* Annex 1: List of perfluoroctanesulfonate (PFOS) aldted

* Annex 2: List of perfluoralkylsulfonate (PFAS) arelated compounds

* Annex 3: List of perfluorooctanoic acid (PFOA) aethted compounds

* Annex 4: List of perfluoro and fluoro chemicalsttipatentially degrade to

perfluorocarboxylic acid (PFCA)

After the start of this project, OECD publishedAingust 2007 “Lists of PFOS,
PFAS, PFOA, PFCA, related compounds and chemibatstay degrade to PFCA”
(OECD, 2007). The differences between this list dredpreliminary lists used in this
project for the Product Register Search have nen lexamined closely.

A list of substances that potentially degradesROR was for the purpose of this
project compiled in the following way:

* None of the substances from annex 1 (PFOS) anededlIsince these
compounds only can form PFOS which are not withendcope of this study.

» Substances with a chain length of 7 or 8 from arth@XFAS) are included as
substances with this chain length potentially cegrdde to PFOA.
Furthermore, substances that are polymers arededltegardless of the chain
length as they potentially can degrade to PFOA.

» All substances from annex 3 (PFOA and related camgs) are included.

» Substances with a chain length of 7 or 8 from ah@luoro chemicals
potentially degrading to PFCA) are included as grxes with this chain
length potentially can degrade to PFOA. Furthermsubstances that are
polymers are included regardless of the chain keagtthey potentially can
degrade to PFOA.

This result in a list of 362 substances that ateeeiPFOA related compounds or
compounds that potentially may degrade to PFOA umeaf their chain length.
Furthermore, SFT has information about two subststitat also are relevant with
respect to PFOA. In total a search for 364 substwhave therefore been carried out
in the Norwegian Product Register.

6.1.2 Search in the Norwegian Product Register
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All registered substances in the Norwegian Pro®agjister were compared to the
364 potential PFOA—precursors CAS numbers fronQBED list from April 2006.
There were 24 PFOA—precursors from the OECD st ¢fave a match of CAS
numbers, but since most of the information is aderfitial only a few quantities of
these identified precursors were presented fromgarch. Also the uses of some of
the PFOA-precursors found were confidential. Catiegaf chemical products that
were identified in the search as potential souta¢2~OA could be identified on their
use on the Norwegian market as

* Polish

» Fire fighting foam

* Hydraulic fluids

» Paints and lacquers

* Cleaners

» Waxes

In context to this search described above, a fé&@rqiroduct groups were earlier
identified but not covered by the Norwegian ProdRegister since they neither
represent chemical products nor are expected t@micoany classified chemicals at
that time they were registered.

6.2 Contact to companies

To learn more about the amounts used, and thehebgmounts of PFOA or PFC
present in the products, it is necessary to comiti@cinost relevant Norwegian
companies that either produce, sell or import gdevant products listed above. It was
not possible to contact all relevant companiestheifargest companies within each
sector have been contacted.

The method used to identify the most relevant cangsais described in more details
below.

On the basis of knowledge about products that neagolirces to PFOA, relevant
sectors were identified, and from this a list dévant Norwegian companies was
generated.

6.2.1 Identifying sectors and products that may be sourceto PFOA

Several investigations show that fluorinated conmaisuare used in the products listed
in the table below (Poulsezt al, 2005; SFT, 2004; OECD, 2006b; Swedish
Chemicals Agency, 2006).
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Table 8: List of products that may be sources t©RF

Product group Products

Impregnating agents Impregnating agents for textile
Impregnating agents for carpets
Impregnating agents for leather

Impregnated products Grease proof paper (for tast)f
Paper cups
Microwave popcorn bags
Water proof clothing
All-weather clothes
Skiwear
Golf clothes (windbreakers, caps)
Carpets
Shoes and boots (for children)
Tents
Umbrellas
Bags of leather and textile
Caps
Shower curtains
Furniture
Table cloths

Degreasing agents

Cleaning agents (for glass)

Wax Wax for cars and skis

Polishing agents (for floorings)

Paints

Fire fighting foams

Electronics Semiconductors

The relevant Norwegian companies were identifiegpdrforming a search in the
database called Nordic Business Key by D&Bv{v.nordicbusinesskey.cdnihe
latest update of the database over the Norwegiarpanies is from May 2007. The
search has been performed for the sectors thatfaene useful with respect to the
above list of products that may be sources to PEOX¥orway.

The search for Norwegian companies within theseveit sectors resulted in 26 945
companies. Most of the companies lies within te&l§ of wholesale (8 296
companies), retail sail (4 366 companies) and imdli€leaning (5 460 companies).

When all one-man business and field offices werduebed, the search resulted in 11
305 companies in stead. Companies with 10 employeesiore within the above
mentioned sectors only account for 1 557 compaitieis. list was still too long, why
the companies within each sectors were sorted thigemumber of employees (as
information of turnover is not available for allmpanies).
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6.2.2 Companies to contact

Still having excluded the one-man businesses, ithare 11.000 potential relevant
Norwegian companies were to be contacted, in daoleover a substantial part of the
Norwegian market. Since this is a time consumirdyamrealistic task, there was a
need for a strategy for a limited but effective temt activity with the aim to find
important sources of PFOA in the Norwegian soci€his company selection
strategy were applied in the following way
* The search in the Norwegian Product Register foompbrtant perfluorinated
products put into the Norwegian market by compathiaestrade and use these
products. Some of these companies were contattibeé, company
information were available and not hindered by segr
» For the prioritization of companies within one sgchumber of employees
and turnover were considered in order to concengtiorts on the largest
Norwegian companies.
» Companies that have known uses of perfluorinatedymts through
previously conducted studies were also contacted.

All'in all, 25 different companies were contactedidg the preparation of this
project. A list of the contacted companies andrtresponse is found in Appendix 1.
As the survey proceeded, it was realised that thinod of contacting companies was
in many cases unsuccessful. Many companies didvaot to give detailed

information on this subject. In some cases the @mngs did not have a knowledge of
fluorinated compounds (never heard of this problexemical group) or in many
other cases, they knew about the compounds, butivmat give us any detailed
information.

Therefore, this project is mainly based on calcoihest from statistics supplemented
with literature data. Useful information from theerviews is of course added.

6.3 Estimations based on statistics

In order to quantify the amounts of PFOA or PFOAquirsors in all categories of
products mentioned in Table 8 and identified inlwewegian Product Register,
these product categories were processed througstiseafrom Norwegian Statistics
Bureau (SSB) on manufacture, export and importmelsiwhere the net consumption
could be calculated through the following formula:

Net consumption of products in Norway (NC) = mactiiee + import — export.

Detailed statistics were received from SSB witlpees to foreign statistics (import
and export) for different product codes. Thesdasttes were given in amounts in
kilograms as well as Norwegian currency (NOK) chted in export prices. Statistics
on Norwegian manufacture of products are not ors#ime detailed level as import
and export statistics. Furthermore the producttatistics does not necessarily follow
the same product codes and only cover 90% of thevélpian companies in total. In
addition, the manufacturing statistics are onlyilatée in currency (NOK) meaning
that a conversion to the amount (kg) must be mattethe assumption of the cost per
kg for the manufacture equals the cost per kghferitnport/export. Finally, for some
areas in manufacture statistics the data are camtia (= non-available). All in all
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this means that the calculations based on theststatimust be regarded as rough
estimates.

Authentic product information that was receivedirthe interviewed major
companies in each relevant sector is expected &b &digher quality and might
support the quantitative information from the s#ts. In order to reform calculated
net consumption quantities into possible emissa3FOA, the range of reported
calculated amounts and analytical results of PF@#Afseveral products, will be used
to assess the quantities of the total amount ofA°t@t theoretically could be

emitted in Norway.

It is important to note that, this study does restess the relative importance of

consumer articles in comparison to water, foodantb PFOA or PFCA exposure in
Norway as insufficient data is available to assleese sources.
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7. Source information on relevant product groups for
PFOA

7.1 Impregnation agents

7.1.1 Impregnating agents for textiles

One of the companies on the Norwegian market wasviewed concerning their
impregnation products that they sell to non pratesd consumers in Norway.

Mainly two of their products, an aerosol and triggee used for impregnating shoes,
tents, clothes, furniture etc. The company furthentioned that these two products
may be applied on all kinds of textiles and mostkiof leather. The third product is
applied during domestic washing of table cloth,rsgweear or similar products. These
products are sold in various shops and stores wheriure, clothes paints etc are
sold. The company declared that they are a smajkeplon the Norwegian market, but
are growing steadily in comparison to main playgrsh as Boston, Kiwi, Imprenex,
Nikwax and Granger that dominate the Norwegian etatkurther they mentioned
that they have sold around 30 000 to 40 000 uaits¢ consumer market during 2006
and expect to double that amount during 2007.

The company products were analysed and there weliads of 0,73 mg PFOA/kg
and 4 mg PFOA/kg, but there is no correlation add to the amounts in one unit of
these products in order to quantify the exposuieF®A during one year from these
particular products.

Table 9: Amounts of fluorinated substances extdhfitem several commercial
impregnation agent products
Product name Sum Sum Sum Sum Sum
FTOH PFAS PFCA FTS+ FOSA+
(ng/mL)  (ng/mL) (ng/mL) FTCA FOSE
(ng/mL)  (ng/mL)
0

Ecco Universal waterproofing 224 310 0 2783 0
spray

Armour 3480 0 0 0 0
Nikwax TX Direct wash-in 760 0 244 0 0
Boston Raingard all over 585490 12,1 223 0 0
Kiwi select all protector 664 250 12,5 6286 58,8 0
Imprenex plus 0 81,3 0 0 0
Nikwax nubuck & mocka proof 0O O 0 0 0
Springyard Waterproofer 1144 630 22,4 91 0 0
XT 4649520 17,7 298 0 0
Boston protector 203300 O 0 0 0
Nikwax TX Direct Spray-on 0 0 0 0 0
Atsko Waterguard 9419980 5,1 1075 0 0
Collonil classic waterstop 882250 O 8372 0 0

Presuming that one unit contains 250 g, the arsalalfrom this company would be
10000 kg. With a content of maximum 4 mg PFOA/kg thould amount to 40 g
PFOA annually. We do not know their market shahepthan they are small player
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on the Norwegian market. If assumed they have letvie5% of the Norwegian
market, then the total annual PFOA content fromragpating agents for textiles sold
in Norway would be between 800 g and 4 kg PFOAyrassg that the content of
PFOA in the other impregnating agents on the maskigte same.

7.1.2 Waxes

Different types of waxes exist, for example wax@ascleaning (e.g. car waxes) and
ski waxes. Waxes are known to contain fluorinat@ehgounds in small amounts. A
search in the Nordic Product Register (SPIN) foCRFprecursors showed that 29
fluorinated substances are used in the Nordic cmsntFor half of these substances
the uses are confidential, but among the restflangénated compound is reported to
be used in wax in Norway.

DuPont produces fluorinated products to be useddixu According to DuPont, the
fluorotelomer-based surfactants are added to waxdar to improve wetting and
levelling (important for spreading and gloss), amdvetting characteristics (e.g. the
second coat is smooth and level). The fluorotelebased surfactant product is added
in an amount between 100 and 500 mg of produckgevax. (Washburn et al., 2005)

The search in the Norwegian Product Register on®pi€cursors showed a
consumption of zero for the years 2002 and 2008 aaconfidential use for the years
2004, 2005 and 2006. This indicates that waxes msBdrway contain PFCA-
precursors.

Swix, a Norwegian producer of ski wax, was contaciédey produce more than 100
tons of ski wax annually, and the main part is damea fluorine free paraffin wax.
They are producing one type of wax based on nd&o of a perfluorinated alkane
(C16F34 perfluorohexadecane). This specific fluorinatethpound is not on OECD’s
list of substances that can be degraded to PFCac{islly not on OECD’s list at all).
This type of wax is very expensive and is thereforly produced in an amount of
about 1 tonne yearly. 50% is being exported.

Three other wax producers, which primarily prodoaewaxes, were contacted. Two
of the companies do not use any fluorinated comgsumthe waxes at all. The third
company gave the impression that this appliesaw groducts as well, but when
talking to the main production site in Holland, hweould not give any information at
all.

Surveys in Denmark and Sweden also indicate tleatisle of fluorinated substances
in wax is a minor area (Jensenal, 2008; Anfaltet al, 2006). The Swedish survey
state that fluorinated substances are used in whxéesot in all types of waxes.
Products that maintain hard wax surfaces, andrase a cleaning effect, may
however contain fluorinated compounds (Ang&ilal, 2006).

The calculation of estimated PFO content in waxaised on statistical data. The
calculations are complicated by the fact that potida statistics have not been
available. Furthermore, the export has for somesyeaen larger than the import,
indicating that some production in Norway must acewren though the production is
not known or at least not included in the calcolatieceived from Statistics Norway.
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The calculations are therefore solely based on rtrgral export statistics, which
means that the net consumption in reality is higHemever, when taking these
assumptions into account, the calculated net copsamof wax in Norway for 2004-
2006 varies between 930 tons and 1,098 tons.

The consumption of wax is calculated for artifiaald synthetic wax. The product
codes for wax based on chemically modified ligiaitel wax based on
polyethyleneglycol is not considered to contaimfinated compounds

The estimated amount of PFO in wax is calculateddiyg the information from
ENVIRON International Corporation and DuPont of tb&al content of PFO in
consumer products (Washbuwenal, 2005). In this report it is stated that the total
calculated concentration of PFO per litre Industlaor Waxes and Wax Removers
is between 0.0005 mg/litre and 0.06 mg/litre. Triesults in a calculated estimated
amount of PFO between 0.6 g and 66 g for 2006jsfassumed that all wax products
contain fluorinated substances.

This is however, not the case. Precisely, how largercentage of the total wax
products in Norway that contains fluorinated subs¢s, is not known, but an
educated guess is that the percentage is lowesdn This is based on the fact that
some car waxes and that most ski waxes probablgamgain fluorinated compounds.

When assuming that a maximum of 50% of the wax&soinvay are based on
fluorinated substances, the total yearly estimatadunt of PFO in waxes in Norway
is between 0.3 g and 33 g.

This amount only covers impurities of PFOA in theofinated surfactants used in the
wax products. As it is not known exactly which kioidfluorinated compounds that
are used for waxes, the actual amount could be rigtter if fluorinated compounds
that can be degraded to PFCAs are used. The seatw Norwegian Product
Register carried out in this project indicates thath fluorinated compounds are used
for waxes in Norway. The use is however confidéntia

7.1.3 Polish

Fluorinated substances are known to be used islpplioducts, e.g. in floor polish. A
search in the Nordic Product Register (SPIN) foCRFprecursors showed that 29
fluorinated substances are used in the Nordic c@snfThe use areas of half of the
substances are confidential, but for the rest efffitorinated substances, at least one
of the substances is used in floor polish and gblésh products. A search in the
Norwegian Product Register on the same substahoggsshat the use of these
PFCA-precursors in polishes was 20 kg in 2006 éaaizero before 2006). Only
compounds classified in Annex 1 as dangerous naustfoorted to the Product
Register, meaning that the actual use could be riggtter.

According to Du Portalmost every acrylic/wax floor polish on the mar&entains a
fluorosurfactant (100 to 500 mg of product per Kdje fluorotelomer-based

! These two product areas are also very small coedparthe total import/export of wax (below 10%
of the import and below 1% of the export).
2 DuPont websitehttp://www2.dupont.com/Zonyl_Foraperle/en_US/usegséndustrial.html
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surfactants are added to floor polish formulationgrder to improve wetting and
levelling (important for spreading and gloss), agdvetting characteristics (e.g. the
second coat is smooth and level). (Washlairal, 2005).

Information was received from a polish producinghpany. A maximum of 50 000
litres of polish is sold annually in Norway. Howeyeo information about the content
of fluorinated substances was received.

Another Norwegian polish producer, produces pghsiducts with a content of
maximum 0.02% (200 mg/kg) fluorinated surfactafitse fluorinated surfactants in
their products have a chain length that is shoh@n G. No information was received
on the amount of polish they produce and sell inidy.

No statistics on polish was received from StatisNorway.

We must therefore rely on the information from M@wegian Product Register that
20 kg of PFCA-precursors were used in Norwegiamspgroducts in 2006. The
potential amount of PFOA will therefore be sigraiintly lower than the 20 kg.

7.2 Impregnated products

7.2.1 Paper (food paper, microwave paper, paper cups)

Nordic paper is the only manufacturer in Norwayt {hrduces impregnated paper
internationally and for the domestic food industrgrket in Norway. Nordic Paper
has three major plants whereof two are locatedarwidy namely in Greaker and
Geithus. Nordic paper declared in a survey in 20@6they do not apply any
perfluorinated substances to their impregnatedpdjey also stated that
impregnated or coated paper is not manufacturediaene else in Norway. However
Nordic paper declared that there are possibilthas imported impregnated paper that
may contain up to 1 kg perfluorinated substancesqmae paper. If we assume,
based on import statistics, that all imported ingpieeed paper is treated with 1 kg
perfluorinated substances per tonne paper, thidtsaa an average of 500 to 700 kg
in total per year. Unfortunately there is presentlyspecific data available to quantify
the specific PFOA content in these imported impeatga papers.

7.2.2 Textiles (out-door clothing, apparel, tarpaulins, ents)

Some major chemical companies such as Huntsmaglanidnt are well known
distributors of fluortelomer containing impregnatiproducts for industrial
manufacture of working and sports clothes in Norvildyese companies provide the
majority of products to the Norwegian domestic nearklowever, the majority of
impregnation products are used in the textile pcodyregions of the world and as
such are present in treated articles imported Mdawvay. Imports are substantially
greater than the volume of textile manufactured eltinally in Norway. When
interviewing the largest chemical company, theyortgal that they export 13 000 kg
fluortelomer product into the Norwegian textile ustry every year. With this
guantity they cover around 75% of the Norwegianke&arThey assumed that the total
distribution to the Norwegian textile industry waa®und 20 tons of fluorotelomer
product every year, where an average content oft#lomer is in average around
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18,5 %, which would mean that around 3 700 kgudribtelomer active ingredient
composed of approximately 50 wt%-®ased of acrylate type, would be added to
fabrics used for working and sports clothes martufad in Norway in one year.
With ordinary application methods during textileméacture, this would mean that
the finished fabrics would contain around 3,5@breacted gbased perfluorinated
products on an average working and sports clotrasufactured in Norway.

The calculation of estimated PFOA content in impeggd and coated textiles are
based on statistical data. The calculations areptioated by the fact that
manufacturing statistics are not easily availab$edescribed in the previous chapter.
The manufacturing statistics are only availableurrency (NOK) meaning that a
conversion to the amount (kg) must be made withadseimption of the cost per kg
for the production equals the cost per kg for thpart/export. However, with these
assumptions the calculated net consumption ofiésxith Norway for 2004-2006
varies between 5 530 tons and 6 876 tons.

The estimated amount of PFO in impregnated andeddaktiles are calculated by
using the information from Washbueth al, 2005. In this report it is stated that the
total calculated concentration of PFOA per kg testis between 0 mg/kg and 0.034
mg/kg. This results in a calculated estimated arhollRFOA between 188 g and 234
g for 2004 and 2006 respectively, if it is assurtied all impregnated and coated
textiles from the statistics have a content of fili@ted substances.

7.2.3 Foot wear

The domestic Norwegian foot wear industry is dorteday small companies that
have their production abroad. They are mainly irtgrsrto Norway through own
factories or as distributors for foreign foot weaanufacturers. In order to get some
information on the foot wear consumption in Norwhst has any relevance to use
and emissions of fluortelomers and PFOA, statistm® SSB on manufacture,
import and export has been analysed. Only foot westrwas made of wood, plastic
non water proof were excluded from the statistasaessment.

Since there are no data available concerning pessibounts of fluortelomer

products applied from authentic market data, esgachamounts have been used in the
calculations as for technical textiles in a rangeneen 0 and 0,034 mg PFO per kg
material (Washburet al, 2005).

It is important to notice that the manufactureistats from SSB is registered as a
substantial part of the whole Norwegian foot wearsumption, which is not the
signal given through interviews with some of thgan#oot wear companies in
Norway. The mass data of manufacture was recatmifabm Norwegian currency
(NOK) export prices over the years 2004 to 200kiltmgrams through advisory
information from SSB. With the data available tla¢calated amounts of PFOA are
estimated to 0,5 kg per year. Due to uncertaimie®lumes and market data, there

3 An estimate of an ordinary applied impregnationdmai for textiles on the Norwegian market is
done as follows: A recipe in textile productiomtain 50g/I of fluortelomer product. Pick-up is
estimated to maximum 70%. Since the density ofrtigregnation bath is close to 1 kgfiithen for

1kg finished textile the amount "dry" impregnatimmduct is: 1 x 0,70 x1 x 0,050 = 0,035 kg = 3,5 %
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are good reasons to view these data with critigas éut at this point it is the best
assessment available to us.

7.2.4 Carpets

Carpets are considered as an important sourcé&ufmirfated compounds in society.
This has been verified through findings of fluotedcompounds (PFOS and PFOA)
vacuum cleaner dust in private households andesffaould be an indication of use of
fluorinated compounds in carpets, but other praglucthe homes are of course also
possible sources (Moriwakt al. 2003).

The manufacture of carpets in Norway is believedawer only 5% of the total
Norwegian consumption of carpets, so the main funported. There are two main
categories of carpets on the Norwegian marketcategory is made of wool and
similar natural fibres and the other category islenaf synthetic or man-made fibres.

A substantial part of the carpets from synthetices are impregnated with
fluorinated compounds during manufacturing. Carpssle of natural fibres such as
wool and similar natural fibres are according tistry’ normally not impregnated
with these compounds. According to an earlier Ste@ysof the use of PFAS
substances in Norway, 5-10% of the wool carpetsmapeegnated, but none of the
Norwegian producers are impregnating their woopets. A few customers ask for an
impregnation of the wool carpets. In these casélei® is used. (SFT, 2004).

Impregnating products used for carpets are for @ka@ionyl® and Tefloff products
from DuPont, Baygafiiproducts from Bayer, or Scotchg@ndroducts form 3M.
However, which fluorinated products that are useNorway is not investigated in
this project.

The net consumption of carpets in kilos in Norwajound by using statistics from
SSB, Norway. The calculations are based on the atadtom the SSB statistics of
imported synthetic carpets, which is the main stredconsumed carpets in Norway.
According to ENVIRON International Corporation addPont (Washburet al,
2005), the total calculated concentration of PFOKgecarpet fibres is between 0.2
mg/kg and 2 mg/kg. When assuming that 100% of yhéhetic carpets are
impregnated with fluorinated compounds, the catedl@stimated amount of PFO is
between 1.5 and 20 kg in carpets per year.

7.3 Paint and lacquer

Paints, lacquers and varnishes are known to cofiteirinated compounds.
According to DuPont the fluorotelomer-based sudatg are added to paints to

* Oral information from carpet industry in Denmark.
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improve flow, wetting and levelling, and for redngithe surface defects and craters.
The fluorotelomer-based products are added in auatbetween 300 and 500 mg of
product/kg of paints. (Washbuet al, 2005).

A search in the Nordic Product Register (SPIN)HBCA-precursors shows that 29
fluorinated substances are used in the Nordic cmsnt~or half of the fluorinated
substances, the use areas are confidential, bueeetthe rest (15 substances), six
fluorinated compounds are used within paint, lacsjaad varnishes.

DuPont produce a range of Zonyl products for paimt lacquer systems, such as
aqueous systems and printing inks. Going throughattailable MSDS of the Zonyl
products for paints and coatings, shows that the fluoridaempounds in general are
fluorotelomers with a multiple chain length (n).

The search in the Norwegian Product Register f&zA&precursors showed a
consumption of zero for all years (2002 to 200é)isThumber does, however, not
necessarily mean that no fluorinated substancessad, as only compounds
classified as dangerous should be reported to tdmevégian Product Register.

Three Norwegian paint producers were contactedowiicg to the largest producer

of paint in Norway, fluorinated substances areusad in their water-based paints
(70% of the market). Some kind of Teflon wax isdusetheir powder coatings, but

no detailed information was received. Another conypaformed that they are only
using fluorinated substances in their marine cgatiffhe fluorinated substances are
used for painting the bottom of the ships, as &g low surface tension of the
fluorine agent has the advantage that nothingstickhe bottom of the ships. They
use a siliconefluoropolymer for this purpose. Linss1 5 000 litres of this paint
product is sold yearly in Norway. No informationoaib the percentages of the content
of the siliconefluoropolymer was received.

The calculation of estimated PFOA content in paamd lacquers are based on
statistical data. The calculations are complicétethe fact that manufacturing
statistics are not easily available, as describgte previous chapter. The
manufacturing statistics are only available in enaoy (NOK) meaning that a
conversion to the amount (kg) must be made witha#seimption of the cost per kg
for the production equals the cost per kg for thpart/export. However, with these
assumptions the calculated net consumption of paiNbrway for 2004-2006 varies
between 96 071 tons and 108 564 tons.

The consumption of paints is calculated for théremroduct group of paint,
varnishes, and printing inks.

The estimated amount of PFOA in paints and vargisine calculated by using the
information from ENVIRON International Corporatiamd DuPont of the total
content of PFOA in consumer products (Washlairal, 2005). In this report it is
stated that the total calculated concentrationF®R per litre Latex paint (water-
based paints) is between 0.02 mg/litre and 0.08itneg/This results in a calculated

® Can be found ohttp://msds.dupont.com/NASApp/msds/Mediabyrsearching after German
MSDS's for Zonyl products, that for some reasontams more information about the fluorinated
substances used in the products.
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estimated amount of PFOA between 2.1 kg and 8f8kB006, if it is assumed that
all paint products have a content of fluorinatedssances.

This is however, not the case. Precisely, how largercentage of the total paint
products in Norway that contain fluorinated subséan is not known, but an educated
guess is that it is lower than 20%. This is bagsethe fact that 70% of the Norwegian
production of water-based paints does not contaorihated substances. According
to SSB (statistics Norway) 44% of the paint andhisdres are imported from Sweden
and 18% from Denmark. The Swedish Chemicals Ag&asycarried out a survey of
perfluorinated substances and their uses in Swétint and varnishes are not
treated in details — the report just mentions ginatlucts such as paint and varnishes
are known to contain fluorinated compounds. Thereglso mentions that paint and
varnish is one of many minor areas (such as fyletiing foams, hydraulic oils,

wetting agents, lubricants etc.) that together antéor approximately 10% (2.4 tons)
of the use of perfluorinated substances. (Ardg&ilil, 2006). Similarly, a survey of the
use of fluorinated substances in Denmark has baeied out. This survey shows that
about 20% (3.5 tons) of the use of fluorinated warxses in Denmark are used within
paint and varnishes alone (according to the Prodaegister). However, when the
Danish trade organisation for paint and varnisisée@their members, this resulted in
an actual amount which was much lower, as most patducers in Denmark do not
use fluorinated substances.

When assuming that a maximum of 20% of the paidtwamnish products in Norway
are based on fluorinated substances, the totalyyestrmated amount of PFO in paint
and varnishes in Norway is between 0.4 kg and 4.7 k

This amount only covers impurities of PFOA in theofinated surfactants used in
paint and varnish products. As it is not known éyaehich kind of fluorinated
compounds that are used for paint and varnishatcheal amount could be much
higher if fluorinated compounds that can be degtade®’FCAs are used. However,
the search in the Norwegian Product Register @hoig in this project — only on
relevant fluorinated substances, that can be dedradPFCAs, indicate that no such
fluorinated compounds are used within paint andigarproducts in Norway.

7.4 Fire fighting foams

There are several different types of fire fightfiogms on the market that both are
fluorine free and those that contain fluorprotaibsances such as polyfluoralkyl
betaine substances.

Fire fighting foams, the so called AFFF based o@8Fhave been used since the
early 1970’s to today but do not dominate the miaakgmore due to restrictions that
came in force both in USA and EU. The major glabahufacturer, 3M halted
manufacture in 2002, but other suppliers remaireR#y, the EU has implemented a
use ban for PFOS-based substances which has tesudenew generation of fire
fighting foams mainly based onsGluortelomers, where &fluortelomers only occur
in trace levels as impurities. This means thainne generation of fire fighting
foams, both for domestic and professional use onght contain traces of PFOA.
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The G-fluorotelomer products used in fire fighting foan@not degrade to PFOA in
the environment since the main components areassdon gchemistry. The
degradation products may include 6:2 fluoroteloméfonates.

The largest supplier of fire fighting in Norway, W@ Norway AS, reported through
one of their major suppliers of fire fighting foarancentrates that perfluorinated fire
fighting foams are not used in consumer productsl &ut only specialized industrial
products that are handled by specialist fire-fight€&luorotelomers used in fire
fighting foam concentrates have trace amounts @iAEreated as a by-product of
the fluorotelomer manufacturing processes, butesiafire fighting foam production
occur in Norway these emissions that occur durnoglyction are of no relevance for
emissions of PFOA in Norway.

The distributors of fire fighting foams did not prde typical amounts, sales volumes
and suppliers since this is confidential informatand therefore it is not possible to
guantify emitted trace amounts of PFOA from uséreffighting foams in Norway.

7.4.1 Oil and gas industry

The oil and gas industry is one of the largest stidal sectors in Norway. Statoil, and
since f' of October Statoil/Hydro, is one of the largestmsof fire fighting foams in
Norway. Through our contact, Statoil did their oggarch among 7000 chemical
products that they use. In total their chemicatpiets contain around 6000 individual
substances. They got two hits on the OECD list fAgml 2006, where CAS no.
70969-47-0 is a "fluoroalkyl non ionic surfactaah fluoro amine compound) and
CAS no. 34455-29-3 is a polyfluoralkyl betaine I(#fo
sulfonate/sulfonamide/sulfonyl compound). Furthemm&tatoil use polyfluoralkyl
betaine, which is a component in fire fighting faam

7.5 Other product categories

7.5.1 Herbicides

The Norwegian Food Safety Authority is a governrakhbdy that is responsible for
healthy and safe food and safe drinking water. Agniblese responsibilities the
Norwegian Food Safety Authority keep statisticpesticides used in Norway. A
recent search in their database initiated by SFCAS numbers from the OECD
report from 2006 gave a hit on the following CASwhers: 68412-68-0 or 68412-69-
0. Based on statistics of the use of these posisitlerted G-precurcor-substances,
around 65 kg were emitted into the Norwegian emritent 2006 according to the
Norwegian Food Safety Authority. They also mentobtteat there are only slight
variations of these herbicides so looking back mlmer of years before 2006 we
might expect similar amounts of emissions of tregestances some years back in
time.
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8. Results: Emissions, sources and trends in Norway

8.1 Previous results; PFAS emissions in Norway (2002006)

SFT carried out a study regarding the consumptid?F®©S-related substances and
other perfluoroalkylated substances in Norway i@2Material flow analysis) (SFT,
2004).

The report concluded with:

All PFCs sold in Norway is imported, either as ta&chl product or as part of a
consumer product. The dominating field of PFACsneg®rted was in fire fighting
foams. PFOA is not used in fire fighting foams, avilll not be distributed in the
environment via this route except as an impurity.

The remaining fields of usage involving PFCs wetedt with consumption per year
of (tons, 2002 numbers):

Impregnation of textiles 7-10
Impregnation of carpets 0.4
Impregnation products for home use 0.2
Floor polish and wax 0.2

The amount of PFOA in these applications is unknown

The SFT reports estimated PFCs emissions in NomvaQ04 as (SFT, 2004):

* Annual emission from offshore installations ie tkorth Sea 7 — 8 tons.
» Annual emission to water/sediment from airpartdustry and the like 7 — 8 tons
e Waste <1lton

In addition, the SFT commissioned a study on emmssof PFCs from PTFE-coating
industry that exist in Norway. During autumn 2086jissions were analyzed for
PFOA at following plants by NILU (SFT, 2007):

* Norwegian Coating Technology (NCT), Notodden
* littala, Moss

* Belegningsteknikk, Drammen

* Otto Olsen, Lillestrgm

Both particle bound PFCs and volatile PFCs weré¢yaad, representing the only
study done on air emissions of PFOA in Norway.

PFOA was the dominating compound in almost allip@rsamples. The highest
PFOA-concentration was found at littala in Moss1d 320 ng/Nm). The annual
emission for this plant was calculated to an amofiaround 5 g/year.
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Table 10: Concentration (ng/Njrof ionic PFCs in air filter (SFT, 2007)

_ ng/Nm3 Avgass-| g/ar
Bedrift Punkt mengde

PFHxA|PFHpA| PFOA |PFNA|PFDcA|PFUNnA|PFHxS|PFOS PFDcS|PFOSA|(6:2FTS Nm¥/hy PFOA

MNCT, Spreyteb.| 0,00 | 0,00 000 |000) 000 | OO0 | 006 (122|000 | 000 | 0,00 | 22300 | 0.0
Motodden  |Spreyteb.| 0,00 | 0,00 000 (00O 000 | OO0 | 003|047 | 000 | 000 | QOO | 22300 | OO
owvn 1 0,00 | 0,00 055 (000 000 | 000 | 001 |01 | 001 | 000 | 029 484 0.0

littala, Pipe 1 0,00 | 1,73 115 |0/00 | 000 | 000 | 0,00 | 005 | 000 | 000 | 000 2880 1.2
Moss Pipe 2 0,00 | 243 137 (000 000 | 000 | 000 |0O02( 001 | 000 | 000 1890 0.9
Pipe 3 0,71 | 862 320 |160 | 000 | O65 | 000 | 003| 000 | 0,02 | 0,00 2270 26
Belegnings-|Spreyiek.| 0,00 | 069 i0¢ (000 | 000 | 000 | 000 | 003 | 000 | 00O | 005 | 6590 25
teknikk, Innbr.ovn | 0,00 | 0,00 §02 (000|000 | 000 | 000 |00O| OO0 | 000 | 268 263 0.0
Drammen |Spreytek.| 0,00 | 0,00 203 (000|000 | 000 | Q00 |0O0O1| 001 | 000 | 013 | 6590 0.0
Otto Olsen, |Spreytek.| 0,00 | 0,00 326 |000) 000 | 000 |0O00 |01 000 | O00 | 000 6640 0.1
Lillestrem |Spreytek.| 0,00 | 0,00 15 |000 | 000 | OO0 | 000 | 026 | 0,00 | O00 | 0,00 6620 04
Innbr.ovn | 0,00 | 0,00 14,2 | 000 | O00 | 000 | 000 |0O0O| OO0 | 000 | 000 440 0.0

The total emitted amount of PFOA from all four istigated plants together was

estimated to be 7 to 8 g/a.

Table 11: Concentration (ng/l) of ionic PFCAs inatiog products sampled at littala

(Primer & Topcoat, Greblon, Weilburger Coatings Gi)b

Preove ng/L
PFHxA PFHpA PFOA PFNA PFDcA
13 Primer 068 403 420 0.48 0,00
(resirkulert) ! '
14 Top Coat 0,05 1,81 48,6 037 0.00
(resirkulert)
Primer 5
15 (Produkt) 0,00 6.80 427 0,00 0,00
Top Coat . e
16 (Produkl) 187 355 | 501 15,9 202

Coating products produced/applied at littala (Pri&ad opcoat, Greblon, Weilburger
Coatings GmbH) were analysed for ionic PFCA as.vwahin PFOA dominates the
product composition with concentrations up to 198 poating product leading to an

elevated emission potential for this compound.

5
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8.2 Norwegian industrial sources of PFOA in 2007

The data given in table 12 reflect maximum datarwdging data from SSB in
calculations of estimates. Maximum values were us@dder to give a conservative
assessment on the situation and compared witleffeted amounts of applied
fluorinated compounds, based on interviews with ganfes/authorities.
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Table 12:Summary consumption of fluortelomers in consumeduyoets and from industrial production based onistets and interviews with
companies, associations and authorities in kg/a.

=

Article/preparation No. of Reported amounts of Calculated Comments
companies applied fluorinated maximum amounts
contacted compounds” “consumed” PFO *
| mpregnated products
. . . 3
Textiles, 3700 kg of G-fluortelomer _ Industrial use where appr_ommate_ly 99% g
work and sportswear 2 No data available | the C8-fluortelomer remain chemically
. product )
manufactured in Norway bound to the fabrié.
Textiles,
impregnated clothes for
outdoor use. No data available 0.19 t0 0.24
Foot wear There is less than 5% manufacture in
3 No data available 05 Norvyay and therefore the amounts of
fluorinated compounds reported are based
on import- statistics and interviews
Impregnated/coated paper There is no manufacture in Norway and
3 Approx. 700 NG data available therefore the amounts of fluorlnated_
compounds reported are based on import
statistics and interviews
Carpets There is less than 5% manufacture in
2 (outside No data available 18 to 20 Norvyay and therefore the amounts of
Norway) fluorinated compounds reported are base
on import- statistics and interviews
Cleaning agents
Waxes 4 None identified (about | A max. of 0.033 kg | According to Product Register, PFCA

1000 kg of a @34

per year +

substances are used within wax, but the u

® Jarnberg&Posner et.al (2004)
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Table 12:Summary consumption of fluortelomers in consumeduyoets and from industrial production based onistets and interviews with
companies, associations and authorities in kg/a.

Article/preparation

No. of
companies
contacted

Reported amounts of
applied fluorinated
compounds”

Calculated
maximum amounts
“consumed” PFO *

Comments

compound identified).

confidential use.

is confidential.

Polish

No information from
companies.

Product Register: 20 kg o

fluorinated compounds

f

No data available

Information from the Norwegian Product
Register that 20 kg of fluorinated
compounds that can be degraded to PFC
are used in Norwegian polish products.

AS

Chemical preparation
containing fluortelomers

Fire fighting foams

Main components are C6
fluortelomers and therefor,
not relevant in this study.

e No data available

Traces of C8-fluortelomer impurities may
occur

Paint and lacquer

0 kg according to the
Product Register

Is used in powder coating

and marine coatings, but

the amounts are unknown.

sl.5to 1.7 kg per yea

N

r

Impregnation agents

1

No data available

0.8-4 kg/par

Herbicides

1**

No data available

65 kg per year

# :based on interviews with companies/authorities
* . based on statistics from SSB between 2004 and 2006

** The Norwegian Food Safety Authority
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After compiling the answers given in the questiaresdinterviews by the companies, two
conclusions can be drawn:

- data from SSB can supply missing information but ge a contradicting picture
- no data on use of PFOA were available for tex{ilepregnated clothes for
outdoor use), foot wear, carpets, impregnation &gen

Detailed statistics were received from SSB witlpees to foreign statistics (import and
export) for different product codes. These statsstvere given in amounts in kilograms as
well as Norwegian currency (NOK) calculated in estgavices. Statistics on Norwegian
manufacture of products are not on the same ddti@le| as import and export statistics.
Furthermore the production statistics does notssardy follow the same product codes and
only cover 90% of the Norwegian companies in tdtahddition, the manufacturing statistics
are only available in currency (NOK) meaning thabaversion to the amount (kg) must be
made with the assumption of the cost per kg fomtla@ufacture equals the cost per kg for the
import/export. Finally, for some areas in manufeetstatistics the data are confidential (=
non-available). All in all this means that the céétions based on the statistics must be
regarded rough estimates.

Confidentiality or the lack of knowledge about tentity of applied chemicals can lead to
wrong interpretation of the data. Often only theoamt of used fluorinated compounds is
known to the company, but not the exact conteth@®imixture or the composition. As a
result, for calculating annual use of PFOA contagrnproducts, SSB numbers were used. If no
data were available from SSB on one line of busin@sswers from respective company-
interviews were used.

8.3 Norwegian consumer product sources of PFOA in 2007

PFO treated carpets represent the largest groopnstumer products circulating on the
Norwegian marked.

Numbers reported to the project team by the pagkrstry reflect only the use of fluorinated
substances on imported paper, with no details dAP¢ontent in the applications. No PFOA
is used in papercoatings produced in Norway acngrtti the companies.

The portion imported paper on the Norwegian marke2D06 was calculated by :
732489 kg import / (732 489 kg + 30 000 000 kg picedi - 467 126 kg export)

As a result, 2.5% of all paper used in Norway ipanted. Not 100% of that portion will be
treated with fluorinated compounds. 732 kg fluated compounds were reported for
imported paper for the year 2006. By using the eational assumption of a 0.1 % PFOA
content, 0.732 kg PFOA would have entered the Ngiavemarket via this route.

Since none of the treated paper is produced in Bpi@verything is imported to Norway),
the only routes of potential PFO emission wouldtoeage, use and discharge of the paper
products.
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Paints, impregnated textiles and wax applicatidag pnly a minor role in PFOA
consumption in Norway. No data were reported farestand impregnating agent
production/application.

2006

@ impregnated paper
B carpets

O paints

O iImpregnated textiles
@ wax/polish

Figure 10: Contribution to PFOA consumption in Naynn 2006 according SSB and
answers to questionnaires by PFOA consuming ingustrmbers assuming a 0.1% content
of PFOA in the fluorinated compounds applied ongrap

56



PFOA in Norway (TA-2354/2007)

Paints, impregnated textiles and wax applicatfwag only a minor role in PFO consumption
in Norway. No data were reported for shoe- and @gpating agent production/application.

Table 13: Maximal PFO consumption in productiorcohsumer products in 2006 (kg) by
SSB ; *: data for 0.1 % content PFOA in fluorotelemproducts used
**: not including possible impurities by applicatie similar as stated by Huntsman

Consumer product PFOA consumption in 2006 (kg)
based on statistics calculations|
Impregnated paper (import) 0.78*
Carpets 20.2
Paints 1.74
Impregnated textiles 0.23%
Wax/polish 0.03

*: data for 0.1 % content PFOA in fluorotelomer pitects used
**: not including possible impurities by applicatie similar as stated by
Huntsman

The data reported by SFT in 2004 (2002 data),cefte overall PFAS consumption in
Norway with no possibility to distinguish betweeR®A consumption and other PFAS and
are therefore much higher than the data reported Raper coating was not mentioned in
2004, but impregnated textiles were stated as #jermsonsumer of PFAS (7-10 tons/a), only
a minor PFOA contributor in the current repdtowever, in the questionnaires the company
Huntsman stated the import of 3 700 kg C8-fluotetr compounds, applied to work wear,
to Norway each year. PFO can be a considerablep#rat amount as an impurity, without
being part of the data received from SSB.

8.4 Emissions of PFOA in Norway, 2007

Several sources for PFOA emissions in Norway waeatified in the here presented study:

- Industrial emissions during application of PFOA tadming products
- Use of PFOA containing consumer products

- Sewage and landfill related environmental reledseF®OA

- Long range transport of PFOA (e.g., ocean curratispsphere)

- Source near atmospheric transport followed by wetdéposition

With its negligible vapour pressure, high wateusdity and moderate sorption to solids,
accumulation of PFOA in surface waters is likelyatdiry, 2004). In general, PFOA
containing products will most likely emit PFO taeethir adsorbed to particles or to the water
due to the high water solubility of the compound.

8.4.1 Sewage and landfill related environmental releasef @ FOA

Already under the Nordic PFAS screening in 200dagge and landfill was identified as
major anthropogenic sources based on measurenfdPEO# concentrations in sewage
sludge, sewage effluent samples and landfill efflseln the analysed Norwegian effluent
samples, PFOA was the predominant PFAS constitli&ietconcentration levels found for
the two sample sets of landfill effluent are coesably higher than the levels for sewage
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effluents (around 10 x higher, 200 ng/L) confirmihg significant contribution of landfill
effluent water as major anthropogenic source foh®k Nordic countries. PFOA was the
predominant PFAS constituent in all landfill effie measured (Kallenborn, 2004). In
addition, STP sludge was shown to contain high antsoof PFOA and STP can serve as
point sources for PFOA both for the aquatic ecasysteffluent discharges) and the terrestrial
(sewage sludge application) (US EPA, 2004);

in 2004 by SFT, PFOA was found in elevated conegioins in cleaned landfill and STP
effluents and sediments, mainly as dominating camgp confirming STP and landfill
effluents as main emission source for PFOA in Ngrwdélo difference in PFOA
concentrations could be observed between cleanddnan-cleaned effluents, indicating
failing cleaning procedures, mainly the inefficigraf the sedimentation process ug&dT,
2005)

The interquartile range of PFOA in leachate watemflandfills and effluents from sewage
plants was 5-115 ng/l, and 5,8 to 78 ng/l in thetigda phase.

The observed concentrations of sum PFAS in nasurdéce waters (lakes and rivers)
revealed an interquartile range of 1-4 ng/l. Thveas no sign of any significant point sources
of PFAS to any of the studied freshwater sites,thecconcentrations were in general low as
compared to those from other industrialized coestri

The observed concentrations of sum PFAS in sedsrfenn landfills and in sewage sludge
revealed an interquartile range of 2—4 ng/g d.nd, the highest concentrations (about 24 ng/g
d.w.) were found in leachate sediments from a IAInBFOS and PFOA dominated among
the different perfluorinated alkylated substances.

The calculated interquartile range of sum PFASestwater sediments was 0.1-0.5 ng/g
d.w., and the highest concentration was about 4§ dgy. Although there are few comparable
data, the reported concentrations seem low comparéata from other industrialized
countries.

The interquartile range of sum PFAS in marine sedit®was 0.5-1,5 ng/g d.w., and the
highest concentration was about 6 ng/g d.w. (SBU52

Due to the lack of data about yearly amounts/vokofeall landfill and STP effluents and
sludge emitted in the Norwegian environment, anauabunts of PFOA emitted via this route
cannot be calculated.

8.4.2 Emission of PFOA from consumer products from the Novegian marked

Paper
Since paper-treatment products containing perflated compounds are believed not to be in

use anymore, only fluorotelomer-type treatmenttaimimg trace amounts of PFOA (0.1%) is
considered in this report. Begleyal. (2005), reported that the raw material for papatiag
contains 88-160 pug PFOA/ kg product. The authod @sdilution factor of 300 for the
application of the raw material to the finishedgurot, resulting in an average of 1 860 pg/kg
or <0,0002 % PFOA in paper and cardboard.
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The SSB reported 732 489 kg imported coated papeiNorway for the year 2006. When
using the same assumptions as Begley et al. (2089 ,kg PFOA enters Norway applied on
paper each year and with increasing trend.

PFC-coated or impregnated paper, mainly from foamckpges, will most likely be deposited
on landfills which would probably dissolve free ImuPFOA into the water systems. If the
paper is incinerated in waste incinerators nonpadéatile PFCs will evaporate to the air and
adsorbed to air bound particles. Some PFC wilbably migrate into food and indirectly
enter STPs through food consumption.

Textiles and carpets

According to the studies carried out by SFT anerids of the Earth in 2006, PFOA
concentrations varied between 2 and 171 pg/kgegrtihe SFT study and up to 416 pg/kg
textiles in the Friends of the Earth study (Schélzdorin, 2007; SFT, 2006). The average
PFOA concentration in both studies was 64.7 pghdylb7 pg/kg respectively. The SSB
reports a net consumption of 6 876 257 kg impreghsextiles in 2006, corresponding to
0.445 kg pure PFOA for the SFT study and 1.08 kg RUFOA for the Friends of the Earth
study.

Carpets have not yet been analysed for PFOA in Bypiwt according to information from
DuPont, the PFOA concentrations in factory treatgbets are about 5 times higher and for
home treated carpets 25 times higher than in tledtghing (Horowitz, 2007). Carpet care
solutions are assumed to add 500 pg/kg solutidinet®FOA burden of carpet. Additionally,
since carpet is used in much higher amounts th@hing (10 081 tons carpets compared to 6
876 tons clothing in 2006) between 10 and 50 timgkser amounts of PFOA enter the
Norwegian market applied on carpets compared tideex

Depending on the handling of these textiles duasg for washing and discharge as waste to
either landfill or incineration unbound water sdeiIBPFOA or telomer, will be emitted to
water and sewage treatment plants, and nonpolatiteoPFCs will evaporate to the air and to
adsorbed to air bound particles.

8.5 Trends of PFOA use in Norway

As shown in figure 11, the use of PFOA in Norwagreased between the years 2002 and
2007 based on our assessment. It must, howevantbd, that the trends of the PFOA use in
Norway solely is based on trends in statisticsrotipcts containing PFOA (and precursors?)
from SSB for the years 2002 to 2007. We have rzgtived any information in trends on the
use of PFOA or PFOA-precursors from companies.tidreds therefore indicate an increase
or fall in the consumption of the different prodgebups. For the calculations we have used
the following maximum amounts of PFOA in the progu@&nviron 2006):
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0,06 mg PFOA/liter solution Industrial Floor Waxes ané@¥\femovers

0.034 mg PFOA per kg technical textile of fluortelomerguoat

0,08 mg PFOA/liter paint Latex paint (water based paints)
2 mg PFOA/Kkg carpet fibre Fluortelomerbased prodiMill-treated carpeting
1000 mg fluortelomer/kg coated paper
Mainly the use of PFOA in imported paper increaseasiderable with about 150% during

the last six years, but on low levels following tesumptions described above. The use of
PFO in carpets increased as well with about 60%nduhe same period.

(kglyear)
30
O impregnated paper
B carpets
25 O paints

O impregnated textiles
20 W wax/polish

LHL

2002 2003 2004 2005 2006 2007 Year

Figure 11: Time trend of maximum PFOA consumpteported by SSB in kg/year
(numbers for 2007 are extrapolated by using twietalf-year consumption of 2007).

The consumption of PFOA in paints remained stahbla tow level during the years 2003-
2006, with no data for 2007.
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8.6 Conclusions

The estimate from this survey of the annual maxiemaission of PFOA from a range of
consumer products identified in this survey as megmtributors of PFOA could be
summarized as shown below:

Carpets 12 kg
Coated and impregnated paper 1,3 kg
Textiles 0,5 kg
Paint and lacquer 1 kg

The long range annual transport estimate fromginsgey of PFOA into Norway from direct
and indirect sources mainly from oceans and aidoparticles is as follows

Total of direct and indirect sources 130 to 380 kg

However, in general and despite the high degremoértainty of the assessed data material,
the amounts of PFOA circulating in the Norwegianisty and has its origin from long range
sources are rather low with some tens of kilograma maximum amount.

9. Discussion

9.1 Knowledge and data gaps

The globalisation of trade has moved the actualufsenture and production processes far
away from the consumer markets in Europe. As aemprence we lack knowledge about
chemicals applied deliberately or as impuritiesfddgtion products in consumer products
through the distribution chain into the Norwegiaarket. This is definitely a global problem.
However, the Scandinavian countries have had atlawlifion of close attention to flows of
chemicals that enter the Scandinavian marketsreitinough legislation or by customer
agreements with Scandinavian companies.

This project has clearly shown the complexity oppmiag sources to PFOA in Norway, and
the cause of PFOA emissions into the environmepe@&ally from consumer products. Many
different sources of information have been appitethis project, such as interviews with
companies that manufacture and distribute artitlascould be sources to PFOA, or search
in different relevant databases and statisticsariufacture, import and export and through
mathematics calculate the extent of PFOA occurranceemissions into the Norwegian
society and environment. There is, however, lati@o knowledge available on how these
information sources interrelates. Beside the ldatoorespondence between these different
important information sources, there are also kedgé gaps along the distribution chain of
chemicals, where the article manufacturer or diator could not give detailed answers
during our interviews. There is also a commercekpective, where the supplier of
perfluorinated products does not distribute impartaformation along the distribution chain,
since it is considered as business secrets.

If amounts of landfill and STP effluents and sludgeitted in the Norwegian environment

were fully known, the data collected in the studigsSFT and Nordic screening could be
used in order to calculate annual amounts of PF@®ed via this route.
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9.2 Physico-chemical properties of fluorine chemistry

9.2.1 Physico-chemical properties of fluoropolymers andheir treated surfaces

Surface energy and contact angles are the mosiatphysico-chemical parameters in the
action of fluorochemical products. Therefore iessential to define these surface properties
in order to achieve the appropriate surface protegiroperties or otherwise the purpose of
the surface treatment is lost.

Fluorinated chemicals can be used to provide wafellency, stain resistance and soil
release properties to a treated surface is retatdte physico-chemical properties of these
fluorinated materials. The critical surface tens®the determining physico-chemical
parameter why fluorinated chemicals can repel atter and oil substances ( J.F. Colbert et
al 1983) (J. M. Corpart et al. 1997).

The critical surface energy of the Ckz and CF, groups are much lower compared to the
surface energy of the corresponding hydrocarb@@idz(and CH ), which is described in
table 14 below.

Table 14: Surface energies for characteristic paytmackbone structures

Surface Liquids Surface energy y. ( mN/m) Surface tension y ( mMN/m)

-CEk 6

- CpH 15

-Ck- 18

-CH 22

-CH - 31

- CHCHCI - 39

Polyester 42

Polyamide 46

Cotton 44
water 72
n-Octane 22
Olive oll 32

One of the fundamental laws of physics statesdbety system strives for a minimal surface
energy. Therefore when a fluorinated chemical &t@d on a textile substrate and exposed to
water with its surface tension of 72 mN/m or @lybstances with surface tensions of 20
mN/m and more, they will not spread on the texdileface. The consumer can observe this
phenomenon as "water and oil repellency”.

The spreading of a liquid on a surface is measuigedontact angles and demonstrates well
when a fabric is being wetted or not.

When : - angl® is > 90° : liquid will not wet the surface

- angl® is < 90° : liquid will wet surface partially
- angl® = 0° : complete spreading & wetting of the surfagehe liquid.
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| | VSA VSL | | |
©
©
© =0° Perfectly Wettable © < 90° +/- Wettable © > 90° Unwettable
Spreading ocaomgy if S >0
Spreading coefficient S =ysy- (Y +YsL) S = solid, L = liquid, A = air

wheregsa = Surface energy of the substrate
yia = Surface tension of the liquid
ysL= Interfacial tension

Figure 12: Contact angle versus wettability ofusface

As can be seen from the formula for spreadingyS-£ yi. + Y ) it is observed that if the
surface energy of the substrate is lowered suffibyethe liquid will not be able to wet the
surface.

Practice shows that it is not sufficient to havéyaarminal CF groups in a fluorinated
chemical. Optimum reduction of the surface engtgg achieved with perfluorinated chains
with a sufficient chain length to obtain a larg@egh density of fluorinated carbons on the
surface.

This is demonstrated in literature ( J.F. Colbedld983) (J. M. Corpart et al 1997) of

fluorochemicals that there is a relationship of¢hain length of the perfluorinated chains that
is related to the critical surface energy of thdame as described in figure 13 below.
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Surface energy of fluorochemical acrylic polymers with variable chain length
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n ( chain length of fluorochemical backbone )

Figure 13 : Surface energy versus number of carliorise fluorotelomer backbone
structure, where 4 on the x-axis means C4-cheymiétmeans C6- chemistry and 8 means
C8- chemistry etc.

Based on the already explained surface energy grepef fluorinated chemicals, it is
understood that for instance a non fluorine surfeg&tment, such as silicones on treated
polymers, can provide rather good water repelldndyno oil repellency due to the fact that
the oil has lower surface energy than the silidager. The surface energy obtained with a
silicone surface can not be lower than 22 mN/mgchvié comparable to the surface tension
of hydrocarbon oily substances. This means thatt®lomers are not always possible to
replace with a non fluorine surface treatmentlifooisoil repellance is required.

9.3 Alternatives to C8-fluortelomer chemistry

There are no current commercial alternatives ta8dluortelomer-chemistry, that cause
PFOA emissions for impregnation of carpets andlésxtTo achieve required soil and water
repellence properties, leather is sometimes coaitddfluorpolymers instead of being
impregnated with C8-fluortelomers. Major chemicenufacturerscarries out extensive
research at the moment to present commercialesodllent properties for their chemical
preparations based on C4 or C6 chemistry with aabépquality properties as for the C8
chemistry. Forecast says that the first alterndtiv@ochemical preparations will be on the
market earliest 2008.

” Oral information from Clariant
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There are however surfactant alternatives thapcavide similar wetting properties in
coating formulations to C8 fluortelomers. They described in the following chapters
below,.

9.3.1 Fluorinated polyether

Fluorinated polyethers can be used as surfactadtasflow, level, and wetting additives for
coating formulations. These formulations are cutydmeing used as a surfactant in floor
polish and are polymers with a molecular weighatgethan 1,000. The polymers are based
on ether links — both the polymer backbone linkaagesthe link between the backbone and
the perfluoroalkyl pendant. The fluorosurfactants synthesized from perfluoroalkyl starting
materials with a fully fluorinated carbon chaindgm of G, or less (Poulsen et. al 2005).

The basic structure of these compounds is illustrat the figures below.

H

Figure 15: The basic structure of a fluorinatedeatbompound as the basic perfluoralkyl
group.

9.3.2 Fatty alcohol polyglycolether sulphate
BASF produces a fatty alcohol polyglycolether saligh which can be used as levelling and
wetting agent in paints and coatings (Poulsen 20@5).

9.3.3 Silicone polymers

Silicon polymers can be used as wetting agentefaagement for fluorinated surfactants in
several cases in the paint and ink industry. Tiueducts contain 3-(polyoxyethylene)
propylheptamethyl trisiloxane with (CAS No 67674-8)/(Poulsen et. al 2005).
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9.3.4 Sulfosuccinate

Sulfosuccinate can be used as a wetting agengfatgpand coatings. In one product the
sulfosuccinate is mixed with water and ethanol, iartthe other the sulfosuccinate is mixed
with water and 2, 2-dimethylpropane-1, 3-diol (Raul et. al 2005).

o

Figure 16: The chemical structure of the sodium sati(2-ethylhexyl) sulfosuccinate (CAS
No. 577-11-7).

9.3.5 Propylated aromatics

Propylated aromatics, naphthalenes and biphersffisbe used as water repelling agents for
different applications, such as corrosion protectgstems, marine paints, resins, printing
inks, coatings, electrical, electronical and meatarapplications

The presented propylated aromatic products amokdlrless liquids with a boiling point at
about 300 °C. Their flash point lies all about 240 The substances have a very low
solubility in water. Common for the substancese& hone of them is classified as hazardous
substances (Poulsen et. al 2005).

L 00,

Figure 17: The chemical structure of propylatedraadics(CAS No. 38640-62-9) and (CAS
No. 35860-37-8) — to the right.

00« -0

Figure 18: The chemical structudcé propylated aromatics, to the rigli€AS No. 25640-78-
2) — to the left, (CAS No. 69009-90-1) to the Rfith products are mixtures of isomers.
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9.3.6 Conclusions

In general very little information about the spacgubstances above is available. It is
therefore advisable to apply the substitution pplecfor these alternative substances as
replacements to C8-fluortelomers, when we know nat@ut their potential health and
environmental hazard properties.

The alternative hydrocarbon surfactants seem te&dy biodegradable. The fatty alcohol
polyglycolether sulphate is readily biodegradalvid does not seem to be toxic to aquatic
organisms. The sulfosuccinates are likewise easigegradable, do not seem to bio
concentrate, but are harmful to aquatic organigrne.biphenyls and the naphthalene
derivatives are potentially bio accumulative. Tiyghlenyl moiety seems to be easily
biodegradable, whereas the naphthalene moietystoiyly biodegrade. The sparse
information suggests that the biphenyls are acutedi¢ to aquatic organisms, whereas the
naphthalene's have no acute toxic effects in thesingated fish species.

Of the alternatives, the silicone polymers seeimaice the more adverse environmental
effects. The specific compound investigated issifeesl as environmentally harmful (R51/53
"Toxic to aquatic organisms, may cause long-tergeesk effects in the aquatic
environment"), as the substance is toxic to aquaanisms and is bio accumulative
(Poulsen et.al 2005).

9.4 Future work

In order to improve the information flow in the Nwgian distribution chain, a number of
actions are recommended to get the best use dirgxchemicals information for the
improvement of correlation between the nationaistias with chemical information. This
would mean that a supplier or manufacturer of gagercategory of articles will describe the
chemical content of an article and report it ireppropriate way to statistics. Business secrets
need to be dealt with in such a way that existimgnaical information could become available
from the chemicals supplier along the distributibiin.

In this context it could be recommended that thalBct Register should be notified all
products containing PFCs and not only dangeroudyats. That would the best way to get
information about the national use in chemical piadgl and if possible for consumer articles.

This correlated source of information from statistand market information on articles on the
Norwegian market in context to better knowledgeudlamounts of landfills and STP
effluents, the mass balances of PFOA could easiéollowed within Norway and
consequentially could make it possible to calcudateual amounts of PFOA emitted to the
Norwegian environment.

This survey describes a range of analytical resglteerning consumer products and
historical data of indirect and direct emission$8&fOA from manufacturing use and
processing of perfluorinated products in Norwayelaithe lack of sufficient data, this study
cannot fully assess the relative importance of ecores articles in comparison to water, food
and air to PFOA or PFCA exposure in Norway.
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The authors of this report recommend that a pyidré put on future studies, building on

work which has been recently published, to maké sucassessment in strong cooperation on
an international level, since the PFC issue isxtarmational problem and not isolated to
Norway.

This data achieved in this study can be suppomtitbe future work for the selection of
relevant perfluorinated products and their magmtad sources of PFOA in Norway.
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11. Appendix A — terminology and definitiong’

11.1Fluorochemical

A general, non-specific, term used for a broad wigsen of all chemicals containing the
element fluorine. Specifically, the term is usedstrmmmonly to describe small (1-8 carbon
length) fluorinated molecules, which are most ofiead for refrigeration, as fire suppression
agents and as specialty solvents.

11.2 Fluorinated chemical

A general, non-specific term used synonymously Vifittorochemical".

11.3Fluorotelomer

A specific term used to describe an oligomer cikatereaction of tetrafluoroethylene (TFE)
with perfluoroethyl iodide C¥CF,l to produce F(CECF,)q-I [n = 3-6, avg. 4], a linear, even
carbon number chain length oligomer; the tetetomet is often used synonymously with
fluorotelomer

11.4Fluorotelomer alcohol (FTOH)

A general term which describes a class of alcobbtke general structure
F(CRCR,),.CH,CH,OH, where n is an integer.

11.5Fluoropolymer

A general term used to describe a polymer whichflbasine attached to the majority of
carbon atoms which comprise the polymer chain baw&bCommon fluoropolymers are:
polytetrafluoroethylene (PTFE), polyvinylidene flide (PVDF), fluorinated ethylene-
propylene (FEP), etc. These are typically high maler weight polymers used in high
performance applications where chemical resistandethermal stability are essential.

11.6Fluorinated (organic) polymer

A general term used to describe a polymer whichahiagdrocarbon backbone (polyamide,
polyester, polyurethane, etc.) to which a fluorgebtarbon chain is appended, also known as
a fluorinated alkyl chain; an example would be iyper such as -
[CHCH(C(=0)OCHCH,(CR)gF)]n-

11.7 Perfluoro- / perfluorinated

Describes specifically a substance whatdydrogen atoms attached to carbon atoms are
replaced with fluorine atoms — G.F

11.8 Perfluoroalkylated substance (PFAS)

8 Poulsen, P. B, Jensen, A. A., and Wallstrém, E.eMmvironmentally friendly alternatives to PFOS-
compounds and PFOA. 20-5-2005. Danish Ministryhef Environment. Environmental project No. 10132005.
Appendix A
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A general term, which describes a substance theaseeperfluorocarbon unit F(OER
where n is an integer and R is not a halogen, drdgen. Examples include
F(CR)6CH,CH,0OH, F(CFR)sSO,N(CH3)CH,CH,OH, and p-F(CE)s-CsH4OH.

Note: OECD uses the abbreviation (PFAS) for periheated alkylated sulphonates (OECD
2006)

11.9Fluoro surfactant

A non-specific, general term used to describe fasaractive, low molecular weight (<1000),
substance where carbons bear fluorine in placgarfdgen. Examples would include
CR(CR)7S03K", H(CF,);,COONH,", F(CRCF,)sCH,CH,SO3-NH,",
CH30H20F20F20H2000NH4+, etc.

11.10 Perfluorocarboxylic acid (PFCA)

A general term which describes a class of fullpfinated carboxylic acids and their salts of
the general structure F(FCOOX (X = H, NH;", Group | alkali metal, Group Il alkaline
earth). These are generally manufactured by tratretdhemical fluorination process or from
fluorotelomer-based raw materials. The most commdustrially used fluoropolymer
polymerization aids are: ammonium perfluorooctaed@AS# 3825-26-1) and perfluoro
fatty acids, G-13, ammonium salts (CAS# 72968-3-88).

11.11 Polyfluorinated substances

A term for substances with more fluoro-substituents
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Sammendrag — summary

This report outlines potential sources of PFOA oriay. PFOA is present in low
concentrations in consumer products such as ceaigdnpregnated textiles, carpets, pape
paints and laquers. Long range water and air tah&om direct sources outside Norway is
probably the most important source of PFOA.

-

Rapporten beskriver potensielle kilder for PFOAorfe. PFOA finnes i lave konsentrasjoner
i forbrukerprodukter som belagte og impregnertstitd, tepper, papir, maling og lakk.
Sansynligvis er langtransporterte foruresningeiufta og havstrammer den viktigste kilden
til PFOA i Norge.
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