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Abstract Perfluorinated chemicals are highly diverse and widely used. More than 160
substances are pre-registered under REACH and approximately 140 substances are in
the existing chemicals list of Korea from this chemical group. Chemical structures of PFCs
that are globally prohibited and still in uses are identified with OECD’s classification of
PFCs with an overall review on their uses in consumer products including textile products.
Case examples for current domestic situation on use of PFCs as a major component of
water-repelling agents in textile products as well as a brief summary of eight major PFC
manufacturers’ situation are presented from our survey study along the supply chains
and the most recent report of EPA stewardship programme, respectively.

Keywords fluorotelomers, PFOA stewardship, perfluorinated chemicals, perfluoroalkyl,
precursors, side-chain-fluorinated, water-repelling
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2.1 OECD =& A
OECD(Organization for Economic Cooperation
and Development, FA @707 41)2 4
A=l A= 309470 S e =St HEdgtE
ARG HHlE B& A 02 AAStaLAL, vt Ia3
=S PFOS ¥ =4, PFOA

9 7y =4,
PFAS(perfluoroalkyl sulfonates) 4 7 54
PFCA(perfluorocarboxylic acids) ¥ HHEAZE

Fote AAE 25U tH(Figure 1)?.
PFOSE ¢4 B3, 8/l &4 & 2=
No. 1763-23-1)2& Fo]2 4 JHE A A7 =
g},
PFOA+ ¢+ £3H4, 87 &taE 71 712
(C8)(CAS No. 335-67-1)2.2HX  20]& ¢
A As}7] % gttt PFOS ¥ E42 PFOS 4
2ol = o] PFOSE E 4= Sl= 542 Estal, PFOA

FHEZL PFOA FolAL Bajxo] PFOAR E 2=
NE A Wy,

PFCA¥ PFAC(per—fluoroalkyl carboxylate)gt
A= Ed v PROAREToY e} ¢bd =3 B Als
ol ¥ AAY & 5% =4 (homologues)s Z&3t=
72 EAARS 2|45t PFAC HHAEES ¢ FH <
PFAC &2 2350 PFAC7} B B0}y,

PFASE PFOS¥TrolY gl &4 &35 Bha ARS 9]

o AAY 2 PFOS 55 &85 27 2dhe XAt
& A A3ttt PFAS 9l £42 o FE 9] PFAS =
& 28 5o PFAS7} 5= & o,

PFOS, PFOA, PFCA, PFASS] 7t #HH Z54-2 car—
boxylates, amines, ethers, iodides, phosphonic
/phos—phinic®&H&, alcohols, esters, phosphates,
sulfonates, siloxanes, thioethers, urethanes %
acrylates 59| 325 7H8 &= Aok,

OECD+= 20049, 2006, 20094, 2012 PFOS
S X33 PFAS? PFOAS Z3Het PFCA] ot A
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Table 1. Abbreviations and acronyms'>'3

Abbr. and Acronyms

Full name

Perfluorinated chemicals, Perfluorinated compounds

*in which all carbon—hydrogen bonds in a chain have been replaced by carbon—
fluorine bonds".

* also refers to PFC precursors, chemicals which contain a perfluoroalkyl moiety

PFCs attached to other atoms that may not be perfluorinated, and have potential to
transform to produce PFCs"
* Collective designation of perfluoroalkyl substances, polyfluoroalkyl substances
and side—chain fluorinated polymers?
PFOS Perfluorooctane sulphonate?, perfluorooctane sulfonic acid”
Perfluoroalkyl sulphonates, one example being PFOS
PFAS—1 . .
perfluoroalkyl sulfonic acids
PFOA Perfluorooctane acid, perfluorooctanoic acid
PFCA Perfluorocarboxylic acids, one example being PFOA
i iqd
PEAC Perfluoroalkyl carboxylic acids

Perfluoroalkyl carboxylate? PFCA =PFAC

PFOS related substances

All substances which can break down to PFOS

PFOA related substances

All substances which can break down to PFOA

perfluoroalkyl and polyfluoroalkyl substances™

PFAS-2 entire group of perfluoroalkyl and polyfluoroalkyl substances?
PFBS Perfluorobutane sulphonate, Perfluorobutane sulfonic acid (C4)
PFHxS Perfluorohexane sulphonate, Perfluorohexane sulfonic acid (C6)
PFHpPS Perfluoroheptane sulfonic acid (C7)

PFDS Perfluorodecane sulphonate, Perfluorodecane sulfonic acid (C10)
PFHxA Perfluorohexane acid, Perfluorohexanoic acid (C6)

PFHpA Perfluoroheptane acid, Perfluoroheptanoic acid (C7)

PFOA Perfluorooctane acid, Perfluorooctanoic acid

APFO Ammonium perfluorooctanoate (C8)

PFNA Perfluorononane acid, Perfluorononanoic acid (C9)

APFN Ammonium perfluorononanoate (C9)

PFDA Perfluorodecane acid, Perfluorodecanoic acid (C10)

PFUNA, PFUdA, PFUNDAY

Perfluoroundecane acid, Perfluoroundecanoic acid (C11)
Henicosafluoroundecanoic acid

PFDoA, PFDoDAY

Perfluorododecane acid, Perfluorododecanoic acid (C12)
Tricosafluorododecanoic acid

PFTrA, PFTIDA?

Perfluorotridecane acid, Perfluorotridecanoic acid (C13)
Pentacosafluorotridecanoic acid

PFTA, PFTeDAY

Perfluorotetradecane acid, Perfluorotetradecanoic acid (C14)
Heptacosafluorotetradecanoic acid

PFPeA

Perfluoropentadecane acid, Perfluoropentadecanoic acid (C15)

PFHxDA

Perfluorohexadecanoic acid (C16)

S A7 8}3) X A) 287 A 35
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Abbr. and Acronyms

Full name

PFOSF, POSF?

perfluorooctane sulfonyl fluoride (C8)

PFOSA Perfluorooctane sulphonamide (C8)
Fluorotelomer alcohols, components in commercial products which can break
FTOH down(degrade) into PFCA
A general term which describes a class of alcohols of general structure
F(CF2CF2)nCH2CH20H where n is an integer”
FTCA Fluorotelomer carboxylic acid

Fluorotelomer epoxide

a class of epoxides of the general structure F(CF2CF2)nCH.CHCH-0

Fluorotelomer olefin

a class of alkenes of the general structure F(CF2CF2)nCH=CH2

6:2 FTAC 6:2 Fluorotelomer acrylate

6:2 FTMAC 6:2 Fluorotelomer methacrylate

6:2FTO 6:2 Fluorotelomer olefin

6:2FTS 6:2 Fluorotelomer sulfonate

6:2 FTSA 6:2 Fluorotelomer sulfonic acid

8:2 diPAP 8:2 Fluorotelomer phosphate diesters

8:2 FTAL 8:2 Fluorotelomer aldehyde

8:2 FTCA 8:2 Fluorotelomer carboxylic acid

8:2 FTI 8:2 Fluorotelomer iodide

8:2 FTOH 8:2 Fluorotelomer alcohol

8:2 FTUOH 8:2 Unsaturated fluorotelomer alcohol

8:2 monoPAP 8:2 Fluorotelomer phosphate monoester
EtFASAs N—ethy! perfluoroalkane sulfonamides
EtFASEs N-Ethyl perfluoroalkane sulfonamidoethanol
EtFBSE N-Ethyl perfluorobutane sulfonamidoethanol
EtFBSE N-Ethyl perfluorobutane sulfonamidoethanol
EtFOSA N-Ethyl perfluorooctane sulfonamide
EtFOSAA N-Ethyl perfluorooctane sulfonamidoacetic acid
EtFOSAC N-Ethyl perfluorooctane sulfonamidoethyl acrylate
EtFOSE N-Ethyl perfluorooctane sulfonamidoethanol
N-Me-FOSA N-Methy! perfluorooctane sulfonamide
N—-Me—-FOSE N—Methyl perfluorooctane sulfonamidoethanol
PFAA Perfluoroalkyl acids

Polyfluoro/polyfluorinated

Describes a substance where many but not all hydrogen atoms attached to carbon
atoms are replaced with fluorine atoms

Perfluoro/perfluorinated

Describes a substance where all hydrogen atoms attached to carbon atoms are
replaced with fluorine atoms where C—H becomes C—F

Fluorinated (organic) polymer

a polymer which has a hydrocarbon backbone (polyurethane, etc.) which is ap—
pended a fluorinated alkyl chain such as
—[CH2CH(C(O)OCH2CH2(CF2)sF)In—

a polymer which has fluorine attached to the majority of carbon atoms which com—

Fluoropolymer (FP) prise the polymer chain backbone such as PTFE
PTFE Polytetrafluoroethylene

ETFE Ethylenetetrafluoroethylene

PVDF Polyvinylidene fluoride

ECF Electrochemical fluorination

Textile Coloration and Finishing, Vol. 28, No. 3
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o) PFOS & PFOA&
Perfluorooctane sulfonate I;"I PFOS-related PFOA—reIated .
Perfluorooctane sulfonic acid i"l Substances Substances | Perfluorooctane acid
I | Perfluorooctanoate
| |
Perfluoroalkyl sulfonate I'n,l PFAS & PFCA & :IJI Perfluoroalkyl carboxylic acid
( o \ PFAS-related|| PFCA-related E
I \"S\ubsta nces Substances o
an2n+1 —S—X \\_\_ /// Il
| | -\\""'--H._ﬂ _,-»-""’/ an2n+1 ACX
o | [
g ) ]

(X= OH, metal salt (O--M+)), halide, amide, and other derivatives including polymers)

P1: Perfluoro alcohol compounds F1: Fluoro alcohol compounds

P2: Perfluoro amine compounds F2: Fluoro ammonium compounds

P3: Perfluoro carboxylic compounds F3: Fluoro amine compounds

P4: Perfluoro ester compounds F4: Fluoro carboxylic compounds

P5: Perfluoro ether compounds F5: Fluoro ester compounds

P6: Perfluoro iodide compounds F6: Fluoro ether compounds

P7: Perfluoro phosphonic/phosphinic compounds F7: Fluoro iodide compounds

P8: Partial perfluoro & miscellaneous perfluoro F8: Fluoro phosphate compounds
compounds F9: Fluoro sulfate compounds

F10: Fluoroalkyl silicate compounds

F11: Fluoro sulfonate/sulfonamide/sulfonyl
compounds

F12: Fluoro siloxane/silicone/silane compounds

F13: Fluoro thiols compounds

F14: Fluoro thioether compounds

F15: Fluoro thioester compounds

F16: Fluoro urethane compounds

F17: Partial fluoro& miscellaneous fluoro
compounds

Figure 1. OECD’s classification of perfluorinated compounds that was used in the survey on the production,
use and release of PFOS, PFOA, PFCA, their related substances and products/mixtures containing these sub—
stances?¥,
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AbE ARgo thet 2AFS 2~34 ZHA 0.2 AASko]

th 24591012 2007d PFOS, PFAS, PFOA, PFCA,

Zh e 24, 2= o] PFCAR Elt =3 I‘Hﬂ ﬂ
dl

= - v 7o
F2AFAIE 9S4 ST o5 A el A
Al AL dRE S E A PFCAY PFASE 2= 1L
4% 2FE QI PFCset= 2 ol2 B &
Shekar 2ATFACL AEA = 4 o] BHE31E PTFE
O A2 B4 EA = xFEA] e,
OECD+ PFO PFOA €] 1‘%—4 E3eE

« PROAS Z 33} ebAALS Z1o] 08 & 1 o|AF PRCA
« PFOS ¥ PFHxS(perfluorohexane sulfonic

acid)& ZARE TS 4ol C6 9 1 0|49

PFAS

co5 BAL oA o QY Al ALY
A% W BB ZA5H 4R £5F OBCD 2
A} A BALE 20 Al R B REE AP,

- THESHE B A4S 2 31U B

(per—fluoroalkyl substances)

« BHa AbSo] A E] EASHE A= AN 2 AR
A2 HE3stE FEE(perfluorinated moi—
ety)= = 4 9&2r 9 t-E3H 4 (polyflu—
oroalkyl substances)

« 23t S E A SHESS 2R

(side—chain—fluorinated polymers)

2.2 IE31RE OfsHE flst &
2.2.1 A& Zo|

=224 (perfluoroalkyl) AFo|uf 71 g-0] &8 213
‘2l AF& (long—chain)” &2 “&2 AF& (short-
chain)"ol2} AF ==t o|& g4 3] sta2x OECD
of| A =4 carboxylates®} sulfonatesol thsl] AF
& dol5 Yt " 11 A& o7k 871 £ 1 o]
Fo far o]Fof7 HEdd FIEEAHANT o4
o] 53t &aE %%)ﬂf 671 & 71 o] o] wha
all A (&, 671 o]/ =3t
S 2 S ddon, 019} o] PRCAS} PFSAQ
s Z P Eh=HE012 T o]l = AME 0] 6

%l'
N
1=
o
1o

N
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& 747 == PFSA(S, PFHxS, CeFisSOsH)&= 22
AH& Aol 2t= PFCA(Z, PFHxA, CsFinCOOH)
H|3] G AESZAo] 27] ujFolthy o]dE 7] A

% (longchain) &3¢ =3 -2 A< (short—
chain) #HE3}gE1+9] ko] -2 54 (toxicity) 2 A
E3 =4 (bioaccumulation)o] ZAE T Qlth4).
OECD A ol= &% carboxylates®}t sulfonates
of thgt Aol vt BEIFE A&o] (S, CiFis-)
52 ool o] AL I ARETR o
UA EHep,

12 PFOSS PFOAE= E5 C8 3HgtE2 &8
$h=dl, PFOAS] 74, AH& Zo]& 7]%5 7] (functional
group)®] Tra= A|QJstal BHESHE A Absdolnt
©2 oA PFOA(C/F1s—COOH)E C722 Eajof gt
Th= oA % QoY

2.2.2 1t=3) 2 CH=st

=3 (perfluoro/perfluorinated) &2 o]t aliphatic
EZ A 7]%7](functional group)oll 2¢%H 4
HAE Aot BE 4 AT 24 Y2 2] G
E|o] C-H7}F C-F= =% 2ulgitt, thE3Kpolyfluoro
/polyfluorinated) &4 W2 F27F B4R 2| 9HE
UAIRE B o 2| ghE] 2= okt ofm|gtety, ARt
+ aliphatic AF&9] perfluoroalkyl moiety(CnFen+1-)
Tro g HdE W, $ A= perfluoroalkyl moi-
ety(CnFanri-)l 42 &34 (CnHane) AFE0] A
A€, PFCE &3 4 thE3) sl = gy sty]
Lot o SAA R fEYL W dEdd 24
(PFAS, Table 19| = ¥4 %=9] PFAS)o| 2t & s}
7] % g},

2l

2.2.3 Electrochemical fluorination ¥
Telomerization

ﬂ}%ﬁfﬁmg
telomerlzatlon—J T 71 W ol o5 = g
. ECF+= octane sulfonyl fluoride 53 7

71 E4E& A7 R sto] 4 PAE B4 YRR
Sh= I o] | free—radical §H3- 22 XY=
SRS R oot A @ 1A A1) T

O]/\ l— _/] %‘6‘%?’—’1 _Eo] 71-0] }\H/\]—H\:]-

FOS(E%&4: POSF) ¥ PFOA(EE=

electrochemical fluorination(ECF)
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A perfluorooctanoyl fluoride) & A Z3H=1] AR
wo] gk,

Telomerization< perfluoroalkyl iodide(PFAI)
9} tetrafluoroethylene(TFE)E ¥H--A|A ¢ 71 2=
A& ZH= perfluoroalkyl iodideE E/4d8t= 71&
olt]  PFAIE “telogen”, TFEE “taxogen”©]z}il
sith, A wHA o] % ethylene®] A Y &= F WA oA
7} A E=d, A A oA AAH perfluoroalkyl
iodide EF-E(H=2Z0 AT} 7 1A A oA A
fluorotelomer iodides(2# =™ B)= 2F 2] “fluo-
rotelomer—based” surfactant?} polymer AZ2&
Aot ARE2 2714 (raw material intermediates)
7} €t} Telogen} taxogen©] A% Q1A 7141 1A
of wef AEEHE SAE| A S 7HAF o] He= A
o] telomerization §--5-9] E4o|cp» dR2 el
3= E3} 542 telomerization©] 3t E423F 1182}
A ol ofsff Aate e, B2 m= = C-H7FC-
F2 HA &3 CoHe- 7|2 SR

2.3 tEsteE MA|
HE39HE A4 Al (precursor)@ PFOAE Z3H3h
Et4 AME o] €83} 11 0|49 PFCA 3 PFHxS

and PFOSE £33l Bha Al o] C6 0]4+He] PFAS

o} Zro] PFCAY PFASE £3j5& 54 A4
g of] ZEsko](persistent) 773 2750l oFF ¥
mjA B U E Y o] Bl ok,

o2, PFOSA(perfluorooctanesulfonamide)=
PFOSQ] AAo|ay dlzm A 370 A HEst
cHEH YIS HE Qe e HileH =
T AE FA Hol PFOAR Hghd = loug &
3 PFOA AFAo|t) | & AHZ/JA| 1]
E B3I L12AY] A& Sl def AME-E
fluorotelomer alcohol(8:2 FTOH)¥} &<
o (polyfluorinated alkyl) 2282 E3}% %] ¢
B AFSE ZEa glot S oA Eeffsto] HED}
& (perfluorinated alkyl) =2 0| &= tf3E %

A Bolet,

te rlr

2.4 PFC &0{ojl gt CHE 2JA

PFC(perfluorinated chemical, perfluorinated

S A7 8}3) X A) 287 A 35

compounds)+ =47k F9] sl PFC(perfluo—
rocarbons)®t £50| HER HEoletES AT
PFCet= o] & AF8-31A] Wil PFAS(per— and
polyfluorinated alkyl substances)& AF&3}A}=
FAo] A71E oy PFAS o] & AT &
PFAS(perfluoroalkyl sulfonate)2t ¢Fo}7} Zrol &
&= oFA TaL Lsko] ARgsfof gtr, AR 23}
=S AT o PRCEF PFAS7} Walalo] o] Ag-
B3 QS-S FEfoF ek, o2 OECD A= 2013
d 7 of “Y-E3Hperfluorinated) ¥ thHE3Hpoly—
fluorinated)® £%4 & PFC & B3-S AMESIY AL
1219 9014 =] BfR(federal institute for risk
assessment) A Z A2 4] Per— and Polyfluori-
nated Alkyl SubstancesE PFAS® ¢Fo] & AME-3
Aot . OECD/UNEP GLOBAL PFC GROUPo| A&
“Z}A o= PFAS7} % PFCE AR =AU 2he <
=3 &7 PFCE “long—chain perfluorinated
compounds(LC PFASs), short—chain perfluori-
nated compounds(SC PFASs)"2t1 &35, &
= 2Fo](abbreviations and acronyms)°l ti3f 24

UXA7]= A(harmonize) 7Hs8HA] dFow | IH=

20008 ~20034 ©]=+ 3ME] A FHOE PFOS
o] 2= Aikekol §43] Z4alct, 2009@ UNIDO
Aol o5t | Fo] 2003 R PFOS AJAHS:
AR 2005WFE F=r2] Az AR S U
S= 2 e 8 F7E F53] 4Asto] 20034
~2008 PFOS %34 AAHF2 250 (0] 5 20082
3 Y4)0lH 20064 PFOSE AAtsts S 3)AL
T 15702 Z7Hsk8ith, o] Al7]ef PFOS % ¥4 =
A 22 QAFL 410802 FFo] Auks PAst

UE 100, 50| 25&9] =AY,

20069 theFet E3HHES SRl g gAE
7tsto] dHEEHE ] 2 9 WA ol tigl o] &
<> A3, °] 3 OECDo|4] OECD =7+ i o=

2

4 o
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o EsES 22 78 A AAoR 9
P E AT,

20094 0] A} ATt T} 1} 7T

* PFOS ¥ PFOS #HE4

perfluorooctane sulfonate(PFOS), potas—

o2

-

O

sium perfluorooctane sulfonate, ammonium
perfluorooctane sulfonate, perfluorooctane
sulfonyl fluoride(PFOSF)9] 4%

PFAS 9 PFAS #H 24 .

perfluorohexane sulfonate, potassium per—

fluorohexane sulfonate, perfluorohexane
sulfonyl fluoride®] 3%
PFOA ¥ PFOA #EH
— PFOA 9 PFOAY] ¢/esters : PFOA, PFOA

branched, methyl perfluorooctanoate,

PFOA potassium salt, PFOA ammonium
salt, fatty acids/C7—-13/perfluoro/ammo-—
nium salts®] 6%

— PFOA #¥&4 : Perfluorooctyl iodide®] 1 &

- 23 =o] PFOA B4 & == 24(C8:2 fluo-
rotelomers) : C8:2 alcohol, C8:2 iodide,
C8:2 methacrylate, C8:2 acrylate, C8:2
olefin® 5%

PFCA ¥ PFCA #AEA

- C8K.t} 7] §hAAME 9] PFCA
(Perfluorododecanoic acid(PFDoA), Per—

fluorononanoic acid(PFNA), Ammonium

perfluorononanoate(APFN), Perfluorode—
canoic acid(PFDA), perfluoroundecanoic
acid(PFUnA))9| 5%
- PFCA #RAEH !
C10 iodide, C12 iodide, C14 iodide, C16
iodide®] 4%
- C8En I ARs Y ERe R R ¢
C10:2 alcohol, C12:2 alcohol, C14:2 al-
cohol, C10:2 iodide, C12:2 iodide, C14:2
iodide, C16:2 iodide, C18:2 iodide, C10:2
methacrylate, C12:2 methacrylate, C14:2
C10:2 acrylate, Cl12:2
acrylate, C14:2 acrylate® 14%

Ammonium perfluorooctanoate(APFO)2} Am—

methacrylate,

141

monium perfluorononanoate(APFN)7} = =438}
A AZEE 22 PFCAOIH | B4 TEA(fluo-
ropolymers)2t AH¢] &L= Bl &H|A} = 0] ATHEA
AR el AgE ol LIS AR H FEEE
PFCA® =2 YA 37 F 7HA = & 4= b
s Fluorotelomers, PTFE &2 541 EA 3.2
APFO 5= Al=xste 4k SHE

* Fluorotelomer alcohol¥t 2 PFCA—7 4|

£ wiEshe AlE

PFCAE 27292 7|0t 283 3/ njuks

=d R AESt] I AA = wiEdE 4 AL, fluo-
rotelomer—based substances”} £3f| = o] vj&E 4
otk A BRo 2R J|W B0 8o} it
& Zoli thg} o] j$- Thopatet,
(n=1~5, 2~6, 2~10,2~11,2~14, 2~16, 2~18,
3~5, 3~9, 4, 4~T7, 4~8, 4~12, 4~14, 416,
4~18, 5~11, 6~10, 6~12, 6~14, 6~16, 6~18,
7~13, 8~14,8~16, 9~15, 4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17)?

AU 7] AR EE ¥A YA GAE PFCA A
A7 EA sl A3 Aol A a2 E B
oejet 22Eqn, B4 A% ERoEURY dng
(FTOH)Z} 2% 2] PFCA ¥ perfluoroalkyl sulfonate
(PFAS)7F &5 B A-FAIENA HiEE 4= sl B
FIL 10.Tmg/m?e] FTOH7} A& % iehe1n,

4 REACHAI=E &3l 20102 20134 279
Ax4 529 54 F ECHA ZH oA olA “perflu-
oro” Aol Axjof ofal] -3 ol A A AL 49l =
= GEsebE 5 2 e HAE =AM Hoke
4], “perfluoro” HAo|2 HAE 54 F 223
o] Al =49 o thZa Zrpe:

* Tetraethylammonium heptadecafluorooc—

tanesulphonate

* Alcohols, C8—-14, y —w—perfluoro

* 2—Propenoic acid, vy —»—perfluoro—C8-

14-alkyl esters
* Alkyl iodides, C8-14, vy —o —perfluoro
» Alkyl iodides, C6—18, perfluoro
*N,N,N,-triethylethanammonium

1,1,2,2,3,3,4,4, 4-nonafluorobutane—1-

sulfonate
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142 j_l%?i . L_I-X|g| . _J‘C_OO=II2P . _g_jl% . OI_J'\_%I S niYS]

PFOS(H Egto 9 59) 7} A7 1~10E M= PFOSZEH)E lom o] & 5452 dvt= 9 74
SEHNL, HELTE D 2% BT FIHA uttell A HESE S Ak 3HE SE &
2 S2459lon C-4 base PFAS7} 1~10& ¥, oltt, HMHE WE3etE F HEFLESHEEAL
g R eraE) s f-8%e] A7 100~1000:E E@HFH3S: 2010-1-612)T HEF L2 SEAL ||
& SEEo] dth(Table 2). EEYE(IFHE: 97-1-327)0] FEEA=2

SR A e o steE A BA A" (Na- A% =]o] Qltk(Figure 2).
tional Chemicals Information System of Korea)

o2 RE “perfluore” AAol2 AAE 2 T2t 4. t=stelEe 8k
& YAEE F 145%0I9, o] 5 HH fle B4
AL R oF 1204 Fo|th?, thE A 2= AR 4.1 HEEE0M t=3RE 8=
A FEA ol AE B HE0 99 HE3RHE2 B WA Ee A 2 el

v S
=

) =
AP EA EEY, ot aEA &2 SOl X A3f vl TRt AlFol ARE-E o] Stk PFOAS]

Table 2. Tonnages, uses and registrants of examples from perfluorinated compounds registered in EU REACH'®

Chemical structures  Total tonnage .
EC No. CASNo. Substance name registered in REACH  bandton/year) Registrant Uses

« Metal (chromium)

Tetraethylamm nium i latin
260-375-3 56773-42-3 heptadecafluorooc— B‘I"“W“‘ 110 Confidential _P@""9 .
* Manufacture of fabri—
tanesulphonate

cated metal products

* Intermediate con—
sumed in a reaction

_ ek A . under strictly con—
260-927-8 68391-0g—2 2IcON0Is C&=14, ¢ ~ Intermediate trolled conditions
y ~w—perfluoro use only _ .
az1.a Intermediate
— Manufacture of fine
chemicals
* Use of the monomer to
2—propenoic acid, produce polymers
288-003-5 85631-54-5 y—-w—perfluoro- - 100-1,000 - Intermediate
C8-14-alkyl esters — Manufacture of fine
Archroma  chemicals
Germany
GmbH
Alkyl iodides, C8— Intermediate
289-100-5 85995-91-1 ’ -

14, y—w-perfluoro use only « Strictly controlled in-
termediate consumed
in chemical synthesis

odides. C . F e er _ - Intermediate
0Q0—4T4-2 90622-71-2 Alkyl iodides, C6—- ¢ - Intermediate — Manufacture of chem—

18, perfluoro use only icals and chemical

n=1-7

products

N,N,N~-tri~ * Metal (chromium)

ethylethanammonium ~ f, ¢ £ o ; Jm' plating
o . m _ ~ o
700-536-1 25628-08-4 ;orlaﬁuzor%t?ufa:ei M‘* g 1=10 Coniidential -, \\-r acture of fabri-

1-sulfonate cated metal products
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HESEEL A ¥ MUM 20 thst stetEA nE
i Il
CgFi7—S—F ”
o (0]
PFOSF

| o I

3 2H5
CeF17—5— "( CgFy7 —5—

| H |l W
(o] o

N-Me-FOSA N-Et-FOSA

PFOS Salt (Potassium)

N-Me-FOSE alcohol

143

o
CsFy7 —ﬁ—O'N(CH3)4+

(o]
PFOS Salt (Tetramethylammonium)

fo) o
LA CoF lsl; N/CEH5
CgFi7—S— gh17 —— 92—
o I N\CEHSOH | cHsoH
o ()

N-Et-FOSE alcohol

AT

NH
?HECHE CiFans |
{O—Si—o} HO— T_OCHz‘:Hz(CFz)HCFs (|)
I n i
CHECHZCnF2n+I ocHchz(ch)nch Cle
CH,
(n=4~8) (n=5~11) [
7
Poly[2-perfluoroalkyl(C=4-8) Fluorotelomer phosphate c8~C14+ CF,
ethylsiloxane] CEFg

Fluorotelomer polyurethane

Figure 2. Examples of various perfluorinated compounds that have been used globally and domestically.

8 &%+ polytetrafluoroethylene(PTFE)2} 22
B EA YA Al 3 AnE 2 AFEE AL perflu-
orononanoic acid(PFNA)%x 8|58} 7|52 2 polyvinyli—
dene fluoride(PVDF) AJAF A] B ZA| 2 ARE-F cpb1010,
T4 A PVDRE 22871, AAAIE, A, 2holo]
L AlolE 8, WA Fof AFEEHEZ 54 Foll A
=91 PFOA 22 PFNAZ} 2H78t 7154 o] et
PFOS ¥ PFOS ¥d 42 At Aozt &5
of gtar W wA FajgFo] A2 I FAYP Y ofe d=
™ £°] PFOS9| & =& tfAlsto] 743, 4
A 7bEo] ey, Uil 2 e ds
FH Ao AbgEH | HAE, Z-A, A
, WA A= G a3k, F2 GhEA| vbato] A}
=

£l

1%
il

i

N

<t

_t.?_]

[e)

==

10-12,14)

Fo] A& Ay ZHA P FFO = AREH
Feedrre o' Higha(d 2 AokefA]) A
82 4Eer 2 f 5% wig=(e= in

impregnating products)oll A= - AgF RO =

oo =,
32

(]
N

o
i

fe e
N e

et

AHEE7] & gte), 7P Wo] o] 2 B Al Hof
olm = &-3A|(wetting agents), 2EA 9 7t3A =2
A sx =90 AdE, 7L, 7t Soll ARSE 7
A AE Z2ZA Y 715 AT R AREEHIL, 5

=, =1
A8 7haof| AFR-E PFOSE 100E0] 919, 20094

OECD ZAfo] oJ5hd, 172 5% PFOS ¥ &4l &
Aol =g AA(FE =7 Al AA™E HAA |, FF4s}
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144 28 - UEld - 28E - 8718 - 0| - HEE
[ Fluorottz::?rgar)alcohol H C8 Acrylate monomer H C8 Acrylate polymer }
R R R
R FR FR FR F | |
SO o = = ot
FFFFFFFF c—o0 (l:_o (|:=0
8:2 FTOH (!) Cl) Cl)
|
CH, Cle Cle
CH, Cle (in
CF; (sz (in
cs — CF, c8 < CF; CH;
CF; CFs qent CHsw
ain €© Pe\““g 29
Perfluoroalkylacrylate ‘2‘ \Nate"
R = -H, -CH;

Figure 3. An example of chemical structure of the common C8 perfluorinated water repelling component.

[4]), AR AL (FolAIE, 2148 &, 25 ug/myold AEEIL, ZF F AAE AFol 8:2 X

AlE), REEA] AR (A, SPAPY A Y, 7gihg- 10:2 FTOH7} ¢F 5-10%7F E-f5o A Ho] &
AN, FEAA (G2, a3k o ghato] A of Atgro|lal T3k, A AA EFe=dar 7|8 &
ShA o2 AREE QLY. 2005 7[Fo 2 4§ Yo 2] 50% BE7} &5 7hsoll AHg-E el 2t ahefsiar §l
7P e &9 PFOS ol 2482 A A Al ARE AL gimp=o A= 2008 °F 400kg 9] E4x3eHE 4 o
517] 913t Ax3tofA] &= = oF 122:F0] A E o] 33 A& ol A E Sl on | £3E o] PFOASF PFCA
S}, Directive 2006/122/ECel 9]A 201149 69 & == 24 9 235 o] PFOSe} PFSAR &= &4

2TU7MA B 218t e = fAstgleng dA f¥ o= TAlE ZEaL AE wkokZ skl
ol AsFefA| 2 A5 = PFOS 842 §l& 2o =
AFHT, g AHSAAE JEo = FHsta ol 4.2 MRAEE Y 82 ML= HESRIE diE
= 23 AR Foll AU 4 3poFA U AFAEE Aol 812 HEN UdiE 5
(aqueous film foaming agents) ¥ &3}chelZ A 2ol Z4ol oA o] Aggt oY Bl FEjO &
shefA| o, AT A A 7 ALY 2 F ol 9 7o 229 IE39hE ARIAIREE ¢

A(2010)l &k, ZASFOFA o T =i A] Eo], 5~67H] =l A GA ANA LEA(L A =
A oFHhE Aol AU, e TEAE Al A2 G E] AT WA (GLEA o EH FH)Z
Qetales AN ES AHE o= A7 B, iR 5 o o] ghelth(Figure 3). IHE3HEE WA o ¢
AUtz S AHESt | AU E AstorA|of dHE A g B dEn gis dE2n 90t 52 dan
AAI7E 5-10%= = o] ek, ofmd Rm FHE K poYEM T8 =9 3

20124 =2 9o] e gWA A diuf3 EPA 2 =9 A= YE 9] Nicea, Daikin, Asahi @ =% 9] Clari—
A FA oA A=) v A A Eol A o TSRS B ant(@A AFY QA4AF © 292 Archroma), =9
A& gtetstl=dl, 7hEa 7oA 71E A (1 DuPont¥} 3Mo|H, F=H&e mj-$ &% *P%E]J—

= A7 rE] A A 28 A 3%



ol

==l Al H A =0l thet stete

J
FA
2
K
il

e AoRE 2AE QT 20134 71 oF 10% A =t
6 Bz ofad 7|k A = i A = o] )1l
20149 712 20% A=, u]= EPAY Stewardshlp
z2ago] FRH 201592 HrrhE A1) 40% 4
o2 AL, C8 Ao AR T o] 4 glo]

201649 Y2 a1 27o] g Awo|ct,

AW EH7]‘§4 Blue Slgn 2l
AAZF o, T4 A *“*P‘”xﬂ% U 7k Al
o} 7+2 PFOA u|A%9] Blue Sign ¢152 &
TS sador ARESHAL e FAlo T, whekA
Blue Sign ¢35 W2 opAbe], Y744 9] 5+0]
71l gheth, IR FAARCE AFEE = U
A= o ARAIE 7Heol =2 280tk

P AHE /UL E e of ko] oF

cUYE Ao "HE

c ZjoAEHE AR Q20 F

< TFEAIE

« A5 A W ARSI 7Pi‘

+ o3 U W oo} el §

5.1 SN FHISs DEstetE
AEEERLS AT 524, A8 o154, B4
9] EMS A POPs(Persistant Organic Pollu—
tants, 2HFA F71ed=d) =EE Q7MY A} g
32 Hosk7] flef 2004 5o A H A Fofol
\:r:] 20094 5¥ 4%} n|g oA A& dsHEA (in—
dustrial chemicals) ZZ&°l I=E23=E 5 PFOSL}
o] 59 ¥, PFOSF(n—perfluorooctanesulfonyl
fluorlde) Annex B 52 (KA ALE AlstE2) 2

Hato] weeta 9a, o]9 o FyolHL
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20109 3} - HleFEA L 5o Fa &l
et e Z A A S22 E] ey,

v oke o 35) H 7| &0 7} 7t o] 5oy S

TFASE 2A B EFOZ 1983 3Y A9 vpA

o] A UNEP 327]=to] Amatil 19929 54 4]

Ak 201349 59 AHE 1194 g o] A
PFOS$} 0|59 ¥, PFOSFE Z335t= 7] &9 &
AAoE AT thﬂa Rt 71EA S 2013&1 34

W Al AFHF RS (PIC, prior informed con—
sent)o]] W3 FoFo g 19984 9 U dHE ZH 2

q 20049 2] HEEE=
A6z} o] g of| A PIC Ax}7F Hast
F&A 110 BHE3FghE 5271 o §7F =9
54312111 =94 }E3HE2 PFOS, PFOSA,
PFOSFo|t}2¥

5.2 REACHOIM HHIsts tEstetE

+% REACH(Registration, Evaluation, Au—
thorization, and Restriction of Chemicals, 413}
SHEABYAl )= SetEAE AR 2 AYH
A AY ARE 7|Hto 2 $8A H7Hhazard as—
sessment)E Tt o] 2R et A of of
gt ZAE AAISEAL Atk 2006 PFOSE AlRte.2
20129 C8XE.t} 71 AF&(C11, C12, C13, C14)Y
PFCA 23198 20134 PFOA ¥ PFOA 24
% SVHC(Substances of Very High Concern, i
APE )= dAACZ AL, A W&
Table 33} AT,

REACHY] A|3H(Restriction) A= EAHE A
3+ 270 gl PFOSE 352 AMEE 4S50
mg/kg(FAHE 0.005%), F-& 2 Ao A-&=

A FANR 0.1%, TYAER AHEE FSE1
wg/m?olch, & 3 A7 3AE $% HgA Bt
AR Y (A AR BE | Fol, s Sof A
ot ARRlEY A7 = G8Al, v G4 A
238, F37] FdFE ROl AMgete A2 o9
zo] HgE=, hHg gAEHo] o] $E= At
g 7R 97t HLEeh, o of9] H8EE 53t vt
53 24 7]& R PFOSY] &S 2 4}sfoF 3t
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o, AUE JEO R A= AL oln| AlxH & A = Y=g ot ok, ol2d sy
0] A28 93 2011.6.27 . 7FA] ARg-0] 715303 (Toxic Substances Control Act)3}2] 58 Al4fFARE:
o ol 9] 2§ 7|to] MEHAG, S7tFEE 512 (Significant New Use Rule; SNUR) 2.2 EPA
(Candidate List of SVHC for Authorisation)2 f = 2002dH-¥ 71AE PFAS(per— and polyfluo—
A== PFOA, PFOA ¢f2&9%, C11~C14 PFCAE roalkyl substances)E& A AZH o2 A3 $3Act
AAE= W 0.1 % w/w oA ATFF 1E o]Afo|dH Al (20029¥ 39 137§ PFAS &4 ; 2002 9€ 7574
A (Notification)stA =of Qlar, AlE W &85 PFAS £3; 20074 9% 1837l PFAS &% 20134

’

£ SHIARE AR | R7E R ASHE 459 oW o] & T 9¢ 7h8lof AFE-E= PFOA TAEZA)?,
E3HgEo| A E YAl of ol daf e AlE 20064 AJZE EPA] 2010/2015 PFOA Stew—
Slofof gk}, ardship Program& PFASE A 23l&= 87 8 2
29 3|AHArkema, Asahi, BASF/Ciba, Clariant,
5.3 0= EPAQ| otE3tEtE Al Daikin, 3M/Dyneon, DuPont, Solvay Solexis)&
20154 1¢¥ 21 v]=+ EPA(Environmental Pro— o] PFOA, PFOAZ E&jE 4= &= A1A|, sharts
tection Agency, #747%)2 PFOA 9 PFOA I E o] PROAKCE ¢ 71 PFCAS] 87 wi& A& W &
A 52 dAFY AR AR YA 2 o5 4 T Al digt A= A E wid 109 319 71A]
Bl 7hg ke A ol® AlFollA ols B8 At A AEste], 20009& A3 72t AP A= E Ve S
8517] 909 Aol Alaste R sto] BQ A] AgH 2 = 220109 Aol 95% #4> 18|31 20153714 278 v

Table 3. Hazards of perfluorinated compounds and EU REACH' s regulation on these chemicals® %

Regulation
Chain .
Substance name Acronym CASNo. Hazard® (Candidate list
length . Restriction
for authorization
Perfluorooctane sulfonates °
CaF17SOX 2009.6.
(X =0OH, Metal salt (O—-M+), halide, PFOS C8 Various CMR, PBT (Entry No.53)
amide, and other derivatives including *restricted in 2006
polymers) before REACH
Heptacosafluorotetradecanoic acid A (]
CFa(CF2}—COOH PFTeDA — C14 376-06-7 VPVB 5415 12 19
Pentacosafluorotridecanoic acid o
CFa(CFah—COOH PFTDA  C13  72620-94-8  vPVB 5415 45 19
Tricosafluorododecanoic acid e o
CFa(CF2}~COOH PFDoA — C12 307=56=1  vPVB 5415 12 19
Henicosafluoroundecanoic acid oA °
CFs(CF2l—COOH PFUGA — CT1  2098-94-8  VPVB 5415 45 19
Perfluorooctanoic acid °
(Pentadecafluorooctanoic acid) PFOA (@] 335-67-1 2013.6.20
CF3(CF2)s—COOH CM(R), s
PBT
Ammonium pentadecafluorooctanoate Con °
CF3(CF2)~COONH.* APFO— (8 3825-26-1 2013.6.20

* CMR: Carcinogenic, Mutagenic or Toxic to reproductio
* PBT : Persistent, Bioaccumulation and Toxic
* vPVB : very Persistent and very Bio—accumulative
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DhEsteEol 7AW AN S0 et ST EN nE

= 2 AFAA &4H AATE &
/2015 PFOA Stewardship =
~20159 %<k 104 314744 &
Al gof ?lem 2006W 10¥ A|&3t baseline data
7202 NAE XA AR AFESHE S E o] §)
. 20149 AN EIA (FAAE 7HE 2 HaLA)
v Wal7] JE2 o 7HAs FE 2 Table 49 A4
]_ﬁq_%)‘

PFOA, PFOA ¢, PFOARTI 71 AME 554 2 A
FA9 4 7HA EF &0l d&f vl=at v= 9 A
o8 FEsto], Az FAoA 9 2 wiET AlE T
Fgol tigt A E A S8t e S sto] MU E Y st

o

oo

o

T o

TSN, AFS EFOEEYY 4, 1 ¢
EFeEZU(H2Y), 2 A 7HA] AlEFCE
Ueth, BEaxof w2 3Me] 9 vl 19994 |
o]=39] 292 20009 7|&8 &2 sto], PFOA 37
H]& 7+ 1, 700kg, 14,400kgol A 2% PFOA o<
= @Aas8aL, EFe2E AlE W PFOA &%
= 7} 4,300ppm ¥ 1,600ppmolA PFOA 3H45
2793t} DuPont®] 3¢, EF 2 &0 4 9
I Y EFe2EYH(2Y) AlEel HE PFOAE
n) =t Aol A ZF 970ppm, 340ppm 7] & A BT
2ppm O 2 ZrAEFAI(99% oA EA)), nl=t & A Y
o &= PFOA ¢+ ZH 1,040ppm, 300ppm 7|50l

A 1ppm S 52 Aok Batstglnt, Fete 9
E(@A otARu7E AR Q)= wl=e] A GoflA =
EHE FE YA & 71gor 20059 (7]2) @
20 3hf PROAS o] & (SkgollAl & kgl 2 7
aopar, AaEn o A e] oF2 F (100kgol A
T (TkgO 2 ashgiay®,

EFeEdan 4IZ(FTOHs)o| the E2F02d
2o 9 S 539 ¥ (side—chain—fluorinated
polymers)®] 7HA| = AREEHA, Fd/dol glof Al

29 BTz N AF A A9 HEe] o
3 A7PAo] YRR T glouse EPA BuAY 3

A& A7 o= FTOHs A&+&= Qi
EPAoA = EF 22" 20 7|5te] 11
7} PFOA ¥ o} HE3PE8 2=
< P& s ol LEATE T AL T {3
g IE3RRE0] = A o Rl tisfiA A+tste], d

2l SE&EAE M HAH2E fefst shetE R E9

ZHEFTPs)

2
28 23}
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sol el WEE AL ks & AT Azl 4
ol wfet Bes A4S FRsED,

5.4 MSMZa 2AE nEskeE A s

AfAEe 22 17FAI¢l Oeko-Tex Stan—
dard 100, Bluesign, GOTS(Global Organic Tex—
tile Standard) ¥ 18320 FZ5}k= of i Lt
o]7], Ful & AAZ QI Ax= o] o] A} H&M,
GAP 59 Hg ol#|d wo]# 7} ZDHC(Zero Dis—
charge of Hazardous Chemicals, 20204 7}#] &
f=d FEE 24)E Tl wek PFOS/PFOA
gk oby el C8}F L o] 4o HHEIAES 2 BHES)
ol Al tAte] Ear qltt,

8 ArdtaolA A& Oeko—Tex Standard
100 A1 A o] opdol & Etakal Al Al ol g
H FlEdY AMA A RA, 22YE 7Y TR
A AA AFAE G n AR

A (201649) HE3etEol Hgt A4 W&
Table 59t Zow thai} Zo] A 3 & 7]
MAsHHA 71 A AT 7| =2 E AlAlskaL Ak,

+ 20094 PFOS, PFOA A& =¢]

* 20149 7HHE& B3l PFOA 11AIA & 7Zalstar (<
oh-& 0.05mg/kg, Y% 0.1mg/kg, Bl Y F&
0.5mg/kg) 9 C-11, 12, 13, 149] 47 &2 7}

+ 20159 7H4S Fall PFOA 7AIAE (1.0 ug/m?
ARl

« 20169 WAL B3l C-7, C-9, C-109] 37 &
A F7heto] & 97N dHEIRES AR

S
T
=
=

6. iA=E &

HEot=o dAdl=dolet & o HE3gES
PFOA, PFOS % X1 A& PFCA7F & th 4ol

PFCAR Z3E HA g2 7Hd Sfe=day o
ZZ Y o EFeEdRd AFAHE2 19709+
Bl AAFE o] PFOSeE S Ao Aol &% = Sith.
PFOSE E&38tHA 3MolA = &2 A& perfluo—
roalkyl sulfonates(?| 2 perfluorobutane sulfonate
(PFBOU EFe=d 2 S A Ed = Aestqlt,
C8 EFe=dzu= 25 o] PFOA7} HE=Z H
HE A EResdanE A EE R JEskal
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Table 4. Summary of most recently reported reductions in emissions and product content of PFOA, precursors,
and higher homologues from (a) U.S. operations and (b) non—US operation : (1) percent reduction in emissions
and product content and (2) actual emissions and product content®®
(1) Percent reduction in emissions and product content

% Reduction in product content*

Compan Chemical categor * Reduction
pany gory in emissions* Fluoropolymer Other Telomer based
dispersions fluoropolymers products
PFOA & (a) 91% (a) 100% (a) 96% (a), (b)
Arkema Higher homologues (b) CBI (b) Not applicable  (b) CBI Not applicable
Precursors (a), (b) Not applicable
PFOA, PFOA salts & (a) 100% (a) 100% (a) 100% (a) Not applicable
Higher homologues (b) 99.8% (b) 100% (b) 99.9% (b) Negligible
Asahi
(a) Not applicable
Precursors
(b) 100% (b) Not applicable  (b) Not applicable  (b) 100%
BASF PFOA & Higher homologues .
(Ciba) (a), (b) 100%
Precursors
(a) Not applicable
PFOA & PFOA salts
(b) Y80% (b) None reported () None reported  (b) 90%
Clariant
(a) Not applicable
Direct precursors
(b) Y85% (b) None reported  (b) None reported  (b) 94%
(a) 100% (a) 100% (a) »100% (a) 100%
PFOA
(b) None reported
Daikin
Precursors & (a) 100% (a) Not applicable  (a) Not applicable  (a) Y99%
Higher homologues (a) Not applicable
PFOA & PFOA sallt (@) 99.8%
salts % % 9%
(b) 99.8% (a) 99% (a) 99% 99%
DuPont (b) 99.9% (b) 100% (regional data: CB)
Higher homologues (a), (b) None reported
Precursors (a), (b) CBI (a), (b) None reported ~ (a), (b) None reported  98% (regional data: CBI)
PFOA, PFOA salts & (a) 100% (a) 100% (a) Not applicable (a), (o)
Dygﬁﬂon/ Higher homologues (b) 100% (b) 100% (b) 100% No Telomer production
Precursors (a), (b) No precursor production
S PFOA, PFOA salts & (a) 799.999% (a) 799.999% (a) 799.999% (a) Not applicable
olvay )
Solexis,  Higher homologues (b) Not applicable
Inc.

Precursors

(a), (b) Not applicable
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(2) Actual emissions and product content
Emissions Product content
. . Other Telomers
Company  Chemical category  Rejeases to all kg of release/kg  Dispersions fluoropolymers (ppm dry-weight
ek of product (ppm wet- .
media** (kg) roduced weight basis) (ppm dry- basis, unless
P 9 weight basis) stated otherwise)
Arkema PFOA & (@))500-2,000 (a))0.0001-0.0005 (a)0 (@))5-20 (@), (b)
Higher homologues (b)) 500 -2,000 (0))0.0003~0.0008 (b) Not applicable (b)) 2575 Not applicable
a) Not applicable
PFOA, PFOA salts & (@0 Eb; o FFF)’pPro e (a) (@0 (@) Not applicable
Higher homol b) 20.1 b) 0 b) 18 b) Negligibl
igher homologues (b) fon: 1 kg/100kg (b) (b) (b) Negligible
Asahi
(a) Not applicable
rrecursors ()0 ) Por TelamerProc: () Not applicable  (b) Not applicable (o) Average 0%
(1kg /100 kg PP PP (range: 0~100%)
BASF  PFOA & Higher homologuess (a), (b)
(Cba)  Precursors Not applicable
(a) Not applicable
PFOA & PFOA salts
(b)1.0 (b) None reported  (b) None reported  (b) None reported  (b) (1 kg
Clariant
(a) Not applicable
Direct Precursors
(b)(1.5 (b) None reported  (b) None reported  (b) None reported  (b) { 7 kg
(@0 (@0 @o (@0 @o
PFOA
(b) None reported
Daikin
Precursors & (@0 @0 (a) Not applicable (@) Not applicable (a) 0
Higher homologues (b) None reported
0 k
PFOA & PFOA salts (@)9 @), ) 9 g )
(b) 45 Nonereported ()5 (2)2 (regional data: CBI)
| (@), (b (@), (b 01 (00 (@), (b
DuPont  Higher homologues
None reported None reported None reported
(@), (b) (a),(b) (@), (b) (8kg
Precursors a), (b) CBl ’ ' '
Y ), (o Nonereported ~ Nonereported  Nonereported  (regional data:CBI)
PFOA, PFOA salts & a), (b
Dy- ] ()0 ()0 ()0 (@0 el, (o ‘
Higher homologues No telomer production
neon/3M
Precursors (@), (b)0
Solvay PFOA, PFOA salts &
Solexis.  Higher homologues (@0 (@0 (@) (2 (a) {1 ppb (@), (b)
nc. (b) Not applicable  (b) Not applicable (b) Not applicable () Not applicable Not applicable
' Precursors

*Cumulative percent reductions from each baseline year through end of 2012
** from FP and telomer manufacturing
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Table 5. Oeko—Tex Standard 100" prohibition of perfluorinated compounds in textile products in 2016%

Product class

| Il ] \"
Baby Indirect  With no direct Decoration
Perfluorinated compounds contact with  contact with material
Name CAS No. Acronym (Unit) skin skin

Perfluorooctane sulfonates various PFOS (ug/m?) (1.0 (1.0 (1.0 (1.0
Perfluoroheptanoic acids various PFHpA (mg/kg) 0.05 0.1 0.1 0.5
Perfluorooctanoic acids various PFOA (ug/m?) (1.0 (1.0 (1.0 (1.0
Perfluorononanoic acids various PFNA (mg/kg) 0.05 0.1 0.1 0.5
Perfluorodecanoic acids various PFDA (mg/kg) 0.05 0.1 0.1 0.5
Henicosafluoroundecanoic acid ~ 2058-94-8  PFUdA (mg/kg) 0.05 0.1 0.1 0.5
Tricosafluorododecanoic acid 307-55-1 PFDoA (mg/kg) 0.05 0.1 0.1 0.5
Pentacosafluorotridecancic acid ~ 72629-94-8  PFTrDA (mg/kg) 0.05 0.1 0.1 0.5
Heptacosafluorotetradecanoic acid 376-06-7 PFTeDA (mg/kg) 0.05 0.1 0.1 0.5

3, 39-41):

th. EPAYIA = 2000978 tial=dol dizt =S
e Q1o 2010/15 PFOA Stewardship Pro—
gramol| A= A =29 e AL o2 Fesligt
t}. EPAY New Chemicals Program(NCP)&] &%k
oz A= FET} o] Fof A=l 53], ESE
of thalf ZAFH ol ™ 54, As(fate) X B=%
A4 ol E a5 AEskaL §low | 15091719 tf
AlEd o] Ajt= o] EPA7F HEE SFAUTE %),

! *}~ Agzko‘%“ LCPFCs)9] rﬂxﬂ 23 o]u} ng_

144 5 dolu, BAA
<069 ¥ e Al 3
e AZs LCPRCs7H 2t
Aol gl AL o7

C =
< &3} J%(polyﬂuorlna‘ced chemlcals)iﬂ B3
o] tJ4 &2 ¢l ¥HH fluoroalkyl polyether, fluori—
nated ethers, ketones 12|31 H]&4 Al &2 <l
silicone polymers, siloxanes, propylated aro—
matics, sulfosuccinates 53 th&2 =4 0] 3M,
DuPont, BASF, Omnova Solutions Inc, Worlee—
Chemie, Rutgers Kureha Solvents Gmbh, Mun-—
59 Aol A A= AL Siek(Table 6)

zing Chemie

S A7 8}3) X A) 287 A 35

* Shorter—chain perfluoroalkyl sulfonates

» Shorter—chain perfluoroalkyl ketones and
ethers

* Polyfluorodialkyl ether sulfonates

* Fluorotelomers and fluorophosphates

* Fluorinated co—polymers

* Fluorinated polyethers

* Siloxanes and silicone polymers

* Propylated aromatics

* Sulfosuccinates

» Stearamidomethyl pyridine chloride

* Polypropylene glycol ether, amines, and

sulfates
4 gAEE2 72 9= v 1 ARE SRbE
E} Aessd @ 542 4o, vlas gAede
FAT BEsHdol AA= oY siloxanes¥t
L}i“m 49 o 540 Qs A9E HaH T 9o

s

o 72O A7} HESeHE| sl s E o], o
A e o EAof tst 35 AE = u| St Ho|tHo,
g4l 87 BHE3gHE ¢l PFOA, PFOS W €8 o]

Aol IE35eHE-S 71 B4 WA= 59 REACH,
u]=k EPAS] AR 20154 o] £ 87 7| Pl A=
RIAFSEA] ok-g Ao] FAA| H A, B4 whpA| o]

7152 olu] C6 71zl &gt C6 I=3ha YAAAIE
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Table 6. Main alternatives to long—chain polyfluorinated chemicals?: %49

Alternative compounds

Used in / used for

Perfluorobutane sulfonate (PFBS) or based
on different C4—perfluoro compounds

Paint and coatings industry, electronic coating; industrial and commercial
clean—ing; stain protectors for carpets, leather, furniture, automotive,
hard surfaces and other apparels

C6 fluorotelomer sulfonamide compounds

Fire—fighting foam

C4-C6 Fluorotelomer alcohols and esters

Surfactant, coating, printing, textile and chemical industries

Fluorinated co—polymers

Impregnation of leather and indoor car upholstery

CFs or CaFs fluoroalkyl polyethers floor polish

Surfactant and flow—, level—, and wetting additive for coating formulations,

Dodecafluoro—2—methylpentane—3-one

Fire—fighting foam

Perfluorobutyl methyl ethers

Industrial cleaning

Propylated naphthalenes or bi—phenyls

Water repelling agents for rust protection systems, marine paints,
coatings, etc.

Fatty alcohol polyglycol ether sulfate

Levelling and wetting agents

Silicone polymers

Wetting agents in the paint and ink industry

Levelling and wetting agents

Sulfosuccinate

Paint and coating industry: wetting and dispersing agents for water based

applications e.g. wood primers

ZFEsobA | dA) e H o 08Tt C6 THETHE ]
A 7t FE AL Qi

Sy A5AE ZRol= PROS7E BHFEA2
7hE o] AbsAF Aol ARg-E o] Sk, 20001 i‘%‘l
3M ¥ DuPontel 42| PFOS &°] - o],
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drocarbon polymer” 52 SA& 7}A| 1L

Sk 2014¥ 58 Huntsman ¥ Rudolf, 2015 9=
Chemours(DuPont 29 X3} 59 29 A0
A 7199 vlEa A S A =Y E =T
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ol A= of2E IEA 7]HEe] Bl EA A A
7} 2015 K6 Fof &5l Q131 PFOA-free &4 &
Apo) Hip e 3RS fle Uie AErt RS o] 83t
lotus effect 50| A% 2L YTy,

7.8 E

PFCs(perfluorinated chemicals)+ I&3}5HE
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Aozl 72y shghE W oBUY B (per-

and polyfluoroalkyl substances(PFASs))& =3k
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Figure 4. (a) Prohibition on the use of C8 perfluorinated compounds in textile industry, (b) global textile and
clothing retailers leading the use of fluorine—free water repelling agents, and (c) global chemical companies that

started to market them.
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