SC

UNEP/POPS/POPRC.13/4

Distr.: General
5 June 2017

Arabic ('J 54 (
Original: English . " P
Sghadt ol )

) 4y gzl

tz
&

duyld) dygunall SUghodl ol i) dind

e S plazr Y

YOy oeST ¥l s Yo=Y g,

* 3 Il Jador 0 () © Al

higilad! gaal> i3l 181 B il A feal)
Slaksuianadl 3513 Jorw b @B J1)  SLeKag)sld )
iasyell O\Syally axSely (FoO—£1—¢ :i5LeS!
BN e 9f/ 5 5L o/ 9 AT LI S a

Slabsunadl 3513 Jomw (3 @B ) SluSag)ld ) cligiludl Jasl zlsl 1B
i/ 9 5L o/ 9 AT b Il B @y Ala el LSty a-Yely (FOO— £ —¢ 1 i5LeS!

dyled) By gandl Sghadt Oliy gﬂ.{m Bl e
LLYY o 5;4.4
dadde  — Yol
Sl 3905 oo @ ) aLeSag sl Slisilod) Jaels 2ok bn8) g Al s —
ISt anf 050 8 2y &) Wiy 1Y) an (S (M i) BIEYI e A Bl e 54

i 3 s BN 3 s ol e ABW O 1) LBl GE sy L
.UNEP/POPS/POPRC. 13/INF/8

YOV sl isE Y@ bl Lyl ael F

.UNEP/POPS/POPRC.13/1

090817 K170390



UNEP/POPS/POPRC.13/4

ol sdses U3 st sl 2yt — Lt
th b of @ralll iy 8
€SI ol (3 aedall wleglall 3 Ll ()
JIs @My A sl (3 53l byl sz AV 0L ol B SSSBL L pE (o)
a3l
2ty A 330 e 1AL Slee blseall g pg 2 slae] U] BuE e dax a2y ()
el () ¥ &l 3a1 (3 L) Ll byl (s A8V OF o3 Lo 13 dlede



UNEP/POPS/POPRC.13/4

Slakiiaadl 8513 Jmw (B @3 JSagyslddl clisildl asl- zhsh 7SI
e 9l g sl gl 5 AT O B a4 Byl SLSHlg axSaely (FOO—E N —§ 1iile Sl

i) dyguanll Usledl 0Ly o 5gSan 23LSL

sl Asgest 4 alag M sllly a=Saly (PFHXS, PRHS) (3LeSiagslizel Sligilol ael> oz =)
sl 2l 5lgaS” auly Glas e pdoiiey 4 B Ll sllly aSUly aeld) e by dkSfyoli sl
g_.;riJ\ sls lslie) B3 ek cdjb sde M= o i ffﬂ\j i Jl & J\jl\ oda S Je Olstans
sl Gslly A 2B st an (3 gleSagslinedl Alisiledl aals gy adsdl ol e
o2l pdsnls L (Hertzke et al., 2012) Slxd) o Wapey Olompd) adilas sy W) oy dasl
Ssb oo LS55k dl 31kl 23l lomzin A5y plot 3lgeS 4Dy a-Sly 3Lalag il sl
Aeliall Sllaal) s wad e e s Lol S psbandl Bl Sloiing bl 5oil) Riaild
Sosald) Jaal ] i ) LS skl Asget dd 3LaSing sl ) Sl sdld) (el ez
A6l 23 (3 Sl d ke 2 STy oli 35l a9 (PFOS) (355l

AL s 33 @ 83l A pulasy Slaskall Slllaze bl womg Jo ot i) o5 Joly — Y
Mol daglis 2ol 5 julag 2ilacd) Aol ol3 WY1 jmgs dnld) dgiaall SUL Olay LeSan)
e bl Bl LA B ] Y1 ey b)Yy LA Ul sl (STA
SISy adal) e WSl e Wapts )iy ((ECHA, 2017) dsed) sl 3L )sli sl s salid)
LBl e Caas dede OB e Oleglas

E S INCS [ PPV

aflooS Ikl a oo Al U slslly axSlaly 3LeSing il Sisilod) mal> egest w28 — ¥
Bage o3le tA (3LaBY) Ol 3 Geddly Ogbad) dadine cosis Wy Ly SE) (3 W) ma 359
[coF13502] jshie LSUT 32 Lo S (592 ladsyy Cidlny 3laSagslind) Elisdlil aals
ish dlde e 5528 588 el gn oLy sl Sligald) (2l O] (Y 33) (OECD, 2007)
A L (Kissa, 2001) <3gl uii (3 Wy sl 35> a5le alat 2 JxLQb yslas Ugy S > o e
s e Of e ((Kimetal, 2015) aeldl 1 ) 25LeSly 250580 oledl e dlls UL
ggJ\ (Wang et al., 2011; Ding and Peijnenburg, 2013; Kim et al., 2015; Sepulvado et al., 2011) <Lyl
& Sl 3gmy oy dagll SLSUy aslol) BBy Lpest BLaSy Bl e el
Syloel) 5La Sl a8l oled) e ¥ Jaddl 355y UL

Joisdlodl dgls o a alag L) slslly 4 Slaly 3LaSing sl pdl Slipdldl Jaol sy a5y - ¢
o atldl) SLSE e Cilss S 3 s O Ll S 5l) (PFHXSF, PRHSF) (3LeSiag skl
BleSagsli el Lisaldl ysls (3M) pl 55 358 comsly (L etal. 2008) 2kSUTg 5l S5kl e sast

EW



UNEP/POPS/POPRC.13/4

o g sl Al sas gy 1A G Wity BS @ e sl S8 IS
529 leSngslinedl sl gl Slsil s 3le gn JLaSiaglindl sl 2el> 0] L s
ol ) 6Ty 3USaskdl bsdhdl dpliy 2l b ZY Sllas e ibiie g8U U SIS

-(3M, 2002) ((3LSs)yskepd) Elssald)

Y gt Ll Ly slo sl elisalldl jaald alaSl asb) e Slaglas \ Joidl 3555 -0
Al 0B Y Joddl (3 ot LSy g medly dordicl) 28LaSlg 280540 aaldl ole2 2uSB Lo laziod
caadl ot LBl sda oo e 240 060 W Al Sly Al Jasldl ol 3 oyl

Ll b e LS Lpailas auly

Y Jgad]

SR 518 1 i) el ilearSIN g gl

Yoo—¢v—% tigLe Sl Slaksendd 550 Joee 303

J‘i""‘:JU_\7\7‘(7‘/7\‘7’#7272707071,-\71:J-:.’jﬂ”ub-"l-" FEE .‘9\‘&*@““ J}M‘}@Y\&Jﬁ&\

V= 0L )l tigiladly

Y 1oAY tigyeY) Lo sdll (s 3

leSng sl S gilodl ael i gy0Y) Bl s )

C6F13SO3H tind sl

€y T RN

PFHXS stz
PFHS

Tridecafluorohexane-1-sulfonic acid,
Octafluoropentanosulfonylfluoride, Tridecafluorohexane-1-sulfonic
acid, 1,1,2,2,3,3,4,4,5,5,6,6,6-Tridecafluorohexane-1-sulfonic acid,

1,1,2,2,3,3,4,4,5,5,6,6,6-Tridecafluoro-1-hexanesulfonic acid

RM570 ¢(£Y¥=0 =V iobabsndl $515 | (3 03))) RM70 sy, Ll oL
ilase Slee) (£)4V=VY =) olabandi 385 e 3 03 )0)
(WUl ((Miteni SPA) Lew stes 38575 Loy 2aldly

Y Jsddl

Byl LilacS) b o\l ol o 8
e Lol Lol
ECHA, 2017 Clo ol Bgmens V)Y Lo AY 4 Bl B s aflpdl AU
ISl ks
ECHA, 2017 AYVE-YVY Son)[OL )1 i
(= s~2) Wang et al., 2011 JELL oA, Sl bas
(S45) Wangetal,, 2011 (3Y.—Yo) J/us ¥,¥ Wl 3 il
(S5 Wang et al., 2011 o,V (sl iy cWy JolsolI @ Gadl Jolee
($r-5) Wang et al., 2011 Y,00 (sl Jlaiey clsbly JolSHYI 3 G adl fales
(S-E) Wang et al., 2011 Y, VA Sy sy (soaanll 09 S (3 3l el

(e




UNEP/POPS/POPRC.13/4

Ve
a i yell Sgally a-Saly SLengyald ) il jaslod EiLerSI DS 3L

3 ) GSapslindl Ll ) el e 3 130 gleSagglin) Ligdld sl
(Yeo—ti—t wlabnll 355 fonw (£YY—0 =y olalsa) 350
UL dale/iddw
F FF FF F
o F FF FF F
\ F o)
Ng N F
HO\\ F F/i\ .
o F FF F ¢ F FF F F
Joer 3 3 s V) sl DS sl e 35 Joew 3 03) Ul Slipiln OLSCag i
TAYe - A—0 tolalsall o515 (YAVY—-44-1 tolaksedl
F FF FF F F FF FF F

F FF F F

_ S K+ O/ \\ F
0 \g F

tobalnn I 3515 e 2 03 0Ly sl ) dalisils Sl =0 [(UreSb) aysls i Uy = 0 Jisile] s
[CAREA GRS (WeAt—oY—"1 tolabundl 3505 fomw 3 (3 psamlisd)
F FF FF F
0 F FF FF F
N\ F
S

HN\\ F >
O F FF F ¢ \hfﬂk\\ -

a dapell Sgally aSlaly SLaSagyshd ot clygalud) jaslodd OLallall pluseewyly SHgeat!

el il slgaS sl ) slaly 0lg sl SUsdl o olShe pase Bl 3 - 1
751 3 bl pl 1S Sl gl ly OSlg sl sl ,\wb DS ptoiind Ly o
sda OB Uy . (Buck etal, 2011 & codpminl) mskodl Bl lomitieg ol ol a sl 5Ll
sl 1)y . (Hertzke et al., 2012) &5 Sgra V) @lowally olindad o Galy 2l (3 pdss sl5ll
55 @ S @ oSl DU S el ahog LSy sl sild) J2al (BM) ol (s 357
.(Olsen et al., 2005) Bs—wdl o a3y 2 day sl o) adlal S0 lides (39 35141 2l s,
cleSag sl sl gy gls al) Bl e e gk S 35l Lo s 09e] Wl gy
Joisdl I a7 s b ) s Bl SUS Uy 4Ty asldl £l 3 sy 1)
S kil e gt sl ) il B Sl iad (3 U ) ol ol a LS gl
ey 3okdly Slrpaid) (3 anly Blas e pisnas OF okl e gl o) 5ol 2asldl S5l
e N1 Sy el ol shslly 14 2oty Lol iy 3 pSOY 3l Sl 3,0
http://worldyachem.en.made-in-china.com/product/OvgmATeKnbkR/China-) “sz_ﬁ oY=,

-(Perfluorohexane-Sulphonyl-Fluoride-CAS-No0-423-50-7.html



UNEP/POPS/POPRC.13/4

Reglie Jan By ol a Al oy adlly leSagslondl Slisdll) jasls e -
LS camland) Bl plidly 23S Lolsally 354 Logling JLeSIl J3all olpty alall SIS
S (3 SUSS Jaslhl =Sl plasszl e by oplly Opally oLl 3Lad B 319aS pisszs
Llesadl) (3 todsunnd) 2nlSaW) 58 Sledllall (39 ¢ JLeSIl oDl (3 desndl L S) i)
FIA ol sty 3y (Dlsedlly Gyl sl Bhlas 3y cosall dnld) Sl Gy gyl
(Beesoon et al., 2012; Liu and Chang, 2014; Hertzke et al., 2012; OECD, 2011; Olsen et al., 2005; UNEP,
o andsind pamies By Ayl Slhedsd) 2] @y el gl 2B LM 35 2016)
oo @ axls] Cabyl (Gl DY) ) (5 A58 amaiy Sl Biled (ScotchGard™) 2,k Sl
Gl Sz ) dad e Oli Lalol T 1Ky 3laag gl eligiledl sl 01571449
e B ))) Al 2l Bl dmy &l Wy .(Beesoon et al., 2010) EIAN] R B GO E
@ Redsrndl 2l alse 3 00SKaS psi V) Jill U 0 sl ke plaszal e &ﬁ s
ol dlas 3y (Gl LY 3 daghl Saad) Sl V) el e sliel) S STl ool
O plisial (ss o 83902 DUl 3555 .(UNDP, 2016) omidly olrgunikly Sy 3515
sl M pliszal o £ Y o T ) SlaYl juds oDl 3,,ST e e et odn (3 2dl
Sl pamindl (3 Badsiindd Sl SUL: 3asB) YoV Y ple (3 D41 G desastl oda (3 poUodl Sl e
ag Aag ) S5l Gy etk Oy (Y v e eV Jletd) Ol slyjs ol 39,030 Jletd) Ol
UG Sl w8ll) alonsS Slol) Ay 22585y iy Jiome oiled BontY U] 3 s dloms
Ssbl e edall Alin OB (U5 may L3Il sdn plasial ezl 4] peds B (EilaSd) slgell 2,0
iy Ly Latyis (6 Las s Yy iyl sl I3l pr ol Gt ot 30 2Tyl
SSaplindl sl sl sl 3 Uty cxal) 3 &Syl slald deall L) Jan
ehis bl 3 Sy sl sl apsl e 2l aaSl slsall BaS” ity
(YY) cpTs Bl Gy wolptidl 525 . (Swedish environment agency, KEMI, 2015b) (<o genid!
Ayl Slizie e gl moladl dhles Slnsie 5] foaew LA sl 4] el Slgendt 3 5 )
Al By g b Ve e ST UL B! gl dpppls o LSoag il gl
el 0T (Y 1Y) 09,275 (Herzke) &5 dorg 25Dz ¥ ol (3 2S00l 001 slgal) a5lainn|
Sy s (35 Jebotl] s Sgnal e YA ol 0 VY G osmsn aLeSiagslinl sl
A B Sl e Slomtia 0 fuol g (W) A5l Wb 05T B Slpamind) p @l latns)
15 SOV Sl (25 coboladl (3 dodsdl i) Al 16k (39 2ellal) Lol (3 aaldl oy Liaf
Auls bl S5 e Sdle . (Swereal/IVF, 2000) GLatdU 2hll p lpsY 3y dsdl 3 ¢l 3
Wbl (s @A BlS sty o o1l @ el sy OLEST e dtpo Bys Aflainnd

.(Swedish environment agency, KEMI, 2015a)

(LS 8k8 ) el gl el Adlazad) Adgully A gl dyylsYl sl — £

G 3hsme oy wxd Slsl ade JI5 Vs L 3LaSing alip ) Sl meld e il U N - A
w J\}l\ DR L},j)jfy\ LY é (C & L Inventory) V“”’ﬁjb i) da38 fUé_S Cﬁ 34 céw\ J).WJ\


https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-environment-assessments/direct-precursors-to-perfluoroheptanesulfonate-pfhps,-perfluorohexanesulfonate-pfhxs-and-perfluoropentanesulfonate-pfpes#_ENREF_3
https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-environment-assessments/direct-precursors-to-perfluoroheptanesulfonate-pfhps,-perfluorohexanesulfonate-pfhxs-and-perfluoropentanesulfonate-pfpes#_ENREF_24
https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-environment-assessments/direct-precursors-to-perfluoroheptanesulfonate-pfhps,-perfluorohexanesulfonate-pfhxs-and-perfluoropentanesulfonate-pfpes#_ENREF_39
https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-environment-assessments/direct-precursors-to-perfluoroheptanesulfonate-pfhps,-perfluorohexanesulfonate-pfhxs-and-perfluoropentanesulfonate-pfpes#_ENREF_42

UNEP/POPS/POPRC.13/4

SN (KEMIY 8lesSl ays o) 31 1250 ool 83 e S90ke ST of (al2slSY o0 v
iy el oy asSUly el OF ) el (RMAO) bLasdl 3} ol S 4,3
sdsy sl dowy 5 ] BL_2] (ECHA, 2017) Rl Lomsln (ST Jlowill dglis sly oo
Jl el Ol 3 o), Wl (3 dedsr ol ol ULy 5B (3w alag Ll slslly axSUl e
@Y Jlezdl oy 3 bl @ aleS sl plassa WY b ailas A g 9)eY)
Al eds UL suels w59 L (http://195.215.202.233/DotNetNuke/Home/tabid/58/Default.aspx)
e sl Sloal) OF ) 5easy (s S8 Lsdly gl (3 Sl S p Bl UL
g By O eda (3 Gl 3 Sagmpe 4y el alslly 4Bl 3LeSiagslind) sl anl-
ot s el 3 e sby s we Buglg V) 13 slgal) Bl gl Al ) Tge aaldl Ca i

Y Y ale e (3 30l ada alisnal

5 BeSagshind) lisdldl aald 35S Sl gt ] ot g SBY ae el -9
Ll 83y9nd) o 11873 Aanall S1slL 2036 a9 (Environment Canada, 2013a) &-4SJ1 &kt slell 2056
sl ST ol Moeld gl Ty slol) 203Ul ol Caraly L) Olai e L ozl of

end! o1/

LasSl) Ohaskadly dsldll Ohadsd) dnd) Brias Slex gl ol Bamdl SV 3y - Y
«(Clariant) ;)55 «(Ciba) Ui 455 &5 (BASF) il 45335 ((Asahi) aluly (Arkema)
gy adlaSIl Slgal) ofs 3572 Loy (DuPoNt) 55939 <(3M/Dyneon) ol S59 «(Daikiny (xSl
ool e Al Al ol Sauadd sl e £)adl el ((Solvay Solexis) jeSg
Bl U1y 0dis gl Ble ) malip Gl (3 Y010 ple 218 o2 BLlae (3 LaSiagliped) S ald)
Sl 34l e ool e and Uisg & iy L (USEPA, 2006) 45,41 sl LY, (3 iz
alag M 5lgl) pliszal OB (TSCA, US EPA, 2007) dsludl Ikl 2310 0555 sk (SNURY) ) 3,81
oar O ) iy L sl oda e e Sligkadl e 3 aleSoagslind) Slisalldl el
AU Ly 839 Ao gl Yo 4 A ple 3 Wil (39 L (USEPA, 2007) 2yl JI5 Y Slaldssza )
o (1) 2SI cienall 815 (NICNAS) Loy dsliall 35S sl olay e byl
Bt AlaS Slse e U8 han Ly alSyslied) Slsald) el e 2udla)) AL Sl slsl plasnl
A leasS) Sl g3 gt WS OF 89,0 o cdads 292l lalasna VI 3 V) S5l ol s
oAk S5 e S00e (NICNAS, 2013) 2t ¢ Woil) Gaglie sy Ba BT 316H odin OF a2l
oS 53421 L O ) G 1 3,80 LaSCag sl i gdludl aale M e ol

((NICNAS, 2016) &) Jo &b ml5 ) (o355 Of


http://195.215.202.233/DotNetNuke/Home/tabid/58/Default.aspx

UNEP/POPS/POPRC.13/4

ol G 33,10 5,801 tned il Sy SeSagysls ol Slishhil aste 6 Saslas = 0
Jis

Moudl doglis -0
(Y VY a1l 2,631 WIS Lgio ) Mool B glie S5le 2l Mg 5l ) Vg s = )
Bl ) e Qe Ol e g csLodl 42 Bdbg 8059 ladd )8 ST il 0 15l odis il
Giesy and ) OLudYly aall sl Y1 pog dnd) (3 Ttme Lpamy Jat W jsldll — 000 S oy 3581 3500 S0
A Tatzals b e e oo oumd ULy g5y .(Kannan, 2001; Reviewed by Xu et al., 2013
Joo 2T 285l slse eae o (g & lorlina V) o Bl g5 (S bl V) 4285
28 o OB S o 2l Lol gLaSlagplindl lisdldl asls s U8l clisil ol ol
o oA s OF oy Lo sl Jlondlly ¢ Swall ol 5f S ol (a2 pmy OF o3
izl 8)e) 2 V) Ao, oo ) slll sl Lt alte cilas dlamzad) oll) adles lla (3 2ald 1ia
(YY) 03>y (Taniyast) swlil odST Lo Sl il 2l a2 Yy (Y Vo @Sl
sl aale Lo alSllglin dse Bad) el Mol e Bl Bl gl
Sre JE g aahallods 3 LS dy LU g Ugle e Osb Gl sl e aLeSingslinl
o2l O o s sl e gy Yoo g all ) v T8 ezl 2naY Sl o ad) dny aelsll S
el 0B =T il e jaaldl 2 e el o f Sluls dorgs Y Lade g Uipo Jlown Y
oryoleg 3LaSlag gl sl jaald T i S5 ol B3l 58y ¢ GlSslind) Slisald)
o 2le Baglin 15 e (Y o citl) Bl (a3 oyl dsgSanl a3l (3 Jedll
S s g dad) Syl e 2B ol 8 s Vs W Yy Ll o ¥ il LS Jlonil
.(OECD, 2002)
el Ll s pany Wby alhSOGL Sl segast S0 a5 alladl jam s — Y
et s rsdslly oS Yol T 2aglin 2l S5l 31511 01 3leSng sl lisild
sda o el o ozl Laglal) odag ((Kissa, 2001) Lesd yskilly 05 S o 52l 25La S Layly
WISCal (3 8sle ay0ldl SUsiledl GlShe o adl WSy 2l 3y 3zl (3 35omgl) dadls 3l
.(Houde et al., 2006) 5,Uzl) & 420l
Jis 38001 B B35l pulecl) Uiy Mowd) doglie OLiy zlaaty!
o SR S ) aladly Mol B all dpslind) 2SIV Sl daglie ) Tolawl - Y
- Yaly 3LeSiagslisel) lsil ) aals OF () el dib ol paad) 310080l Sligil ) el
(Hod aglie a2 Led JIs G ulas 352 4 Alag M sl

TP @ SIA Yo

dSSHY 3 leSagslinedl clugdldl aals G85 Jols (tosll a3 ol oo e b - 0 ¢
By bl s o sl 3 sl o oW oSy ol 057l LSy glin ) Sl ez sl

Jolee wile) W3 Ly d ol n dat L oWy JGSEYI n e 3 Bodeze il (K5 O Lo
oo oo s U3 ) BLs| L(OECD, 2002 and 2006; Conder et al., 2008) Wy JylSyV1 (3 &4



UNEP/POPS/POPRC.13/4

Ahrens etal., ) ol S8 olgedt LY g @Wb}l.éﬁ.)\ Gl saledl zal> OF )l
smg Y sy JeilSel1 (3 G Jalas ol OB Uy (2009; Martin et al., 2003; Goeritz et al., 2013
Wl 3 Ll 0 e maily . msdsed) oSTRN o o 2ol sl el 5,05 Caog) 2nlil) 315301 5
156anl B3I (3 comply wedil) G LSl Slisildl aels Wagh) sl dsges

-(UNEP, 2006; Kitano, 2007)

08y (g3l JLall pe Gaaloll Lo Wbl omslsed) (ST Jalsey  omslsed) SV Jolse JB55 -0
3 o 555 e o s A Lo 3 ol (ST e Riadin 508 ) e 8 o
ol mals Je s (AFFF) 3, il b S5 ol cod @l Al
& sl el SH Jule 405 Lazy (Yeung and Mabury, 2013) ) Y'Y (sl C@W)ﬁbﬂ)\
el (g3aall Jlakt OF sty (Martin et al., 2008) (4Sd) Voo ) (! BT 4,7 e BBLE )
(Ol (3 G ol Ghas Shlael 4] Oty ol ¢ omlsed) oSTA Jule o mdleedl ST
lad) 211 2 lisl LM gl el ¥ el s O aLeSlag sl Slisal i 2al> 55 Y
Lot 3Ll @ amgd (s bl SUL T3k 5 e Vot ety o Bnal) 2mees (3 G 5l
Martin ) 481y sl BUYI Lads &1 agyplsndl 6231 LS hly Syl Slisildl mal> a2
o bl gz o sl e OB 2l e 39> (et al., 2003; Ahrens et al., 2009; Goeritz et al., 2013
s 2 0Ll 4l s L) (3 5L 23U Gyl e T 3L il eligil ) anl>

-(Martin et al., 2003; Goeritz et al., 2013)

U sl el G mly Sty MM ) Jalsey sl ool Jalse oy - 00
Gyimn e = 3 SaSd SSH b > A3 SeSd ST Bod Ltie S Jodl e
B3 (Y0 Y) 03Ty S50 6Tl (YN Y ple 3 gy painls s pmnnd) 201 Al e B
D> rslgad) el g iy L 8l A 3 AIIR ESGED e 5l gt (3 el el
e [ASUE) ool sy ¢ adll Wi clerfelsgndl cosddll jadad Lize AL sl SAA s
Lyt s (39 Il e A o5 VY5 T e shased) copeldll pbfaSS pdl 5by el a3l
G g dlly etal) B YVY )V TY r gl sl o Julse o Wl (Y 0A) 092 Ts oy
Jolse Dl (5 28 allotdl adad) 2ildl (3 @Blse sie 3 2Rl Rakdlly Sall QI 35
2S5l Sl OF oo &Y Tl S ccnesd) SIS (3 S (3 S plisaaly mglsed) poeiadl
o) Lelsns Byl (STR us 3 8V Sla 065w Sliganlly 2adl) a1 (3 (ST Lo
e )] o7l SN o L) (3 ralsed) ezl e DUl j3s5s el oS Bt gl
g A S () ) Y1 ol A 3R Bl (3 ald (ST (Y 40 1) 02T 298 ey
SV E LYY o ool sl el Jalse OF Iy Sl LN ol pdli e 3
o) (S i) Byl sl Jo b mge (3 (Rslio dibain) Odila (3 (Sl cpndsld
dsed amead) Jolse O domgg il Glsall/Ale VI OLBSLey Ay il i) g O30 OB
Slls plisianl S ovadl folse cond el L] JLall Sl g )+ dL VA o ol
Losear a6l jela dy ) 200080 SISl (3 ) JolS7 e 203l Sy LD e 2056
Sus 05 T 4 (Houde etal, 2008) +, ¢ % +,\ dL +,8 & )Y o0 ol SUE ool Lalgay Lis



UNEP/POPS/POPRC.13/4

S el Jalge a5 alall slas W) 008 I e sl SUA) eoiadl belge (3 S L
YY) Ol da) el B 30 S Je can bl 0B S5 e sl (Wb 3 LU
Bonbly SIS By Sl dtl e 1A L o ¢ alsall o site s OF e bl By (Y00 ¢
clalys dlag (Borgh etal., 2012) S povzd) fale Ola e Jo S5 O Bla o aslly
oS Y b Uiy asial oal 3 gleSag gl Slisdldl el UM el S3gus
oA G OBl bl 0B S ey L Jaalol) JUA el s e bl oDl
s oo Jale e BT LS el n il 3 s ST e et e B Al
N o S

ALSlg gl gl e BBy me ST ke plab ael gl Jo cpml lals e gy — Y
IS pl LSl OF sted) oo gl . (Numata et al., 2014) (3LeSingslspd) Sipalod) 2ol Lgiais n
S aSslnd) S5l ST ny L eSladl Ll cane el (54 | ) ol pasies ST
((PFHPA) higilungshondl janly ((PFHXA) hisleSiaggindl jasl> ga9) Wogry (ot
Sogildl arley (PFBS) 3Usmpslind! clisild) aeley ((PFOA) hgliSyglisell anl>y
ligild)  asl O ((PFOS)  3lSyyshindl alipild) asls  «(PFHPS)  (3lingslen)
Jo 1my gy Y 50l cpenal g sl 37 IV W) B o e BY1 s aLeSag sli )
sl LUV e 30l of (I peal azs &l Je Sdle Ll il 3 oSTa 2l 1 OF Lo
o 5adll o jage Ll b gadl oY) Jass/ aisll (el Jaee ] BLo| plll Sy
Lal > & ashl 39 . (Tonnelier et al., 2012) &5l 8sLs Y Cradl s by sl (ST
Jolss waly Ly gy VAT WD e (aeld) e alsall Graadl os el (Y21 8) OgTy Ulag
EAs AT, )5 Y e,) el (e L aSdly (eollly il e oS Bgel gl o)
3 aplSyslind) Janloy 3Lyl Shisilid) jmeld Cadl jlesh 08 By L Q1) e Loy,
.(Numata et al., 2014) Jls) Je Loy Yrag v cal il ols

Christensen et al., 2016;) 4\ Js= &as Slee 3 S0 iy 2sldl sy (aasTy = VA
o ke Olgtes Lhgw dwl)d u,g_b\j .(Fromme et al., 2017; Gibson et al., 2016; Jin et al., 2016
e S5 L(Glynnetal, 2012) Yoy ple 1) 1387 ple e 3l O Ll cludll a3 (3 sl
A% e Lo ) Sl Gylie ST omst il ) Jasly o) Jod 03 (3 ol Lz Sl
& it 2V e @ el s SIS (Gilitzkow et al., 2012) (3USy,sks ) Elisiled) aal>
Cligdhldl jzels o el Ciadl e e Cb\j .(Posner et al., 2013) <luhudl o dyial)
sl Slule Y7 p5 Joan (3 Sl glindl Janlg 3Syslindl Sisilod) asloy 3LaSiagslind
sl Jasld Ciadl jlael OF dorgs . (Olsen et al., 2007) &yoldl) 2LeSIl 3kl 5] wilas o
S d YAy 0,85 Ao b iglSyslindl asly 3Sh sl isdld) el leSiagslisd
oo LB 8e )0 i Jobl gLaSag il Slisildl aalk sl e O G5 e 2Ly L LI
s O 2l b 3 0¥ a5 e wlals @bl L gUshglind) lisdld) aald Caadl jes
V) e 1S B35 sl OF S0 ol o o 3Lyl gl Jaalo o bl iad
Hundley ) @d\ o3 oY e VW e (29 «(Hundley et al., 2006; Sundstrom et al., 2012)

10



UNEP/POPS/POPRC.13/4

okl Lgae &L Caadl Slesl By oK sl ole Uy e (et al., 2006; Sundstrom et al., 2012
Spild) Jaale ) Blo] gleSagslinll Slisdledl anls O] LOLY) o> b r el s
o AT S S8y ciasS) G il SUSU Gy e or SaslSh sl Jaeley LSyl
el 555 e JeT Bl 3 e Shlindl lisild) el 555 0T LS LYl po 3 Lags
.(Posner et al., 2013) ElisiSy)slyl 2almg 3Lag)slirl Sl gilnd)
Gy B slay Bly sl & asld) sy oSl 5)ST sadlly (ST el ] Blo) - 19
Aalail) (3 A dedl) 2, Wly 2AlA SLaddlly S ogdly el A8 cler 3 5 3 s cply Y e S
Elgr A (3 akedll 20l d5luss 2)> (39 . (Posner etal., 2013; Haukés et al., 2007) &Jleidl semil)
A & el domg gV Adlezd) Bladll Ailall (3 naBgns 2Lasdl IS el Al aad)) aakald 3
Lowgia domg AgysY) Alesdl A lad)l Akl (3 3) Ui wBss (39 .(Smithwick et al., 2005b) a3lsll s
389 gl Al S8 (O o (BlpLERL LAY DY YT r ol o EfpLESU YAE L 05 1S5
sl pal 28T 06 Bylaly abdl L) 3 we Jbl aeld) 1S5 Jel Ll
S B UL ng (O35l o) sl 3 oS a2 N YR (8 il i (3 2kl S5l
03Ty st Wl 23L0) s 3y aleSngslindl gl el 555 o L 50 ¥,0
fa Wt Ga 3 bl ol ST LSl clisilidl Jaals 555 Jansza OF Aoy (20050)
Vo o ST ol aaaasl 3l slindl Slisilad) anls doS il Loy (O35l o (o2l V £
GSpsld) Sasildl aaloy 3LuSagglinl lisilidl asl 1S5 SV O] Lo
ol Ml jaally ) sl JUsYY Sl 3 UMY e 226 0555 18 w3kl o (3 oS
.(Smithwick et al., 2005b) s
JIs @ alt B B3ylgll pulaall Wy ol sedl oST A OLEy ety
alosdl agladl) aalad) 3 2R Alelld) 3 Tomglsn aleSCag)slipdl Slisddl el (ST — Y
@ ol e oS Ala O glar ao Sy 0B Sl e Ske L\ e iy sl el Jias
e s LY (ST SIS W sde Jols (A AU OF e wly s Mg 24 oS
bl el e 1) Tobiaaly Lol Slgin A iy Cinsi ae St 8 s oy el gyl g
Sokemeahl k2l o)) dall (3 aadaS ) lsadly Ol 3 Ll anis N Caad) jlesly s H
s B @ ol e Bt 3LeSag il Slssalldl el OB L)

kol dadl el S s Byl —¥—o

plezal mogn by dins ISty Jlosd) (ol ikt Slay (3 1lSMgyplized) Sl joae 0] = 1)
Y s JS3 el 8L OF Y] et Gty Jil 5T 35y P11 o (2N ey ST de
b o5 Molly sl VAN e Skl GOL JUst e bl aoT (gslay aeesly 2é I
e sshnd W L LT G Oy ClJl sl @ g STyl sls ) 2 50!
e sl i) andl ) alad) Sl B b e ale ISC8s aeml) SOkl sl s
Jlatdl Cladll gbla 3 ol odd T Taas 055 06 agad) alasY) e adedl o=l 0l el

NOERRK ‘&j;"'Tj s el

11



UNEP/POPS/POPRC.13/4

bl GLUL 3 035y 28T 05y Wl (ggtms e Sy il gl 2al jioy - VY
e.g. Butt et al., 2010; NCP 2013; Alava et al., 2015; Llorca et al., 2012; Rankin et ) S, (35 &)Ll
Stock etal., ) slsbl Jie el blos¥l Calie adlead) aledl aiked) 3 Jasld) OLasT |y (al,, 2016
el olag ¢(2007; Genualdi et al., 2010), snow (Theobald et al., 2007 as cited in Buitt et al., 2010
Caliebe et al., 2005 as cited in Gonzalez-Gaya et al., 2014, Theobald et al., 2007 as cited in Butt e.g. )
et al., 2010; Rosenberg et al., 2008; Busch et al., 2010; Cai et al., 2012; Benskin et al., 2012; Zhao et al.,
A i) jsdally SleV1 e ikt WS g2 (Stock etal., 2007) csly Mg dpdall lpmdly (2012
Butt et al., 2010; NCP, 2013; Reiner et al., 2011; Riget et al., 2013; Carlsson e.g.) & le &) eyl
CazS) Gl (etal., 2014; Lescord et al., 2014; Braune et al., 2014; Aas et al., 2014; Routti et al., 2016
Gkl e ((Alava et al., 2015) «LaYls (Schiavone et al., 2009) shdll deis AS (3 asldl
1 «(Rankin et al., 2016; Llorca et al.,2012) &7\ (3 ) -SJg (Alavaet al., 2015; Llorca et al., 2012)
il o Ikl ol ((Ahrens et al., 2010; Bengtson Nash et al., 2010; Wei et al., 2007) ,>JI ol.s
o agod) el o gad) gy of ds U AU Loy leib as LDl of s dl) dais wblae of 5k
Schiavone et al., 2009; Llorca et al., 2012; Alava et al., 2015; Rouitti et al., ) &g-i\:ﬁ 3 Gl

(2015

) ) e 3eSag i) gdll aals oo alie 3US0lill SLgil) asls O - YT
Paul etal.,) Lo abselly SLladl 3]y lmnll plisiialy aptnad) Slkae o oo iy ) dlazsY1 e
o2 Vg calodl) ey cieslal oLl adlas lla2y cainadl fio) 20U jslans 0 ULV 3by (2009
(B 5l 5 U sl illy (il o el DA i) Bl 5e alas ey (5
o 2L Sg)slspdl sl OF e dadal) 2 W) e el Y1 (3 3l Slan O 42)5 . (Ahrens et al., 2011)
JUsYl (K4 gl WLl &) s wpad gl i OV e aTY) gl dad) s Jasd
O o9 -(Butt et al., 2010; Ahrens et al., 2011; Rankin et al., 2016) sls} ods (6314} (Al A ) u.wﬁ\
slebl (3 Lo wlSall sl sy alesd) akeall aakad) 4] slll ol JUas) ) so% & bl
Bhadd w2 OF S gl 8plasld S0l Ll SUSTe JUsl b e 3L e JUsYY /5 oW
Butt et al., 2010; Ahrens etal., 2011; Alava)) _rgJsed! Hod S asdl sans Y g b e 5N /)62

-(etal., 2015, Wang et al., 2015

el LT O] s ol Sty 0555 O gl il (S (Y01 vy Ty osd Wibgy - Y
(o e Of e Juy oF (S adlesdl el 2ilaill o oldlly elobl (3 3laSCng sl clisilo)
B 3 ey sl o) (st S e o S STyl e e o
Theobald et al., 2007 as cited in Butt et al., 2010; Stock et al., 2007; Genualdi et al., 2010; Butt ) LLLMJ\
I r slodl b e sl el gl JsYY e 2eld) 5,08 8T ousTh W8 (et al,, 2010
B ek oo SN B B O3l o (el ESU NV T L V8 e I ST 029y LS
sl e Amslyy ol a5aS pusndy slsbl e U L) (ST L (Alava et al., 2015) ST
ng wy é clobl b o AU GLUL U] ael=l) god! JlasY) of A .(Augusto et al. 2013) ¢/sd!
aaladll slys 3 Lasgmgy syl (3 Wbl Jlesly aalnll Gl (F g (0 33942 @50 dliny

12



UNEP/POPS/POPRC.13/4

Zbb akg i Gl Wl e e Jo g han (of gslan O Sy SCSjlsT/adlosd) 2kl
Martin et al., 2006; D'Eon et ) (3USs skl Elisaldl asly (PFCAS) yysbndl akenSsy SUI oyl
SV e L 340 0585 06 a5 sb UL sy wlus (3 2aiaSl asldl SlaST0B I, L (al., 2006
D’Eon et al., 2006; Xu ) oday sf ol 13 Ca5Sl odin o S 5 omslsed) Ul 5/ 5 20
AN Gl Gl O e ssd) ORI 3 olaldll USEy (et al., 2004; Tomy et al., 2004
Sppm op s 3 W Je Joy ladie s Lol Clall @Slee ] et B gl g5l
G BLEST o (Y00 V) 09Ty Dsme ol 2SI alesd) o)l Bilaidl ©gilis (3 dlsiysS
TlelEsSe YA UL Y e ool sl 3 alesie SR delisdhdl Jsills deelipila sl
LSyl sl iSO U5 18] 18y ol S iy () sl )
3Dls . (Stock et al., 2007) &l dadl ailailly (55l OOAN 3 s dgslind oSy S oYy
dsle) oay 05 )3 ¢ e el &Sy gt ol il sy oasTanls 3 st ells s
SR ((MEFBSA) OU s g)slssdl Jitne Aoalgilas Lelld 259 (MeFBSE) OUgwgyolipdl Lo Aol giles
Del Vento ) Sl 3 s o) oLl GBULL slsbl on lie 3 Tp/pL55S5 7, A5 ¥, 4 L85
gl Lot 3 7ol clon (3 sl e ssmg (Y42 8) 09,2 Ty s eS8y L (etal, 2012
S5 (YN Y) 02Ty sz s L bl B SR e T e Vi B S oS
Fod Jost U ag (3Usmaplind Shipledl (el LT o (Y10 V) OgTy ly gbl el
b ) s @l sda 0B ple Sy Sl e Sl s ole @ S gaT sl
Al Al s 0 (Se Say T Jletdl ity Salsl ) Jaes sl 2S00 00000
& S f oy Qs SLsild) aaloy LeSagslind) gl el e 2 gilg gl
Az

ALY ey collatl obe pe B JUsY O ] a5 OF (S agadl @l O 6 - vo
sl Jaald slld sl 2l JUsSU 500 Ll n (ol 313, o lbl b e LU 1
Lelial) aadudl Ob s 'CL,U plsw Tléﬂ .(MacInnis etal., 2017; Kwok et al., 2013) L}Wﬁ,@g\
35S0 5kl i gilidl slgn S Y Tl ptsnns d e 3LaSlogslind) Jisdlid ypsls ¢ antnl]
(bl ol 3 a Ul ol Uy (Maclnnis et al., 2017)

Wang ) sUl & 3LeSag sl Slgsdhead) anls gy dsdlngslind) 21 o e ey - Y1
39 dmgmall Olas) (3 0393 CriaST o AU bl ) (Led OLaIl) oLl (3 J&e c(etal, 2011
Caliebe et al., 2005 as cited in Gonzalez-Gaya et al., 2014; Theobald et al., 2007 as cited ) &d>LJ) oLl
in Butt et al., 2010; Rosenberg et al., 2008; Busch et al., 2010; Cai et al., 2012; Benskin et al., 2012; Zhao
;\-”}WJ dags wjjb ‘_‘L.c ol 2 ol of JAaixye (et al., 2012; Ahrens et al., 2010; Wei et al., 2007
e.g. Yamashita et al., 2008; Prevedouros et al., 2006; Ahrens ) &l (3 &S0y, sls 1 slsald 531 Lo
03219 Olasl o5k (51 ((Glob0-POP) 5= s:5lé 7358 Lins . (etal., 2011; Gonzales-Gaya et al., 2012
Sl lane fe alte “amldl 0t (57 sn LS il el Jaels 0L oYLy ale
sy sy slodl & Gl alan wiplogd 1) Tolial (dizeg BlaS 851 &l gng s Y1 kS ki)
Llorcaetal., ) eW (3 bl dadl 2l JUisS o BT s ool cllly JolsyV1 (3 3, folas

13



UNEP/POPS/POPRC.13/4

i gril) Slla slon (3 2LSIMg 0ol 31l om0y 2alh) b ALl 3gmgll Lo e ol 1S5 (2012
cUsle dxl on 2aldl O P Sl wlalys @aST ol Es daeg (Y4 v0) 09,27y il ga
Lo gill (21 medly saib) Laptly 2Ll Aol Akl (3 e350mg) g LS ¢ oedboVlg (63 W1 (ks
Caliebe et al., 2005 as cited in Gonzalez-Gaya et al., 2014, Busch et al., 2010; Benskin et al., 2012;)
-(Gonzalez-Gaya et al., 2014; Brumovsky et al., 2016

Ay sl Jlesdl el L) e olold Jletdl Claally i sl 3 wblasYI e Aty - YY
A Iy sl il Bhdll AEal) ooty ¢ pum A (rim GBeaes (S A (Dshs
iy g (o3l I ol ¢ pie> Bazeg 92N 2 lesd) dkedl dakl) 3 Lol Lt by
Caliebe et al., 2005 as cited in Gonzalez-Gaya et al., 2014; Rosenberg et al., 2008; Busch) géj,ﬁ\ =l
etal., 2010; Cai et al., 2012; Benskin et al., 2012; Zhao et al., 2012; see overview in Benskin et al., 2012,
u'aau-\ bt O\ﬁ; .(Supporting Information, Gonzalez-Gaya et al., 2012, Supporting Information
Caliebe et al., 2005 as cited in Gonzalez-Gaya et al., ) d/f‘,’cﬁﬁ g0 ) Lplass (Se Y Slstas o
olay Cf@‘ L L e b L’yxﬁj .(2014; Yamashita et al., 2005; Benskin et al., 2012; Zhao et al., 2012
Bl Sl 3155 ao dheie b SUL OB Ll ool e 58 LSy (ot U1 28Ty 5lie 511l
Osptly g 3 e o Vo ple o Al (g el gl b 2l JEsW) ST ] Ledoos
LS et by dl) B e JUagdladdl 0Lsd ] BLo) gl OVl wllatl pe Sl
o) o Slis iy el domall L) (3 2aaaSU S gl Il e sy aslel) Alaze
bl sde 3 Y ays Av g Y0 b e il s God Jletd el Ll dlal)
Y G o ool B T JfpLesSe 4 00 8 555 Lt Jaalhl oy Ll s b ey
oLk &ylie ALl ol 3 el e el lgres caassTy (JfaLeSe VEco ) aras S&
) gl 0l 0L 5 ol gl s JUaal (S 3 e ) im il 52y
5 6V kSl )sls i sy aalodd (oull st JUasNY OF 1) a0 LWL (29 . (Busch et al., 2010)
e el 3 BY Je g STl U clladt

lslbel iky Kl bt sl gd) Lol OB (Y0 ) +) 02Ty U Oseniy o WSy — YA
Biend) 4l Olidll ol LEoolb) Loty suibl Loy Lﬁwu;xz\ Loeol) dien)) colidall e ol e
kST st Sl e Ules 3l BT Wiy cnd) ol (6ol ML JLasV) e gpen b
sVl bt IKSsT L =T (3lo T Sy . (Ahrens etal., 2010; Bengtson Nash et al., 2010)
o Ty 1z 2 LSgslisel) Sl Jod gl meland) olL) OF gy Jlotl domall Lokl (3 0)yl) 21,2
ol e QU c3gl) (3 Sl Jp gyl Lol 3 Saliyng, bl OF w621 3)lnsy IS
oLy slslodd 22U gl L) o U s 28 g kST sl 515l o 51 25
Bengtson Nash et al., 2010; ) ‘_;LMJ\ Lall ZJ)LL: ddacl) ada (3 sl ads OlassT ol sue
lall gble ] @l Job e dha = Ol ) sl $UUS™ . (Yamashita et al., 2008
JL JUsY) 2l 2Ly (el 3801 Cnas (3 2kSdT ki) slyal) Lol mnad) 59425/ 20gl)
Bengtson ) 5451 b e 30V 28Ty sl Il 2] 2Lidly (sokl O gy b e Sl
oot Ly ol e 2o Ll OF ) il (23 e 353le . (Nashetal., 2010; Alava et al., 2015

14



UNEP/POPS/POPRC.13/4

Aoy L) s ol oln (3 Lo (sl S5 adn S JW BUE @ ed) 8 Rk LT e s
.(Ahrens etal., 2010) (Lgr 35,5 14 ) YU 2 oY) umﬂai}\ Ll G ) Lyl JU& 03y 2
o8 Sl waglane Joels 1) &Sl sl ) slel) i oiwzwuj\ AL sgaalt I3 aBgll e Ty
L SW O e sy 5 b

J13 3 ) pmlaed Wby suadt damdt JUast) 0liy )

Slodh Cladll adbos (3 603 (3 e AgU bl (3 aleSagslin )l Sligdlad) aal> a2t - Y9
3 LS9l 3198 ilacl) il s ) o) sy B SLISI) (3 28] (3 Aoy o ST
JUly U O G b e a5 Gl sds 4] all dem 2 JUsY i j2ald Of WSgg 5 2
2 B Lrogs o Ballane i JS 3 slsbl b 5 Wy (e e

3yl Y

ol o gl o e TUT elasy aS0l e et agmy ) Slpd) Sl a5 - Y
pieedsSI Dligien o BT U3 (3L o) Ol on Sty oS 0 (56 0T (0 S 2!
wlge Ll iy . 20l o) @ 3 aadl 2laly GO Sy demll wlisally
Gk o bl 303 Lan) B 3308 Jams OF oS 3leSag sl eligalid) Jaal OF e (s
Gls e sl a3, sl Osen ye2 e U IV ey Ciuads gl aorg) W LS des
Loy ols 4] BLol W Souill dnsls O 3 el dpae dypslat LTy dae G (LT closdl
3 Al o VLY Ly g sSEsS) Ogan il 3 ALl ol blas Je G0 s
g w5 Ll Sl U (o 28Ul sl slse n 3Ll asY1 psy | ) ol ol gl
Ses coloadl e Sl e g Lall JUYI e GUL) dams OF a2 ey Laelis 2 LT
Ll s OF V]l e 2l gll UL pag am )bty A1 ekl tls Sl e Tagad T o4
A SOV el lalys e dlaze AL 5Lo LT e oY) o

DOV C O @) ALl Sl 0T Y] b)Y o) 8 83942 ULy g5y — Y
OF Al w5 3 sl 3 3UShslinel lisdld) ety (3Usmgolindl Sisilid) jaald walld
i) p 15V 2 Lal 3lo BT g Jlen) e Jusy cige SO aledid) Jsb 83l Ay Bend
el YS” 555 (Xenopus laevis) I (53 a3V graall & (JU L ey .(Giesyetal., 2010)
(plEeSor ) o By o 13 Bty SIS i FLAI B gy iV g Y1 St o
(plenSar Voo =1 o) e S5 e iyl S0 ol 3 il i ) Ly
9> 3Syelind) Susildl Jaals O (Y1 apadl lulyal) Wy o B9l as (Loucetal, 2013)
S saled) sl e G Ll AL ol a5 Lo B3 elmDU L s L) g iy Wdims 331> 2
.(Ding and Peijnenburg, 2013; Giesy et al., 2010) sl 1l & 5Ll 1] 5Uswg)elsn)

W jslary alag bl bty 38,001 508l O p Slhlaw e S5 asld) Of il ekl 3 - ¥y
et A%+ &l (LOEC) LSl 13l (63 555 ool 0B o) (3 i) Slles U] Tolizuly L ieadl)
A S B ce2dd) SUIST sl (3 30N Oyged s 2 Y BN O3 e b/ el e
i ol sllas] e (b ooy S0 ob Ol Loy 707 ) e il e 2l

15



UNEP/POPS/POPRC.13/4

A 208" s Talaze) LU (3 (T4) onSantll Osap Stamn (28ly ((uzald o201 250 YA « 1)
Cassone etal., ) gasll sedly 23,01 303l Aagll b)) 5,289 A8 (3 b1 snd) b IS
) ot ol SR sl 3 Y el e 3 Ll s el e ST s 20120,
885 (LOAEL) L>ds Lo J"’L’ (S (Ssimn &JT L9 .(Vongphachan et al. 2011) ;}}‘J;g-f Voo dl
@ w5 b el e 50 VA i skl (3 802V Opsed #ls 2l 2/pl250 A
By Ogaddl jedal (VY LY =YY e BT ol S LB il e b pl el 00y Bl slall
iy ol fae 3 el Olsiaos G e B3 sy Las o) G5 e 5o . (Meyer etal., 2009)
@ Sl Lo el gl sl ey ysaby sl s #1p 3 A IS (T3) 25l SO gl Opepn
by O3 WB[pLESU VY, ) 5 VA, = S Sy len ) sl S dagney UL 03y p5a0 S
.(Npst et al., 2012) (Jlsdl Je

o LYy Fladt (3 2LSg sl Sl oST5 anall sl iy Gpb e Aladl) 0l 3y - Y
Jla) Lwgze #lis . (Eggers Pedersen et al. 2015; 2016) &yt V) liga bl LSl danll eyl
A 3Sgslindl sl aals IS8 o (LB il o o B[pE 00 Yo ELadll (3 ol sl
Loy (o sl o o8 pos Y, 0 8 sl (3 Sy gl isill) (2ol 55 gy 74
g Syl ol (S (b Gl e o pLE 5 AN JSI Sl pslipd) Jaal> S5 &y
Rws (PFTIDA) EhislStiligslinl Jasl>g (PFDODA) EhisilS3939)sl35dl asl>5 (PFUNDA)
B3| 35omg Lamsly  albly sy Fladl) o (3 2SNy 0liped) Il o S35 el oomgg  TAA
Jrns BUSy szall U 3] DLty S0y plsd) 315b) gty 2yl 35, S ol o 258
Bl d ol Ailind Byo e el 2l (3 AlSMg 5kl Sl 55 OF e Ju s geaal) 5L
lv&jjﬁw‘ t}v‘f s A Oy N INE: 79 .(Eggers Pedersen et al., 2015) dasl) e SN <l yld
Jooll ebly o) hae 3 S ) b)) Oll Ol oS8 Vg Ll SUT e 3
17alpha- ) OslprrnenSytebl-Wl Y vy alSpindl Sl G Gl L) sy (BLOYI
idenSe S plaVly ligpiw) e dadl o 1S b)) Hliag (OH-PRE) (hydroxypregnenolone
Sy b 3 5331 a s kSl Sl 55 3 55 of ) el o sy S sl
.(Eggers Pedersen et al., 2016) Fled) (3 &gy

A plo al e Jo5 ay 3LeSing sl Slaisilod) ool et e 580 olly sy - YE
o) ol ¥ T o Wyl sl we sl e e ey OB (S3 3 38,01 Baaly
Ul )l Zadl) IR b e Lols = e O3 pdl 3 et Uiy o oS eile Vo oY
o (DU B Y el of QeSA) Aehyll by e £ padl 5> pLoyYly oy 3500
Ly ol has (3 oS (Sstnn (Bl alam S JUY) Gy ey LYY ST O34T e 15T
B39 i 243}ls (sl (3 ) O3y or @3S Rha V5 Y5 7)) g anl) s P (e S
gyl 2y A Wl oS oadly ¢ anad) S s bjss Ll U] aS) Ojgg k) 1) S
AU sl Sytn PNy (ps) (3 el By e o3 il V1 ) Sl Pl
oS oxa vy el s/ s IV iy e Sy (gl 550 s 5y sl Cammg s s B2
el bl 3 bl WLl oF Sl (3 =3l a5 olpas Sud by L (psd) (3 o 039 o0

16



UNEP/POPS/POPRC.13/4

psd) & Rl Ojg o oS [edke Y 08 (LOAEL) L Lo 65U 3 585 ool s o
.(Butenhoff et al., 2009)

Jezadl L e UV S aaby Lo iSO zald) JUT olulys dde ciaSanl 3y — Yo
Lalor 2l (39 L g sSly LDl (3 Brametd) Sligp)l Sligiang ((PPAR) 8,80l Lot S5l
(PPARoc-receptor) 8,5UL Laiall Syl Wl Lazed) iy el OF dorg (Y4 0 A) 09527y iy
o s 6,TAs AV (LOEC) LSl 15T (63 555 ol gy e A k) ol opld) 3
Ly el O g 62T a3y (dsraSer 08 ) e b G/l 2 Son Dby Qi) e 05l
o o sy 1Sl Bl (GIIC) SN Do b o W Gy Lol e 54 e
3 Glay @ A10-HSD2) Y jemg)lileeds—Lw— ) @9p] el Lok ((Huetal., 2002) as )
Olal) OLST akg 015, E) AT Slagan Song QLY Slagrs Sen (3 g innsSG)sSl Ogoyn ol
o d3eaSes TY,AY S VALAY 013 As OLSY) (3 110-HSD2 mpgnY) akasY (1C50s) Olitaill
.(Zhao etal., 2011) Jlsdl e ¢ 2ol

Aty bed) oSyl fand) e L alase a8 iy e Jaeld) ol 0S5 Wy - ¥
Dkl Vs Ldanzy Us 3,020 012l (3 Ll s o) alas S bl Y) e eS01 OV Tl (PPAR)
Jedonsy Uil 358 OLadlly ) 0Ll ccpegdl IS 3 AU (3 483 oS5 &y . (Das et al., 2016)
sl o3 oale Vo s el e ik i b e o1V Sl Lol day (PPAR) izl
S ke 1 8 e Ty co B B (BBL.CETP) oy S Ly 308 0Ladl (3 JU el
ol3 Sl a a6 ells e 30le (Brijland etal., 2011) mebel T ) ¢ 5L k) Oy e
PPAR _hindl Lloxs Ulyy alaald Olzdlly )l 012l (3 tameid) lidgplly Jgind SO 2l sl
.(Brijland etal., 2011) (APOE*3-Leiden.E3L.CETP) ¢ sl s &350l Ol 22l JiSy (Dasetal., 2016)
il el gl g Sy JaiendsSly £ byl g L) Lo SIS
23 4L BLa) Ll LDl 3 (HDL-C) 8Ll L) ool (55l g5 sSy (nON-HDL-C) 231Ul
31351 Loy ¢ gty 830 2mll) 2laVlg LD (3 o) g pd) DU St L] Ll

.(Bijland et al., 2011) &> (triolein) (sl ) pomd dl| Juasg lll @) bLis
ghbdl jaels OF by (o Sonl) el O)lE (3 2l o) el sl LT w4y — ¥V
EhigilSe sl Jaslg (PFOSA) OLS)shesel doaligihrs (31Sa)slo el Ehigdlnd) aalmg (3l sl
o bl 3 LS ot (FTOH) JnSdl paskinyshs YiAs (PFDA) cliglSopslondl aelmy
oAbl oS R malonl) OF ol Lee (S8 (Y 0\ Y) 09Ty gomnysS Lall ) A
Sl 87 lady L 38y skl Eliisaled) el (3Usuyslsid) igilid) jaald cnlamSI 3TN o
L e e ol (TNF) Wimpyll 5850 Jale 2] jLas i @) 2kSTy i)
SlisEll e e (sl (o) Bl 3y SLY) 3 BRI A1 el ol LS 3 et
) st Sy slind) Slipdld) Jaeley Usgglind) sl asls Laely (THP-1)
o (INF) Lle=0g5853]5 (IL) —sSlil 531 alShsbndl lisiled) janls Lady . pullafpl 29 S
Gellefpgg,Sn ) +) el SIS (IL-10) ) =S Sy ((PHA) 3L sad) o)) Loglas
LSl ks r Eomnl) (kappaB) b LS (sl Jelal) Bl s 1) 2S5l sll) S sy

17



UNEP/POPS/POPRC.13/4

@ Uy bl I lsilSonslind) aaly 3Ussslind) st el pie Loy ¢ pomnt)
.(Corsini etal., 2012)  ge>idl A Sl e e Gzl (1-kappaB)

29wy Loy (Sl daole ) 3 el Bkt dras BTy Rae Bt LT clasgly - YA
OLsill aaldl e sty de e cllacl dn SThal s e 20U 0Ll ol Slidly skt bl
A8 (ol Ojg o @3S [oile 4,75 1)) S e flodll Led 06K B skl 875 (3 85V anak
(S plladl e maldl STy L (Viberg etal,, 2013) (oY)l dn sl padl (3 ol b e Bl
B ae 345 @5 g AU Ul & ISl e Gt e ek IS0 (3 clS by
S SIS (Viberg etal., 2013) (3USaysks ) Gl giledl alog hysiliSy slinl 2als ddlad) di L)
1Sy Gl el o) 2l Slgpdl e el Sl e GU ol e asle YE e
.(Lee and Viberg, 2013) ,sSd) (3 jses & dmy dlasliall OUledl (3 Glgias o il ol Olgius
O34 @ iR Olasll bles e Gl sy LSy 4 034N 3 gkl e B o a2
Butenhoff ) psdl/eaS/eiks Y+ — o ¥ LayBde 2ol )l 356 JMtg o)) s asloll oo &)
oo OLaal o I3 A STL Bjlae aalll e alsdl (3 5slisT ST S0 A1 &) Of e (et al., 2009
Ozl o I3 ST L oM B)lie sy Bpidl Cradl Jlesl caly Eom ikl DS
Kim et al,, 2016;) O34l ol Cpedl o bl woslidl O sdys .(Sundstram et al., 2012)
LOLadlly 013 A1 oy lamgd g suelal) 4y slad dpaal) UV (3 g OF Sy (Sundstrom et al., 2012
sl plsaly L ekl Sl Ol 3 aelol) daall Bed) UV OLaSa) folsy - YA
bl Loy Lslor 1358 aioss 35T ol slsed oS (LTP) faad) 5Lsll o fyglall
Al os (dsraSer Vo) leSagglindl lgsiled) jaals OF il ianl) @ ogll G0 ot
D341 1555 (3 Sl ey (CAL) ) ] o Al (8 ppaal) ol Jor ) sl el i
st L sLsjl Lasy L (Zhang etal., 2016) (3LSaysk el gl Jaal> 3,ud) Ale 4,08 SOl
Gl Slejrad) 5 a5 A Blsd) e dazell s S 2 5Ll o WS Spal) daal FRORAY
skl jaaldl sisy (Lido etal., 2000) Jaslh) e JyegSen Vv Ly ded Sl ety 35
Bbsldl sV Lk (PC12) (srlisld) gvanll (sold) Lol (3 o) ol (3 LDl )
09Ty Coatie Ll &l 2l wo Lyl o &) Sle ) cdilssy L (Ronad) 2 L)
o gl el hae (3 S e ot @l gl ST R Ve - ) (B ) e (79
-(Lee et al., 2014a, 2014b and 2016) c(gy)ﬁf» 0«0 =\

el iy a3, 30a) Oga s s e el G0 I A )y o caaSanls - ¢
(TTR) OLuiyl & a8yl suall Ogapd U el i) (g me LU (TA) GnSypil) Ogapn oo
ol Eleddl Bl & oSl Osapd i M BU Jags LS (3 Ale By Bgde (s 58
&y -(Larsen and Delallo, 1989) 55Vl . Jo Mg 5V 18 L3 3 e s iy
B VY, 0 plae Lol ad] a5y (ebe/al gl YAT slay) Lsegil VAV [zaloll Glald Ll 55
o e aily Ll Jaaldb) Ly (Weiss et al. 2000) «(T4) Santl) )l ol e Ly
oo e e el 3 (T3) 25l S gl Osep o ezl (gold) ol cie A
.(Long etal., 2013) lse "\«

18



UNEP/POPS/POPRC.13/4

Cmgfe) Jo rns 13Ug g I slias DLt 3leSing ol sildl J2eld O (s = 8
Eoidl (AR) roma) V) Juiied sl el Jine 305 el aalyy . A o) ol ol 3
o) Jadnn 83039 ((LsagSon T = el Lol SR A k) )l bl (3 gy Y
LY ) (Vs 7Y vy 0V b G w55 s i V) e Citadd (BR) g i) iz o
Bl Jim G2al OB (L0sS Y0) B2 0igndl me Srad) o el e il e (B2 9l Jaets e
G Lui B i g Lamgloy 7VAY I ey WE2 (gl oo i (ER) Cpmmg iV Ludis
.(Kieldsen and Bonefeld-Jargensen 2013) (&hsilSs)sld ) el (31Ss)slopdl Sligalidl j2sl> Al
Uy Ser YA = Clad) Ll SH (CYPLY) s6lg) Y1 ) blod no Lo 16 2y

.(Gorrochategui et al., 2014) (JEG-3 0Lyl (3 dreptd) i L) D)

L B sgmmy 2 e byl 3 g D131 e byl e i) ey £
S A>3y el Juan (3 el Slgally JaiedsSly pall hae & aelh) Sligis o gl
il Ja b e Sy IS g 5S35y S Jg Sy a0 8T B 25 Lol
i) 59l JgindsSy (((HDL) BUS) LWl pameid) 0555dlg (LDL) BUSYI sl sl
28 i) (9l Jaited 555 BUS) 1 o) gl IS g e s 2y (BLSTI 2l
(selat sl Sla OIS . (Fisher etal., 2013) Ll Jg i sSU 3508 A T 2 J) Bl (LS L)
) BLo) B J) pb ) (gally BN il amtd) oignlly S g SU 587
Oy Bl by Sl LIomll (3 el (3 iaty) ) 015 ST Q) J e S 88 s f 2
gl o Ul oyl duls 3w S AT (fpligSn YV A) paelll il )
Goal) I i a2 DLy maliy g9 ((NHANES) Ldidly deal) duhll sbgll claizaY)
i siludl zal> Olgias LSy (Nelson et al., 2010) skl LY (3 JUbYly candll) 3 gdadly
3 B3ks domee B3 Al O Ll Loy b Sy B gl slindl ey 30l
A b Ol (CB) A (g el 32l pn Bnys (3 el 32 8 Sl e JajnedsS)
Al L)) Sln O lgomg (Y41 +) 22 Tg Ogons O Ly (Steenland et al., 2009) A5LeSIl L2l 0
U Bzl ot 5gpdly BUSI Q) b oot (gpdly S Jaind Sy 2ol o
O Y v v g=Y ooy sid) (3 JUbVly wleadl agg s T anls 3 Lale S sl LY 0
QU ol ) Jg S o WS (3 kS i) 31 e ¥ 1S5 G cmgr BL5)) Sl
ligiled) aal g Cmge L) Min oS ] oS 38y 58 Sisil ) el Losaasty casles)
OlSy .(Starling etal., 2014) Jolsd) ol I clodl -0 dall ol (3 g&jx Jgiomd sy 3L sl
g Alle/pLE st A Y 3leSiag)sli sl Sl sdhd) g (3158l Sl i) el (65875 Lo se

D) e pllefpl 0
Les ) o 8N U8 2l Sgyslinedl slsall ol OF 2l e cyaf g olalldl pisy - gy
ey USysldl Slgpdldl a2l i (sms 58S il e (3 dsld) bl
J8 (auSyslind) ligalldl aeley gleSlagond) Sisilid) 2=y (PFNA) Eliglisis)slsy
it Bl Al e (BraMat) & AT a8 @ ol BSLas 49 e el 2a 3 Y
33U Aaol) 20 glil) 83Lial) sl W) gtms (o e Se B 1 350mg i) gy L JLb Y1y olesd

19



UNEP/POPS/POPRC.13/4

LUyl Ble 08 a3 e S0l an, V1 Sy 0l ) ool Sy i ¥ as JULYY o5 s 3
Sligh ey DLl 3 3leSagglind) Ssildl Jaeley SliglSyslindl Jaele (355 Gn e
53Lall aleor Y1 Gylonzasl (Y01 Y) 09Ty OLLLE )35 .(Grannum etal., 2013) (ssabl (el ol
Ul gl 3 83Lall ples 1 LSS5 me (558 g BLE)I 35mg 0 Isahly Slib oAV & (3 gl
s e LSy sli )l Slisaldl el OIS (3 Olinds syl 3l o bL3)l Sl 0S5 L esilel
Sgrodl o B gt ) Jogll (Y, VA=, 471= 88 358 207) 1, €A Lyyad o diy i ©
Bl @ bl ol ¥ ae e Lpall Salall sl SU llfades 3amy o)) oy LSS 3150
aablal) (Ol s (39 (Y, Y=Y, 0 A= 38 3 407) ), VA G, Y1 el il UE sl
JULY e 5Ss el pll Lan (3 aleSagglized) Slisdlldl (aals Slgins Of (e LT ciiual
Dong et al., 2013; Zhu et al., ) =M s o Ogilay ¥ -l JUbYL &)las sl el e Ogilay ol

(2016

il 2l b b Syl Sl Sl G Slehdl) e el 3By - gt
Sl cudsizaly LY (3 Alall ©l3 UVl 3,01 50 Ogep we p ) fas (3 3LeSiag sl
e (Y0 o A=Y+ 0 V) (NHANES) &dadlly deall dnhld gbsll sbiaiiall el 0o (V0 80 = 24
el isilgapslindl oy ShiglSyglndl asley 3lSplind) Ssdlld 2>
Sl (OUSsbiny derlisilom fiam0) =Yy aLeSagslind) lisilal arley Sl sl
el Slgtas 8305 3155 (T3) Oga bl Slistus OF dorgy 33,1 3001 Aab o) olpans dze Lo LI
LS sl Sisiled) Janls Dlisin 334 JSI (T4 Open Dlisin 2la5 LS EligiliSy gl
3 3 L adidly dval) 2l sbol) Lokl V) by UL s asl)s (39 .(Jain et al. 2013)
st W sl o bl dla o8 (VA =sadly Yoy e=Y ey il aaal
S (Tay Oyamg IS (T3) Open & dlly leSngslindl lisild) Janly Elisilisy,fon)
b ogd ST bl ) sly ((Wenetal, 2013) sd=ll oLVl OKw e (3 41 (T4) Osey0
Wen) sbodl die pal bas (3 3LeSiagslbpd) lighbdl (el (St 8315 o oY1 sl 23,01
Osap Ll BloYl bl (3 2idb 83l s Of e (Y21 1) 09Ty OLs dbls (et al, 2013
Lol alaSag,slinl eligal ) Jaeld o adll e (dails e VYo Al A7) plll (3 Sy
T SOV ey V1 2y (/99U ¥, 08 = dalall Slall ¢J/dsasl YA = SVUH i)
B o)l o) Sllas el iy .l Slgal e (1, €)=, A = &3 40 ), Y=
ey Sy sl isdld) meleg iglSyslind) asld el 3 Sl o bl s
Sl (V, VY =AY = A8 58 07 (), YY) Blite Bl A [ By gLeSing sl i 2hisal )
Bysed 3 (T Y o) ) Yl By il s 5 oleall £ 3 Sl (S P
plsnly (Spedl el a3 (3 8801 3031 0l gn g 3LSMg)slo sl Il DL, I OLaSanl (6 S
& (PFPeA) Shisiluyg)slipll ol (Syis  omse L)1 Hlin 05y (70 V=adall) ple Jast 2354
S 2l OF il gy ol S 5Bl sl L 23 (3 (T 0508 Ssny (5l e 3
O3l Slsten (3 855750 UL ol 33V 13 GleSoag ol sl Jaaloy gl sl
Ll Ope bl 555 P L SislUsinslind) (el 2l o Lo (Il e (T3) O by (T4)

20



UNEP/POPS/POPRC.13/4

@ leSagslindl clisdlld) mald il Lo dlly 35Y0) Slaad) oLl e (TSH) 8,1 sl
.(Shah-Kulkarni et al., 2016) (julie/pl,e5l YV, AN £ 4 7€ = (gt L1 55

Jrar 3 LSy slindl Slisdld) (2l spms o DY ALE sy Ly Slul cady - g
D2 BLENI (Y1 v o5dlajy Oledgn vy hmanl) Apyglad) U1 of dzall el U1 p)
AIVY or el (3 JUY) s (ADHD) SUEDI L58 as sL3V1 i Sololy 2y i) syl
il Al gboll claia V) maliy e ULy plisanl Susadl LY 3 (oV) = saall) G Vo
Aoy 1 B (3 850 305 D9y Ayl gl LY v gy oy raly Yoo -1 299 il ddadl
G V1 By Ble pl fhae (3 el bt 05SS Ladie LLadl b an oli¥l 2k OllsY
JULYY e o mandd BLEYI (Y 4V )) idling plid o5 (), ) V=), 0 ¥ = 485 356 /.90 (), =
o oV e Ollaoly ol fuas (3 &l STs)slond) Sl S o (V€07 = saal e VA-0)
ol elgs Jobs b 3 gl A b e of OV e i el el sy ()l bLadl b
o axpsl ] BLal OlaoVl s jLas) Jdee 313)) L3y L 3dmall SUYS (3 ol pie of w341 o5 3
=35 355 7a0) ), 08 el Aoy W) B Wy (LSl cligilld) asls 1SS 8l
(Y, A=Y

lalylll s OF s Ly 3lsll g ol (3 2 Sl sl 315M omsie 2 o 2LlS laglas ling = £1
ST Ly Ol 3 e 38 5T 8 bt 1 LSl shald sl JUT 3 s
ey 3Spslindl lpildl Jaaley GLaSiagslind) Sisdlid) asls e gl Blo) ST o
blod) whlax cmianl Lie SgilSogglind) Janley Shiglsiaglindl Jasley $isilisy sl
4> (39 .(Kieldsen and Bonefeld-Jargensen, 2013) gs;1-\ (v.»dlr‘ @b’- oyl 8 @?.M;‘yo szl
el 3 Jolsd) sl o> e e el sl adenS5p SOV oY) e L putsad dnglae
blasy ol faae 3 2lS0gsliicdl 51l S 5855 n Corse Byl s 017 (ol 378 0 1 T—1 )
ggf & ElglSy slsp ) 2el> &l =59 .(Bjerregaard-Olesen et al., 2015) (ER) (ngiw ) Judions
ol ol 3Shslind) Sisildl asls o ligleSiag o Jaals o Liglisinslindl Jasls
Wi — sall badl Sl Lets ¥ s @ (aleSagsldl sl
iz 555 die 5SS ( Balyy Bl ¥l (3 3l Al OF ] ( M el )bt olndl (3 (PPAR-)
Bl ,l) (s5ldl L) (35 (Wolf et al. 2014) 3515 Slegast 3 ol el] dis (Lsog, S YY)
oarly iglisnglindl aels) adSUlslindl Sl e e 3l (QEG-3) 0LVl il
igSeog20,lond) 2y ligilisinlond) Janlmy liglSyglond) janly ligleSia sl
IS 555 gyl sl (males 3LaSiagslined) Ssilid) anlog ligilisngglondl el
G d B ol ol e il 35 Y8 ) e B B35 UL (S 4T Lt Ay
.(Gorrochategui et al., 2014) sLaa)l e coliedlly alSg, 68 01 Slell |15 345r

o) s ol b e el L b S gl gli st sl el iy - gV
o Jb sE e dals (5,4 asldl 1is OF Y| (Butenhoff et al., 2009) 01341 (3 asls)l 55 oLy
439 .(Sundstrem et al., 2012) 39,89 2lsdll 3 Jsdl b o dnndy 8502 C)@; Ssadll ol 5y b
Zhao et al., 2015) L;J&J\ G552l Oly3 1 oF AL (013,41 ,6539) Ol 3 dgh)) Caad) jlasl 0555

21



UNEP/POPS/POPRC.13/4

B V8,0 Lasll) Crad) ad) (50l Lo gl e il Jeadl e dpa> dlys (39 . (and 2017
ElogiliSy sl el a2 Lad SUYI (3 sl Ll Ciad) jlesl ilSy . UY) B i v, 1 S (3
Ll ) Slldt (3 Jamgd @ ity OBV 0B LUy ¢ 2S5 5lid) Shipdle aalog
S b ae JSU @ olane¥l Bsle] (s i) 1] VI e (3 el 3gmg  OLSY) s
Ul sill) el #5Y inas 3 g6l 2 05 L (Fuetal, 2016) j2eb) po pe AL
Voot ALVY,A o sl pddl e 3 @mmu}x}\ Elisaldl el 0 Slstas U] oral) 3
o AR g 05 /o256 ATY 8,8 el (3 Slgraal] wdis Jaeguny /a2 50
Lsgdlodl aaleg ShisilSpglipdl Janley 3lShslind) clisiled) aald el olas V)

(Gaoetal, 2015) ek SASIL Blhe S b o gl BleSagglied
by 3l sl e ] Bl glSagslindl Spill adle O - €A
Calafat ) OISl sale (3 ol e 335U bl (3 BlaasT 2 Sy oli e sll) 8T o 2lysiles)y 5l
Sl b o 3 @LeSag sl ) Eligilad) Jaels ey (2STy (et al., 2007; Olsen et al., 2008
.(Karrman et al., 2007; Sundstrgm et al., 2011, Gutzkow et al., 2012) LY 3 (‘Y\ kg 2l Jazas
So et al., 2006; Karrman etal, ) Jo/plesl +,) J) +, vt o il 23 (e & SH ool
de g el JULYI s o (3 gleSCaglisel Slisdll (aal Sl O o ably (2010
VY=Y el fae 3 L M olsndl flss ((Calafat et al., 2007; Toms et al., 2009) L)

-(Kérrman et al., 2007; Stubleski et al., 2016; Eriksson et al., 2017) Jx/(\}jsu

I 3oyl 2 83)1l1 pulaeld Uiby ByLiall U OLey Zlawd)

Baglie Slgn o8 (3LeSlng il Slipalod) el Led L cabaaled) alglal) 2ASTg sl sl 0] - ¢4
el OF asll aslglly gl AV glaiy ikl S 3 A Olail jlesl ey Yol
sl Yy QL By 3Lo JUT W 0555 OF S 4 2l ) slslly axSaly 3Leag)sli sl ehigal )
o ells @l celoall saall plas e BTy (bl oty gl et Jo LT e AT clis™ a0
sl aals Koy MW dmall ey o2Vl 230 B Slgas s osadl 4y
US55l gLl ael> 1) Bl OLudl (3 BLeasT S0, ls 1 slll 5T ot 3laCag s
oLl (3 oLl ) Bl 0Lyl (3 Jasld) s oo Taor lshall alodl 375 O L sliSs)slop ) aaly
Al alSsll st Jaal Jre (6T 1l Sy gl sloe cddaST G (2l oliag A3sk
Sy Jlnal) JUbYly wfly W old Loguast LA p2e 91 1ds 0B U5 ) Blo) g5l s
S5l Sl e GLaSagslindl Spalid) Jaals mhal Jl- & gl e ) iy sl

s

o 51t B bty kA el LI Ol

il 11 slsly amSaly 3leag ool Slipalld) Jaal OF jlzel oSs 835l UL Jf Tolzal = o
A dondl Sy omslsead) @ STAlly Pl daglis slany Locd s 31 (3 8315 540 polal B35 o
FIVLCE I NSEY S R

22



UNEP/POPS/POPRC.13/4

B ey 6l el anlasnaly gLyl Slisald) jaald S wlied) gy — 0
01 B ylsly ULl e absdly (ol plisnaly (apat) Olles o Nee i dlazsYI e agd)
o S1y ol anglall s wlShe o a Al Ul iy aSly (LS sl gl asl
Bple sl 2l ae slsl) s SUlad) o a0 csald dnd) ) JUsYI e 5,01 Uy by Lrsls
o Bsatty OLIY (3 olialy (aalh) semg el el ey 25U UL 3 Lad sgusl]
Jdlesdl Chall (3 oluld dsf BLasY olles cddy adly @V 2 Sy 1 s
iale e 33 W pall e @ BlassT a0t sl T el i Ol 3y sy
¥y (Wlgie A sla)) Ol 3 T Jigb (s jem e el OY lall e WY1 10 L0l
lle Sl e anasT b5 e B3l 2l 3 oy pll Lty LWL (gl b 3 3 it
A aS e gyl @Blsn g bl e ol o slony B3l oLl B0 (3 aslonl)
JULY L Vg O talay 3L BT Sogdm bl 3aomy ) d bl el WS 25y — oY
ol ol o e STyl S5l n ey aalh e il Sl o B RS ey
plaiy ¢ o2V Ojlsdl/ (2L alall o5 Bl bl e abdU UYL sLall UY1 oley sl slay
Bl Dlolys glaiy ipadd) dshadl BVl Hpnas)l Gand) UV e Sliab (bl 5ad) Slise s
B ST lip )l Sk ULy e sl izl e OIBVL 39dtl Lasde o w21 e ) 2ol SGY)
Lo BT Said Jlat Sla Of LS Lafl 2V adt oSl g ke BT wud 6 &l (23
ROUSCR WA [INIPRP

23



UNEP/POPS/POPRC.13/4

il -V

Aas CB, Fuglei E, Herzke D, Yoccoz NG, Routti H (2014). Effect of body condition on tissue
distribution of perfluoroalkyl substances (PFASS) in Arctic fox (Vulpes lagopus). Environ Sci Technol.
48(19):11654-61. Erratum in: Environ Sci Technol. 48(22):13558.

Ahrens L (2011). Polyfluoroalkyl compounds in the aquatic environment: a review of their occurrence
and fate. J. Environ. Monit. 13, 20-31 (Critical Review).

Ahrens L, Xie Z, Ebinghaus R (2010). Distribution of perfluoroalkyl compounds in seawater from
northern Europe, Atlantic Ocean, and Southern Ocean. Chemosphere. 78(8):1011-6.

Ahrens, L., Siebert, U., Ebinghaus, R., (2009). Total body burden and tissue distribution of
polyfluorinated compounds in harbor seals (Phoca vitulina) from the German Bight. Mar Pollut Bull,
58(4), 520-525.

Alava JJ, McDougall MRR, Bobor-Cérdova MJ, Calle P, Riofrio M, Calle N, Ikonomou MG, Gobas
FAPC (2015). Chapter 3. Perfluorinated chemicals in sediments, lichens and seabirds from the Antarctic
peninsula — environmental assessment and managment perspectives in Emerging pollutants in the
environment — current and further implications. https://www.intechopen.com/books/
emerging-pollutants-in-the-environment-current-and-further-implications/perfluorinated-chemicals-in-
sediments-lichens-and-seabirds-from-the-antarctic-peninsula-environmenta

Augusto S, Maguas C, Branquinho C (2013). Guidelines for biomonitoring persistent organic pollutants
(POPs), using lichens and aquatic mosses--a review. EnvironPollut.180:330-8. Review.

Beesoon S, Genuis SJ, Benskin JP, Martin JW (2012). Exceptionally high serum concentrations of
perfluorohexanesulfonate in a Canadian family are linked to home carpet treatment applications.
Environ Sci Technol. 46(23):12960-7.

Bengtson Nash S, Rintoul SR, Kawaguchi S, Staniland I, van den Hoff J, Tierney M, Bossi R (2010).
Perfluorinated compounds in the Antarctic region: ocean circulation provides prolonged protection from
distant sources. Environ Pollut. 158(9):2985-91.

Benskin JP, Muir DC, Scott BF, Spencer C, De Silva AO, Kylin H, Martin JW, Morris A, Lohmann R,
Tomy G, Rosenberg B, Taniyasu S, Yamashita N (2012). Perfluoroalkyl acids in the Atlantic and
Canadian Arctic Oceans. Environ Sci Technol. 46(11):5815-23.

Bijland S, Rensen PC, Pieterman EJ, Maas AC, van der Hoorn JW, van Erk MJ, Havekes LM, Willems
van Dijk K, Chang SC, Ehresman DJ, Butenhoff JL, Princen HM (2011). Perfluoroalkyl sulfonates
cause alkyl chain length-dependent hepatic steatosis and hypolipidemia mainly by impairing lipoprotein
production in APOE*3-Leiden CETP mice. Toxicol Sci. 123(1):290-303.

Bjerregaard-Olesen C, Bossi R, Bech BH, Bonefeld-Jgrgensen EC (2015). Extraction of perfluorinated
alkyl acids from human serum for determination of the combined xenoestrogenic transactivity: a
method development. Chemosphere.129:232-8.

Borga K, Kidd KA, Muir DC, Berglund O, Conder JM, Gobas FA, Kucklick J, Malm O, Powell DE
(2012). Trophic magnification factors: considerations of ecology, ecosystems, and study design. Integr
Environ Assess Manag. 8(1):64-84.

Braune BM, Gaston AJ, Elliott KH, Provencher JF, Woo KJ, Chambellant M, Ferguson SH, Letcher RJ
(2014). Organohalogen contaminants and total mercury in forage fish preyed upon by thick-billed
murres in northern Hudson Bay. Mar Pollut Bull. 78(1-2):258-66.

Brumovsky M, Karaskova P, Borghini M, Nizzetto L (2016). Per- and polyfluoroalkyl substances in the
Western Mediterranean Sea waters. Chemosphere 159:308-16.

Buck RC, Franklin J, Berger U, Conder JM, Cousins IT, de Voogt P, Jensen AA, Kannan K, Mabury
SA, van Leeuwen SP (2011). Perfluoroalkyl and polyfluoroalkyl substances in the environment:
terminology, classification, and origins. Integr Environ Assess Manag. 7(4):513-41.

Busch J, Ahrens L, Xie Z, Sturm R, Ebinghaus R (2010). Polyfluoroalkyl compounds in the East
Greenland Arctic Ocean. J Environ Monit. 12(6):1242-6.

Butenhoff JL, Chang SC, Ehresman DJ, York RG (2009). Evaluation of potential reproductive and
developmental toxicity of potassium perfluorohexanesulfonate in Sprague Dawley rats. Reprod Toxicol
27(3-4):331-41

24



UNEP/POPS/POPRC.13/4

25

Butt CM, Mabury SA, Kwan M, Wang X, Muir DC (2008). Spatial trends of perfluoroalkyl compounds
in ringed seals (Phoca hispida) from the Canadian Arctic. Environ Toxicol Chem. 27(3):542-53.

Butt CM, Berger U, Bossi R, Tomy GT (2010). Levels and trends of poly- and perfluorinated
compounds in the arctic environment. Sci Total Environ. 408(15):2936-65. Review.

Cai M, Zhao Z, Yin Z, Ahrens L, Huang P, Cai M, Yang H, He J, Sturm R, Ebinghaus R, Xie Z (2012).
Occurrence of perfluoroalkyl compounds in surface waters from the North Pacific to the Arctic Ocean.
Environ Sci Technol. 46(2):661-8.

Calafat AM, Wong LY, Kuklenyik Z, Reidy JA, Needham LL (2007). Polyfluoroalkyl chemicals in the
U.S. population: data from the National Health and Nutrition Examination Survey (NHANES) 2003-
2004 and comparisons with NHANES 1999-2000. Environ Health Perspect. 115(11):1596-602.

Caliebe C, Gerwinski W, Theobald N, Hiihnerfuss H (2005). Occurrence of perfluorinated 465 organic
acids in the water of the North Sea and Arctic North Atlantic. In Poster presented at Fluoros, Toronto,
Canada. (http://www.chem.utoronto.ca/symposium/fluoros/pdfs/ANAO010Theobald.pdf). Last accessed
16 May 2017.

Carlsson P, Herzke D, Kallenborn R (2014). Polychlorinated biphenyls (PCBs),polybrominated
diphenyl ethers (PBDEs) and perfluorinated alkylated substances (PFASS) in traditional seafood items
from western Greenland. Environ Sci Pollut Res Int. 21(6):4741-50.

Cassone CG, Taylor JJ, O'Brien JM, Williams A, Yauk CL, Crump D, Kennedy SW (2012a).
Transcriptional profiles in the cerebral hemisphere of chicken embryos following in ovo
perfluorohexane sulfonate exposure. Toxicol Sci. 129(2):380-91.

Cassone CG, Vongphachan V, Chiu S, Williams KL, Letcher RJ, Pelletier E, Crump D, Kennedy SW
(2012b). In ovo effects of perfluorohexane sulfonate and perfluorohexanoate on pipping success,
development, mMRNA expression, and thyroid hormone levels in chicken embryos. Toxicol Sci.
127(1):216-24.

Chan E, Burstyn I, Cherry N, Bamforth F and Martin JW (2011). Perfluorinated acids and
hypothyroxinemia in pregnant women. Environmental Research, 111, 559-564.

Chinese company: (http://worldyachem.en.made-in-china.com/product/OvgmATeKnbkR/China-
Perfluorohexane-Sulphonyl-Fluoride-CAS-No0-423-50-7.html). Last accessed 15 May 2017.

Christensen KY, Raymond M, Thompson BA, Anderson HA (2016). Perfluoroalkyl substances in older
male anglers in Wisconsin. Environ Int. 91:312-8.

Conder JM, Hoke RA, De Wolf W, Russell MH, Buck RC (2008). Are PFCAs bioaccumulative?
A critical review and comparison with regulatory criteria and persistent lipophilic compounds. Environ
Sci Technol. 42(4):995-1003. Review.

Conder JM, Gobas FA, Borga K, Muir DC, Powell DE (2012). Use of trophic magnification factors and
related measures to characterize bioaccumulation potential of chemicals. Integr Environ Assess Manag.
8(1):85-97.

Corsini E, Sangiovanni E, Avogadro A, Galbiati V, Viviani B, Marinovich M, Galli CL, Dell'Agli M,
Germolec DR (2012). In vitro characterization of the immunotoxic potential of several perfluorinated
compounds (PFCs). Toxicol Appl Pharmacol. 258(2):248-55.

Danish Ministry of Environment (2015). Short-chain Polyfluoroalkyl Substances (PFAS). A literature
review of information on human effects and environmental fate and effect aspects of short-chain PFAS.
Environmental project No: 1707, 2015.

Das KP, Wood CR, Lin MJ, Starkov AA, Lau C, Wallace KB, Corton JC, Abbott BD (2016).
Perfluoroalkyl acids-induced liver steatosis: Effects on genes controlling lipid homeostasis. Toxicology.
378:37-52.

Del Vento S, Halsall C, Gioia R, Jones K, Dachs J (2012). Volatile per- and polyfluoroalkyl compounds
in the remote atmosphere of the western Antarctic Peninsula: an indirect source of perfluoroalkyl acids
to Antarctic waters? Atm. Poll. Res, 3(4): 450-455.

D'eon JC, Hurley MD, Wallington TJ, Mabury SA (2006). Atmospheric chemistry of N-methyl
perfluorobutane sulfonamidoethanol, C4F9SO2N(CH3)CH2CH20H: kinetics and mechanism of
reaction with OH. Environ Sci Technol. 40(6):1862-8.

Ding and Peijnenburg (2013). Physicochemical Properties and Aquatic Toxicity of Poly- and
Perfluorinated Compounds. Critical Reviews in Environmental Science and Technology, 43:598-678.


http://www.chem.utoronto.ca/symposium/fluoros/pdfs/ANA010Theobald.pdf
http://worldyachem.en.made-in-china.com/product/OvqmATeKnbkR/China-Perfluorohexane-Sulphonyl-Fluoride-CAS-No-423-50-7.html
http://worldyachem.en.made-in-china.com/product/OvqmATeKnbkR/China-Perfluorohexane-Sulphonyl-Fluoride-CAS-No-423-50-7.html

UNEP/POPS/POPRC.13/4

Dong GH, Tung KY, Tsai CH, Liu MM, Wang D, Liu W, Jin YH, Hsieh WS, Lee YL, Chen PC (2013).
Serum polyfluoroalkyl concentrations, asthma outcomes, and immunological markers in a case-control
study of Taiwanese children. Environ Health Perspect. 121(4):507-13.

Dreyer A, Weinberg I, Temme C, Ebinghaus R (2009). Polyfluorinated compounds in the atmosphere
of the Atlantic and Southern Oceans: evidence for a global distribution. Environ Sci Technol.
43(17):6507-14.

ECHA (2017). Proposal for the identification of a substance of very high concern on the basis of the
criteria set out in REACH article 57. Annex XV report for perfluorohexane-1-sulphonic acid and its
salts. (https://echa.europa.eu/documents/10162/40a82ea7-dcd2-5e6f-9bff-6504c7a226¢5). Last accessed
16 May 2017.

Environment Canada (2013a). Search Engine for the Results of DSL Categorization. Environment
Canada, Gatineau, Quebec, Canada. (http://www.ec.gc.ca/lcpe-
cepa/default.asp?lang=En&n=5F213FA8-1&wsdoc=D031CB30-B31B-D54C-0E46-37E32D526 A1F).
Last accessed 16 May 2017.

Eriksson U, Mueller JF, Toms LL, Hobson P, Karrman A (2017). Temporal trends of PFSAs, PFCAs
and selected precursors in Australian serum from 2002 to 2013. Environ Pollut. 220(Pt A):168-177.

Fisher M, Arbuckle TE, Wade M, Haines DA (2013). Do perfluoroalkyl substances affect metabolic
function and plasma lipids?--Analysis of the 2007-2009, Canadian Health Measures Survey (CHMS)
Cycle 1. Environ Res.121:95-103. Erratum in: Environ Res.126:221.

Fromme H, Waockner M, Roscher E, Volkel W (2017). ADONA and perfluoroalkylated substances in
plasma samples of German blood donors living in South Germany. Int J Hyg Environ Health.
$1438-4639(16)30568-5.

FuJ, Gao Y, Cui L, Wang T, Liang Y, Qu G, Yuan B, Wang Y, Zhang A, Jiang G (2016). Occurrence,
temporal trends, and half-lives of perfluoroalkyl acids (PFAAS) in occupational workers in China. Sci
Rep. 6:38039.

Gao Y, FuJ, Cao H, Wang Y, Zhang A, Liang Y, Wang T, Zhao C, Jiang G (2015). Differential
accumulation and elimination behavior of perfluoroalkyl Acid isomers in occupational workers in a
manufactory in China. Environ Sci Technol. 49(11):6953-62.

Genualdi S, Lee SC, Shoeib M, Gawor A, Ahrens L, Harner T (2010). Global pilot study of legacy and
emerging persistent organic pollutants using sorbent-impregnated polyurethane foam disk passive air
samplers. Environ Sci Technol. 44(14):5534-9.

Gibson J, Adlard B, Olafsdottir K, Sandanger TM, Odland J& (2016). Levels and trends of
contaminants in humans of the Arctic. Int J Circumpolar Health. 75:X-X.

Giesy JP, Kannan K (2001). Global distribution of perfluorooctane sulfonate in wildlife. Environ Sci
Technol. 35(7):1339-42.

Giesy JP, Naile JE, Khim JS, Jones PD, Newsted JL (2010). Aquatic toxicity of perfluorinated
chemicals. Reviews of Environ. Contam. Toxicol. 202;1-55.

Glynn A, Berger U, Bignert A, Ullah S, Aune M, Lignell S, Darnerud PO (2012). Perfluorinated alkyl
acids in blood serum from primiparous women in Sweden: serial sampling during pregnancy and
nursing, and temporal trends 1996-2010. Environ Sci Technol. 46(16):9071-9.

Gonzélez-Gaya B, Dachs J, Roscales JL, Caballero G, Jiménez B (2014). Perfluoroalkylated substances
in the global tropical and subtropical surface oceans. Environ Sci Technol. 48(22):
13076-84.

Goeritz I, Falk S, Stahl T, Schéfers C, Schlechtriem C (2013). Biomagnification and tissue distribution
of perfluoroalkyl substances (PFASs) in market-size rainbow trout (Oncorhynchus mykiss). Environ
Toxicol Chem. 32(9):2078-88.

Gorrochategui E, Pérez-Albaladejo E, Casas J, Lacorte S, Porte C (2014). Perfluorinated chemicals:
differential toxicity, inhibition of aromatase activity and alteration of cellular lipids in human placental
cells. Toxicol Appl Pharmacol. 277(2):124-30.

Grandjean P, Andersen EW, Budtz-Jgrgensen E, Nielsen F, Mglbak K, Weihe P, Heilmann C (2012).
Serum vaccine antibody concentrations in children exposed to perfluorinated compounds. JAMA.
307(4):391-7. Erratum in: JAMA. (2012)307(11):1142.

26


https://echa.europa.eu/documents/10162/40a82ea7-dcd2-5e6f-9bff-6504c7a226c5
http://www.ec.gc.ca/lcpe-cepa/default.asp?lang=En&n=5F213FA8-1&wsdoc=D031CB30-B31B-D54C-0E46-37E32D526A1F
http://www.ec.gc.ca/lcpe-cepa/default.asp?lang=En&n=5F213FA8-1&wsdoc=D031CB30-B31B-D54C-0E46-37E32D526A1F

UNEP/POPS/POPRC.13/4

27

Granum B, Haug LS, Namork E, Stglevik SB, Thomsen C, Aaberge IS, van Loveren H, Lagvik M,
Nygaard UC (2013). Pre-natal exposure to perfluoroalkyl substances may be associated with altered
vaccine antibody levels and immune-related health outcomes in early childhood. J Immunotoxicol.
10(4):373-9.

Gitzkow KB, Haug L.S, Thomsen C, Sabaredzovic A, Becher G, Brunborg, G (2012). Placental
transfer of perfluorinated compounds is selectiveea Norwegian Mother and Child sub-cohort study. Int.
J. Hyg. Environ. Health 215, 216-219.

Hoffman K, Webster TF, Weisskopf MG, Weinberg J, Vieira VM (2010). Exposure to polyfluoroalkyl
chemicals and attention deficit/hyperactivity disorder in U.S. children 12-15 years of age. Environ
Health Perspect. 118(12):1762-7

Houde M, Bujas TA, Small J, Wells RS, Fair PA, Bossart GD, Solomon KR, Muir DC (2006).
Biomagnification of perfluoroalkyl compounds in the bottlenose dolphin (Tursiops truncatus) food web.
Environ Sci Technol. 40(13):4138-44.

Haukas M, Berger U, Hop H, Gulliksen B, Gabrielsen GW (2007). Bioaccumulation of per- and
polyfluorinated alkyl substances (PFAS) in selected species from the Barents Sea food web. Environ
Pollut. 148(1):360-71.

Herzke D, Olsson E, Posner S (2012). Perfluoroalkyl and polyfluoroalkyl substances (PFASS) in
consumer products in Norway - a pilot study. Chemosphere. 88(8):980-7.

Hu W, Jones PD, Upham BL, Trosko JE, Lau C, Giesy JP (2002). Inhibition of gap junctional
intercellular communication by perfluorinated compounds in rat liver and dolphin kidney epithelial cell
lines in vitro and Sprague-Dawley rats in vivo. Toxicol Sci. 68(2):429-36.

Hundley SG, Sarrif AM, Kennedy GL (2006). Absorption, distribution, and excretion of ammonium
perfluorooctanoate (APFO) after oral administration to various species. Drug Chem. Toxicol.
29:137-145.

Jain RB (2013). Association between thyroid profile and perfluoroalkyl acids: data from NHNAES
2007-2008. Environ Res. 126:51-9.

Jin H, Zhang Y, Jiang W, Zhu L, Martin JW (2016). Isomer-ppecific distribution of perfluoroalkyl
substances in blood. Environ Sci Technol. 50(14):7808-15.

Kim SJ, Heo SH, Lee DS, Hwang IG, Lee YB, Cho HY (2016). Gender differences in pharmacokinetics
and tissue distribution of 3 perfluoroalkyl and polyfluoroalkyl substances in rats. Food Chem Toxicol.
97:243-255.

Kim M, Li LY, Grace JR, Yue C (2015). Selecting reliable physicochemical properties of
perfluoroalkyl and polyfluoroalkyl substances (PFASSs) based on molecular descriptors. Environ Pollut.
196:462-72.

Kissa, E (2001). Fluorinated Surfactants and Repellents. Marcel Dekker, Inc., New York.

Kjeldsen LS, Bonefeld-Jargensen EC (2013). Perfluorinated compounds affect the function of sex
hormone receptors. Environ Sci Pollut Res Int. 20(11):8031-44.

Kitano M. (2007). Additional information related to assessment of bioaccumulation data under Annex D
of the Convention. Annex: Discussion Paper on Bioaccumulation Evaluation.
UNEP/POPS/POPRC.3/INF/8. UNEP, Stockholm Convention on Persistent Organic Pollutants,
Persistent Organic Pollutants Review Committee, Third meeting, Geneva, 19-23 November 2007.

Kwok KY, Yamazaki E, Yamashita N, Taniyasu S, Murphy MB, Horii Y, Petrick G, Kallerborn R,
Kannan K, Murano K, Lam PK (2013). Transport of perfluoroalkyl substances (PFAS) from an arctic
glacier to downstream locations: implications for sources. Sci Total Environ. 447 :46-55.

Kérrman A, Domingo JL, Llebaria X, Nadal M, Bigas E, van Bavel B, Lindstrém G (2010).
Biomonitoring perfluorinated compounds in Catalonia, Spain: concentrations and trends in human liver
and milk samples. Environ Sci Pollut Res Int. 17(3):750-8.

Kéarrman A, Ericson |, van Bavel B, Darnerud PO, Aune M, Glynn A, Lignell S, Lindstrém G (2007).
Exposure of perfluorinated chemicals through lactation: levels of matched human milk and serum and a
temporal trend, 1996-2004, in Sweden. Environ Health Perspect. 115(2):226-30.

Larsen PD and Delallo L (1989). Cerbrospinal fluid transthyretin in the neonatal and
blood-cerbrospinal fluid barrier permeability. Ann. Neurol. 25(6): 628-630.



UNEP/POPS/POPRC.13/4

Lee E, Choi SY, Yang JH, Lee YJ (2016). Preventive effects of imperatorin on
perfluorohexanesulfonate-induced neuronal apoptosis via inhibition of intracellular calcium-mediated
ERK pathway. Korean J Physiol Pharmacol. 20(4):399-406.

Lee YJ, Choi SY, Yang JH (2014a). PFHXS induces apoptosis of neuronal cells via ERK1/2-mediated
pathway. Chemosphere 94:121-7.

Lee YJ, Choi SY, Yang JH (2014b). NMDA receptor-mediated ERK 1/2 pathway is involved in
PFHxS-induced apoptosis of PC12 cells. Sci. Tot Environ. 491-492: 227-234.

Lee I, Viberg H (2013). A single neonatal exposure to perfluorohexane sulfonate (PFHXS) affects the
levels of important neuroproteins in the developing mouse brain. Neurotoxicology. 37:190-6.

Lescord GL, Kidd KA, De Silva AO, Williamson M, Spencer C, Wang X, Muir DC (2015).
Perfluorinated and polyfluorinated compounds in lake food webs from the Canadian high Arctic.
Environ Sci Technol. 49(5):2694-702.

Li X, Yeung LW, Taniyasu S, Li M, Zhang H, Liu D, Lam PK, Yamashita N, Dai J (2008).
Perfluorooctanesulfonate and related fluorochemicals in the Amur tiger (Panthera tigris altaica) from
China. Environ Sci Technol. 42(19):7078-83.

Liao C, Wang T, Cui L, Zhou Q, Duan S, Jiang G (2009). Changes in synaptic transmission, calcium
current, and neurite growth by perfluorinated compounds are dependent on the chain length and
functional group. Environ Sci Technol. 43(6):2099-104.

Liu C-Y and Chang C-Y (2014). Materials and methods for improved photoresist performance. USA.
(http://www.google.com/patents/US20140011133). Last accessed 16 May 2017.

Llorca M, Farré M, Tavano MS, Alonso B, Koremblit G, Barcelé D (2012). Fate of a broad spectrum of
perfluorinated compounds in soils and biota from Tierra del Fuego and Antarctica. Environ Pollut.
163:158-66.

Lohmann R, Breivik K, Dachs J, Muir D (2007). Global fate of POPs: current and future research
directions. Environ Pollut. 150(1):150-65. Review.

Long M, Ghisari M, Bonefeld-Jgrgensen EC (2013). Effects of perfluoroalky! acids on the function of
the thyroid hormone and the aryl hydrocarbon receptor. Environ Sci Pollut Res Int. 20(11):8045-56

Lou QQ, Zhang YF, Zhou Z, Shi YL, Ge YN, Ren DK, Xu HM, Zhao Y X, Wei WJ, Qin ZF (2013).
Effects of perfluorooctanesulfonate and perfluorobutanesulfonate on the growth and sexual
development of Xenopus laevis. Ecotoxicol. 22:1133-1144.

Martin JW, Ellis DA, Mabury SA, Hurley MD, Wallington TJ (2006). Atmospheric chemistry of
perfluoroalkanesulfonamides: kinetic and product studies of the OH radical and Cl atom initiated
oxidation of N-ethyl perfluorobutanesulfonamide. Environ Sci Technol. 40(3):864-72.

Martin JW, Mabury SA, Solomon KR, Muir DC. (2003). Bioconcentration and tissue distribution of
perfluorinated acids in rainbow trout (Oncorhynchus mykiss). Environ Toxicol Chem, 22(1), 196-204.

Maclnnis JJ, French K, Muir DC, Spencer C, Criscitiello A, De Silva AO, Young CJ (2017). Emerging
investigator series: a 14-year depositional ice record of perfluoroalkyl substances in the High Arctic.
Environ Sci Process Impacts. 19(1):22-30.

Meyer J, Jaspers VL, Eens M, de Coen W (2009). The relationship between perfluorinated chemical
levels in the feathers and livers of birds from different trophic levels. Sci Total Environ. 407(22):5894-
900.

NCP (2013). Canadian Arctic Contaminants Assessment Report On Persistent Organic Pollutants —
2013.

Nelson JW, Hatch EE, Webster TF (2010). Exposure to polyfluoroalkyl chemicals and cholesterol, body
weight, and insulin resistance in the general U.S. population. Environ Health Perspect. 118(2):197-202.

NICNAS (2013). Department of Health, Australian Government. Environment Tier Il Assessment for
Short-Chain Perfluorocarboxylic Acids and their Direct Precursors. (Access:
https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-
environment-assessments/short-chain-perfluorocarboxylic-acids-and-their-direct-precursors).

Last accessed 16 May 2017.

NICNAS (2016). Department of Health, Australian Government. Environment Tier 11 Assessment for
Direct Precursors to Perfluoroheptanesulfonate (PFHpS), Perfluorohexanesulfonate (PFHxS) and
Perfluoropentanesulfonate (PFPeS) (Access: https://www.nicnas.gov.au/chemical-information/

28


http://www.google.com/patents/US20140011133

UNEP/POPS/POPRC.13/4

29

imap-assessments/imap-assessments/tier-ii-environment-assessments/direct-precursors-to-
perfluoroheptanesulfonate-pfhps,-perfluorohexanesulfonate-pfhxs-and-perfluoropentanesulfonate-
pfpes). Last accessed 16 May 2017.

Numata J, Kowalczyk J, Adolphs J, Ehlers S, Schafft H, Fuerst P, Mdller-Graf C,
Lahrssen-Wiederholt M, Greiner M (2014). Toxicokinetics of seven perfluoroalkyl sulfonic and
carboxylic acids in pigs fed a contaminated diet. J Agric Food Chem. 62(28):6861-70.

Ngst TH, Helgason LB, Harju M, Heimstad ES, Gabrielsen GW, Jenssen BM (2012). Halogenated
organic contaminants and their correlations with circulating thyroid hormones in developing Arctic
seabirds. Sci Total Environ. 414:248-56.

OECD (2002) (Organisation for Economic Co-operation and Development). 2002. Co-operation on
existing chemicals. Hazard assessment of perfluorooctane sulfonate (PFOS) and its salts. Environment
Directorate. Joint meeting of the Chemicals Committee and the Working Party on Chemicals, Pesticides
and Biotechnology. ENV/IM/RD(2002)17/FINAL (Unclassified).

OECD (2006). OECD Test Guideline 123: Partition Coefficient (1-Octanol/Water): Slow-Stirring
Method

OECD (2007). Lists of PFOS, PFAS, PFOA, PFCA, related compounds and chemicals that may
degrade to PFCA. ENV/JIM/MONO(2006)15 (as revised in 2007)

OECD (2011). PFCS: Outcome of the 2009 Survey on the Production, Use and Release of PFOS,
PFAS, PFOA, PFCA, Their Related Substances and Products/Mixtures Containing These Substances.
Organisation for Economic Cooperation and Development, Paris, France. Accessed 9 January 2015 at
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono%282011%291
&doclanguage=en). Last accessed 16 May 2017

Olsen GW, Mair DC, Church TR, Ellefson ME, Reagen WK, Boyd TM, Herron RM,
Medhdizadehkashi Z, Nobiletti JB, Rios JA, Butenhoff JL, Zobel LR (2008). Decline in
perfluorooctanesulfonate and other polyfluoroalkyl chemicals in American Red Cross adult blood
donors, 2000-2006. Environ Sci Technol. 42(13):4989-95.

Olsen GW, Burris JM, Ehresman DJ, Froehlich JW, Seacat AM, Butenhoff JL, Zobel LR (2007). Half-
life of serum elimination of perfluorooctanesulfonate,perfluorohexanesulfonate, and perfluorooctanoate
in retired fluorochemical production workers. Environ Health Perspect. 115(9):1298-305.

Olsen GW, Huang HY, Helzlsouer KJ, Hansen KJ, Butenhoff JL, Mandel JH (2005). Historical
comparison of perfluorooctanesulfonate, perfluorooctanoate, and other fluorochemicals in human blood.
Environ Health Perspect. 113(5):539-45.

Paul AG, Jones KC, Sweetman AJ (2009). A first global production, emission, and environmental
inventory for perfluorooctane sulfonate. Environ Sci Technol. 43(2):386-92.

Pedersen KE, Letcher RJ, Sonne C, Dietz R, Styrishave B (2016). Per- and polyfluoroalkyl substances
(PFASS) - New endocrine disruptors in polar bears (Ursus maritimus). Environ Int. 96:180-189.

Pedersen K E, Basu N, Letcher R, Greaves AK, Sonne C, Dietz R, Styrishave B (2015). Brain
region-specific perfluoroalkylated sulfonate (PFSA) and carboxylic acid (PFCA) accumulation and
neurochemical biomarker responses in east Greenland polar bears (Ursus maritimus). Environ Res.
138:22-31.

Posner S, Roos S, Brunn Poulsen P, Jorundsdottir H O, Gunnlaugsdottir H, Trier X, ... Jensen S. (2013).
Per and polyfluorinated substances in the Nordic Countries: Use, occurence and toxicology. Nordic
Council of Ministers. (TeamNord; No. 542, Vol. 2013).

Prevedouros K, Cousins IT, Buck RC, Korzeniowski SH (2006). Sources, fate and transport of
perfluorocarboxylates. Environ Sci Technol. 40(1):32-44. Review.

Rankin K, Mabury SA, Jenkins TM, Washington JW (2016). A North American and global survey of
perfluoroalkyl substances in surface soils: Distribution patterns and mode of occurrence. Chemosphere.
161:333-41.

Reiner JL, O'Connell SG, Moors AJ, Kucklick JR, Becker PR, Keller JM (2011). Spatial and temporal
trends of perfluorinated compounds in Beluga Whales (Delphinapterus leucas) from Alaska. Environ
Sci Technol. 45(19):8129-36.

Rigét F, Bossi R, Sonne C, Vorkamp K, Dietz R (2013). Trends of perfluorochemicals in Greenland
ringed seals and polar bears: indications of shifts to decreasing trends. Chemosphere 93(8):1607-14.


http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono%282011%291&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono%282011%291&doclanguage=en

UNEP/POPS/POPRC.13/4

Rosenberg B, DeLaronde J, MacHutchon A, Stern G, Spencer C, Scott B (2008). Spatial and vertical
distribution of perfluorinated compounds in Canadian Arctic and sub-arctic ocean water.
Organohalogen Compd.70:386-9.

Routti H, Gabrielsen GW, Herzke D, Kovacs KM, Lydersen C (2016). Spatial and temporal trends in
perfluoroalkyl substances (PFASS) in ringed seals (Pusa hispida) from Svalbard. Environ Pollut.
214:230-8.

Routti H, Krafft BA, Herzke D, Eisert R, Oftedal O (2015). Perfluoroalkyl substances detected in the
world's southernmost marine mammal, the Weddell seal (Leptonychotes weddellii). Environ Pollut.
197:62-7.

Schiavone A, Corsolini S, Kannan K, Tao L, Trivelpiece W, Torres D Jr, Focardi S (2009).
Perfluorinated contaminants in fur seal pups and penguin eggs from South Shetland, Antarctica.
Sci Total Environ. 407(12):3899-904.

Sepulvado JG, Blaine AC, Hundal LS, Higgins CP (2011). Occurrence and fate of perfluorochemicals
in soil following the land application of municipal biosolids. Environ Sci Technol. 45(19):8106-12.

Shah-Kulkarni S, Kim BM, Hong YC, Kim HS, Kwon EJ, Park H, Kim YJ, Ha EH (2016). Prenatal
exposure to perfluorinated compounds affects thyroid hormone levels in newborn girls. Environ Int.
94:607-13.

Smithwick M, Muir DC, Mabury SA, Solomon KR, Martin JW, Sonne C, Born EW, Letcher RJ, Dietz
R (2005a). Perflouroalkyl contaminants in liver tissue from East Greenland polar bears
(Ursus maritimus). Environ Toxicol Chem. 24(4):981-6.

Smithwick M, Mabury SA, Solomon KR, Sonne C, Martin JW, Born EW, Dietz R, Derocher AE,
Letcher RJ, Evans TJ, Gabrielsen GW, Nagy J, Stirling I, Taylor MK, Muir DC (2005b). Circumpolar
study of perfluoroalkyl contaminants in polar bears (Ursus maritimus). Environ Sci Technol.
39(15):5517-23.

So MK, Yamashita N, Taniyasu S, Jiang Q, Giesy JP, Chen K, Lam PK (2006) Health risks in infants
associated with exposure to perfluorinated compounds in human breast milk from Zhoushan, China.
Environ Sci Technol 40:2924-2929.

Starling AP, Engel SM, Whitworth KW, Richardson DB, Stuebe AM, Daniels JL, Haug LS, Eggesbga
M, Becher G, Sabaredzovic A, Thomsen C, Wilson RE, Travlos GS, Hoppin JA, Baird DD, Longnecker
MP (2014). Perfluoroalkyl substances and lipid concentrations in plasma during pregnancy among
women in the Norwegian Mother and Child Cohort Study. Environ Int. 62:104-12.

Steenland K, Tinker S, Frisbee S, Ducatman A, Vaccarino V (2009). Association of perfluorooctanoic
acid and perfluorooctane sulfonate with serum lipids among adults living near a chemical plant. Am J
Epidemiol. 170(10):1268-78.

Stein CR, Savitz DA (2011). Serum perfluorinated compound concentration and attention
deficit/hyperactivity disorder in children 5-18 years of age. Environ Health Perspect. 119(10):1466-71.

Stock NL, Furdui VI, Muir DC, Mabury SA (2007). Perfluoroalkyl contaminants in the Canadian
Arctic: evidence of atmospheric transport and local contamination. Environ Sci Technol. 41(10):
3529-36.

Stubleski J, Salihovic S, Lind L, Lind PM, van Bavel B, Kdrrman A (2016). Changes in serum levels of
perfluoroalkyl substances during a 10-year follow-up period in a large population-based cohort. Environ
Int. 95:86-92.

Sundstrém M, Chang SC, Noker PE, Gorman GS, Hart JA, Ehresman DJ, Bergman A, Butenhoff JL
(2012). Comparative pharmacokinetics of perfluorohexanesulfonate (PFHxS) in rats, mice, and
monkeys. Reprod Toxicol. 33(4):441-51.

Sundstrém M, Ehresman DJ, Bignert A, Butenhoff JL, Olsen GW, Chang SC, Bergman A (2011).
A temporal trend study (1972-2008) of perfluorooctanesulfonate, perfluorohexanesulfonate, and
perfluorooctanoate in pooled human milk samples from Stockholm, Sweden. Environ Int. 37(1):
178-83.

Swedish Chemicals Agency (KEMI) 2015a. Chemical Analysis Of Selected Firefighting Foams On The
Swedish Market 2014. Rapport 6/15.

Swedish Chemicals Agency (KEMI) 2015b. Occurence and use of highly fluorinated substances and
alternatives. Rapport 7/15.

30



UNEP/POPS/POPRC.13/4

31

Taniyasu S, Yamashita N, Yamazaki E, Petrick G, Kannan K (2013). The environmental photolysis of
perfluorooctanesulfonate, perfluorooctanoate, and related fluorochemicals. Chemosphere. 90(5):
1686-92.

Theobald N, Gerwinski W, Caliebe C, Haarich M (2007). Development and validation of a method for
the determination of polyfluorinated organic substances in sea water, sediments and biota. Occurrence
of these compounds in the North and Baltic Seas. Umweltforschungensplan des Bundesministeriums fur
Umwelt, Naturschutz, und Reaktorsicherheit, Forschungsbericht 202 22 213, UBA-FB 00 001409. 133
pp. (in German, with English abstract).

Toms LM, Calafat AM, Kato K, Thompson J, Harden F, Hobson P, Sjodin A, Mueller JF (2009).
Polyfluoroalkyl chemicals in pooled blood serum from infants, children, and adults in Australia.
Environ Sci Technol. 43(11):4194-9.

Tomy GT, Tittlemier SA, Palace VP, Budakowski WR, Braekevelt E, Brinkworth L, Friesen K (2004).
Biotransformation of N-ethyl perfluorooctanesulfonamide by rainbow trout (Onchorhynchus mykiss)
liver microsomes. Environ Sci Technol. 38(3):758-62.

Tonnelier A, Coecke S, Zaldivar, JM (2012). Screening of chemicals for human bioaccumulative
potential with a physiologically based toxicokinetic model. Arch. Toxicol. 86, 393—403.

3M Company (2002). Identification of fluorochemicals in human sera. I. American Red Cross adult
blood donors.

UNEP/POPS/POPRC.2/11 (2006). Draft risk profile: perfluorooctane sulfonate (PFOS). UNEP.

UNEP/POPS/POPRC.12/INF/15 (2016). Draft consolidated guidance on alternatives to
perfluorooctane sulfonic acid and its related chemicals. UNEP.

U. S. Environment Protection Agency (US EPA) (2007). Per- and Polyfluoroalkyl Substances (PFASS)
under TSCA (https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/and-polyfluoroalkyl-
substances-pfass-under-tsca). Last accessed 16 May 2017

Viberg H, Lee I, Eriksson P (2013). Adult dose-dependent behavioral and cognitive disturbances after a
single neonatal PFHXS dose. Toxicology. 304:185-91.

Vongphachan V, Cassone CG, Wu D, Chiu S, Crump D, Kennedy SW (2011). Effects of perfluoroalkyl
compounds on mRNA expression levels of thyroid hormone-responsive genes in primary cultures of
avian neuronal cells. Toxicol Sci. 120(2):392-402.

Wang Z, MacLeod M, Cousins IT, Scheringer M, Hungerbuhler K (2011). Using COSMOtherm to
predict physicochemical properties of poly- and perfluorinated alkyl substances (PFASS). Environ
Chem 8(4):389-98.

Wang Z, Cousins IT, Scheringer M, Hungerbihler K (2013). Fluorinated alternatives to long-chain
perfluoroalkyl carboxylic acids (PFCAs), perfluoroalkane sulfonic acids (PFSAs) and their potential
precursors. Environ Int. 60:242-8. Review.

Wang Z, Xie Z, Mi W, Mdller A, Wolschke H, Ebinghaus R (2015). Neutral Poly/Per-Fluoroalkyl
Substances in Air from the Atlantic to the Southern Ocean and in Antarctic Snow. Environ Sci Technol.
49(13):7770-5.

Wei S, Chen LQ, Taniyasu S, So MK, Murphy MB, Yamashita N, Yeung LW, Lam PK (2007).
Distribution of perfluorinated compounds in surface seawaters between Asia and Antarctica. Mar Pollut
Bull. 54(11):1813-8.

Weiss JM, Andersson PL, Lamoree MH, Leonards PE, van Leeuwen SP, Hamers T (2009). Competitive
binding of poly- and perfluorinated compounds to the thyroid hormone transport protein transthyretin.
Toxicol Sci. 109(2):206-16.

Wen LL, Lin LY, SuTC, Chen PC, Lin CY (2013). Association between serum perfluorinated
chemicals and thyroid function in U.S. adults: the National Health and Nutrition Examination Survey
2007-2010. J Clin Endocrinol Metab. 98(9):E1456-64.

Wolf CJ, Rider CV, Lau C, Abbott BD (2014). Evaluating the additivity of perfluoroalkyl acids in
binary combinations on peroxisome proliferator-activated receptor-a activation. Toxicology. 316:
43-54.

Wolf CJ, Takacs ML, Schmid JE, Lau C, Abbott BD (2008). Activation of mouse and human
peroxisome proliferator-activated receptor alpha by perfluoroalkyl acids of different functional groups
and chain lengths. Toxicol Sci. 106(1):162-71.


https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/and-polyfluoroalkyl-substances-pfass-under-tsca
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/and-polyfluoroalkyl-substances-pfass-under-tsca

UNEP/POPS/POPRC.13/4

Xu L, Krenitsky DM, Seacat AM, Butenhoff JL, Anders MW (2004). Biotransformation of N-ethyl-N-
(2 hydroxyethyl)perfluorooctanesulfonamide by rat liver microsomes, cytosol, and slices and by
expressed rat and human cytochromes P450. Chem Res Toxicol. 17(6):767-75.

Xu W, Wang X, Cai Z (2013). Analytical chemistry of the persistent organic pollutants identified in the
Stockholm Convention: A review. Anal Chim Acta. 790:1-13.

Yamashita N, Taniyasu S, Petrick G, Wei S, Gamo T, Lam PK, Kannan K (2008). Perfluorinated acids
as novel chemical tracers of global circulation of ocean waters. Chemosphere. 70(7):1247-55.

Yamashita N, Kannan K, Taniyasu S, Horii Y, Petrick G, Gamo T (2005). A global survey of
perfluorinated acids in oceans. Mar Pollut Bull. 51(8-12):658-68.

Yeung LW, Mabury SA (2013). Bioconcentration of aqueous film-forming foam (AFFF) in juvenile
rainbow trout (Oncorhyncus mykiss). Environ Sci Technol. 47(21):12505-13.

Zhang Q, Liu W, Niu Q, Wang Y, Zhao H, Zhang H, Song J, Tsuda S, Saito N (2016). Effects of
perfluorooctane sulfonate and its alternatives on long-term potential in the hippocampus CA1 region of
adult rats in vitro.Toxicol. Res 5: 539-46.

Zhao W, Zitzow JD, Weaver Y, Ehresman DJ, Chang SC, Butenhoff JL, Hagenbuch B (2017). Organic
Anion Transporting Polypeptides Contribute to the Disposition of Perfluoroalkyl Acids in Humans and
Rats. Toxicol Sci. 156(1):84-95.

Zhao W, Zitzow JD, Ehresman DJ, Chang SC, Butenhoff JL, Forster J, Hagenbuch B (2015).
Na+/Taurocholate Cotransporting Polypeptide and Apical Sodium-Dependent Bile Acid Transporter
Are Involved in the Disposition of Perfluoroalkyl Sulfonates in Humans and Rats. Toxicol Sci.
146(2):363-73.

Zhao Z, Xie Z, Moller A, Sturm R, Tang J, Zhang G, Ebinghaus R (2012). Distribution and
long-range transport of polyfluoroalkyl substances in the Arctic, Atlantic Ocean and Antarctic coast.
Environ Pollut. 170:71-7.

Zhao B, Lian Q, Chu Y, Hardy DO, Li XK, Ge RS (2011). The inhibition of human and rat 11f-
hydroxysteroid dehydrogenase 2 by perfluoroalkylated substances. J Steroid Biochem Mol Biol. 125(1-
2):143-7

Zhu'Y, Qin XD, Zeng XW, Paul G, Morawska L, Su MW, Tsai CH, Wang SQ, Lee YL, Dong GH
(2016). Associations of serum perfluoroalkyl acid levels with T-helper cell-specific cytokines in
children: By gender and asthma status. Sci Total Environ.559:166-73.

32



