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Executive Summary

Per- and polyfluoroalkyl substances (PFAS) have emerged as a major class of persistent
environmental pollutants, raising serious global concern due to their extreme chemical
stability, bioaccumulation potential, and adverse health effects. Their widespread application
in industrial and consumer products—including non-stick cookware, food packaging, water-
and stain-repellent textiles, and firefighting foams—has resulted in pervasive environmental
contamination across various ecosystems.

This technical report, developed by the Arab Network for Emerging Pollutants (EPN),
presents a critical appraisal of the current PFAS landscape in the Middle East and North Africa
(MENA) region. The findings reveal significant knowledge and policy gaps, primarily driven by
limited analytical infrastructure, a scarcity of region-specific scientific studies, and the absence
of comprehensive regulatory frameworks in most Arab countries.

To date, only 12 peer-reviewed studies addressing PFAS contamination have been
identified across eight Arab nations—namely Bahrain, Saudi Arabia, Egypt, Tunisia, Jordan,
Algeria, Lebanon, and Sudan. These studies span various environmental and biological
matrices, such as water, soil, sediment, dust, breast milk, and aquatic organisms. However,
the heavy reliance on foreign laboratories for sample analysis (e.g., in the United States,
Sweden, and Germany) highlights the pressing need to establish regional analytical capacity
utilizing advanced techniques such as liquid chromatography—mass spectrometry (LC-MS/MS)
and high-resolution, non-targeted screening.

Comparative analysis with international regulatory frameworks demonstrates
substantial variation in PFAS management approaches. While the United States and the
European Union have implemented enforceable limits and long-term monitoring programs,
other countries such as Australia and Japan have prioritized remediation technologies.
Meanwhile, China and Canada are gradually expanding their regulatory and analytical systems.
In contrast, the MENA region suffers from systemic challenges, including insufficient research
funding, fragmented institutional oversight, and a lack of centralized PFAS monitoring
databases. The report offers a set of strategic recommendations aimed at strengthening PFAS
governance in the Arab region:

¢ Establishing national and regional reference laboratories equipped for PFAS detection

and quantification.
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o Developing standardized analytical protocols and health risk assessment frameworks
tailored to regional environmental conditions.

e Introducing binding environmental policies to limit PFAS emissions and uses.

¢ Launching public awareness and stakeholder engagement campaigns to promote risk-
informed decision-making.

e Encouraging cross-border cooperation and integration into global initiatives for PFAS

control, including the adoption of internationally harmonized testing methods.

This report underscores the urgent need for a coordinated, interdisciplinary approach—
spanning environmental science, toxicology, public health, regulatory policy, and international
collaboration—to mitigate PFAS exposure and protect environmental and human health in the
Arab region. It serves as a foundational step toward informed policy development and

scientific advancement in the field of emerging contaminants.
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G pall ddlae llazs LS pue g duhll dihais § OLSpall 0o HLak] cuw 0550 A3 (/a3

109,110 3y diyke dlaial

doyall pae dysga>  3.4.3
s B G L8] Yoy JawwsVI (3,801 diaio (3 4)ad)! 55T (3 e (3 PFAS ©lSye Jg woluhydl o6
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%89 3 PFDODA (Sye (9 (Bl 0j9) plye/plye 936 0.039 5 0.461 ¢ LA Oliwall (40 %96 3PFTrDA
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Lyl mlg )l Wliye (3 PFAS ©Sie Juloxi Gyl o 45)lie 14,1 Jgi>

el Oludall geall ol gl A Ay Y EETE TS
Reference EYRE SN Qe g3l g, Sl Instrument Clean-up Extraction Method
Solvents Used Column Method
Methanol, Two-step ultrasonic
Acetonitrile, BEH C18 Waters Acquity ENVI-Carb, extracF';ion with
78 Ammonium (50x2.1mm, UPLC + Xevo TQ- Glacial e
. . . acetonitrile and
Acetate, Glacial 1.7 um) MS Acetic Acid
. . methanol
Acetic Acid
Zorbax Agilent 1200  ENVI-Carb
Methanol, Air Eclipse Plus & . ’ Ultrasonic extraction
94 . HPLC + Agilent vortex + .
Evaporation C18 (2.1x100 . . with methanol
6460 Triple Quad  centrifuge
mm, 1.8 pm)
- BEH C18
Acetonitrile, (50x2.imm,  Waters ACQUITYy ~CHROMAB . .
Methanol, OND HR- Ultrasonic extraction
93 . 1.7 um) + UPLC + TQD . .
Ammonium XBridee Triple Quad XAW + with acetonitrile
Acetate & P ENVI-Carb
Guard
Ultrasound-assisted
TRATAX
Methanol, Agilent 1260 Sol meric extraction with
80 Water, Mcllvaine  Not specified  UHPLC + Agilent P zPE methanol, distilled
buffer with EDTA 6410 Triple Quad . water, Mcllvaine—
cartridges
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lead! BeliS 4yl &dLo)

105 ccamlgyll of Al lise (3 PFAS wlSpa) 4885 Judox diyo candsdianl ¢33 0py3Ty (aed duls &
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Sgam 3550 UPLC Slez plusciwl 32 93kg,SIl hadll Gyd . gl ehtrad)l > ao (ENVI-Carb)
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wlassy (ENVI-Carb) dadindl 052,31 o el OF LS dudiad] dhsyed 3laaeSIl sloY) s 58] )
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ng/L 6460 QqQ MS Filters (GF/C) Oasis HLB

Ol colipall 00 (3 PFAS lSye (odsuiwd dewlud)l 85501 cabiall () ghall (oMl &uds Jies

G Ay ol cJliall e dnd @b gsmn dudady digall dagedal (&5 Calisy dodsciunsl] ditghoy5dl £o5
DSl peMswin ddlia lghaz lae Chamsall (3931 Joladl e a3 (glg « Oasis WAX ibolys- B,
«JBlaall & pH 4 Jls> JI (pH) Gerasid) 031 aus dic Lols Gpall sl Slise o Wl L goniial
e dolbaill dlio dady Ololuswdl oanin (p9 ¢ Oasis HLB iblys (As 909,519 S dubs uais]
R 88 e s 355 08 () MR S (3 gl G iyl alaoll Jio dle dogle il3 ilbgiasnn
-] 89 zhal d wluhdll pas ol 4all sghs § . LC-MS/MS 821 3 dddall Dbl
oo cddatll pe Lgsanll OUSI ABY 3Lo] 035S (Supelco) gSbgw &% ¢ (ENVI-Carb Cartridge)
T plastil Gaablysdl Cardais e (6531 wluhs il (blaall @ - Judill Jd Bledd! palsotndl slds j3a

52



lawgll Jo1s LLEYI adlge (0 PFAS OlSye yyosd ] Bugs Bslas (29 ¢p 58909 duuSg)dung Jgilisall o
A8ugiuedl LSyl dedlw 9l 313wl Joae e tw w1 090 cdall

£s5 oo IV e audo Judon Aol plasuind e &laall Jone luhyldl caadll Byg2dl Eus o0
«Zorbax Eclipse Plus s BEH C18 Jiv C18 g9 (o &dlyegilag,S asl lgaaz> aisly . LC-MS/MS
239 (%15-10) Jgiliaod! (3o dsnbinia s T3 (315893L09,S 705 el o (ESI-) () il Jaod ciadog
%.99-95 39d> J| Gz

Sl sgd> Comgly G (Wglate O Aot Olirgiedl Al OF dnapditl) bl yglal
OUSya) ddall HSIAN pe aaSIl § B 8518 (uSS @b (p9 /el s 0.1 ) 0.05 o olwell liad
OlSia dabe Wlixe Judod Gl ] ddle 4858 wliye plasul M5 (0 @udll 0 o3 @3 U89 . PFAS
o2 Ugado o (P35 cluhylll plans 3 %80 Ul %60 o w9l (21 313wl ad L 76T Las <PFAS
Aol 3, 828 ye o) Blatiaall mlas)!

2o riall S Bsdo 53903 a5 95039,5Ty e daalyy dydgaud] (§ Canyzl @ &yl of skos
(LC-MS) Sl Bludas — ALl Ldly2 53Lag,SU1 allas Jsls p3G Bdacl plascius] o Eoys ddlall ildgasnnll
23 aog 8392l o o) dukadoes dads U dBlpe Nl Sl cpasad 03 WS dxalsdl LSyl Js1as Judas)
iy 3 B0cpy3Ty oS dwbdy &lae ¢ dmgiall B39 A3l e s> debins @lly J] L)l Haii
gl 3amly 85921 Olasd Olslyz] P

Lhisie (asS do o Co ¢ ddle Ao dewli PB3p,3-Ty G dunl)d Wil 531 4g o0
155539, dwhyll Cansd udg .PFAS Syl Al 111 Aoy (e Ale 8yud LuSay Lo A/ pl2 536 0.05 &b
. Buaiae daazye 3lgo pluseily ¢ Aol Lol Byalang i) (quz9)dnd)) 031 Jams ot d335 Olely2 b
ol coleadl s @ Loy «oligainnll (e Badaie Elgil duass § Widdgado @texd ¢80 33Ty oS0 dwlys Ll
(o) el 15T @3 (yo doms Lo 8342V Al (8 Akuads dued) Ly pd5 o) ST (bl

lghs gu comes @l Oluhall 3 385 Ao sl sl o ) Judoxdl £l (3 cpbadl e iy
Slgally bladl Bouaie dplaedl Joitd dediie 839> Adlyes cduwludl Jlo 312 g3log,S plaly (dads puass
e oy el &l pasliasdl e Adidonill Y gSg39,d1 daslga B9 s dazlyell 04 (9055 ) Amryall
Sl dbgb o)l Glulys (3 dols cddugiuedl OIS el adiye slajiuly ddle 485 (Gxioxiy OIS (pe Al
Badaell 45kl iyl § PFAS &Syl

UL lye 3 (PFAS) JSUigygld Jgully sdl ©lSpe o3 4.2.3
sl Jeodlas Lalys s s Y ¢ PFAS ©LSye 1,39 JUaisl aill (3 &ygeal) dudl ol giumnll (po Ll usd
@ PFAS o cdglis (@l coluhdl sue of dorgiadl dazlpall caasSy . bl e (§ ! po3all ol of
4l B0y § ddd JoY1 11add (i) oieehd e aidl s d3gdze Jlin Y doyall &l yass SBLI
£y sl Jolpe (3 Abgale Lol cpiiylall o &)l gl dgumall suadl b 029 043 gaudl

53



Bucld iy (zrgiedl mgill (o dpe ] Azrlonll (uSiay Lo Buaiael bl ladnlly dadiunal] Sladall
) W3y codall @3 bl Josd (@1 ad] pasd Aorpes Olhll s el 1§ &l bl
caghonll Ayl 93 03Ty s Auwl)d Candstinl (el geg g1 LS el gl 10593 Olewdg Al (il
8La! 095 ¢ (Lyophilization) sk sl a5 (e 80 (3T 95 Ll uaiel e § cdelu 72 8okl il
Db 529 Adgall (359 Silargall Buslunes poMswiuwdl Ay plusvil § Olwhll (325 oo deie) bs J]
OUSyall uad (e Jisg (oM BelaS el Lae cpdall ) cdiall jglall (o SIS, JWEs) p3as) JUad
REXVEIN

oo 035 I lads plusuiwl 2 031 3 cwd (@ duwhall @is was leda)l g Je bl
OS5l oMl (e 108 e lawg 9o9 (1:1:1 dewdy ) 3 8 SlonlahSle 48L Jghxag csloll cJgilisl!
Joiliuadl oo B30 Jaul Uads 80 dosgadl dwhyll Casdsuiwl ¢ blandl § slgw d> e Byatually 4591
OTY] dsg dl Jaslgyll Jloxs (8 Jd Cods 929 ¢80:20 dusiy Jiline/slo gspe (3 Dlde pgadguall deuuSg)dadg
B8LasS 3l sl ASYI lSyall (and (oMl BelaS (plassl ] 5352 48 4 (331 lsdl Cle

Luuhyd Gl 42D Csall (Gyghall (oMswiwdl sgas £95 skl (§ Oliwh ) Caliss &aisl glas
P9 el 3o Jaladl AT e daial @1 ¢ (Oasis WAX) (o8] 40l guss sl gl Gl 2 03Ty gt
Loyl 5o i3m0 e 4 Jlg=> J (PH) el gurgydeg)) ol Jawd day 469091 LSyell podsuind duwlic
DSIBlR Glabolys 80 )3Ty oS0 Ay Casdsind (blaall § Lddsall Bolall Wl &gomiiadl LSl
Bydianally Ailiadl p& USyell (oDl 3 100 2151 5855 jglall dugSian Liyadd g2 Giubolys (29 «(STRATA-X)
Bde dols Obsiuan (§ (gloldsciu suais ey

AUsSII CBludany &0 Ablus Lidly g3Lag S dadadl ¢yptnlyl) WS Candsuianl uid ol gl pas Lod Ll
ool 3 9o 3l o gradl duhll Cosdsviun] Gy dxiaall 4541 § MW ae ¢ (LC-MS/MS) Caldl 3!
6410 cokex jle> 4031 duhll Casdsuinl (n> & ¢ (Thermo Scientific TSQ QUANTIVA) ailsS 5.8
Wlady & gt ASYI Ll 929 CIL! il Jasd e criumgholl WS detals. (Agilent 6410 QQ) 95 55 95
46991 grandal 5125 PFAS OlSye Judoxs (3

C9ly g CadSIl 39U o> 883 JuwoldS PBpy3Ty dud dusl)d CaedB Aol Boganll s (10
Lol bl of &1 o duduall liadl § plié/plié s 0.1-0.05 9 coluadl ilize (3 /pl,2 936 0.1-0.05 o
Aoyl Slshz] UM (o Lgsls coed LG Y] ¢ 0d) S LOQ 9 LOD e Jiadd old 800,35y 50 dnlyo
o0 p8lb Sl 485390 im0 Lo Bulatan dunzmpe Slgag DL Wlixe plusinl Clods B9l Olapg d.dlye)
Al 42,8001 )Y QL

ULy Lgapd) ka5 (Al &Ll (po 385 AST e 93 05Ty s dasbys O ) plaall Judowd) g
d3Ls] ENVI-Carb 8u>9 Joid 8odasie cadais lely> gaudaig ¢« (LOD/LOQ) Lud=idly caisIl gl dads
B00py3T9 550 Auwhys woad c(bliall § Al § (3591 03loall Janial el oS gl e Jglome pluscil )
ALl M) dapdas B Geg (uSas o EDTA (plakSle 130 Jio WlasS alaing dine Jglxe plusciwl

54



I3 3 by poliall as o ot QUL 3 PFAS Judot) demgho Juadl O i)l oSy el . Alatonal
WAX iabolys alassiwls d9330 44833 3addaiy Mcllvaine—EDTA Jie 5udiasg GSlasS &5l g1 il plussi!
385 lans pe c ! (il Jaasy (LC-MS/MS) 841 ddle LC-MS/MS dalasl e slazeNly . ENVI-Carby

2SI Gl (30 339 OF Jalkall dz gl i 0lis (30 . Aajlo B3 g2 didlye Wighas Juiiiy auaraydud)] 03,0

A glall Sl ass Sl (§ PFAS SUSye JUsily sas mesds 883 anag dlasdl s oo Mg

(Marine Organisms) dy2edl USSI 3 (PFAS) JsSUigyald J9ully mdl ©olSpe lSye Juloi 4.2.4
PFAS ©USye (S5 o 3 dagall Digaal Sligauaall oo ccbigsylly ol Jia eyl UK doead] dad
e &ulysg BTy (2985 s o S & Onteduimel] i)l o Al yelals . ABIAAI Al e
£35 J cpbadl 14 (53209 . Aiginel) Al ilasol gag dxiudl dualsell O uSiay (U1 izmgie Bals 95,5 Ty
slazel 4] 831 low ¢ Jedoail] cansas (@) Aol dado M1 ] 43L2YL cdnlys S (3 Dyl diadl pallasd|
Aully peMsdly pamill wlghs (§ dalise Y sSei9 5

o>elally dnezeill Caxizll pe Lyomdl USEII (o dur g gud) oligall sty 95epy3-Ty e Ay T
¢ (M3C-labelled) 8yitue sk guwge WIS Flhas 12 3 Gluall 020 dudlxio diue e Jgpamdd S|
Joi3 @1y oM Bglas (3 (gl CudaS Jgilinodl pusiiand . 4aSUl BUI cppunsel g Jad) pruonaty fow bos
Aoy AlSad sale] Jid o3l 1o o il Chizg ctlld da (S5l ykall @3 (Goue ple> § gl Jalsd!
4y . (LC-MS/MS: Agilent 6460) sl G ALSIl Gdldasy Oide Al Ldlyegilag,S pllas plasciwly
Julaly palstiuel! eld s (3 ol oo ¢ ENVI-Carb gg2yS plusuiwl 4435 8 ghas 71)ob dexgiall o il
J5Sg39 Hhyiiwly ddlad (S e %110 9 %91.7 om b slojiwdl cd Caidyy dud gasaall M-I
RPAERI]

oMl Ades (§ (bl CodeS UG giuadl plasoal e %cp,3Ty (2985 duhys @38) e boliedl
JoSianl s a8y &l gull domudd) yo PFAS lSio o (3 B dlad ,350 o Adguall (98 wlgally
(CHROMABOND HR-XAW) sebs3 ol (uS1- 5T (3] W 52l 9,8 taabolys- pliseinly dgaye &4i5 Geabaiy el
Jb § Logas lgadl ] § @Sl o diie Gyiume (uSa3 B9has (g « (ENVI-Carb)<8-(] 052,59
0 LC-MS/MS ez dushyad! Casdsins] . o giadl pandl 5ol (295 (3 dyondl ligall) 8ol &l dals)
C18 (3] | Q 1omdlegileg,S (pagems 13330 (Waters TQD Triple Quadrupole MS) 3 98 3 5,399 &9
@lshz] e WS alsdl &gt ied Lo dds I 48LsYL ¢ C18 (XBridge C18) zuy Sl9 (BEH C18)
Gl Al Jio Bietiae diazpe yulang dabde Wliye ¢ b Olue Judosi cdas 8392l Olowa) daylo
Oloawdy Jedill 885 (y0 3ol pseiad (@19 ¢ (IAEA) &l d8Uall &9l ASGI1 e 8)3Lo (p9 IAEA-432
- Dyl O Aol (§ A lgle (ulid dic bl A3 g0

0.16 — 20 &dedoxtll HSIUI o Gusly Bllas Bp0,5Ty 2985 dushys sghd edomill s G 30
dplus (S Lan %1089 %64 (0 79l Batianll dunryall Slgall (o Sl fus) s go ¢ A 9,San/ ol 98

55



(Intra-day) psadl Js-1s qreatd! (§)leandl Unsell L85 loyts syl ke LS Aol Ay Jall By 4893903
o0 Ty Basiell ikl 13 Budasll byl Oludl § @il ddlauas J3a b 929 ¢ (Inter-day) el ows
Obgtuns pldsuiul Juads 8392l Jaud 885 Cou (0 G980 (py>T19 (2985 duyd § dodsiunedl Al ylall OF 4)\asl|
gl lousnllg dodiiall dwid! luohyld) ducolio lghaze loo & gull duazyoll yulaall Judox g 8yalaall (yo Bdate
aidlad ol UBd cJanll Wlghasg lodall £53 s (1o Al dibolu 0258 ¢ 505519 e J9S5395 Ll .5l
Ol Sl o Al ddbaiiwdl Oluhdl Guwlie dazo b «(%110-%91.7) 8)lns dlajiwl s JNS oo

(4.3 Jga=) padsuell J2ladl

Lyl GBI Aol (§ PFAS LS ko Olengio o 4)lie 4.3 Jgur

e A 4o
(@)
314 g3l 13 g0l Uas - R Qunll Luall g5
8—"6‘" d)‘c}’ 3)5“ - £ WI uo)l:'ﬁ.u}’l - w &9‘
LOD/LOQ Chromatographic LC-MS . Sample Sample
Reference . Clean-up Extraction
Column pusiwall Prep Type
Solvent .
Technique
Freeze-
Not Zorbax Eclipse . . Fish
specified Plus C18 RRHD Agilent 1200 ENVI- Methanol d.rylr'mg, tissues
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Reference Q Chromatography Internal Sample Prep  Sample
n Type
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is  13C8-PF F
CO2/methanol,  UHPSFC-Ms/Ms ~ O25is  13C8-PFOS+ e 536h, ood
Not . WAX others, . matrice
o Torus & BEH C18  (Waters Acquity grinding, 2-
97 specified ) + Isotope s&
direct] columns, ABPR at UPC? + Xevo ENVI- dilution stage SPE human
v 2000 PSI TQS) (WAX + ENVI- .
Carb method milk
Carb)
LOD =10 1:1 PBS
pg/mL, Xterra MS C18, HPLC-MS/MS dilution, Human
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