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To investigate an adsorption approach and
electrochemical technology for treating PFAS in
water, while spent adsorbents were regenerated
sing sonochemical technolo -

Treatment Train System

Provision of services for survey and registration of firefighting
foam containing PFOS, PFOA, and PFHxS in Thailand
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My Work-related PFAS
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Provision of services for survey and registration of firefighting foam
containing PFOS, PFOA, and PFHxS in Thailand, funded by UNIDO
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PFAS’s Properties e
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About PFAS

PFAS Uses and Products
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About PFAS

Perfluoroalkyl ether acids |
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\ (PASFs)
o {
)/ ) 98 5ﬂ'ﬂ;u1/\| doo 51&?1\‘1 Lﬂi’] Vi Perfluoroalkane Sulfonamides
\ (FASAs)
\ Perfluoroalkyl!
N substances Perfluoroalkanoyl fluorides StOCkh()ljm
‘A (PAFs) |  Convention on POPs
Perfluoroalkyl iodides (PFAIS)|
; Perfluoroalkane aldehydes
. Chemicals / e
\\\ 1997: Perfluorocarbons (PFCs) (W8a1sifigala)
‘\ Perfluoroalkane sulfonic
\ PFAS ) acids (PFSAs)
\‘ Pon;lutgroalkyl Fluorotelomer ] | |
substances Substances
! > PFOS || PFHxS
v Perfluoroalkane [ ] [ ]
Fluoropolymers | \\ | Sulfonamido Substances

: Polyfluoroalkyl ether acids
, Polymeric
Polymers Pe"ﬂUfzrlg)FPF?é&)'EtthsJ Chloropolyfluoroalkyl ether acids
Chloropolyfluoroalkyl acids
Side-chain
fluorinated polymers
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PFAS has grown to estimated 4,700 chemicals (2018)
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Overview of the uses of PFAS

Amount of PFAS employed in the different
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use categories in Sweden, Finland, Norway
and Denmark from 2000 to 2017
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Understanding - POPs

Persistent Organic Pollutants - POPs a@15uanunanna19e19u1u

The Silent Killer ..POPs..
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Understanding - PFAS

o lI & 4“‘\ :—-\.\ Humans are exposed to PFAS in a variety of ways:

/ Consumer goods \’- y FOOd we eat
Ji e Air we breathe (in the outdoors, indoors, and in

Industry - 3 é Human exposure Workplaces)
| . . . .
| l | * Products we use in our daily lives
J
\ o* & -  Long-term exposure
e MR eRatLe é  Low levels of PFAS can lead to increased

Food human health

Firefighting
\\ l
‘ / '.':":::::::o'-.'.
/ ~ ..:7 ™ - ,.
o

///////

‘—0::_--- . ...:’..3:} -:E.*:.:'.:..:
mniioen Environment : ' ".,!?;.:‘.5-.’_,#?:‘

A global treaty to protect human health and the environment from POPs

Stockholm Convention on POPs
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GREGIGH “aNYNANAINEIIUIN”  %50d15  POPs ‘ZNLUUﬂaSJﬂ’ﬁLmJ‘VINaﬂUﬂJ”
iz liusazusemalianunsandledamldlaeawe  1dun um'rmtluwvm
aargirTudangaulgern nasuinsuwsuuaulalna uazawnsaazauludeidn

Tusirdledarirsuazludsnanasulauin
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Dark Waters (2019)

HERUNTH
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The story dramatizes Robert Bilott's case against the chemical manufacturing
corporation DuPont after they contaminated a town with unregulated chemicals.
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Uses of PFAS

E anaInssunlgasiaillungy PFAS
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Historic use of PFAS

S

STOCKHOLM
CONVENTION

facilities where practical

| 2009 EPA
i @ -~ 2019 PFOA J| 2022 PFHxS 2025 All
' lised are lised uses of
1956 3M ||1968 Taves health aie
1938 PTFE
1 begings || finds || 2000 3M |[advisory level|| 201> WOk || UMELIE  BUEEAauling | AFFF
Discovery By BING / Annex A of A of containing
O Bl selling organic ||announce for PFOS o
 |Dr.Plunkett - eliminating | ISTeIdaeliaal S)eleXatellay PFOA are
AFFF fluorine in || phase out || (200 ppt) & - : - ibi
containing | I of PEOS PEOA long-chain | NeCVEIITaN ICeIElatile]y prohibited.
: POP Ireland
& // | PEAS serum . (400 ppt) on POPs on S (Ireland)
9 0600 00 OO0 © o o () ® 9
1935 , 1976 Taves 199é3|\/| E . 2023 2024
i et al. report to I : 2023 Uses of j )
|| 1949 || 1962 FDA || tentatively || EPA fluoro- | ST [0kl lZ0| | 2016 EPA | 2024 National
DuPont approves : : - : | q AFFF containing| primary Drinking
b f identify chemical | RETIPINN are lised release PEOA are Wat
introduces Teflon PFOA in || widespread | SSpss under health ) ater
Teflon brand in h ) permitted only|| Regulation for
| pooled || nhuman | EEEIoyNER FTIZE:C | advisory 4.0 ng/L for
brand cookware blood bank where foam 9
blood ood ban S el | levelfor |1 " o|| PFOS and PFOA
i 1960 19 samples 0 Convention PFOS/PFOA contained 10 ng/L for
- 75 : 20 ot * || PFNA and PFHXS
{| Former Naval Air station joint @ el | (70 ppt) (Ireland) 0 niL for
reserve base fire-fighting training o 20 16\\ ( HFPO-DA
i | area used PFAS-containing foam CONVERTION _ — §
| DoD issues policy to remove ¢ oo
. i all PFOS-based AFFF fromits
Direct emissions of PFAS into surface and ;

i groundwater  pras “Farever Chemical”
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PFAS enter the environment
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PFAS enter the environment
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PFAS enter the environment

Distributions of PFAS in the Environment

2.8-1790 ng L. ;
Du et al. (2023) 9i5-592: 2 gL PFOA: 11.9 ng L!

005300ngl?  17812nglt 0-5900ngll D PFHXS: 69.6 ng L
Gebbmk et al. (2017 povic et al. (2015) 44'184 ng L_l Kim et al. (2020)

ANIC .
OCEN Yin et al. (2023)

Yan et al. (2015)

0.25-990 ng L
Kuroda et al. (2014)

PFOS:<0.125-0.454 ng L'?
PFOA:<0.25-0.621 ng Lt

Dauchy et al. (2017)

238 ng Lt
g c.‘ﬁ.'SQroi et a%mﬁg)

i Tabtong et al. (2015)
OCEAM

7, /) & PFAS: 0.58-1.15 ng L'L
:

7
- ]
}J\

. Snow/Ice
Boontanon et al. (2013)

PFOA&PFOS: 20 ng Lt

Cai et al. (2012) 8

Drinking water
INDUN

Boone et al. (2019) OCEN

0.17-18.87 ng L

Groundwater
0.1-13,000 ng L* . Wastewater
-1
55.ongl . Sediment
Schwanz et al. (2020)
Coggan et al. (2019) . Municipal landfill




PFAS enter the environment

Distributions of PFAS in the Environment

Polar bear's plasma White-tailed eagles’ liver in Norway

PFOS 47.1-188 ng g wet weight T (n=5) ’ ‘
PFOA: 4.34-6.72 ng g™ wet weight PFOS 6.71-30.2 ng g wet weight

PFHxS: 26.0-44.1 ng g-l wet Weight N PFOA: 0.17-0.44 ng g'1 wet weight

PFHxS: 0.51-1.00 ng g ! wet weight
B tal (2022)
HIEEEE Bangma et al. (2022) . -

Seafood in Thailand Glaucous gull’ Egg in Norway
PFOS: 29-6724 ng kg wet weight (n=5)

. -1 i
PFOA: <48-421 ng kg wet weight EEgi.468327_61'6012nr?ggg-1V\V,ve:tv‘v,ve;?gh,ft
Lertassavakorn et al. (2021) PFHxS: 0.14-0.34 ng g wet weight

Bangma et al. (2022) A

Humans’ blood in Sweden
(n=20)

PFAS: <107-592 ngmL1 F

*ng mL1 F (nanogram of fluorine per mL ..

whole blood)
Aro et al. (2022)

Dusky Flathead's muscle tissue in AU (n=4)
PFOS: 0.0079 mg kg'!

King Prawn’s muscle tissue in AU (n=2)
PFOS: 0.042 mg kg
PFHxS: 0.0024 mg kg'!
Taylor et al. (2016)
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PFAS enter the environment

NLZ  «

Wastewater and Water Treatment Flant — ZBSEEM soras: 21-560 ng L

* *
SPFAS: 9.3-520 ng L

(Gallen et al. ., 2018)

(Coggan et al., 2019)

" | ’|’ (ch_nta'-nloPant:L\a:I.?;glg
L LT
5 N
Industries A

PFOA and PFOS e

:20 ng L1

(Boontanon et al., 2013)

%
€24 health advisO™ .
for grin king water PFASs: 197 ng L' from Water

PFOA: 0.42 -0.48 ng L!
L o) *g | treatment plant (Essumang et al.,2017)

PFOA: 11.9 ng L1

PFOS&PFOA
2016 PFHxS: 69.6 ng L1

2022
*20 ng L' PFHXS

0.02 ng L''PFQOS
0.004 ng LPFOA

On April 10, 2024, USEPA announced the final National Primary Drinking Water Regulation
Stenttbadd PFOS=4ngl?  PFOA=4ngl! PFHxS=10nglL?

gov/sdwa/and-

Source: https://www.epa. polyfluoroalkyl-substances-pfas



PFAS enter the environment

Regulated in drinking water

Country/ Target Timeline Regulation Content
Region
Japan Tap water June 30, 2025, Japan's Consumer Drinking Water Quality Standards Combined Llimit for PFOS and
Affairs Agency (CAA) and Before PFOA at 50 ng/L
o March 31, 2026 (0.00005 mg/L)
Japan Mineral Specifications and Standards for Food, = Combined limit for PFOS and
".5‘ water Food Additives, Etc PFOA at 50 ng/L
Codex W / / /
Alimentarius
Directive(EU) 2020/2184 PFAS Total: 500 ng/L

EU Water intend
ed for human
consumption

us Drinking
7 water

WHO Drinking
gﬁ@ water
World Health

Organization

Public Water Systems (PWSs) will
have three years (by 2027) to
comply with the Rule’s initial
monitoring requirements. PWS
has five years to comply with the
Rule’s enforceable limits.

National Primary Drinking Water
Regulation (NPDWR)on April 10, 2024

PFOS and PFOA in Drinking-water,
Background document for
development of WHO Guidelines for
Drinking water Quality, 29 September
2022, Version for public review

Sum of PFAS: 100 ng/L

4.0 ng/L for PFOS and PFOA
10 ng/L for PFNA and PFHXxS
10 ng/L for HFPO-DA (GenX

Chemicals)

The provisional guideline
values are proposed as 100
ng/L for PFOS and PFOA, and
500 ng/L for all PFAS

Source: https://sustainability.chemlinked.com/news/japan-establishes-maximum-limit-standards-for-pfos-and-pfoa-in-mineral-water



PFAS enter the environment

Forever chemicals' found in UK food

2 NOTIFICATIONS wede

Reference Category Type Subject Date Origin Notifying Classification Decision
2025.2407 Crustaceans and products thereof food PFAS and PFNA in crab from China 1APR 2025 ( @ China :I' '( == Netherlands :3' alert notification \(serious\l

2024.0737 Crustaceans and products thereof PFNA in dried shrimps from Thailand 2 FEB 2024 Thailand ) ( border rejection notification w(serious\l

Items per page: | 25 V
Showing 1-2 of 2

Sampling 27 DEC 2023 @ '

Hazard [P

Perfluorononanoic acid (PFNA) -
environmental pollutants

Hazard category @

Environmental pollutants

Analytical result (]

1,9 pg/kg - ppb

Max. permitted level (]

1 pg/kg - ppb

Source: https://webgate.ec.europa.eu/rasff-window/screen/search 26



Health risks
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What risk do they

pose to humans,
when exposed to
them?

S
Q2

NIRIATTAFIUIU 5897 AL
(918723 30 V)

. PFOS (10.87 pg/L)
. PFOA (2.34 ug/L)

« PFHxS (0.63 pg/L)
«  PFNA (0.45 pg/L)

-+ anudlunisuslaauamesia tasesludnd e1msi

AN5AaANTSANENA PEAS  @1avihlalaenisuslae
91115 INNVUINVULALHBINNITWAILITEUU
Unimiin

ﬁ}%g}i’uga HAnudunysedslidvdiAynua
WUNVUVDI PFAS WU

Uauagamnsngia lnsegludnd uagemns
naladiugs (wu luwazuidunszgn) 1u
WA AgyuBI PFAS

» ~” Lactation

—_————

AMUDUTUVDY PFAS Tutnuuni (n = 41)
The highest contributor to

g YPFASs was PFOS.

Maternal-fetal transfer

—

PFOA (1.27 pg/L)
PFOS (0.99 pg/L)
PFNA (0.22 pg/L)
PFHxS (0.15 pg/L)
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PFAS in Firefighting
Foams of Thailand




PFAS in Firefighting Foams
Thailand

Stockholm Convention on POPs r N
; Fluorinated foams Fluorine-free foams

(contain PFAS) (3F, PFAS-free)

Class B Firefighting Foam in market

Aqueous film-forming foam (AFFF) Protein foam
* AFFF containing PFOS
* AFFF containing fluorotelomer
¢ New AFFF containing fluorotelomer

Alcohol-resistant AFFF (AR-AFFF)

Alcohol-resistant protein foam (AR-P)
Synthetic fluorine-free foam (FFF)
Alcohol-resistant FFF (AR-FFF)

Forever Chemical

Film-forming fluoroprotein foam
(FFFP)

Alcohol-resistant FFFP (AR-FFFP)

Fluoroprotein foam (FP)

Alcohol-resistant fluoroprotein foam
(FPAR)

Outlines the types of Class B foams containing PFAS compounds.

W.5.U. INQOUATIY W.A. 2535

4
v

IngTunsaliSoulyn1s T Tulnusuinaedseazidennsil

* @15 PFOS uazaywusans PFOS 1Juans POPs fignaumuliiduingsunseviiai 3

* @13 PFOA uazauwusans PFOA ifums POPs fignaueliifuingdunsesiindl 3 was 4 sziumsvuioufivensu
0.0000025% w/w (25ppb)

® 13 PFHXS uazaunusans PFHxS uas POPs agluseninanisandunissisuaunisdnnisiduingdunseviiad 3 uas 4

Source:https://www.diw.go.th/webdiw/law-haz/ 30



Regulation in Thailand

W.5.U. INQUATIY W.A. 2535

n15A2UAN PFAS Tuuszinalne

- Uszmalnerinn1smuauas POPs iungvunevan laun w.5.u. Ingdunsie w.a. 2535

¢ W.5.U. AUATULAZSNWIAMNIWAILINADN W.A. 2535 WAy W.5.U. 159971 W.A. 2535

. WIU. ANUUABANY 81TIBUNTY wavanIWLIRAeNTUNITIU W.A. 2554

« UENIANIENSNAAINNTIN 1389 T5UUMTILUNLAZNsERA AU TUURT 18U TR TUATIY W.A. 2555

n1siinateruly WusnsainifeIvevesaydynananlgauinnieaIsuanennA1eIUUkaEwUIUY TR/
=
ngnszilvuvesusemdlve (enaisuuu 1)

d G a wa
&. nfsziliou %39 wuaufuRvesusemelng
&.0 UININITNWAYUUIBUALNITUTIITINN5VOIUsTINA IngdmunIsatiuvnumusydygananlaadus

Ysgmalnsiinalnnangyinsuarn1suimsannsnelanss iy fiingdunsiy wa. beae Lasi
uAlyAEy seefunisdnivausudeun o ieldlunisaiupunisnan n13ldnisidt wagnisdenen
FIVINITIANITANILALAIA AL VRIASNTA1T POPs  slanand liveUnteaeRuaTesgunimeunisvaalssyvy
Lazdueany lnen1sunlydnyinedeingdunsiy tiuseTelasUssnnnsaiuaudmsuans POPs ytialul
Iasnadaiun1sUaiRlun1ANLIN 1o 1158 U wagAnan1nn1saudunuueaussinglng

N o () ngduasievilan o laun Ingdunsiennisuan n1suien  nisaspenrsanisililu
ATaUATBINBILATUTUBLYIM LA 11997 o () INTUATIETLAN < lauA INgeunTIBNIUTTIN1INES
n1sUen Asdsesn n1sUNIL wen1sHlIlugsquUATes NeUselavuunn1susnuLasseIuduns1uNena
dun yara dndiy niwdvsedwandey el TASFUURTIINITNSENTNENAIMNTTULAUAULALYDY
AuENssUNIsIngeunseiidunalsymaluswisayune ssyde vise auanltivesingdunsiy wila
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Source:https://www.diw.go.th/webdiw/law-haz/ 31
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+ @13 PFOS wazauWusas PFOS 1uas POPs fignaauauli
HuingdunTerledl 3 (§1989UTENIANTENTNERAIMNTIN
1599 UUUT18901ngounsny (UUN 4) pe. 2560 uag A3
Uszyuignimeydnyanenladu aleil 9 tenats UNEP-
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@13 PFOA Lavaywusans PFOA 1Uuans POPs fignaaunuli
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UpdatedRegulation in Thailand
SC-12/12: Listing of long-chain perfluorocarboxylic acids,

w their salts and related compounds
Forever Chemical «  IUounIUNABEINSUNISNARLAZNTLY (Special Exemption)
«  fwatsdultuanet w.m.2569

@ @ @ @15 Long-chain PFCAs, their salts and related compounds ¥u18A214791

i) @19 Long-chain PECAs, their salts and related compounds muauammﬂ u

’ SC-12/12 mﬂamﬂamaqmimamﬂmaﬂa CnF2n+1COOH (118 8 < n < 20);
Long-Chain PFCAs (il @3UsEnouNfuItesriyas Long-chain PFCAS lufmguszasduesonydon
mmsm a5l 9 Aduanssasuas mmamﬂaﬂui‘u u Long _chain PFCAS loe
InynesngaasiunLeafalans CnF2n+1 ( T,msm 8 < n < 20) uaziTousDlALRT
ﬂwmﬂmumiﬂ%amam ‘?JEJ\‘W\IaEJEJTLJ AADIU Y30l UTLL

1. TuAlenauuan e dad ® ﬁumauammamaﬂiaam L‘INEJ‘Uiif\] Long-chain PFCAs, their salts and related

v v

compounds lagivauntIuniayY Al (1gnaIsiuU 2)

=

2. Tingun 14 Tunranuwin 1o Aesalull (LDNAITLUU 2)

dufi 14
1. Aanmsuanyaznisivans Long -chain PFCAs, their salts and related compounds AULANNA mimmmmumamﬁmﬁﬂ AN
ﬂ??ﬂﬂiuﬁﬁﬂ%ﬂuNamuau/ﬁiaiﬁﬁﬁiﬂﬂﬂaT]WWN%@UVMﬂ%@Q@Uﬁ@KUWﬂ
2. TAdnnswasuaznisldans Long-chain PFCAS, their salts and related compounds LIULANIA filgudwiodinausni 8
ﬂ??ﬂﬂiuﬁﬁﬂ%ﬂuNamuau/ﬁiaiﬁﬁﬁiﬂﬂﬂaT]Wjﬂﬂ@UVhﬂ%@Q@UﬁﬁﬁUﬂﬂ ,
a) L%Nﬂ@ﬂ@ﬂWﬁﬁW@@ﬂuUUwﬁUNﬁhﬂUu%Uﬁﬁuauiﬁaﬁﬁw?Uﬁ@Vﬁﬂﬂﬂﬁ@U@?SWﬁ@ﬂﬂﬂ@ﬁU@?Uﬂ?th
b) %uaauwmuwuua @uiﬁ@ﬁ?ﬁiUS?UﬂU@W%ﬂ@ﬂ?ﬁNaW%WUUUNWﬂﬂﬁ@UﬂaNSWUWWWUUWWQUﬂ%ﬂﬁﬂ@L%Uiﬂﬂum
3@%ﬂ387ﬂ81ﬁ1SWUWWMUUUW@ﬂWﬁUTMWEﬁHiﬂ@ﬁiWQua 3@U33Wﬂ8@ﬁﬂ%ﬂiiﬂi?ﬂ@ﬂL%Nﬂ@iﬁﬁﬂ@@ﬁﬁ?i%ﬁﬁﬂJﬁ?ﬂ
Lﬂﬂﬁﬂ@Uﬂiﬂﬁn@ﬂ%ﬁ@ﬂﬂﬁLﬂi@ﬁﬂﬂ@uauﬂﬁ{hNWLQUﬁ?Lﬂ@NﬁﬂiuiﬂiﬂﬁﬂIM@E1ﬁiﬂﬂiuﬂ@UiuUlﬂ@ﬂi@afluau%ﬂ
31ag (aUmmaLaﬂmauﬂamﬁmaummaﬂ)

FunziDounisenLiumiay (Register of specific exemptions) (1ONET5WLU 3)

nsuAIUANUANY

POLLUTION CONTROL DEPARTMENT
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UpdatedRegulation in Thailand

“ Polyfluorinated phosphates and related substances j

Forever Chemical LPolyfluorinated iodides ] ﬁolyﬂuorinated thioethers
Pros J§ POA Jf PFHxS

Polyfluorinated acrylates and methacrylates

l Polyfluorinated carboxylate

) Side-chain fluorinated polymers ‘

: _ SC-12/12
: Long-Chain PFCAs
ulkyl ammonium and amine derivatives l
LONAITUUU 4
Long-chain PFCAs salts ) Polyfluorinated alcohol derivativesJ
Long-chain PFCAs
PEDA ) Carboxylic acid and ester derivativesj LPonquorinated urethane J
/ PFNA  PFNDA
PFHPDA .
PEUNDA pDA Fluorotelomer alcohols (FTOHs) .. - | Fluoro ester

i PFPeDA
i PFDoDA PFTDA, % / 8:2 FTOH 13:2 FTOH 14:2 FTOH ™, - |
‘-. PFODA, PFTeDA ;| ! \ | Other derivatives
" PFTrDA  PFOcDA / V' 92FTOH  10:2FTOH 16:2 FTOH /
PFHxDA /N 11:2 FTOH : /| Others '
C2oPFCA -/ A 1g2FToH 22 FTOR o

~,
~
~
~
~.
~o
-~

.
-
s
-
________________

Source: https://www.pops.int 34



Upa’atea’ReguIation in Thailand

‘Uﬁ)ﬂ']‘iﬁ‘léﬂﬂ’]iﬁ]ﬂﬂ']'i POPS Waste

O $esidn POPs 1uq 1ide
-%uaﬂﬂUiuﬂUﬂTﬁUULUﬁu- TEC Q irreversibly transform
e NSTDE " 71357 BC vansu
. ANYAYNI0AN POPsIumammm LLﬁ:LL!"UEJu Q v ﬂema AW (recovery) w38
( e Wamnnalnfiunzay §mSunsUaT POPs (BN ‘muunau POPs '
anon, Tuauen, #wosseminenislday, wagly . ﬂa““'ﬂwqﬂsﬂm 119zlaenense
Yez) vieNeen e o
« ESM: fdansaulsanin POPs waste Q 7y dven (onv3umsasldingn)
O %y enau
Stockholm Conventlon
NalNA1ISINAIT T
nelulseing Y

SYAU Low

POPs Content

&
LL))O (LPC)

BASEL . mi'«aﬂﬂsul,ﬂmmﬂﬁuaqms (\Naste C aSS|f|cat|on) . ,
v = o mwum mﬂ‘UENLﬁEJ‘VlZH POPs > LPC 1Ju QO US1159aN15 810 JUINTADEILINA BN
ﬂ"'ﬁf‘mf‘qiﬂm%m“ & VOUFYTUNTIE (ESM)
NNFENVINNIULOU o Fypua LLuamqﬂQmmUuummamLmaau 0 suasliianau l9e s Slaaals um
Establish (ESM) é%3U POPs waste maa%l,mm"l,ﬂamﬁﬂaﬂﬂaasms POPs %358
. mmmmﬁmaaumamu POPs Waste w13 ﬂ@IﬁLﬂﬂﬂqquagq
Wsuumu

« amN15nNd POPs waste IﬂEJﬂ'ﬁﬂ']UﬂﬂJ“VlG]‘LJ‘W"I\']
(upstream measure)

o ANIATIVEAEIY & AIFIIBITUNANITANLUNNT
LPC = Low POPs Content

ESM = Environmentally Sound Management 35



Updated Regulation in Thailand

. TEC
Low POPs Content in Products e NSTDR
EU POP Contamination (Annex 1) BASEL (Waste)
PFOS [S/M] 10 mg/kg [5 mg/kg or] 50 mg/kg
[A] 1,000 mg/kg or 1 ug/m?2 [1 mg/kg (PFOS, its salts,

and PFOSF), and 40 mg/kg (sum of
PFOS-related compounds)]

PFOA 0.025 mg/kg (PFOA) 1 mg/kg (PFOA and its salts),
1 mg/kg (PFOA-related compounds) 40 mg/kg (sum of PFOA-related
[S/M/A] compounds)

PFHXS 0.025 mg/kg (PFHXS or related) 1 mg/kg (PFHxXS and its salts),
1 mg/kg (Sum of all PFHxS and related) 40 mg/kg (sum of PFHxS-
[S/M/A]: related compounds)

0.1 mg/kg (Inuguinas)

iuﬂ‘Uﬂ’]SUUL‘U au (ludua) 9 msamu
_ PFOA: 0.0000025% w/w

E— ()5pph)

Source: 1138 (379) WHUUHURANNS Lion159nnsiaznidndannuuiUauans POPs 36



Updated Regulation in Thailand

Technical Guideline of Waste Containing PFAS

BRS CONVENTIONS

PFOS and PFOA technical guidelines

e Perfluorooctanoic acid (PFOA),
its salts and PFOA-related
compounds

« Perfluorooctane sulfonic acid (PFOS),

its salts and perfluorooctane sulfonyl
fluoride (PFOSF)

TEC

amemberot NST DA

A5 DU

Home The Convention Procedures Implementation Countries Partners

&

oD

POPs Wastes

Overview
Decisions

Small intersessional
working group

Technical Guidelines

Technical Guidelines
Archives

Adopted Technical
Guidelines

Additional Resources

BASEL CONVENTION ROTTERDAM CONVENTION STOCKHOLM CONVENTION

Basel Convention on the Control of

Transboundary Movements of

Hazardous Wastes and their Disposal

You are here: Basel Convention > Implementation > POPs Wastes > Technical Guidelines

Updating and or Development of Technical Guidelines for
the Environmentally Sound Management of Wastes
Consisting of, Containing or Contaminated with
Persistent Organic Pollutants

By decision BC-15/6, the Conference of the Parties to the Basel Convention adopted the General technical
guidelines on the environmentally sound management of wastes consisting of, containing or contaminated with
persistent organic pollutants, and specific technical guidelines that had been updated to address the chemicals
listed in the Annexes to the Stockholm Convention at COP-9. The adopted technical guidelines are available at the
COP-15 webpage and at the Publications page.

1. nssanduluaniugiia (Gas phase chemical reduction (GPCR))
2. M1990nTRTUMBUN lUEN1IEINGR WazAsInge (Super/Subcritical water oxidation)

A1NTOUFN

1
L /I
e

A5 U o aITIUTULALNTLLUE (Cement kiln co-incineration)
AL T ULANLNNVE E D UASE (Hazardous waste incineration)

Source: https://www.brsmeas.org/2025C0Ps/Meetingsdocuments/tabid/10057/language/en-GB/Default.aspx 37



Provision of services for survey and registration of firefighting foam
containing PFOS, PFOA, and PFHxS in Thailand, flﬁ@d by UNIDO

g*“““ﬂ“i“"’””’z, Suwanna Kitpati i Suratsawadee Pitchaya Piyaviriyakul
] Boontanon Boontanon Sukeesan

KASETSART
UNIVERSITY
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Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,
funded by UNIDO 39
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v ldll PFOS, PFOA %58 PFHXS

& B

|

Tty
Utyu Negative* @ "s09E0UIM Oryd Posmve n0nys +
Urygsiudo* MMIASOVNUIY

Iuaa‘[uswua
gugulaoluin* dudulaoin*
@© Urdate P < (3 ) nsovdouvoya >
Urydseto 91N SDS
A

gudulaoluin*

dudgulaonin*

o aaumuvaua
o‘muuan

l Tulaveya nseluausns:=y Sowannrur nsoduwanin

SN

ot NS T DA NSAAIUANNA WL gef

POLLUTION CONTROL DEPARTMENT

§ —
KASETSART
UNIVERSITY

Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,
funded by UNIDO 40
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G M529aUTYAlUUNTIIYD

Jo P _— — .
gno suni PFAS suno19i PFAS sunUaon PFAS
Alcoseal 3/3, Alcoseal 3/6, Alcoseal C6
3/6, FP70, C6 FP70, Niagara C6 1:3, Niagara ) .
Angus Fire C6 3:3, Petroseal 3, Petroseal 6, Tridol S2, F?rexpan, A LR Exr?ando, R
Tridol ‘S’ 3%, Tridol C6 ATF C3:3, Tridol C6 ~ Nicerol Uz Lel
Ultra 1:3
Ansulite 3% (AFC-3A),
Ansul Ansulite 3x3
Auxquimia Aquafim AF-3U j‘
| I
Badger Fire Universal Ultra AR-AFFF \‘
Foam “
Bioex Ecopol
CheckFire Commander

WUNEILWR): mﬂvl,u‘wumasuaiuumﬁuiﬂe;mammﬂiﬁlﬁﬁ[msmmaauLaﬂmi SDS 1ag/13e
apUNLToYANGNER Aufiszylutunoudaly

W\' VITEC @ eFrl@ 5 @m]

e NSTDA neueuauuadi gef o UNIVERSITY

POLLUTION CONTROL DEPARTMENT

Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,
funded by UNIDO 41
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M37980U SDS WaL/%38 @aUNINVIYAINENES
SDS aulng) lulviayaviauasaIunanyad PFOS, PFOA uay PFHxS

SDS w84 Fluorine-free foams N:'N?lmﬁﬂssqﬁﬂ’iﬂ
‘Fluorine-free’ wazainlutavsdiuea

Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,

funded by UNIDO

2. COMPOSITION / INFORMATION ON INGREDIENTS
ACGIH/PPM OSHA/PPM
CAS NO. Common Name TWA STEL PEL % by wt SECTION 1 - IDENTIFICATION OF THE MATERIAL AND SUPPLIER
7732-18-5 water 70% - 80% = -
57018-52-7 propylene glycol butyl ether not established 4% - 7% Product Identifier: Fluorine Free Protec F3 Fo.an.l 6%
proprietary hydrocarbon surfactant proprietary Other Means of Part Number;: Product Description . :
proprietary fiuol ¢ nt N/A N/A N/A proprietary Identification: R6FFPF20 Fluorine Free Protec F3 6% Foam Concentrate 20litre container
polysacchaaride gum N/A N/A N/A 1% - 2%
SECTION 3 — COMPOSITION/INFORMATION ON INGREDIENTS
General Information:
3. HAZARDS IDENTIFICATION Fire fighting foam based on water soluble detergents.
Routes of entry: Dermal, inhalation and ingestion Chemical Name CAS Number Proportion
Potential Health Effects: May cause skin and eye irritation. Fatty acids, coco, compounds 61790-63-4 0-5%
with diethanolamine
Carcinogenicity: Not a carcinogen. Triethanolamine Lauryl 139-96-8 0-5%
Sulphate
**READ THE ENTIRE MSDS FOR A COMPLETE HAZARD ASSESSMENT*** Sodium Lauryl Ether Sulphate | 68585-34-2 0-5%
Dietglycol mono butyl ether 112-34-5 5-10%
2. COMPOSITION / INFORMATION ON INGREDIENTS Ayl polyghiecsides C3.C10 | 66565/8 1 5%
Sodium (C14-16) olefin 68439-57-6 0-5%
CONTAINING HAZARDOUS AND/OR REGULATED COMPONENTS sulfonate -
Chemical Name Percentage CAS Number OSHA PEL Water 7732-18-5 70-85%
Water 70-80% 7732-18-5 NO
Diethylene glycol monobutyl ether | 4-7% 112-34-5 YES
Proprietary hydrocarbon proprietary proprietary NO 3. COMPOSITION/INFORMATION ON INGREDIENTS
surfactant . . :
Proprietary fluorosurfactant proprietary proprietary NO This product is a mixture.
Pol harid: 1-2% ieta N
oysacenance gum - propretary B Component CAS Number Concentration*
Propylene Glycol Monobutyl Ether 5131-66-8 3-7%
Sodium Decyl Sulfate 142-87-0 1-5%
Sodium Octyl Sulfate 142-31-4 1-5%
Sodium laureth sulfate 68891-38-3 1-5%
Butanedioic acid, 2-sulfo-, C-isodecyl ester, disodium salt 37294-49-8 0.5-1.5%
1-Dodecanol 112-53-8 0.1-1.0%
1-Tetradecanol 112-721 0.1-1.0%
*Exact concentration withheld as trade secret.
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LAUS9g19LNaNAEDU

ﬂimwimimaua immmaa‘wwamaiﬂ YER iummmiuu SoNAN U] RERPPREIERER] i b
Fuuléintniundonses 1 vde luil PFAS ﬂmLUumaqmm@EJWQIWMIUWaauiuwaqﬂgumﬂﬂﬁ

A PFAS @11150101g319n18la 1399119010 119930 wagn19ilamii

¢

ﬂLLaG]'J’e]EJ'N‘VIﬁ\‘iﬁEJ’J”IﬂJ PFA§ ‘Vi'ﬁE]ﬁ’]'i‘U'iuﬂE]‘U organofluorine aﬂwﬁuuLﬂﬁJ?ﬂUﬂﬁﬁﬂLLa?G}ﬂﬂﬂ
tih (LW’EJUE]\‘IﬂUﬂ'TﬁLLWiﬂi“ﬁ]’]EJL%@I’iﬂ)

Samples suspected to contain PFAS or other organofluorine compounds are handled
using essentially the same techniques employed in handling infectious materials.

US EPA (2022)
WARNING: Contain per- and polyfluoroalkyl substances (PFAS)

Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,
funded by UNIDO 413
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n15UsUU§Ivyaly¥518%0

Walasusigaunanaasy Wintinnlasuueunuig agvinisusuueteyalussuugiudaya PFAS
Tulpuduinds Tnedeyaiiazdnisdanu azdsznoudae
. YoPNOUATIU VBINANAUNIWUAULNGY
. UNKEe, ,
« Joyalfviiun1siAuieg19finadsu LazN1INAFDY
. 579N15uarUSuNuans POP PFAS mufiesieilea ,
. NIANNTIVEBUUAT WU POP PFAS snealnluduindsdl agluusngluta@sede Positive List
- N3ANATIVAOULAT Laiwu POP PFAS sealnuaundsll agluusinglutaydsiede Negative List
- Ju ey U Mihn1susuliesteya wazuiuugedoya

Tuwuveya
Qwémn§aﬁounu5nnﬂ woioa EENCICTELGSCIl nsovdoudouuay -_
SUDDIi PFOA n1a: PFHxS wUs:noums
(Supplier) s1evuLa TUTWLALIWE
NnIsnagou uiwunuiwav B
Iuwuvagal Brand & Model l wuvela
ngnie: PFOS, PFOA
na: PFHxS an1undins1=Aln T AquorudsSuru
I Auorunazgunnveya & Uufintioua
> v

ngNIe: PFOS_, PFOA
na: PFHxS mundins1:KIn

Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,
funded by UNIDO 44
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G nsusuUsdeyatindsede

n1siunnvayausutanielnusuna Uy

sunlwu @he Su  SunSulwu UJsSuiru anun:NISINU danaun wan1snsavdou PFOS,

Wadgnon  (ans) FAINU PFOA 11a: PFHxS

[Usatunnnenie: 1isu
USunrulu Bladder
JSunrulu Fire Truck
INulufivdisou

v 1,000 ans

v 200 ans

v 20 ans

“ﬂﬁmmimmamaauauimﬂLUuIV\ImUaa@ PEAS 1%0@’JWIV\IQJUUU‘LALUBU POP PFAS
Lazmsantufounay LLEmIV\Immmu pananlnuNUasn PFAS (213)

LAZAITHLNUNITIANITIDISU”

Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,
funded by UNIDO 45
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IWuaumasaanngeasu: NFPA Roadmap
NFPA Roadmap

(»] @ RESEARCH FOUNDATION

'ﬂ‘ﬂf\]UUENINMN']G]?%']UWJ‘UMJWQJZY]W ﬂ?ﬁVI']ﬂ’NiLIﬁ“E]']@VIE]LLa E]'Uﬂﬁm NFPA

Roadmap SR uﬂ‘wmmmgwma V708ATAUNINTFIUVDI USEPA 70
ﬂmmwuwawiiﬂlﬂﬂau

: Shirefighting Foams:
e Service Roadmap

AANTSAUNE PFAS 21nNNLNAY

. WuﬂmuﬂuLwanmiaﬂiamaiuama PFAS mﬂmmma\ﬁumaaua&mam

- auldyagunsaldesiudiegnanuizay Tamua WIRAITTHY waz Yn
A3estiengla LmammwmaﬂWMULwaq wso lUTUNUATI WL UWAS
AFFF wazauld PPE 1nAss |

. ﬂsmw"lumm'ﬁmamamma”uﬁavl,éﬁ’ AISNIAINUALBINSIINTY LINDAR
Uﬁmmmvvlmwumﬁwma P

- mqmm'maumm APPE  7WUoUAFFF  vufivduaseauniszia uasiiu
Snwym PPE waileg1elindn

[e] (%)
n15A19n LWy AFFF
i dlnuaunds AFFF iuduluineaauaziivasgunasitag/mMiassuuintnuiide

A9 LﬂUiﬂU']IWlWIMlI@IE’J']EJ@EJ'N“Uﬁ’eJﬂﬂEJ Iﬂ&]i”’)ﬁiﬁﬂﬂLﬂﬂﬁJ‘UG\Lﬁﬁ]LLﬁ”UﬂUﬁﬂﬁiﬁ’ﬂ‘Ma
ammmﬂaau LLEIuUi]UG]G]']?LIﬂ']LLuuU’ﬂ,Uﬂ’]iU’]Uﬂﬁiaﬂ'mWUEN?%‘U']Q

Source: Provision of services for survey and registration of firefighting foam containing PFOS, PFOA, and PFHxS in Thailand,
funded by UNIDO 46



Treatment Technology




Treatment Technology

malulagnisurinansngy PFAS

Ozonation

B|ode1g7r§/(()jat|on 2, o 140
Thermal treatment ‘ AdSOI’(E)'[IOﬂ /;
7% 34%
120
Sonolysis 3%
' \ 100

p\."

’ ) 80
Plasma technplogy
3% / , 60

I
/

Electrochemical

oxidation 18% Membrane .
Photo- 8% K
porsulf - chemical/catalytic "' 40
ot at;ao/acnvanon oxidative/reductive J/
° decomposition 6% e
¢ 20
RO oo oo 22y 2025
@ - @@ o 0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Publication on Treatment technologies of PFAS for the past 18 years 48



Treatment Technology
wmalulagnisurinansngy PFAS

* Adsorption » Photolysis & Photocatalysis
* lon Exchange « Sonochemical

* Filtration * Electrochemical

* Reverse Osmosis e Thermal degradation

* Persulfate
Individual Method * Biological

for PFAS Remediation * Ozone

\\K Treatment Train for PFAS Remediation

GAC Adsorption e -
Persulfate /Electrochemical
Tandem treatment train Parallel treatment train
Nanofiltration Persulfalte Thermolysis

Hydrogen peroxide Photolysis

Electrochemical

Biochar Adsorption
Zero-Valent lron

Sources: Hori et al., 2008; Li et al., 2011; Niu et al., 2017; Vecitis et al., 2010; Wang et al.,
2013; Zushi et al., 2009; Huang, 2013; Huang and Jaffé, 2019.

49



Treatment Technology
wmalulagnisurinansngy PFAS

| b ., ~ Norway: Activated Carbon
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a Toiwan: Oron PFOS: 97%
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11 (Synthetic Water) Hansen et al, (2010)
Fics PFOS: 85%

PFOA: 90%

—— - Lin et al, (2012)

Coagulation e iy -
Filtration e
P op eeae . Storage

Sedimentation

eschooltoday.com

C hinao tocatalytic Process
(Tap Water)
2ZPFAS : 97%

Lietal (2076)

Thailand: Conventional Process
(Tap Water)

2PFAS: -27%
Tabtong et al. (2015)

Electrochemical oxidation:
(Wastewater, Groundwater)

2PFAS 50-98% <

50 Xiao et al. (2011) Schaefer, et al. (2018)
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