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“According to technical experts on the Partnership,
between 2011 and 2014 there were only three viable
flame retardant alternatives to HBCD for use in
expanded and extruded polystyrene foam (EPS
and XPS) insulation under current manufacturing
processes.... No non-brominated flame retardants are
known to be compatible in polystyrene manufacturing
and associated flame tests.”

US EPA 2014

nsldansuiaenisiin iniNonaunuans HBCD uwusld
\Ou 2 wwane Ao nisldoynuseovans TBBPA uag nisldans
WinN158n IWUS2LON brominated copolymer (PolyFR) @ausias
wuwsfidon/doidefiunnsinei

og9lsfinuans TBBPA uazoywusvosans TBBPA i
Qn%uﬁi‘g‘?ﬂﬂu SVHC (Substance of very high concern) el
ngving REACH wesanniwglsy Snilans TBBPA dagnialiu
m?ﬁﬂﬂ%Lﬂuﬂﬂiﬁomﬁ\ﬂuuuwﬁ (probably carcinogenic to

< humans) ngu 2A Tuvnusdi PolyFR 199 ﬁﬁmé‘ngﬁumnﬁuﬁasq

b ' draunsounnsuazUanudosalsdunsigadngfivanslunsega
4 TBBPA Fumasiinnusziinsealuniswanuaznis IS TWufid
« a159N5Ba (W (ddnaslians HBCD wso luifimw

Butadiene styrene

l;ls‘%sga TBBPA brominated copolymer

CH, Br

BQ(_BF Br ~ 66% Br ~ 61%
[¢] Br Br Br
CH,
e WS
S
Br
H el

1

Brominated butadiene
polystyrene copolymer

Pyroguard SR-130; SR-13
TBBPA-DBMPE (CAS No: 97416-84-7)

Emerald 3000; FR122P
Brominated butadiene styrene copolymer
“PolyFR” (CAS No: 1195978-93-8)
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0] Br

o PolyFR uaisuuaanasiie (WAwmundulug  old
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Pyroguard SR 720; Fireguard 3100; FR-720; ndransninIshninmsega TBBPA SanvéiiuFuau

Br dovumiindinda vinligeslsluusunaufiunnni
TBBPA-DBPE (CAS No: 21850-44-2) 13
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fiun: US EPA 2014, “FLAME RETARDANT ALTERNATIVES FOR HEXABROMOCYCLODODECANE (HBCD)”
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“People may be exposed to POPs through the
routes of ingestion, inhalation, and dermal
contact. Children are additionally exposed
prenatally beginning at conception, then
through the placenta because of the mother’s
previous or current exposures. Infants are
exposed through breastfeeding. Preconception
exposures also are a concern.”

WHO (2010)
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Annex A: Elimination - a1sfosanniswan/ 1%
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exemptions)

UEU% B Annex B: Restriction - msﬁﬁmﬁﬂﬁﬂm?wam/?‘fﬁ'
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@ Original POPs @ Newly listed POPs
- I

Br

00006

Br F Br
") Br @ ") F F
2004 2009 2011 2013 2015 2017 2019 2022 2023 2025
Aldrin il Chlordecone 1 Endosulfan HBCD pPCcPA deca-BDE PFOA A3 PFHxXS Methoxychlor MCCPs?
Chlordane A3 Lindane £l HCBD SCCPs Dicofol Dechlorane Plus LC-PFCA?
DDT & a-HCH ®o PCNs ® HCBD Chlorpyrifos I3
Dieldrin 1 B-HCH @ Uv-328 pyrifos EX
Endrin oo PeCB -
Heptachlor £ HEB Pesticides
e HCB ta-BDE Industrial Chemicals
Mirex penta-bks . . .
octa-BDEs @ Unintentional Production (UPOPs)
Toxaphene ;3
PFOS Cl: Chlorinated Hydrocarb
oo PCBsHY : Chlorinated Hydrocarbons

Br: Brominated Hydrocarbons
F: Flurorinated Hydrocarbons
*: Substance listed in multiple groups

© Dioxin e Furan
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Annex B 2 318019 1ag
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Y
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N153tAs181USUIuas HBCD Tagsay

YA GC-MS, Gas chromatography — Mass spectrometry

GC-MS Wuwmaiian1simsiziaswminldunsviatslunisnsiausaiiuansdosinulundnsioust 019 PBB/PBDE

luesouldlnWiuazdidnnsolind wSo miam (phthalate) Tuwoudy WosufuRinnssvesniasguazionyululsema

dulveiaaiignmnuanusalunisiseilae $mednt

wadla GC-MS wenugzansiaiilpeld Gas chromatography Fuwenanslasldamuuansnaluninudalueioui
YovanssegLsiazsinlusianany Capillary Column (GC-Column) wasnnsUsdeliauazUsaiuusunaesansusazyin
fignuenoanunid@ae Mass spectrometry Uszalinvosansusenoudasnisunninansdaedifnnsoundainunasoussq
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HoyadFryuosnisimsaziidremaiia GC-MS

Reference standard IEC 62321-9:2021
test method
Sample amount 0.5 n¥u
Method to extract + Soxhlet extraction %59
target analyte from » Ultrasonic dissolution
materials Tma’lﬁsgms‘lﬂmﬂmwu
(THF) Busivinazanelu
nsaie
Column *  Non-polar
* DB-5 or equivalent
m/z for HBCD 319, 401, 561
confirmation
m/z for HBCD 319
quantification
GL-MS Responses
Reference materials

T T T T
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Retention time (

Source: MTEC

Tasunlnsunsuwos a-, B-, Y- HBCD

walla GC-MS lanusonsnuessiin wa
99815 HBCD 14 WiovanniinaneUady
Ndswalinaugeesiavousazinoy

a9 a-, B- Lag y-
P ladwinfiu

HBCD oonunludndau ) ;

nMsAsIEiUSuNEns HBCD Teeld GC-MS ldumsgiu
IEC 62321-9: 2021 [IEC (2021)] v3oumsgrudufiaussous
Weuminuuinsgruseda

n1514 GC-MS TunsiesiziuSunauans HBCD Tulws EPS

gl

fidos7i GC-Ms DundosfiofinseufifildunsvanslutiosUfua
nnslulsema uagfiunmssou 1IEC Faduunmsgiuanna Seldvians
Anwrmnuldlduoisneaoutl lunisamsieiuSunnians HBCD
Wiy EPS/XPS #ifiniswanludwwniedlnsante uonaini
iovufURnasdeaunsauFunselusunsunisinlianunsadnsizi
ansvinnsinlwnadendufionailuiotan (du TBBPA) TU
wious uld

walln GC-MS lianunsousnuesasiinyosans HBCD (&
seNTUNAUSINIENS HBCD fildannnisvaaeulpemailng Feaz
ogluguans HBCD Tagsau (Total HBCD) winifu oegelsfia GC-MS
MWnnsmovauossoans HBCD usazafinluwinfu Snitsdndquos
HBCD usiazyln (a-, B-, Y- HBCD) lushogneasef (dwinfiu Fufu
widswdn HBCD finanfindnld Ltaz??uﬁmﬁ.:ﬁumﬂuﬁlsugusstN
Fulnusaogng

815 HBCD aangsialagpausouliig nisvegoulsy
GC-Ms FedosfinsseiinssTadufiiavlunsivlusunsugumgl
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09531ATINUSUa1s HBCD usiazsiinn2e LC-MS

Liguid Chromatography Mass spectrometry

LCMS 8060

LC-MS dudnnisiauaziiasizindeiiu GC-MS e
wsildidoslinanudouiossmeansiidosnisnaaoulinanedule
FefadynsosnisaanudaannnisldFunarufouluszndng
nsvedeuasld nsneaeulaemaiindl SwinldodvazBenuas
wiugndnnisveaoulaeld GC-MS il nnsveaeuieUsziiu
USunuans HBCD {uBsunsdoudidinnsiweuns druluafiinsei
Tneldmaiinil [Hajeb et.al. (2022)]

A159lATIEUSUIUE"s HBCD lpe LC-MS uaz LC-
MS/MS  anunsougnuesans HBCD usazaiinoonannduld @
uananasvi ltanunsausafiuFinaldgniosduudn  Seaeli
Joyai3edn Seuwmasiiunvesans HBCD 1§ (flosanans HBCD
MNUFazLasidnsadiu a-, B-, Y- HBCD liwinfiu) wonani
LC-MS/MS §uanusoiiasie
TBBPA [(awSoufiu 3Fdaeli

walianisveaaoulany LC-MS uaz
answuenisialnia HBCD uay
anunsaustfiunsuulouldidnaudu

odlsfid HosuFuRnmeiiliusnisissiansiatilutan
il fin 4T wFo luilus nnsAimsnzineaoudaemaiin LC-MS uas
Tnelannzogede LC-MS/MS (iovanninsesfiofisnauws nsziiu
YaqiueFosfiotifiFuiildunndu Tnslawsogndslunnisommns
wazen  uaznisiasnziansuaivludvwindouiiinonuiiimiedu
o (1Wu Wdmsunisasies PFAS wazansuafivluduaslu
Woidedeidim

dvSunsnageuans HBCD Tuuuastin wudn msvageu
Tne LC-MS uag GC-MS Tinafilndifeatiu [Petersen et.al. (2004]

wIN 1wy Br uamsinlsifinasiiiuans

wirn1sin N - lidaswaaouso
Total HBCD [mg/kg] = (a-HBCD +
B-HBCD + Y-HBCD) [mg/kg]
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HoyadFryuosnisimsaziidremaiia LC-MS

WIATFIUE9B IEC 62321-9:2021 (Annex A)

Vuuiaegne 0.5 n3u

wadlalunsanngns *  Soxhlet extraction %38

L‘ﬂ’mmﬂaana’m’?ﬁfrg ® Ultrasonic dissolution
Tneltianselalasiausy (THF) Wu
fvnazarglumsdana

LC padui C18 Column, 150mmx4.6mm ID,

5pm visaifisuiin

HPLC Liquid phase Solvent A: 10%

Solvent B: 90%

wewe: IEC 62321-9 14 Solvent A: 20mM/L aqueous ammonium acetate,
Solvent B: methanol

Multiple reaction monitoring (MBM) ?Jaxamatsiau'is%g
(m/2) Wwn1sAaszidae Tandem ms/ms (ion signal
[M-H]-)->Br-transition)

Native: 640.50 > 80.60
Labelled 652.50 > 80.60

dmfunisduduans
HBCD*

Native: 640.50 > 79.20
Labelled 652.50 > 79.20

m/z gvsunasusaiiiu
USurauans HBCD*

LC-MS/MS Responses
Reference materials

12.5ppb

| y—HBCD

25ppb — 50ppb — 100ppb — 200ppb

Intensity (a.u.)

10000

5000

|

0 3 10 15
Retention time (min)

TasunTRsunsuYDs a-, B-, Y- HBCD NA2udiudiusingg



d8usulainTnunusznoulduniiNeInis Jans
HBCD o¢ uagiaunsaaoundudoya (USinan
3 ArsUTsIIUUSUIUY9EaNs HBCD tWovduiin/

'
= 24

VLAToanUg U tignoaieadoslfFus
wazUURGA [faeagnsios

N5 AIUIUUTUIUFIS HBCD Tulny

nNs A lFAIRMULIUIUIINNITNAFOULRLWNATA GC-MS %S LC-MS
UFUIua1s HBCD [n5u] = 0.001 x AMAIUIUIU HBCD Tusoting
[Haansu/flansu] x dnuiin lwunsvus [Alansu]

nsailgAInanyg
USu1euans HBCD [nSu] =10 [nFu/Alansu] x UrmtdnTwuinenues [Hlansu]

Utn lwunenue [Alansu] = wasaudanin lwuwsazauin [Hlansu]
= z(ﬁuﬁ‘ﬁa [m15991um5] x AUBUN TWY [Tadiuns] x 0.001

x AunuuiuTny [Alanfu/gnuiadiuns])
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duil 3: doyanieniuntweslny SE-EPS (F-Grade)

1 Twlu SE-EPS #ildeineiis
1.1 anunuliy @adwns)

1.2 anunuwiulna @lansu/gnuiaiuns)

13 awniuiinomn (M19198UMT)

2 Tudildvindmanu

2.1 anunulny @aawns)

2.2 anuvinuidulng @lansu/anuianuns)
23 yuaiuineun (A1519as)

3 TWuildinduausuvdean @)

3.1 anunulny @aawns)

3.2 annuvuuiulvy Rlandu/gnuiaiuns)
33 quiniuineun (M19719UM9)

4 Tuildlunudu (Usaszy)

4.1 anunulny @aawns)

4.2 anuvnuiulng @lansu/gnuranuns)
43 wuaRuinsun (M195198UMT)

AUNUNYDI T

(sEyAMULIYBIUEHULNL)

(sEyAMULILUUYDILHUT W)

(38U WUNRQVDINTNNUHUINUINAA)

(szyAMULIYIUHULNY)
(sEyAMULILUUYDILHUT W)
(52U WUNRQYRININNULHUINUVIaVSIA)

(sEUAUNNVILEULHA)
(szUAUNUN LUV ILN UL L)

&‘ ﬂ'ﬁ L4 ] g’l
(38U WUNRQYVRINTRMNUHUINUVINIA)

(sEyAMULIYBIUEHULNL)
(szUAUNLILUNYBILEHUTNY)
(SLUNUNAIVBINTRNURUTH NN WNA)

50 JaaLuns (27), 75 Jadluns (37), 100 Jaaiuns (47), 125 aauns (57), 150 Hagdluns (6”), 200 Jadluns (8”),

250 fiadlums (107)
AnuruiuzosTWulunae (lanfu/gnuiAdiuns):

16 filanfu/gnuaAdiuns (1 Lb/ft3), 20 flanfu/gnuiadiuns (1.25 b/ft3), 24 flanfu/gnuiatiuns (1.5 Lb/

ft3),32 filan¥u/gnuiadiuns (2 Lb/ft3)
-

dauil 4: doyaovAusenountual

1 wwwsgrunismunisasin

2 szdudunismunisanyl

3 gswdaansAnlniild

4 ¥2953AUAMLTNTUY
(Hadnsu/Alansu)

5  Ywwesdaya

TWsnszyansguilésunisiuses (19u DIN 4102)
TUsAsey Class (1¥u B1, B2)
Wsaidandneuitlngiign

Wsadanmnauilnang

q

WsadanAnauilnangs

9
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BASEL CONVENTION

TECHNICAL GUIDELINES
“Each Party that has registered for the
exemption pursuant to Article 4 for the
production and use of HBCD for EPS and
XPS in buildings shall take necessary
measures to ensure that EPS and XPS
containing HBCD can be easily identified
by labelling or other means throughout its

Life cycle.”

SC-6/13

walulaglunisannisans

HBC

NUUIVHURIZIMAinvasoydoysyIuLa
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»ANNITAD Wumsnisfisndumuuuannsdanisvoudeidognadufinstudaunndou (environmentally
sound management) Tunns¥anisenn/vesiit/Judouans HBCD W liinnsrindafimunzaudiemaindi
AianuazuuUfURGuAwndouiiafign (BAT & BEP¥) ietesifulilians HBCD $alvaavdauandoy
il TS iInansnguilifumnn (destruction and irreversible transformation) uasiieifinnsrinuun

=) o

AZnAfindnu Llow POP content, LPC dwifuee inossynisiluveudedunsienieifoydoyaiunsa

* BAT & BEP: Best Available Technique and Best Environmental Practice

v Y

nsainédosldans HBCD Tusunoady udunisldmunldsunisendu miu
audyayanonlaay naauBnsdes “Gateued nieldisdueliause uunues
Wy EPS/XPS 11/ {1ifians HBCD aananfiulfnasnieddinvoglny”
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veryaroudiy
ASTUIWANSLHN M
Hhigo
Advanced Solid
Waste Incineration
(ASWI)

ASLHISINTU
Funsdluenien
wuuMRY
Cement Kiln
co-incineration

ASINIYRLEe
VUEIHATIY
Hazardous Waste

Incineration

n1sdadiag .
arvomons. (S e
u'msiq'fufﬂﬂwwaalwa AMSAMIALUVUEREIN R

AR Destruction Gas Phase Chemical

Super-critical and Irreversible Reduction

water Oxidation Transformation (GPCR)

mskunau
LBU3AINSSHLANIEN Y

Specially engineering
landfill

385amsau
snungszbaubsuszing
Ainlununsdants
AsnzanBodowndan
.Other management methqu uamanuluia : MsTALUUSW
in accordance with regulatlpns Tunsadaais HBCD WHamsfaauwuuauen
in the country that align with AN N Tianansarvilé
environmentally apptroprlate 1Budourndan other disposal methods
managemen . hen nether destruction nor
Pos_5|ble aI"’Fﬂ‘oacl.le-s LS v:rreversible transf:rrr:ation
environmentally suitable is the environmentally
msmdauuudM disposal of HBCD preferable option
#ilans POPs ¢ndn LPC substances
Other disposal methods

when the POP content
is low

msintivagiennas
13l6iAin tailov was
Tnsuftegtudulsmn
Permanent storage in
underground mines
and formations

A9 HBCD aaesavdsuluduansdulddnadoldduninudou uazaanusldnus
ol ndingaumgligendn 850 avAvwawled fuiiu n1srindnas HBCD wuuduwin Feiinld
N5EUIUNISINN TR LA UnIsvausuIntulinsfuaawndoy (aun
. NITINIYONEYOURNTIY (Hazardous Waste Incineration)
.« NITIHIYYBYANDYAIYNTEUIUNITINT (NTIYUEN (Advanced Solid Waste Incineration) wag
[ [ | I . . . .
. mﬂmifmnuszjl,uum‘(ul,ml,ml,wuwgu (Cement Kiln Co-incineration)

ogalsfinnu dmnans HBCD luwdeufiuTwu EPS v XPS vi§e JanBus onqaswuans
HBCD andsludnuiinusordaduinn uasorafinduaisusznoulusiufinuliudnaoy

wonani aiimalulagilgiulnumsennsideuiililedvezdunsie (@USunuans HBCD
Hnda 1000 drulududiu) ﬁaué’wuwﬂamaniaéu nsooudynyIuIRa gauFuinFluAalny
EPS {8 uazvinanwans HBCD auwnun wmaluladiunaniszuenans HBCD oonain PS ot PS
nduunl$lnyd udaniienans HBCD (Uddndnenszuiunsiwnzesdunsiy waluladmaniiu
(Aun wmalulad PSLoop wag wmaluladan Polystyvert
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Heptane

msuanLiia PS SlyiAaniy
ASTUINMSTASAWAIF RN

fnuUasann httpsy//www.creacycle.de/en/the-process.html
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SUMMARY

Wuansaiinuands WusuSau Adewadiseniuiu Ndo
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Y S ' v

drefugua UTvsianisegnavansan e lulitansiidetioymnreaveunifuuywe
uazAndou

a1s HBCD fignuinunld enaifin¥alvasonunluguiy Tugaenisudn n1sld
Msie sauensianisiaviandaeisnisiilivaseiy Wu nisfisdnsouuvdelu
fisndrednaan mswnludilas nstnluowdl vdeusinseiiansfislunguilenay
Usspnsnguidesiionaldfuans HBCD laudfuFURIu maonldnsudn wansiosf
fldansdifuansvinenisiinli Tnsanizegneds wandausilungy Ty EPS uas
XPS thuslssnundndalnuds Tswnundnunulvuuasniiinudi§agy ausu
roa¥uationouens fusznounisiiunTWufivulouunldth uasslaida saufs
Usspnsuuasgusuiiogluuinalndidys

ars HBCD (Huansiafififimnudufivgedoddizanluty  uazdwade
msvinuwesszuulivie  ssuuUszanuazaueseNLyuduasindRsigndasuy
avinmglsUlg¥eans HBCD WuansfifufivsiossuunisAuiiuguszian 2 Toena
uNegausadunonggnviauluguda (Uls

tulvefinnsldans HBCD Wuanswuavnishinlwdmsulnydseinn EPS
Togomnsiitutiinudi§aguunu SE-EPS findniusioul wa. 2563 enafians
HBCD, Vuilou FeonmsmaniiFumsosvunonguinduidess anuesannnis
$alvaoongaaundon uaznns na luvudeutandus (1Wu Janduiaonvns) didvas
WugeTu vnnluissiinssTe ans HBCD onadaluasanunuudeuluviasldenmsuas
uRyudgsneuyud (§

U 9
L = 73

Inefivusnsdinngldoudusyanonlaaulidiosusnisiants HBCD ogny
9ni%  TewasdesfinisUstuasusnuesTwuiiians HBCD maonasdinvodlvy
uananil vwsiifians HBCD 1Aussiu Low POP contents (01% Tagtiwiin) Soidu
vouAvSunsiemuoydynuies  fisoniludidnognegaudndsins  wwamng
U§Ratull MWuwmnelunisusduasusafiuudunnans HBCD uonmns Fudu
anisuduYoInNITUSITIansadssanansil

Yaqiu lETnnswauamaluladiianunsadidaans HBCD TAuwn sauds
nsdansTnannsalidaulniioataonanizans  HBCD  eonluvianslnedas
TwaalnFudmiuldeurialy (GPPS) myuBsuselussuuiasugiavyuiuuls
mnusgalifnisAnuianuduluigluniswauivsetnmaluladinaniun iy

Usene

99




56

) =)
LINFITIINDN

10.

1.

12.

13.
14.

WHO (2010). Persistent Organic Pollutants: Impact on Child Health. WHO Document
Production Services, 2010. Geneva, Switzerland. https://apps.who.int/iris/bitstream/hand
le/10665/44525/9789241501101_eng.pdf

Schrenk, Dieter, Margherita Bignami, Laurent Bodin, James Kevin Chipman, Jesus del Mazo,
Bettina Grasl-Kraupp, Christer Hogstrand, et al. 2021. “Update of the Risk Assessment of
Hexabromocyclododecanes (HBCDDs) in Food.” EFSA Journal 19 (3). https://doi.org/10.2903/]j.
efsa.2021.6421.

European Commission. 2008. “Risk Assessment: Hexabromocyclododecane CAS-No.: 25637-
99-4 EINECS No.: 247-148-4.

US EPA. 2010. “Hexabromocyclododecane (HBCD) Action Plan.” , https://www.epa.gov/assessing-
and-managing-chemicals-under-tsca/hexabromocyclododecane-hbcd-action-plan

Ministry of Environment and Food of Denmark. 2018. “Updated National Implementation Plan for
the Stockholm Convention 2018.”

L.Dong et al., “New understanding of novel brominated flame retardants (NBFRs): Neuro(endocrine)
toxicity”, Ecotoxicology and Environmental Safety 208 (2021) 111570

Rani, Manviri, Won Joon, Gi Myung, Mi Jang, Young Kyoung, and Sang Hee. 2014.
“Hexabromocyclododecane in Polystyrene Based Consumer Products : An Evidence of Unregulated
Use.” Chemosphere 110 (2014): 111-19. https://doi.org/10.1016/ j.chemosphere.2014.02.022.
UNEP. 2017. “Guidance for the Inventory of Hexabromocyclododecane (HBCD).”

US EPA. 2020 “Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD).”

MTEC. 2020. “Thailand’s POPs Inventory Assessment Report Part 2: Thailand’s 2019 POPs
Industrial Chemicals Inventory.”

UNEP. 2021. “Guidance on Preparing Inventories of HBCD.” Secretariat of the Basel, Rotterdam
and Stockholm Conventions, United Nations Environment Programme, Geneva. https://doi.
org/10.4135/9781412971867.n117.

UNEP. 2010. “Report of the Persistent Organic Pollutants Review Committee on the Work of Its
Sixth Meeting: Risk Profile on Hexabromocyclododecane.”

US EPA 2014 “FLAME RETARDANT ALTERNATIVES FOR HEXABROMICYCODODECANE (HBCD).”
ECHA (2023). Brief profile, https://echa.europa.eu/brief-profile/-/briefprofile/100.042.848,

teangaiiio 31 nsngiau 2566



13.

16.

17.

18.

19.

EFSA (2021). Update of the risk assessment of hexabromocyclododecanes(HBCDDs) in food, EFSA
Journal 2021;19(3):6421, 130, https://doi.org/10.2903/ j.efsa.2021.6421]

IEC (2013). IEC 62321-3-1: 2013. Determination of certain substances in electrotechnical
products - Part 3-1: Screening - Lead, mercury, cadmium, total chromium and total bromine by
X-ray fluorescence spectrometry, Edition 1.0, International Electrotechnical Commission, Geneva,
Switzerland, 2013

IEC (2021). IEC 62321-9: 2021. Determination of certain substances in electrotechnical products
- Part 9: Hexabromocyclododecane in polymers by gas chromatography-mass spectrometry (GC-
MS), Edition 1.0, International Electrotechnical Commission, Geneva, Switzerland, 2021
Schlummer et.al (2015). Rapid identification of polystyrene foam wastes containing
hexabromocyclododecane or its alternative polymeric brominated flame retardant by
X-ray fluorescence spectroscopy, Waste Management & Research, 1-9, June 2015, DOI:
101177/0734242X15589783

Hajeb et.al. (2022). Critical review of analytical methods for the determination of flame retardants
in human matrices, Analytica Chimica Acta, Volume 1193, 8 February 2022, 338828, https://doi.
org/10.1016/ j.aca.2021.338828

20.Arnot et.al (2009). An evaluation of hexabromocyclododecane (HBCD) for Persistent Organic

21.

Pollutant (POP) properties and the potential for adverse effects in the environment. Document
submitted to the European Brominated Flame Retardant Industry Panel (EBFRIP), https://unece.
org/fileadmin/DAM/env/documents/2009/EB/wg5/wgsr45/Informal%20docs/An%20
evaluation%200f%20hexabromocyclododecane_Final%20report.pdf, last accessed July 3],
2023

Petersen et.al. (2004). Comparative GC/MS and LC/MS detection of hexabromocyclododecane
(HBCD) in soil and water samples, Organohalogen Compounds 66: 226-233.

Nme: NIWUsenNauN3In N. Ramungul, www.freepik.com Uag Stock image PowerPoint 365

57




58




NTSUIUNITWRIUD

anaounisailuliaqtu fians HBCD #ifiogluusemanadnldignidluuds uazTwy SE-EPS

u
=2 o

#flans HBCD fianndnegluniivdnSaguvosiion/onmissine Tuuds Fubudodriafivialiluauise

lddoyantumsednTnuniogluusiasanns dans HBCD wialduasliogluusunnuwinla ety Fediosld

2qnauswdiolunislidoyaanniidiuldideuasininetdovlunaonldnurivoslny SE-EPS o

Wianusaduwmalunisusduaznisssyusunnals HBCD  fmunsauuastineawasion1sdnnisive

Youfiiumnudsaannans HBCD waztov

guountisuasuntovduindou

NISWRIUIMUININUFURY adull Fednudiunssousauuaziiaszidoya dauiuluiunisdanis

Ussyuduuunvousiasngueoslidulfdy uasnisdumualuasidndyuyulsewnu dwoliinniswaun

4 % % ! U dl 5 a U 1) Qy
mﬁmgfﬂmanu uazs UL NUUULUININAWINNETUUT UNYNUsewA Nsie (Ul

nsAnwImuIUURlunIsIanIsas POPs
ngvuny ulsunauasury
UINTFIUTHUBIR/UIUIYIF
uazn1sediunisluniaenau

m??ws‘mﬁuauamnuwmﬁmsznmmau
. ﬂ'li'VIU‘VI']U&Oﬂﬂ'I?VILﬂEJ']‘ZIO\?
%agaﬁumumummummm? HBCD uaslny
EPS, TUsTwdnanudysannans POPs
LLa“ﬂ'lS‘Qﬂﬂﬁi‘ﬂ'J'mLﬁEJ\‘i Supsusiouy e
AiTinuasAaundou uasngsadeu

swnsammﬂgum
fidnpnufiuannauefiduaviasanizdiu
m‘?ﬁulfdwzJaga‘ﬂumsmmua?un%‘mv%u
a¥nanunseriinuasyonIuiu
Aniiidulfidenaonldnnen

niauu,m‘dg]wmaamﬂam
fluvSunvoslng
tanuiuangldwifidenaonTgnuen
mU?U?Mn'sa‘uum‘uQﬁ'ﬁaammamnuusum
%aqfwswumﬂwu\aﬁﬁLs'uv'iUmnsuu
u,avLmuwu\aﬁqﬁawwa\mqs‘sanauaonu’uﬂu

usnFoun TUlEUss TomitugUuuusin

uuaUfURNaonmdasiiuusunvosive

©

©)

o

@O

asUmwswmmummnums HBCD
T‘VIEJEJ?‘L!‘:‘LJ"ZJEJ\“ILEJna'I?VIUVI'Juw?mn??u (Literature Review)

m?Usu?mmmwnsauﬂ%muﬁqn%
memums‘wwuumaumnLumum 17 UNg1AU 2566
?Jxmlums"Uiaumwuaaufau LwaiUw\immmu "’IJ'eJLL‘L!u‘L!’]
1Az YoNIaFINe mnwudqufmﬁa m\‘mnwwammmum
Nwamiw:u wwamwuqﬁﬁwaw NS"UL‘V]ZJ'I inUnaumi
mUulmsummmi way mmummnsmmsmnmwm

ﬂ'l?U?u‘ZJllLWE)‘W'I?O

ﬂmuNL‘ZJ‘c’J'J‘U'TCULQW'Tuﬂ'\u

sdunnsidotud 27 NUNIWUS 2566 o AUEUTEYLNEIU
AngnenansUsumalng Iﬂil\fﬂL?JQJNL?JEJ'J‘U%UQ'mNU?uﬂEJUﬂ'IS‘
maam‘[summm wae mmumﬂnsmmsmnm%mmmumwm

avua

16 99AnT m’munu’mnsauu,u'm'mmsmuuqu;]um LASUUINIG
ABUUIE NI INBesegnaoUsaifiuUsunauans HBCD

ms‘Uswumoaswmﬂumsmunuau%amwmu
mnwuai'aufmﬁs

Zﬂﬂqﬂﬁﬁﬂﬂﬂﬁﬂ? wsaunun'\wamqmﬂwman?au guideline
L‘UUQ’]L!’JUVI\WILIG] 3 A5

. 1918, 2566 filswusuTulama Uyusail
. 2718, 2566 lsausuiay $990 ¥ays

- 8 Wﬁ]‘l&lﬂ']ﬂll 2566 VIT?\TLLS’ZJUV]N'JUU?UL"’UH DTIUNNY
fifidnsaufinun 163 Au Seunanaiponau 77.4%

2 a a wa
NIsHNOUSUYIUYURNIT
lfchenonninug wiouffuriniauese guideline tBusiuu
VLR 2 A5

- 9O W.A. 2566 NlTIUTUTUIT WITA NTINW

.« 61.9.2566 Nlswusupanada A1llo seuov
Tgidnsauvisnun 85 AU FLNMNNIALONBU 58.8%

59




60

w

uSenlnausawma 91(in
UsUnHiie Bsed 9riin
USU 97w wierousnmos (aysen) 91(1n

USUM 1a5ylnasiusionnis 910m (unnvu)

VS 1on-Fy FanzTadu Jamu daife (Tasia)
nsuduaS U MEIAZOY
ANN9AAMNTTUUINUTEMA (N

N5 UANYAAIMNT TUUINUSEMA VY
NTUAIVANUANY

NTUlsNIUINAMNTTY
DNANISNRILIDRAMNT TUUMNANUSTEY1YB

AudmalulaglaveuasTanuvivend (Sumea)

NsUsEYUNONIT ORI BEIBIanIzAIY
Ho%ui 27 nuawius 2566

dAtineunaunIngnaansuasme luladuwiaeni (@am.)



;
Uy

1. weUudnd g5a5 oSudnsumURANLATY (2565 - 2560)

2. UNANUTYINT 3I5TUNY DSURNTUAUANLATNY (2566 — UaqUiu)
3. uefity¥d unIngl soveSURNTUAIVANLANY

,
AnzVINNIUgaRUMATAFIMSUNITIANITAITUANYNANAINEIUIL
1. UNANETING F3RNT NTUAIVANUANY

2. WgWEYY UiINTEIN NTUAIVALUANY

3. WIPUNAA ATATEY NTUAIUANUANY

4. uNaELlug ¥19U7 NTUTTNIUYNAIMNTTY

5. 5.9581 aYeUU N5 UANYRANUNTTUUINUSBWA Y

6. 75.9u1 AHANAYY D9ANITWILIYAATMNTTULNANUTSYIYIB

W UFHIFIIUTASINIG DNANISWRILIQRAINNT TUUNNANUS LYY
1. Dr. Carmela Centeno #3An1sTasenis

2. 95.9u1 Wndanadey gussanusulasenis

3. UNaNNOHYn nawley gereruseausiulasanis

YoyaRAD

na\'ﬁ'mms'mn%mLﬁ&JLLasawé’umﬂs ns*umuquuaﬂw
ﬂi‘%Vl%"J\iVl%’JWEJ']ﬂ%'S%"JiJEZﬂﬁLLagﬁ\‘]LL'Jﬂé)EJN

02 Younralysu 7 nuUUwWa luSy

LL‘?J'NW&}J}’]\ZVI L‘ZJE]‘WEUJ]Z‘VI ﬂ?QLVlWIJVi']uﬂ? 10400
Tnsdni} 02 298 2423, 02 298 2428

Tnsans 02 298 5393

61




uuINUFURWon1sUsBUasnIs UulindoyauSuinans HBCD
TulWuarunsalsiarulv

Guideline for Identifying and Registering HBCD in SE-EPS

f]ﬁﬁu%‘l (Year of Publication) 2567 (2024)
anedey AW, (PCD No.) 04 — 239
ISBN: 978-616-316-796-5

InvinTee (Produced by)

ﬂ%‘llﬂ"JUQllllaﬂ‘U nszmm\m%’wmn%ﬁmﬁﬁuazﬁmmmé’au

Pollution Control Department, Ministry of Natural Resources and Environment

92 gounwnaleSu 7 ouunvialeSu waNweynin wanweyd [ ngumwuniuas 10400

92 Soi Phahon Yothin 7, Phahon Yothin Road, Phayathai Sub-district, Phayathai District,
Bangkok 10400 Thailand

Tnsdwii 0 2298 2000 Tnsans 0 2298 2002

Tel: (+606) 2298 2000 Fax: (+66) 2298 2002

E-mail: pr@pcd.go.th Website: www.pcd.go.th

PONUUULAZAURNT (Designed & Printed by)

iariududnin e . Bow.diny

flog 1626/61 %. Fngin 0. AuuAs LYWAULAY LIARLLAY
ialuswdld 10400

SHWN (+66) 2245 7732

=




NTUATUANNANY NTENTNNFNYINTSTTUYFUALAWINADL

02 gounnalydu 7 ouunnaladu uvmwen v lwawn v
NINNUAIUAT 10400
Tngéwii 0 2298 2000 Tnsas 0 2298 2002 saraban@pcd.go.th

ﬂ‘i‘l.lﬂ’)‘l)@l.ll.laﬁ'tl NTENTNNFNYINTSTTUIRAUAAIINEDU
13 I3 ¥
Budrvounssudns uazdvsluenansativil
Pollution Control Department, Ministry of Natural Resource

and Environment is the copyright owner of this publication

wwanzidyu Aw. (PCD No.) 04 — 239
ISBN: 978-616-316-796-5

KU

KASETSART
UNIVERSITY




