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1. J8

L PUVRAEZE R (2-25: ) FE (TBPH) & —FiRb 4o — HEgh
Y, E753 A A BRI FABEA BB IE . TBPH H = R R 4k
HA: PFXTISFEA (RR AT S,S) FINTHERMMAE (RS) o BEATRAMIFA
(o T RS TR FH, AR 3D R FAEASE T i Ega) JUATRR b
B EAH BA ARSI AT 2, RSB s AL

2. TBPH & M BRI (NBFR) , 1987 & 1994 4F [A] & Ak & 1
kA& OInERAESSELE (ECCCH « &R TAER (HC) |,
2019) o HEZAMEIE RN A EBRE MR, WHAEEER CEEARA,
2015a) . TBPH CENZIR 4k (PBDE) (i HiR 7K (pentaBDE)
VIR — 2K (octaBDE) BC5) FHEAAIMI A MEHE (Knudsen 55N, 2017) o
TBPH mJHfE A, B85 2,3,4,5-V0RFHR-2-2 3l (TBB, & it
5 183658-27-7) WM ENIE Y. J5# v BE A HUBEES SR PELERR Cin
FRIEE R EAAL AN K P4, 2019) . TBPH #6156 T HL 2k
RS ALG I ZMRALE (PVC) , SFATIME R REZ N (PUR) fIxX A
SEVH N A I R A OIS RIS 5 S A S A & K LA R, 2019;
FEIALRS, 2015b FEGH FEHTT, 2022) .

3. FEMRONECER (RKERD , W ARYE (fbZ M. vRAG . VR el AR i 4%
%) (REACH) Eft. TBPH A== A1/ 8t 1 2IRR &5 X 115~ 100-1 000
Wi /4E, fEEFREARE (EE) , TBPH & —Fm7 i B 1226 EH 1
HE>100 fits (HP>450 Wi/42) ez GEEPARR, 2015¢) o MRHE 2020 4
{5 BAREIRE (CDR) B FPE, ' 2016 4FZ 2019 4E[], 2£[E TBPH [r4:E &
FEEAE 1 000 000 22<10 000 000 1% (FH24T 453.6 22<4 536 Wi/ Z[d. HiE
PE2 B TBPH /&£ —LL[E AN/ H . J810, MIBEBIZ 55 10Es (BSEF) 1)
g, REHER (REFEEZ HWAHAEAMH TBPH (GRE# 535
Wiz, 2025) . E[E K HIESY Firemaster® 550 A1 Uniplex™ FRP 45 ) 3 Zi
ER 2 e T 2022 45 1B P2 TBPH. 2 M5, A UFHE £ Y Uniplex™ FRP
45 fE R E P HE T, 3
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! https://www.epa.gov/chemical-data-reporting/access-chemical-data-reporting-data#2020

2 https://lanxess.com/en/sustainability/material-topics/sustainable-products/elimination-of-critical-

substances.

3 https://www hallstarindustrial.com/product/uniplex-frp45/.


https://www.epa.gov/chemical-data-reporting/access-chemical-data-reporting-data#2020
https://lanxess.com/en/sustainability/material-topics/sustainable-products/elimination-of-critical-substances
https://lanxess.com/en/sustainability/material-topics/sustainable-products/elimination-of-critical-substances
https://www.hallstarindustrial.com/product/uniplex-frp45/
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4. BEIRTBPH A CRIME RV, (H CAEFTA 5L X 8] Al 2%V
Hpfia=. K. viRY. EWfE (RIS MK, WAk, H
UEHER ] TBPH f74E TRz X, (EAHORITATE . HRAE ALK W AN PPt 7 5
(2017) , detk= < TBPH WM& ELE 2R KBS EMS, JFoiamig
INAE S . GG M E B IGESS, X ATae W 7 Z AT #iiT#) TBPH
PRy TR 2R e A A ORI I o0 CABRR R ATV A5 5 56 2017) &

5. EAWFFTREH, TBPH 7ER R H sy 35 2 A 7E LI X 8]
RPN 2= S E R, 2022) o TBPH FiitR =2 58 i 2R 7K M b R 305 A0 i) %
BB ORI 5 SR A & K TAERR, 2019) o fEmIAK
b A it FH PR K AR AR RS, 2B T BE R A R I O R IA SR
AR AN S K BARS, 2019) o BV 248 F A7 i B T RE RO =
TBPH. TENEINALFHBAF (AR5 E 2R &Y i ) N B FREFD

TBPH M 2% BB I AT REE K (Guerra 6 N, 2011, #%5] BN
KI5 SRR IS K DARS, 2019) o IN&E KIREE 55 %3840 3 AN
FERTPAER (2019) 245Kk, TBPH A] DL 2 Fh oy UM IH 9% & R i 2 34
i, RIMALEER S F= T i R AR L BT = P AR A LR AE R P BORE T
Tivh i ARk TBPH )3 EoRIECkR AR (A KA. B |
) CEFEREFL) PLRAT A &R I K B 2 OIS RIRR 5 A AR 51
AnE R BAER, 2019) .

6. WO (i WA VFel FIRR I 240 4 TBPH & A i B
KEVIR (SVHC) , FFHAHAA@mFFAEM AR AN (vPvB) it 2022
PR HFIARBURE S B LA E B R (ECHA) PHd 7 —H55 &
TEARAGBEIAFR), F TR (A2 Sty VAl VRRrRI PR 260D I 42 th R
HilFe 5, TBPH & TH P25 (Wb 2 g R, 2024a) .

7. ARELTIEX CRTRAMEENIS RV E S REAZ) HF D
BRESRAMGE AR, JFEL T SRAME AR R TR A
AT BT IR PR VEAR G FRIESE o AIRZEAKIE N MR (LA hE M VPG ¥F
AANER GBI (BRI A FLR, 2022) 405 IRIRKBE i B2 OCTE TR 2
K B FAT P BHEA IR A S LR B3R
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4 https://www.echa.europa.eu/candidate-list-table.
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9.  VHIRALZR —HERXL (2-£3:CHE) Fajfe —FraARxsmrm b i, hpyfh s ik
AR GAE=MTRIERD .

10. R 1R 75 TBPH A SCHI rT IR BIE B . BREE R 1 2 9 5 Ak 22 SR A
G 5 0 TR g M, A AR YR AT IR R (2-4F 23D BRI
FITAT ml e A R T 3
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11.  TBPH H¥EALAMEUE WA 2. @SR iy (EAZ 75
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T 14 2 & T (fZ1E Grain %)

5 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -
ECHA CHEM.,
6 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -
ECHA CHEM.,
7 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -
ECHA CHEM.,

S8 EPI &1 (http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm)


https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/a3844f3e-e8d4-42fa-bfaf-79e1ae49c643_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/a3844f3e-e8d4-42fa-bfaf-79e1ae49c643_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-f7837db4-c2d9-4d42-afc8-a41787098d4c_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-f7837db4-c2d9-4d42-afc8-a41787098d4c_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-04327203-282e-4cbb-9466-2af994d41fbb_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-04327203-282e-4cbb-9466-2af994d41fbb_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm
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T (EEARERIR | KB BeliE) , Kk
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20°C B4y 794 1w/
T+ (f#H 1% 21
RYEEFD
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XTF TBPH R F U7 E i D fFEimERER

12. HAEMFERLERERTH, BRASDRUEKNLRELS. BT 7Y
PRGN, LR HARIESE RSO0, A A iR PR S CfE A

JRVEFAR 2L (BRI 52

AN

ME, 2022) .

13, FRIERKEEIE MRS R R A S HZ TG 111 N, LERIE K A A o
17 TBPH HIAEAM K SR AL T It 2 fE ] 0.4 =% TBPH/FHH 1% L5 /KW

? Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -

ECHA CHEM,

10 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -

ECHA CHEM.

' Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -

ECHA CHEM.

12 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -

ECHA CHEM,

13 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -

ECHA CHEM,



https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-7b94c66f-7170-49e1-bd87-b64d2534b82a_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-7b94c66f-7170-49e1-bd87-b64d2534b82a_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
file:///C:/Users/BLI10/Downloads/Bis(2-ethylhexyl)%20tetrabromophthalate%20100.043.099%20|%2060930694-3eb6-400e-b8ab-6fc23de9ddda%20-%20ECHA%20CHEM
file:///C:/Users/BLI10/Downloads/Bis(2-ethylhexyl)%20tetrabromophthalate%20100.043.099%20|%2060930694-3eb6-400e-b8ab-6fc23de9ddda%20-%20ECHA%20CHEM
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-54393346-fbcf-4ae7-aca0-d550323ee98e_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-54393346-fbcf-4ae7-aca0-d550323ee98e_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-3cd5c5f1-6b7d-4dfd-aa40-3529aabbac95_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-3cd5c5f1-6b7d-4dfd-aa40-3529aabbac95_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-c858e5a3-cc10-4910-aee3-cf6b374b5e13_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-c858e5a3-cc10-4910-aee3-cf6b374b5e13_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH

UNEP/POPS/POPRC.22/4

HEAT TR R, (XAE 50°CHI pH 4, 7819 REEAT T RIS B 5L 764 pH
BHF, ARG, WA HERZE>91%,. = E pH 4 TN 304
/NEF, FE pH 7 TN 44.1 /N, FE pH 9 NN 77.5 /M. VEM AA# A van't Hoff
TR AMER 20°C 1R E, BHEUUNEME: pH4 F A 101K, pH7 R
N 147K, pH9 N RN 258 K. TE 60°C Fl pH4 FiEAT I IkIFiEsRIH, %
E P AL DY IR AR — IR . B T3 31X 2o 25 R 2 J5 WA R 4 18 I 7E 2
b =PSRN AT E TR T, DR RAE 1S PR EE

14, INERHTE SR A IIE R LAR (2019) A~, M TBPH LA
SEMIRE, HT AR L2 AR LA R TR, HERE RS K AEAEE
VKR [z, SCAGBEHUAIE 723 (B 0N A TBPH 7 7K HH R4k 55 V8 A P 22 B 7K
fif I NE LR NS . T TBB Al TBPH HIRMLIR SIS I BRI, K AR 8
PR bR g . —IARAEKEE ORI, /£ pH 4. 7 8L 9 Al 50°C T,

TBB/TBPH iR & % inl K A5 0T LI & 0 7K fif o AR 4 D0 7 v ob 0 52 1) s
(92/69/EEC C7, MM TAEGHHA TG 111) BH45E. HE&8A pHEA 25°C T,
KR IR R T 147 CRIIML A IR A F 1997 R KRB IL, ol HmE
KI5 AR ER AN R T AEES, 2019) &

15, BbAh, APETHEX (2-2%6 0 B (3 DEHP; TBPH (AR ZD
AR T 7K 2 ZE /L 2000 4 (Giam 28 A, 1984, #5| [ Pakalin 2 A,

2008) . IXFKH] TBPH [F/KMERTREFEADL. AL, FREZE] TBPH BI/K¥E R K
MANR/ KB R0, TBPH X2 EA. JUARIA L I E WA =
W B, X PRI B AT B 2 BRI B AR KR K R . Ah, IREMFE S5 R
Iz (BSEF) #&%2], WHFHERIRWIEFMEsZE R, TBPH A iR IL
221, R TBPH fEMRE XM T AR (REVPESHEIRIE, 2025

16. BIOWINHA! (EFEMRLFE, 20124F) Tl TBPH A 5 A% f#; Biowin
2 o, Biowin 6 fil Biowin 3 #AIFM & (i (Ab2eibyEM . PP VFrrfipR
Hil 21D PBT vEALFE R R TR BRI E B R, 2023) KB, TBPH
TEAY AT TH 405 2 n] fe B Fr A sl m R AN . ZW R T T 4544
WA, HEFEZ, T Biowin 2 f1 Biowin 3 FIZ#8m =, ZW R o TEC
AT (BRI T) T EIGEM EFE. Komer £5 N (2024) IR A1) B AR 4y
FKAETIFRM, TBPH N5 LW (HINASE 5 E W R 2 15=0.991) .
FEEIRSR (2015b) SHE WIS LR RE R, TBPH A5 A %k
(PR <4%) . MAh, LiZEAN (2025) fFHZ A4 TG301F, fE 22+1°C F
FF4 28 KVFAY T TBPH 25 At g B AL BE RS I AR W R e itk o A FH T 2R BG4 E N
Z ik &Y). TBPH L &ML TG 301F 4140 FRIMH G IR A & fitE, 28
RIGHEVIEIREFRN 1.4%. BI/LEHL TG 302C 7£ 25°C N BEAT Y79 0 & 45 %
PRI IG I 25 SRAESE i — 5l XTI INAE 28 RN T 7% 12.9%
[PIFEfA, KW TBPH A ZAWFEfE, I8 A EYREfE (BRI SR,
2022 FTLi%E N, 2025) o AR¥E (fb2edbyd it vP4h. VFrl AIPRHI 4610 PBT I
fEFEFE R & (KRS F, 2023) , “UUBRAEMYSTZL 545K TG 302
RANHE AT AW B i R 56 A R BB Z B MR E (PR <20%) , HI AT REFL AL
SRS BRI A EARE (MR >120 ) AR E, 1w AR
AL EVIRLR M. BN/ S AN AR B 2 B TP R

WA AR RN, .
15 https://biodegradability-prediction-app.streamlit.app/, 2025 £ 5 A 27 Hi51.
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PRI . dbAh, TERFEEOT, WA A BARE B3R, AT RE A % gk R
R EEREAERRME (BRI H>180 KD M. 7

17.  MFEEEXT TBPH WA 75 . #R1f, de Jourdan 25 N (2013) 5E/ T
— AR MR FE B AT B P AN AR S KRG, HAR WA T DU RRE B AL BE
PR CELFE TBPHD MEME (BRf22 & B, 2022) o XOiF5T (2008 F
7THZE 9 AM 20094 7 HE 9 A) fELKIEE (&R MEFHT, KRG

FEl 15-22°C. TMASRGENIRE N 1.2 K, HAN 3.9 K, HEKIREL 1 XK.
AR S RAE MUK RS2 BT — DI EKREB .. K &5A & S ALY

13 CREL. B, HIEK :1:1IREY, BHEEN 11.6%T 58k (1.6%
FIAERA 10.0% AW O MGV E T8 b, e E T8N0
BRI, PAEIE>50% MRS @I AT 7 H4E (2008 4EF
2009 4F) , HE—FEHTHE N E. TMAESRSET 2008 £ 5 HEgE ., T
2008 F 7 AN, 2009 £ 7 AR, FHE, EK FEANE
Firemaster® BZ-54 (TBPH:TBB 1:4) #NT =M MAESRFEN /KM, TiiH(HE
i #5000 TBPH A1 TBB A& FEMAR LR . EFRWAES RGN IE, K
BT WA (DMSO; ARFH0N 0.001%) 1 25 ZFFiH BZ-54 7 EA
Fik. HIPREIZA ARSI 040, WARIREN 0.03 =58/, DB
SRBTRRYIF G, £ L2 5 HEKAIEF] 500 455 TBPH/ 7 iR BARKEE,
X5 R4 s X s K5 e S B Rk — 3. 7R85 —4F (2009 4F 7 H 16
HD) SRR BEONE A R WA S R G DA [F R FE S8 35 50m, (BN B i sK .
ST ITIER YRR N 77.4% (BN 60%-88%, FrtEZEN 5.9%) .

18.  EEEANTFF AR T, Wkt TBPH WK E sk, iAo ik J ik
BIFFAAIE, ORI EE U235 T A KA A 1Py B . ki () TBPH
B 5T 25 R, 95%EFXIE (CD N 7-44 K. Fkiydalge g
TR, aEE A A RBREEE, 5 RARERE PR E A S
. de Jourdan Z£ AN (2013) 3|, XA]HE 2RI KM NIYIRARIR — HIR,
BE J5 BRI T T PR o VR 4RI, I AT B8 A2 T S0RE X TR] o B Y i R 1
[A4 Davis # Stapleton (2009; WL 3.3 10 TG BLIE) 1E— TGN 7T
fE] 7 TBPH IR . X TUiRY, FIATREARE, R\BEEEE
R ZAFRIEE RS S5 RN, ORI B 32 1>200 K. SEBRFEAR )
TG (EE T S HIEN 9303 K, 95%E (5 X AN 1330-17 280 K.
DU TBPH 3B LT~ 58 0 3 (8] 1) e R FEAR R, (R L3R BHYUAR P X [
W TBPH & FEHL/ iR BbAk, TEUIRWIR R RIS =Y. 1EEIRE], TEUT
R 2 7 0 B IR A, HE TR T, TCIEER R . IX T
W FL R FN R TBPH fEPLAR A B Fr AME (BEfE = HI>200 KD . K
TBPH 746 T IR H ) W BEE BAEIE T TBPH MR AME (RRINALSE o 7
J, 2022) , AFEVE RSP S IR I (X PR PRV R R DK 3R TR T
HIFEARF 100%EM 2] Xie &N, 2023)

19. b4k, TBPH fFETATAEMEEX [ F, BHETA. HRAK. HTFK, EK,
DU IRV AR HEE R AW RIS M. PERCEEE. R
VL B BRIV DX AR B A S M X, X3k — 25 SR o A M B A ) 45 18
COL B A — v 1 U 0 5 i IR A 25 i A g IR S A 5 T A 458 RN 288 0
P (RRIL & R, 2022; Han 8 A, 2022 F1%5 3.3 75) &
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3.1.1 1RIEME D FRESHEA NS

20. INAFFEME D ZE 1 (b) ()G A RF A TERRE. TBPH fEUTRAH
(PR WIS 7SN H O (RD 180 K5 WIARW) R B fil 1 32 BA>200 KD o 3R H
TBPH fF1E TUUARY) I I AR 3% TBPH BUFR A, QTR &
RURE R (RN R IR YIREA PR 2], ILEE 3.3 19 o

32 YRR

21. TBPH fF& M D fiiikbrde, VIR BRI IEFEE/ Ko H R E (og Kow)
KF 5, BAREEAN 102 (RRIMLZESEFR, 2022) .

22, fEMRIEEEHL TG 305 #HATH — W5 A, HAE 7 4RI 6
(Oncorhynchus mykiss) &N TBPH MM 2 /1 GRS KRAK,

2018) . TBPH &AK AN KL IEHIZh /15 AWK R 20 (BMFie) A 0.038
CREWBIERE AR R BN 0.0048) « 4R (b SyEm. 3R, ¥F
A FIPR I 2645]) PBT PEALHEm R.11 2= (BRI A EH S, 2023) , BIffEL
AL TG 305 IREEMR B R P RIAEDBR ZBUET 1, AN R
Wre?ARA R AR RER RIFER. 2P0 RISCRIRK, AR
FN 0.011. EXIFFFRH, ABRFHNENE, DA ER LR
B (kogr) N 0.018/K, ZAEKKIERIFLEFFEE (k) N 0.015/K, #1ik
BOREE (ko) A 0.044/K, TBPH £AKKIEREZIIA 462 K (REEK
KIENIA 15.6 &) . Brooke fl Crookes (2012) AN, J8FARUEAFAL 3R 5
N 0.085/ KRECEFL, RN 240 (BCF) =T 5 000 F/F 8. 7EHHL
8 3L 47 VR FRATE F0 R B BRI (ko A 0.018/K) 5 TBPH [WAY)
WA RZE>5 000 TH/ T MlfF. M 1 fUGE 2 B (n& A 440 TG 305
fRFPTIR; 26 44R, 2017) WM T E kg /] 8UE, B—M 5k 3
B AMET 5000 F/T5d AR YR 250, 1E 5 878-167 655 F+/ T weiulH N .
J7i% 3 BIRLZE HY) TBPH AWk s R B THE R 881 /T e« SA1, J5ik 34
R ANt HE S A3, PR M ANIE 28 HE 5 0E A T e e o 2. 2%
FER) A YRR 7L A W B RO, X B iR IR AT RE A TR, AT
i 7 TBPH IR A28 B R N2, TBPH I IE ¢/ /KBl R 3L
TR R R R R M E B . SR, A TG 305 Wik 4s 25Ul 5 T A
S AW TG 305 HME—HEZERI IR & A VAR ROT T 15 H AR 46 R EUE R
T H,

23, {E¥% TBPH W\ & AR R e B2 Ry B (e ik ST b, K T 4 PN 1Y) TBPH
SCE TR RE B E Y TIOR R EE R DR A AR Rk, e/
o R PR R AR AR RAE /R AV LTS Qe AT TR (BRI 5 Sl B
J&, 2022) . TBPH fEMLEE ] BMFig A 0.038, kag A 0.015/K, HMFhEFA
PEA LG AR BB, Ak BukE OR4E BMFgl N
0.023, kog ¥ 0.010-0.013/K; MAF 4K BMFigL 4 0.046-0.062, kag N 0.017-
0.023/R) ; HEIHTH CEVBCRRECN 0.16, ko N 0.124/K) o 15 50fEH
AT BT S I D AR B hrdE CEPDIRAE 2%0>5 000 JH/F5) , X
Bt—5 &8 TBPH B A W R

24. Burkhard 2 A (2023) MWL &AL TG 305 J7 ik, ff UL il
(Oncorhynchus mykiss) @ISR S AEUKEY IURAGY (XHEFE TBPH) ,
N 28 K. TBPH &AK AR IERI B /122K ZE (BMFie) N

9
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0.0018 CREAZIEMIBN J1ZEVIHRRECN 0.0009) o ZP) IR IR(K, [H
A 0.004. FEXTWF A, BIPILENS, 24 KRB IE 114k s
FHH (ko) AN 0.054/K, EHEKKRIEMEFIERFE (ko) A 0.047/°K,
HLEZREH (k) N 0.056/K, TBPH 4K IEREEWA 148 & CRE
ERKFSIENIN 12.3 &) . Brooke i1 Crookes (2012) NN, ABFibr#EAL 154k TH
RN 0.085/ REER, RIAEVIRSE 25 (BCF) =T 5000 f+/F. 7&
FHMT 68 34T B PR IR A 22 B PR IR (koo N 0.054/K) 5 TBPH 1
VIR Z2E0>5 000 FH/ T AR A7V 1 MJ5vk 2 A (ng & 4 21
TG 305 $5FRFTIR; SAHL, 2017) T RIAEI#R s REUE R Z =T 5 000 7/
T (3 AMERHAH 9 NI AR ZE0>5 0005 VKRS REAE 1295 &
55 595 J}/ T3 [d], W. UNEP/POPS/POPRC.22/INF/6 S ¥R £ A1) « 7
15 3RS ) TBPH A3k 4s R EUSTHE N 71.6 TH/F 38 SR, J5ik 3 1y
PORER R A S AR, R A TS S R MG H TS A 2, XLk
ARG R B THE A E M S AR KR 2018 W (M 30 F TR A
it 5 P AR AR

25. NacciZF A (2018) HHATI— TR AL R 5L G4 TG 305 W5t
CRE ) KOpydtt, WaE 7 —Fm a2k, EKPEFEM 6 (Fundulus
heteroclitus) X} TBPH MR AI 4L . B —Fh Z &R (Z &K 153) FMEE
WA BRI PSS IR . AR HE Nacci N (2018) 5L, TBPH AL fil/KF
(139 2% TBPH/ T TE) FHAEMBAKRECH 0.02, 7EmEZEA/KFE (4 360
2% TBPH/ T THE) TIAEMBOKZRECN 0.005, 12 K 153 1£ 13 =5/
TF50 T E /KT FIAEMBCR ZECh 1.08. TBPH &4 KAg FiAL IE15h 1
MR 2 (BMF) A 0.01625 CREBIERIE) 1122 E ik 2500
0.0291) . fELLFXT TBPH A — MWk E, 7 TBPH WRE T, FFAERT
H TBPH #EH RN, FEARAEE T EREZ 1245 251, TBPH 4 H L5 =i i %,
ER L A= TR Z B0 B v o 3R o A 55 A4 50 11 26 B A 00 FH 6 i o ik 8 1) 38 im v
FEf%. it 78 &K, TBPH AU A, 7E F. heteroclitus 14 P Fr {40 38 R 4L
(k2) &, N 0.0696, HEKAZIEEREK, KN 104 K CREEKBZIERY
TN 9.96 KD o T 1 AR 2 BERITRIN ) K 22 B Mk 4 2 BUEIL T
5000 Ft/ T (13 MBS AT 11 AT AE )ik 4 2 50<5 0005 APk 4i 2500
BIA 445-13 017 F+/F%¢; W UNEP/POPS/POPRC.22/INF/6 5 BRI SC A4 3R
A2) o J7iE 3RS H ) TBPH AWk 4E R EUS THE N 435 FF/F 5. 2R, 77
i3 BB AR S A0 4 AR, DR v N 2 R TS F TR A £ 2K
HAh . XEEYIR Y KRB THE A E 5 AR R RN 2018 FERF7 (L L
) TR A E AL, EAERERAE, R (k) STERAES
IEEER (p=0.1768) , FIAREHERIZYIAE F. heteroclitus HH i SEAFEAE A
RN,

26. HouZ%¥ A\ (2022) 7t Epinephelus fasciatus 1 Plectorhynchus orientalis 7}
0 S ) P ROk A R A ol BVRA B R BEAT T ARSI E . AVPAS A% 4
EPRER . CBRARTE 25°C FIFE 7 04 0.5. 1. 2. 4 f1 6 /M, HiARE A
21 TG 319B HHEF 1 2 /N (IR % 4 /NP, BRI RAT 5 AN A s 54 3 R
TR, AR 6 NFE . thal, EVPHE T HRokAMEL S TBPH X
WA AR — I BOR ML HIRE /T B IR GYIN 3OS T — 2 A TBPH
W (STEER/FE) o MK 1 =5/ Z A E A, Sty 7 =IREX.

TORLARAE S IR TR 200 90% 0 Y 8 S IR I GRORE A2 o (R AR WD e A 3 75 6 —
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1%, MMAERNNEERAEREEER. EEEfF, TBPH 5/NEK
(HBB) [RS8 R I H AL (0.017+0.004 Z T/ 2= 58 5 A5/ /N,
’=0.803) ; fEABIfad, TBPH MIASMEYIFEALRME—RIK (0.016+£0.002 =T/
Z AR/ /N 17=0.964) . X RFEE, A3 TBPH AR 2.

27. TEFEFEIAEY (Lumbriculus variegatus) H#fi € T TBPH HILEWHE-IIF W)
MEART (BSAF) Ny 0.254 TGN/ T ek (GEEMARRMETT% 100.3
(EERR, 20000 ; Burkhard 2N, 2021) . JURPEAREHEAT T 56 K
fRIEFIR]: — 20 e 2i 45t TBPH, 5 —4H dufk 45/t TBPH JTAA#) 28 R, 44
JEERIEEUURRY) 28 K, CAULREAT VA vRAL o i 50 BA 18] 950 4 i 36 A OR Ja il
Rk CGEEIMRE, 20004 RIFRXEAY), KA E 28 K NIAF] TBPH )
WIS, HILR MR ERRRE, M-I RE e E S,
TBPH f£ L.variegatus H &I H XU B, 94% 1) B 4 57 Amr 765 B B T 12 /NSy
HFETEEE (EPZEN 1.2 /T EBESED , HA 6%/E L5 AR S22 hiyEkr (o
BN 15 K, SHEHEBEEELCH 0.0461 (£0.00485) /K. R4 Burkhard
SN (2021) MIWEFT, L.variegatus #4& P TBPH %5 51 B B /K M AL 224 53 1 0URH I
WA BR B T HLRIASTE . AR HEM, B PR AT Re A2 AR AR N B B DT Y. 5
B 18 E el & AR R AL =, R R H TiB SR s B . JLF
WA UEHE K B L.variegatus 2 %7 TBPH #EAT AEW 364k . X 4L45 K B TBPH v] fig
7f L.variegatus R N F & o

28, SEMETFUALT-RY], KM, TBPH A W] RE A L EVIBORAEH] .

29.  20204E 10 HA111 A, HouZE A (2022) W& T H [ e i 76 V0 1 15 T B ke
K3 TBPH KR JE . 7EdE/K CPEMRE=0.037 &5/ Ft, K HEE=12.5%,
n=8) . VIIRY) CFIIWE=0.181 v/ T TH, futHiZE=62.5%, n=8) ,
PLJ 29 FiAS[RIZE B KA AR (R B AR =78.4%, BT AEWIE n=109 (K14
P n=3-6) ) HRIL T TBPH, WRFEEHICA<TTER HR 2] 0.369 fve/ T i
&, ERIE, EREEENRMR (BRI B E D ARk
e VIR R TBPH ¥R LR B2 JCEHESh ) 4 B A0t VLA A 1D &= 45
FR A X SR T, R I TBPH St = ae-Di A B I8 7 5B e o it
Z17 0.1120.01 2 D171 0.86+£0.32 flfa2E CHBEA) 1 0.86+£0.61. tRIF (fb2E
SEME . PEAE . WFRTAIBRAIE]) RO B UL RO1—3; BRINLEGE B
i, 2023) , PAFLBRZKIREE T, He W5 A HUBRAR AL I AE - TR A R B R 1
EHIER| T 0.5, MIRHAMR BMEm (ks 2405 0000 . TBPH &
A A RE-DIR AR R FER AL AR &S AEI R . 1t
Ab, IXELAERE-UTARIAN R FE R, ORI H 1) TBPH (9] AR TG B HESH A
A R BRI E . 281, BT IR & 25k TBPH I EEK
JE, A WS TBPH AR 22 W BE UK I 45

30. B RASE BN R RIERI R, TR T BB B R SRS R
TR ABC M THE . TR R EERW] TBPH £ 528 AT £V
KIER, AV SRR T AR REBGERE Y 4.2 2 24 Pz
#=6.8) (Hou ¢ N, 2022 ) . ATAIN, XEEMGTHRIEMBOC R 2

16 AWtk TBPH 175 246 R 0.012 f v/ T e i = Bl gl e/ e I o

AR DO R TR AR HEAL G BT 5 B T S SR S AR HE A B i P Y BOR BE AR LE AR

18 T A W TR 2 B0 SO o R4 AR A DI S 1 A A P2 ok LA 3 T i B i s Ak
FERATE

11
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Wi, JFHATREEfL T TBPH WIE/EAEMIBORAER, BUNAA UL LA 8y & .
flan, H¥E FishBase fZ8%(¥E %, 4 Cephalopholis argus £ E LN &
(75-95%) o " iZWFEIX T 5T 1) BT A R A 2R A B B s i TBPH IR
F¥ (0.369+0.066 1 5% TBPH/ TG HE ) , FLEFRBENE —m. RIFXLYFh
PR ) TBPH P39 BE AN BT A KAF (1 AR A 1) TBPH P33 EE (0.129TBPH/ T
THEE) , HHAEMIBKRECN 2.9, I, XEX A TBPH AR E
FH R EE R B SE A TH e AR, ZAEPIOR R BUE HAFLEIR KB AN 52 1 5
#i4n, C.argus &P TBPH “FHIKREE FIMKIR SO =AM, 28T, 276 KE, X
T S R B TBPH fEf2kp A A VIOMER . (ESEREZ, iH
FERFEIE LB M &G AEmULA, AR EMAEE e, Kk
BRI Rl RETCE R B 2k AR NI B i . AL, IR SR AR OR R A ]
FEMMATER

31, HFE LR/ KO RZECN10.2, E¥R/ 2500 K581 N 1518
15.5 (KOAWIN v1.10, EEIFMH, 2012; COSMOtherm 2020, #:5]H Glige
A Scheringer (2023) ) , TBPH ff& (fb2zfbiEM vEAG . VFRT A1 R 25451 )
BRI 25 S A AR B TR e b v (B2 K R 5>2, 1E ¥R/ 5
RO RE>S; KellyE A, 2007, 5| 3G mE 2 R/, 2023) o AN
A8k 44 D iy 18 W40 o 2H 3 64T 7 TBPH AR 4K 4MBF 7T (Roberts 25 A,
2012) o fEANMRRLARSEEG H, A WEEE] TBPH R E 0, kAR 2]
R FSEEefR RIS RIREEN S, &2 T TBPH FIAUE IR
A HRH (2-23: %) fiE (TBMEHP) . Roberts 25 A (2012) 231,
TBPH {{i§ /2 % TBMEHP A fg <520 TBPH )21, (HrlAEAIEHGE, AL
20 TBPH HIAEWIAR Rk . BUA K BRAA N 84880 11885 % 8, TBPH Wulk
AR AR, 7F 0 REA G = 28 20 DA (Knudsen 25 A,
2017; BARZEN, 2012; Silva A, 2015) . R, BRIKEZE, K5
TBPH {EFE(H HHEABRHAYIR (30%) AL TBMEHP (70%) HIVEAPIHE
HEE, EMHY—Er R EREEHAF (Knudsen 55 N, 2017) . FHLE, 1
FORFERL G, 20%4 DRIER K2 251 TBPH (0.1 #EE R/ 78) R E KR
MR, BHEIFE 7% WL 5% 2Rk 3% FET 2%A1E AR 1% (Knudsen 25
A, 2017) o BEE ORZEMWTE TSR 7RG R, FFRHER A /D& TBPH
WU, {5 TBPH ZEFTAREANE L RRALE P (iR S B W n . dx s &t LRy,
TBPH A Al REFE 'S LRRAFAE AL AR, FERE AV LR WA K
Bam ol LB A HX — A, HEH TBPH &R S SR FL & .

32, MEINECHE AT R 2 A SRR ) TBPH (2010 4% 2011 Kk ETE
FEl<0.75 2 803 f e/ T 7 IR E; n=69) . BRI TBPH (2011 4% 2013 4E<0.4—
3134/ T i E, #HMMmE=25% (3/12) , n=12) M3+ H TBPH (2011
FEF 2013 FEARMH-98.3 Won/ T wi®E, KHHFE=40%, n=15) , XILEH
L FE B Rl s A B DA R LA AROK AE AR B I 52K (Jin 28N, 2016,
Lazarus 28 N\, 2016 fll FernieZ£ N\, 2017) . 45 Eo~, 7RG 8 B yR AL TH
PRFF (1,2-X (2,4,6- —JRFKE L) 2%, HI BTBPE Fl+ ¥ 2K 2k, B
DBDPE) H', TBPH 7ESEHMEHft Fxm (A SRALFMREFER
54%; R, n=69) JinZE AN, 2016) . B4k, #0015 TBPH i&H iK%
HEVET ALY IR (Zhu 28N, 2014) FLIEAENT (2003 44 2008 HE<0.04—

19 https://www.fishbase.se/search.php.
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3859 v/ TR E, n=33, TBPHKE & T HBCDD#E, Lam% A, 2009) ,
PLR AL MR BRBE UGS I L2 (2010 4E-F354E 0.04 Tk /T CEME) , K
#=10%, n=10; HarjuZs A\, 2013) FIFFHE (2007 4F<0.138-0.876 il v/ T v i
#H, fHIE=60%, n=10; Sagerup SF A, 2010) , &AL AEFINGE I 4 LI
M3 CMEF-F5ME 0.15 ghve/ZFt, i+ <0.128-0.402 fliv/ T i & ;
Harju 2 N\, 2013 1 Vorkamp %6 A\, 2015) .

33, FEGRGRIE AR TBPH K R B RG A A I 2] TBPH GBS f ik 31.5
255/ TIkE/R) ; BaldwinZ A, 2017) . M4, %] TBPHIEAE A KL
B ORN/BEE/JLEARNIKETEEN n.d. 2260 5 TBPH/ T 7aeE, 6 Hi4H
F=16-83%) . B} (n.d—6.6 17 TBPH/TwhgdE; & HINE=32.4-50%) -
TR (13-2600 4478 /50, K HAHHR=04%) . $EH 2! (4.21-1 120 {55 TBPH/
T78, K HHE=86-100%) FIHLF 21 (181 990 ZNve /75, o HHiHE=80%) ,
KEH 2008 & 2016 FAEMER FEL FEFSEERENFEA (He A,
2013; ZhouZ: A\, 2014; LiuZE A, 2016; Tao%E A, 2017; GuoZ: A\, 2018l
ChenZ N, 2019) . faHHH TBPH 5= WK A 2 [AIFFAE R Z IS¢ (p<0.001,
=0.37) , XRHFWIKDIEEIT TN /AN IK Rl K L S22 TBPH
HHEEEEER (ChenZEAN, 20194) .

34, NZEvfgiE ik &8k TBPH. W, &R &H TBPH 1 &Y)2 % iE AH
[RIVEAE AR /R . Tao 25N (2017) 1E 2015 4F 5 A AT 6 H WIE AL 1 9 [F A B
AR S EESE P A —A S0 14 A8 &8 WA Y TBPH 1Y
RGN, MW FFE. k. WSEMYIE. £ 63%MFEA b s il 3
TBPH, VSR ARZEF 0.20-0.57 #9570/ iR E, FHEH 0.69-5.8 4477/ v i
&, AEP<0.1-1.1 v/ wiRE, SEMILH &SP 0.22-1.8 A/ FwEHE. R
M, Tao &N (2017) fHHRIZRE, MAKDLE FHIEEBFEANR TBPH &
A A7 A THI A 2 5 S LR

35.  Xiong ZEA (2021) WHFT T JURhHT AL BRAL BRI AE 5 AR s Hb AR A o 10 2B 9
WS, VEHT 2014 55 1 AAEm MKt SE /R A8 0 2 5 A0 Ba] f ) B >R AEAH
Y. TBPH £ & &/ 3R A AR F (BAF) 24 501 CP¥ME: mAMEN
12.55) , JEFTHFALT 9 Fo BRA IR T 28 R I R K, KB TBPH 1R
Al e IR B M & 8% (Sanionia uncinate) . XE{EA VI, KA
YIh R E ST RE s SR A I E 4

36, WHFLENW CELFE AR . MR AR E s B R R T AEE, E B
TBPH 7] DA R85 H (1 AR P UA

REMIHEE D RES LR EYR RS R

37. 1T TBPH WA R BUEHFETE 5 000 T/ 50 H AL IEFF2 /7K B R 5L
KT 5, Kiilh TBPH #F&FHE D 58 1 (c) ()G B 51 H B AE R B b
. SCIGESLIGR, JUPBRAIERRM A, FEBRAED . KEA ALK
TBPH #4744k, RLRPFHEAEG AV RE T1. 3680 2= 54E 3R 0,

VndEHN “RIEH” .

2028 BEGUE T R T TBPH M-85 [ #e 0 120%, 8 H 7 TBPH KPR 141%
(LiuZ¥ A\, 2015) , LiuZE A (2016) #Hiti (B & e F A ik BT R sl 1.
2R T (BAF) MiHH L& S EE R R E (/s 8D B3 F—Hh 2
W (Ew/wTE .

13



UNEP/POPS/POPRC.22/4

14

3.3

3.3.1

3.3.2

B H/ADER TBPH #WUL, (HHEA TR KRS EARAF IR H SRR,
SEHUHT LT B, RN R EsEd, TBPH BAAEMECRI& /). 4, TBPH
7 VLSRN f 2 () sSE L A - AR R IR TE = T 0.5, RIFPHEAREM
YRR T, i TBPH AULEA R A A LS R R i () anfs v b
AR SRR R T ) RS20 3R 19 A TR O AE W THOK R BB F R HE 7 R S R it it
—3BiFYE, UEA TBPH B AR BbE . AW EE=iF 7 TBPH A
K381, R TBPH 2 MAEY) (RFKAETEMENY), EF SIS
Y, AFEANZD T, WAATETIHRBLES AR (MifEAD LR
FhFI R & #E . TBPH AT DATEBUR A Bol i B8, ANREAERE, If
Hreld i i i N e AR

EEERMETIRED

IR BRI

38. TBPH W= @AW S HEAE 25°C A 3.02x1072 BH.37 )5 K/ BER (g
£7%, HENRYWIN v3.20; EEMIRF, 20120 , fHit 2K KR 25°C B
2.28x10° 15 (MPBPVP v1.43; EEIF{R)F, 2012) B 25°C B 2.12x107 1iH
(COSMOtherm 2020, # 5| H Glige 1 Scheringer, 2023) , XU {E % H
TBPH K& B KA H A ReERK. 28T, fEfmimHh X L) TBPH ¥Rk JE K
O RAE T RKRIEH. 72954 TBPH 4 3 st S5outb/EH = & B 2
SONAE KRS FBEFE . 25°C I, TBPH S5 H BHIE R AE 25 IR B3 5 5
8 21.82x10712 5 K /40 F/# (AOPWINv1.92; EEIARE)F, 2012) .

FRHE 12 ZNiF 56 BAFN 1.5x100H/ 37 7 JE KX L6 fE, TBPH/EZ SR (A H
Al W 5.883 /NIRFER 0.490 K& (AOPWIN v1.92; EEMEF, 2012) .
FH IR R R 43wl RE R AU, RIIRARE 5 &5 B 3 s N3 H Y AOPWIN
W AR T REARAL 7 2P R, BRI, SR KE2> TBPH W]
RE I B 20 ki) b (TBPH W Bt 2 K S FR Y B B LEBA 99.7% 2 100%:;

AEROWIN v1.00; SEEH{RF, 2012) o BT TBPH A UEM, E¥E/ =5
SECEREGE (15D, Wit TBPH K5 KA BRI ™ 4= ¢k . TBPH W 5]
2SRRI, T RE 2 1A 45 B N (AR R SRS BT ). SRR IR
TR AR EE BT R I AR AR, IXAG R 1 AE AL AR RN i B 25 i 1 [X SR
FI2= SRR ORI BRI AR B A Ui AR ) Fr A 21 TBPH 44 E (Halvorsen 45
N, 2023; LeeZ: N, 2016; Moller 25 A\, 2011a f12012; Rauert %A, 2018;

Salamova 28 N\, 2014; XiaoZ N\, 2012a; ZhaoZ: A, 2020) .

39. Davis M Stapleton (2009, #%5| HI1E KL S RA AN Z R BA
&, 2019) ik 7 TBB Al TBPH 72 KFHEEST N 7E— R FIA AL 138 7 6 i
RN . EFTE AT, TBB M TBPH P& AR #H18 TR — BT 55
AE LR ZEBEE &Y. X TBB A TBPH M &, SHMELH| — A = R AR
s B TBPH I &, KEZEGDWATE . BRI A AR SIXH+ TBB
A TBPH [))GFEARELHE, (H7E S5 9N s Hb X 1 BT e 5 ok AH A< A TBB Al
TBPH MM SR, XA OB T REAEXT 2218 (Xiao 8N, 2012b) .

b w2 LRl

40.  NERIFEL S S ARAR AN E R T AR 3T H 2 A 20 AR Fr AR iz
PEESITRETE: imak T B, 8 d@85  TBPH RS ALT A2 0E S (CTD) M 2850
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AN (2019; RIEHEHAIKANSED . XiaoZE N (2012a) #EFK, TBPH [
HAGTRIEE N 2 900 A8, HBMEN 13% (BHMASE: TR
N 5.9 /0, AKAETERAA 1400 /N (BRI S8 KD, H3EA2EIE /AN 2 900 /N
CBP 121 R) 5 43 5i4# ] SPARC F1 EPI E4F 1T P32 1) o e ik i
77 (LRTP) 4154 5 097 Tk (PCB 28 (AT R ES) 1 2.248% (PCB-28
PER ) o Kk, £F%) TBPH 3R£A3HIX e a2k B3R i3 B A i i ik 7%
BIRAG, FEA RN ERE 1. HTWMASEASEE O+
AR , @SR A A e AN, @508 T AT
WX 1], 1 TBPH ESURYIH BB Fr A

41.  #R¥E Brown F1 Wania (2008) 5| FRIbs#E, TBPH [HIEFEE/ /Ko HL R EL

(10.2) « [F3¢E/ 2S00 A% (15.114) MBS/ KO ES (4914) HE
B, TBPHRIEILIEAEILI NSt rp B R 8 1R K. S5 [, Brownfll
Wania (2008) JEFEIILHTS G A AEDFL R 71 (AC-BAP) iy I H X B 45 LA
NhnifE: IESEEE/ KR>35 IEFEE/ TR0 ARE>6; 0.5>75//KAH
RH>-7; TR/KDERB<-1.78% IE /25 0F R25+14.56.

izt X i 2

42, Sz DX S A I AN AR A A ) WA T AT B 2R B T TBPH Az #E 23t
Bl (BZ2ER WM TIER Al EE A6) . HAFEENLE, EWREAINE
FEA HR 45 1) TBPH 3 FEAH AT REMZAK A, Papachlimitzou 25 A (2012) 5 HIX
— A, HRISCAE (UNEP/POPS/POPRC.22/INF/6) i#t—41118 7 TBPH 43 #7
J7 TH Ik

43, 20054F % 2022 - HAM], FEALAR IS A BRI 2] TBPH, GHE Zeppelin.
Ny-Alesund A Longyearbyen (HFL/REL) DLAFENRE CIng k) mdbtk=<H
(R FEJE I <0.025-14 Fzva /7K CRARFI/BiiRiAE) 3 Halvorsen 25 A,
2023; Lee 2% N\, 2016; Salamova Z£ A\, 2014; Xiao % A\, 2012a; Hung A\,
2013a, HE5| BALHIIATITEALE 7%, 2016) 5 2009 & 2010 4EME]), #EdbK
PERNZR M 5 22 Mg I 23S0 A I ) TBPH (A A1/ B0k AH vk B 16 BBl 9 <0.16—
0.36 JZ 70 /377 K; Moller 8N, 2011af12011b) ; 2009 542 2010 F ], &
[ AV AT A A 2 22 0 (g /K G N 2 TBPH IR B VS N ARG H—0.22 f2 7/ FF
BRI BD 5 Mbller 2N, 2011a F12011b) ; 2008 4EE 2013 FWlH], (EHK
B 24 By A AR B PO/R AN Kb M X () Bt b . S SR A WD R A
frill 2] TBPH, B4EHE g5 M AT 4 35 LA (Ursus maritimus) (KBTS
Fil N<0.106-3.754 4§75/ 73 15 B M1<0.14-44.29 4477 /Fi IG5, HarjuZE A, 2013;

Houde % N\, 2017; Sagerup 25 A\, 2010 1 Vorkamp £\, 2015) .

44, JEARIEINAI PR 5 (2017) 23, 0 oK s b AR X R A 1) KA &
KRR IR, 2008 FEE 2012 FEWIE] TBPH W WG I, 78 KWIIX 12S,
R B ) T N (Ma 28N, 2012b, 5] 3 db A WA PEAL 7 &
(2017) ) &

45. 2006 FZ 2007 FHE, (EH R RER 4 730 KPS E] TBPH
GRFEVERIN 0.049-1.7 25 /S 5ok CRARFIRURIARD 5 Xiao %8 A, 2012a) .
PR Xiao 5N (2012a) WIRFFL, RAESPTEAIFRZET K B#HIAA F B X,
HE R RIS EHE TBPH 78 P 1 BBV B R R BT, 1
FINN, X R BIBEBEANE A X I RYR, (H B AR PO 0 B AR A M AR B

15
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ML HIESRRVEENE 554 (Xiao%E A, 2012a) o XAEIE T TBPH [z #E B
KALFEE T

46. 2011 EZ 2018 SEHE], TERMIMNEAIE] T TBPH, 35 AN a5 re
WA TR OREEE VAR H-0.098 7 5/ /5K (KA
WURIAR) 5 Zhao ZF A, 20200 ; 2010 £ 2011 EI], 76 M EIEEEE R R PR
B BRUG PE X A 0 4 S P R I 3 TBPH  CRok A M 56 Bl J9<0.025-1.5 2 7/ 7
77K Moller %N, 2012) ;5 2014 4, ERGARIMNPEEBRIRGEG . FE/REERT 2 B A
Bif 2 ) & () £ 3R RS I B TBPH (IR FE Y6 [ N R A& H—20.22 % 50 /50 T 55
Xiong &F N, 2021 ) 5 2014 £, 78 g M PN . SE/RFE 1~ 5 R0 fa 4
P B BRI ARG E) TBPH (&% (Sanionia uncinata) R B 5 BBl A4S HH—
484.1 [ 5/7 T 5 Xiong %A, 2021) .

47, IRIEPEZREE, TBPH v LLd ik 25 S A/ B0 i f e Sl vp i it A7 i
TR, BIEEPERIEL GBIEM) o 2016 4, 7 5 K 70 ¥ v &6 & I 2
TBPH (Sobotka % A\, 2021) . tb4h, %] TBPH BIIEA 19% K48 R M i 2
W) (Alicella gigantea; n=10; F7t. WIAFAME) L& 2016412 H %2019
E 1 B AR A AT RER RS (5 B YNIEE . R R R AN 51 B
1, JKIFIE 10 853.2K) 1 100% RN R MUY (02 JEK) FEA (n=8)
(Xie 25N, 2023) . fE&IRE], QH TBPH 7E N KI5 IRk BRI AT it 25l
T 3G PR B KA A AN I BR M VA R T K o EIRIN TR v 1 A AL BEL A
) R 3 sk YA B SR R I U AR ) ORI DT SR RS T TR i 2 SR BRI
XY UEE IR T YN SRR R (Xie N, 2023) . fE&E#H—
AFRH, RN DU 8T 24 981 LR 770 AT B S 5T IR B 280 2R T 1) I
Y. Beah, A NFEH, VIR BEE iR R AT BERE (Kneller S5 A,
2016 ) o Bk, &4 TBPH KUY GZYIRAEDIRYIH BAE AN mlaE
EEp L BURL M TREE =M aI P s b 2

48. TR O A R ) A Can i LR B2 ) Kongsfjord w Tempelfjord F
Bjornoya. a0 PL/R B Sy AN DN &= KAk X ), W45 TBPH fE LA RFEA A
P& &N B AIEIRNY (Larus hyperboreus) SR AEYIMIMYE (2012 4F
N 0.026+0.001 4455 /Z T, K HHIE=17%, n=12; Harju %A, 2013) ; =ft
B% (Rissa Tridactyla) JHE (2009 4FE¥ 0 H J9<0.171-1.398 445/ v i H A
14.62 445/ IR CEIE) , K HE=50%, n=10; Sagerup %A, 2010) ;
KKZEMS  (Somateria mollissima) AT (2009 ¥4 705 Bl y<0.142-3.754 475/ 70,
MEAT 44.29 g/ RE CPIME) , K HME=60%, n=10; Sagerup A\,
2010) ; JEMBEHEHS (Uria lomvia) §F (2008 E3# 5 75 Bl v<0.106-3.414 4977/ 7%
MREA 1917 9h/wEE CPMED , R HME=70%, n=10; Sagerup S A,
20100 ; Efff (Mallotus villosus) 425 (2009 F-¥ &6 [ 9<0.120-1.306 44
T/ AR E AN 33.65 44T/ SLHREE CRIMED , K HIAIER=90%, n=10; Sagerup %%
N, 2010) ; ¥FPFH#FSY (Pusa/Phoca hispida) I3 (2012 4F )y 0.04 4475 /2T,
B i E=10%, n=10; Harjus A, 2013) . FFE (2007 £ il v<0.138—
0.876 4l /iR E A 16.36 445/ wRE CFIME) , M HAiZE=60%, n=10;
Sagerup %\, 20100 i (2009 4 & 2013 4= <J7i%Aa HiFR-0.34 4458 / 3 i
#H JUFME) ; Houde 2N, 2017) , FHIIX A5 A 0] fg i@ 1T 4E P fb
R B i A B

49.  BbAh, 2012 FFAEASE B AR, EEHY (Cepphus grylle) BF A AN
F| TBPH (0.05-0.066 447 /7% #% B 5 0.024-0.025 44 5% / 5 g ; n=3)
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(Vorkamp 25 N\, 2015) . MiEHY (Cepphus grylle) HIEHEZ IR, K AH
FERG IR 22 it 4, AU B vkt X AT H 8T . ik, S BN
15 G B AR TR 20 B K S ARG 8 =2 S IR 5 e A A . (Vorkamp 25N,
2004) o UBtAh, Al TBPH ik A bR HL X R PR Ab Bl B (Ursus maritimus)
IR 4L 28 (<0.128-0.402 4N 70/ 7 i B 8 <0.14-0.44 2N/ 7 iR &, n=5;
Vorkamp 25 N\, 2015) FIIfi3 (2012 4F 0.15+0.16 4475/ =T, K HAIZ=95%,
n=20; Harju 5\, 2013) o {E A HE DL L ALk BE A 5 2 2R o e o o0l %2 2]
TBPH, X3 K B ALK LAARIR 1 B 275 .

50.  FH— P UE VA LU TR S S R KRR RE (4 G SR A B
AR RENENT A2 * TBPH FEA F AR WL JMRete i (g an iR
KB (BDE-209)  ToiR RS, J\R ORBERNAR R AR, Hg5 KM,
TBPH FIKEVERI SMN (TR AME NG R e REE ALY Z HIH
FEAMEA NG Gk BEJG AR R (B 25 ELM SRR AL, A2 AT A6 HH L1 DT
fii; Moller 28 A, 2011a; 2011b 1 2012; Xiao 25 N\, 2012a; Salamova 2§ A,

2014; Vorkamp A, 2015; JbARUEIAIPEAL 7%, 2017 F1 Sobotka %5 A,

2021) o IXAUE T TBPH Bz fE B IL#89% 7). kA, 7E Salamova %6 N (2014)

IR Fi ., TBB Al TBPH 2 bRk 2 e A ol & 1) 3 R 22 I — Rk VR AL FE AR
A, EFTA BT 45 FRERAL BEAA A A, 530l o BRAL BEBA LS IR FE 120 46% 1 17%

3.3.4 RIFMHFE D FRESHOTERMMIIBEL

51, ERARBERITIIN R B FE SR I AT e ARG, IR A nT REFL R B R A 5,
HIE A PERE, TBPH OLiEB B mizihX (At H) . TBPH I4)HLL
S R R B A AT RE BA AL AR IEE AL AN i R A B I A T X
—m, RUCKE X LR MRS AR RN &S T
TBPH. bt FHiskm E A= (A TBPH, RKAE T RAITH. £
W& A L3R B 7 TBPH, XAEIUET TBPH WIKAERE, HIEEESKAM
Wighf, HUTRBIMERN T . s, AW R AR KA K
TBPH WIS BRI, @SS/ BoKHEAT EEE BT . 608 K P
B SR AR Y) OKIRIL 10 853.2 2K) whf&ili%) TBPH, #*B] TBPH &
AT eI W B B B bR AR B SRR, SRR B AR R R K E AL B
DUR R . BbAh, R O YR M S O O P B R AL R R A R N A AE
TBPH, *H] TBPH A 1] feil i i &3 5% 2| i ¥ 55 . RIS 4518 A,

TBPH FF& M4 D 55 1 (d) (i)~ (i) FA(iii) B 1 51 H R 98 AE e i B8 R 5 RS b o

3.4 AFE

341 MARBERAMEMGEMHNAFTIZN

52.  TBPH X N HE 1 32 EAA 20 55 FLAE /N A I8 3 1 wh 2247 g K
HXTRARBR R G IR AT Ko AN 48 HON 28 (1 FLAt B2 i v] e 3280 TBPH 1
A

53, FLATNEZNN: Bao M1 Jing (2021) HF%E 7 TBPH M i K/ I ZA4T
R, —ZH/NER R, 20 250/ T oe R/ KA 200 =50/ T ik /K

BE4H n=8) T L IV 5 Befih TBPH 28 K. i A 5 B /K 2k Er MR PP Ad T 45 1A]
ESIMCAZAE L. B ER B (MDA) . BEAYIBLEE (SOD) A&
HK (GSH) P-4l 1 i SR F AL N . TR E T RN (ER) R

17
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MIREE CEEPERYEE 78-kDa (GRP78) . PKR FENJH MRS (PERK)
A C/EBP FJE#EH (CHOP) ) LLEZ5idILMigSAEYIREY), AR5
HEYEA 95 (PSD-95)  MRyAMMLE 72K F (BDNF) FIBERIL cAMP %
MottEdiGEE (p-CREB) o Hiff 7838 B 23 (8] 2% 2 FEAZ 3 5210

54. SR, 20 A1 200 25/ T 5w/ K TBPH Hefiids) B 2 08 7 A L M b &
) (p<0.05) , &I T N B FEFRAK 1@ A A B BE AT I H KK, R
DR A g L AR B R R . 7E 200 =50/ T/ RFIE N, WM
BibrEY) (GRP78. PERK Al CHOP) &3 Fifil (p<0.01) , FRHHH N S
57 TBPH i FHIM& RN, fEAHFRIE T, TBPH tHEE K 1M
BN F ARl S EEYE A 95 K (437 p<0.05 A1 p<0.01) , TRk
CREB (p-CREB) ¥ A Z2A Gtit e LK. i TRXLEY iR S Tid
LB REE, KRR, REANFEIT NN, {2 TBPH Al gEs
PRI G TR

55.  Xiong A (2024) IS MEEEMR A TBPH (20 25/ Twk®E/ R —
FIL WA RE ;s B2H n=10) 60 K, Lhit—3P4R5T TBPH & & s, {HH
B H T KR B ANk S B B [RLEE PR T M AT R, BeAk, IEVEAE T 2
MURIPELZ S, B AN ERREY GEMHE (ROS) FAMH K W
FRFER (It C (Cyt C)  WT-EAMBIEE T-1 (Apaf-1) . PR
AW-3 (Casp-3) PR AEEE KM AZEZIRESE (CAD)  N-F%-D-K
T ARk 2B (NMDAR2B) Fl#fiit CREB (p-CREB) ) . g
1 DL R i 5 8 KPR B A A0 P /S 5 R T B (p-ERKD « FOS 1 JUN.,

56.  Hfih TBPH /)N BRAE P AT NI b I 238 2 48, BBy AR S AN iR
RGN, RIS AL T REAAAE GG . P B KR e & —Fh 2 T
SR A MR (NS HA TG 426 CREMAF M) ) il
SIRACAZE IR . RE 55BN (RE) M FEMH 7T LLAEE B IR I,
{EAEZ R EAT NIt T A A G S, I nT FHAERA & A5 W 1A
A EE 5 TR IR

57, HH 2 H R G g% A 2k 2 0 BT S s Y T AR A AT K7 2 A7 AE B
TG . Efi TBPH BN 7 iEtEE. BBEHIK. Cyt C. Apaf-1.
Casp-3. CAD. p-ERK. FOS F JUN fJ/K-F (p<0.05) , [FKF&FH@HA> T
NMDAR2B Fl p-CREB (p<0.05) . IX &R 3% 0 7775 B S 1 S A0 87 SR 41 i
AT IE B BOE B OL, REA R SR EIREIN . 256 KE, Xikg R
TBPH £l AL #1155 1 ERK1/2-FOS BB H0GE R E S L 55, &Rt
e BRI INEE .

58. DIEWMIREMH, ERE 20 27/ T wiAE/ KKFE T, TBPH &7/ R
G s 0 S At s SRS AR AT NI . X SRS M LU T AR S . 4
08 T2 0 B BE AT ERK1/2-FOS 15 5 256 M. 1 BE G 3 1. Bao Al Jing
(2021) | PMEAT N BNERZ T R SEALRT A1 (28 K, AN 60 K)
MG ZigamESs (OREE, MARERER) Ax. EEER ST
SEA A B, T TBPH R 8L H ) O ARZE YA H 8K (Knudsen 25 A,
2017) o BbAk, BEREGZiseid 7 AR Bk ARE, T Re S T 80 I E PRI AT
i PR
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59.  REAAERET R B ESR, X F I 5T ER — BOIE IR AR i A
RN . SERBEE 2 (B I IR s8R T TBPH BAT 35 ML /45

wo

60. i (ALEdmiEM . AL YERT AR REERIE, B ERES A A
TG 408 X K RIFEATI 90 REE L AR EM I, fEmEE 1000 =5/ T
IRE/ RKIFIE T, A KD KNS5 255 A 2R 2B, R KR
X i EL R (5 . IR A4S RA—E 5 Bao Ml Jing (2021) LLK Xiong %A
(2024) HI/NRBFFRGERMTIE, BNEEHL TG 408 W52 H BIA AL #h
ZIREVEENLRIMERS I . HeAh, S22 TG 408 BIF A0 ANELHE R4 7] 2 ST AT 12
FIPEAS, T X SRl 2 AE /N R AR5 T TIF 7SR, DRt SRS B B4 mT Lo .
ENFERENAZ, 26480 TG 408 B AL [ TEM X FIFE (5] dn Ak a4
2 WIVEY, BRI A DA X el A 28 2R G s M B (52

61. XthIIEBELIA . Xing 25 N (2024) #4574 SMFI 44 A AR TR rp 432 fi
TBPH 5 filifi i bm &40 2 18] 1 R Bk o

62. {EMRSL, /N TC-1 F1 MRC-5 4l fit TBPH (0-20 Z5¢/F4) 48 /i«
Befih TBPH S8 FACET s (RARIME T GROBASER T TNF-) + F41
WA FE-1B (IL-1B)  EAIRAF-6 (IL-6) . FAAK-17 AL-17) . T4k
F-y (IFN-y) . BT (RERR MR g0 i b IR 7 5 A% 40 i a1k 2 -1
(MCP-1) ) . Btk H-2 (MIP-2) , LARIEEZ S, HIER T
UM FRIE T W HIEILI T (RANTES) o Bh4h, 48 sEbr &Y Kio7 /b,

I pl6 Al p21 KiABIN, RKUIHBL 7 40 1= . TBPH i LI 1 £F4EE R
B (FN) © o-FWAIEIEN (a-SMA) R AEKFE T (A B K7
B) ZEAHAAIELTT (EMD kR4, [HE N E-cadherin JEEINRIETIA . &1k
SEFITA ZRKP EFE, FBURAREY (B IR. BEBEE. R
WEH) JRb, FRAANE S

63. TEARR, 8K C57 /il £ MHEE Bt TBPH (0 CREMIxTIED |
10, 30 F1 60 =70/ T Tk e /Ky FH n=5) , FFsE 28 K. HIURFZB ALY
S BT W) B 2 R SR A o A S IR S8 SR AN IR . FE 10-60 258/
Tk E/ RFIE T, MANFRERAE 5 (TNF-a. IL-18. IL-6. H4HM
N 2-8 (IL-8) . IFN-y) BFTFE (p<0.05) . FALNBEIREY GEMHEE. KA
TR I (p<0.05) , MPUAEF (BBEHK. BEAEAR. TEAA
B 9D (p<0.05) , FEHIRAE 30-60 =50/ T Fifh s/ K& . 7E 30 Al 60 =
i/ FrARE/ RFET, HAEKETF-B REMEREFHESEHEEAS
(p<0.05) , FTIAMLFLELHFIAT R .

64. HATIEEA BB REIATHIR . (2. WA, AR
B RYZR B AR AL — TR R 90 K D REMEF L (L& 4H4 TG 408) i)
HRR, FEFIE R EIE 1000 Zr/ T ia R/ R, B 4200 B2 AL
5 Xing % N (2024) WA BIMZES, JEE ] RE YA BUSHE R F i i
ZE5t. Xing AN (2024) WER| K5 T4 7] e AR FIHE0E NAE ) B, an
FREE T 25, TIRE RN i, XULHT A g BRI, RIEEAX BRAKIFIE T,
TBPH 1 7] 58 )3 B¢ 28 P A5 5 1 %

2 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda -
ECHA CHEM,

19
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65. B MAATI S : Mendy 25 N (2023, 2024) TEHZ N K3 3 B4R
KRAERTT X BEAT T I TUATHE M AT A 70, A T AR AL B RTR) (s
TBPH) 5 )L MW R Gife FE S22 [8] ) 9% &R o

66. 1F 2023 EMFFR T, FREFT 234 Z)LEME B AR . Z2ORES T
PRUENIE (Flan, 3 18 %, FOBmAl, FEEAE St BTkl M4 16
LA, AR « THREE/NRERESMNEZT 1 2 RN A
FEENBUCE TR Kk Rdim (300 Weok) itk FF @it
HPLC-MS #4704, LA € A HLIE L £h FH#A 77 (TCEP. TCIPP. TDCIPP.

TPHP) FIEACIRILFEMAT] (TBB A1 TBPH) IR . Fra G HUEEES SE AT
JURTPFEIREE R 10.27 Tlve/ e KAy, RGN 2.82 e/~ K. TCIPP &
a2 A NUBEIR ShBEMA A . X T B ACRMBAFIT S, JLFA-FWE N
0.48 TlT/ T KA, g 0.13 i 5e/~F 5K, TBPH /KF (0.27 f#0s/ WK 4,

Ffi N 0.08 5/ FJ5K) T TBB. &P RS ) B 0P E TN R 4
B, HES5%. 5O, JLEEZMENE, WE 1S E (FEVD #
WE(E PP E (PEF) o Z2JLHATE Ml HLAR IR £k BHEA 77 A0 2 A QAL R 771 5 W
Wi 3 RE IR A XURS: 386 in A <, TBPH #y 2B f fof 5 U (E W <9 & BRI %
(p<0.05) . RHEREBEIRRHAZFEE T TBPH M fifrs 5 % EIEEFS
MERRZ AR RR, XEEERGHEILEMEDN . B/ Rk, HAEERE. Gk,
AL (B 5D FKEEWON . BEFLMEFRRFEENT [A) . Po Rzl R S I Iy
ATE T MFEE S ARER; BN AT 5 I V& TR AR I BBUB A 23 B A 52 0e 45

67. 2024 FFRIWFFLERER T 342 BZAEHRE (2003-2006 ) o fEUEYR 20 JE B
WEE T EWNIKAEFEAR, FEAEIEYR 16 AN 26 & LLE /Wit I & 7 BES IR 1
AHLUBEIREE (OPE) A EACERACTEMAFIA B o PEAL 177 1y 4 fi 5 W 3R 4 fit e
o CREPREEIRTS —IR, BHZE 5 %) M5 BIThEEZ AR . TBPH ¥4
WL ) LB M 0 KU 3G i 58 O LB RPN AE; A fEfe . (RRD : 1.57, 95%
BEXM: 1.28-1.94, p<0.0001) ) . EXMHIHFF (Mendy % N, 2023 Al
Mendy SN, 2024) o, & H USRI GERE R R KR, HIL
NFT LR ) 5 AN BRI 2R G520 ) DS IB T A€ AR BT 226 8 ORIk
WEAE A

68. W WARM: Yuan S8 AN (2024) PPk 7 TBPH X Sprague-Dawley K
RN T F1. fE—TUNIA 28 RINER LA, X 48 KR (6 F
K) 4O MH TBPH, #&E N 0 (FKMAHE) . 5. 50 A1 500 255/ T 70
PR/ R W T AN BRI AT IR R AL 22 AL SO B 22 40 Hr . E 500 =58/
TofkE/ RFETF, FURIRIEA/N (p<0.05) , XS5 THANSEEE
T8 (p<0.05) WHEIE, AR RSN F AR F g s 5% . 50 A1
500 =/ AT ARG S HARRERE (TT4) FMlFEHREER (FT4) K¢
SBETFE (p<0.05) , T{ZHARIREZER (TSH) SR, £ T LN—TE4Ak-
FURAR (HPT) hZdl. BRIMAL2E S B /BRI M %2 4 R Fem (2018) 3¢
FROUMRRE A, M HUIRIR S B E 2 M ZUR B 22 A0 5 N - W 3E sh AR e, BRI
A YN FIR IR S AR . L2 N, (Ah2eibiE . W, AR
HIZEBID BRI 2 IR — I SRR 90 RIOAREFMEM R (Z2HHH
TG 408) &, fEmIE 1 000 =5/ FwihkE/ KFET, FARIREE AL
PEARE CRIMERVIRIEEE) o 2810, R R AR S0 EE % LMY P 4
WK

20
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3.4.2

69. fEEME. EREFEMAEUEME: BEIAEE, TBPH X B A &
M. HTFERZEdE, Hai W EEm A E S MSUEE S . R TIXA
B — B EEE T ER 0t (UNEP/POPS/POPRC.22/INF/6) .

RIS FI SN

70.  (AbEEERVEM . PR VERTAIPREI G Bl R T R ALK I K R
PR FL . ZANEE S et TR REE A (2544 TG 203) . KHI/KE
ZHEM (BEHS TG 211) FERPFFR (EEH TG 201) . FTf XL
FURW, MWK E N RAWEZAMEMEZEEN . BRSO (UNEP/POPS/
POPRC.22/INF/6) #t— PN T LG4 TG 203, 211 #1201 WL,

71 (AZREM . PP VFRTRIPR SIS Bok R AR Uik T TBPH
WIRFERITETS, SRR R B 27 A6 ik, fERBREE (EAMY
TAEMHL TG 105) AT KB IERMENZAI, £ 20°C T IHE
fRREE<0.05 Tve /T, T 1% CREVE RIS AN, S EEI RIS 794 flv/
Fto SR, BTAGHL TG 105 @VAFFAEBENE (A ZRIE) K e %
fREE<10 Z 50 /TR 22 KIS MR B, B A ] SERAE A IR %E . LAh,
KA WAEANFRIE R TBPH iRJE. Fit, TR ERR . mWREZEZR
<15%. UtAl, AR50 1 pH 1E .

72.  LAFH Fu 2 A (2024a. b) . Hong %5 A\ (2025) . Zhou Z£ A\ (2024)
A Guo FEN (20200 i I FEAEAE 15y T S 7K HH ¥ A FE A PR (R B2 1 14T 19,
(B 52 4 P — FR R AR A 7). Zhou %5 N (2024) 1RHL, FET26H07H TBPH
2% (Guo 22N, 2020; Zhou ZE N, 2021; Guo Z A, 2021; Zhou Z A,
2022) , EHLIHATHBEL AR5 R AR I B CBFRAR 10 B/ Th) (RF - H &
WEARFIKIE G (fEH 0.01% AR 0 20 — A i AR AR (2025
£ 10 A Zhou MNIE{E) o fER DR LA (Guo %N, 2020 4F) 1, 1E
FHIRF], TBPH 7F 0.1% (IKFRE0D 19— LA ) B KR FEEL N 2 TEE IR/
F (BPZy 1412 358/ F) 5 Guo M ANIEAE, 2025410 ) . #EfEZ&#, TBPH
SERVAARAE 0.1% (A0 B BT, TBPHIKE & EIA 141 /I
(Guo MANJEfE, 2025 4 10 A) - FuEAN (2024a. b) HIBFFUAEE 1] & i
VB TR FH i e R 3 AR 75 8 Ab B, DAR{R TBPH 78 —H LA (0.005%)
R SER D TP . 1ERE H BFT A T, B i A% VA TR 2R 12 T N B 5
FUEA NG R REAK B R W R AKAE K TR RIS BOR AR RE, DU it
TBPH LUJ» TR B, AT fe AR 2 S a2 e AR B ARk i AR (O FE B (Fu A Al
5, 2025 4 10 H) . #HTHAEE, ERREHEEGESH, RWEERER. I
Ve~ FLURECRT DL SRR/ UL . AL, BRI TBPH R B S E 5 ARk
—& (Fu /™ NidfE, 2025410 H) &

73.  7E Hong %5\ (2025) WfFFeH, it LIS atmf o 1 0 0 e Bz k7 %=
AT EEME . AU KIE B . Bl PR H A, DL SR Ak B ) M U
(Hong M NJ#F, 2025410 ) o [AFE, ZhouZE AN (2024) TfifREE K B HH:
fib A, CAPRFRIR S — BOE B K IR B sl /Dy e ) R BT . 22 ar kT
TBPH [ TE (Zhou %N, 2022; Zhou%% A, 2021; Guo %A, 2021; Guo %
A, 20200 , VEHUFSZMRRIKRE (FRFR 10 e/ T KT = RV IRAKIE &
M IR ER IR (Zhou NGBS, 2025 4E 10 A) . N T Hiff TBPH 744
FRAEREMA B g, ERSRERT AT LA C0.01%KFR %0 k4t 45 va sk
1T T AR ZRBEALEE (Zhou N NIBAE, 2025 4F 10 H) o ZAhiE, Bk

21
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WA MR ] ILTTEY) . SRECREEMR, W73 TBPH WM —EE%R
B TBPH 7R KAEE EE LM (Zhou AN NIELE, 20254 10 A) o J5 R
FOBEA A MR T AR AR AT VEMILR . T B T B4
RIBMR AR, Guo ZE A (2020) HIWFRAEETRH, EREREH (1 412
e/ F TBPH) WA HIL 7 A EES, RIPFEREMET TBPH (Guo
NEfE, 2025 4F 10 H) o #fEEH, (R EKEHFWER O E#E, %
‘Hrp TBPH #RiT MMl N 7 ARFFEAN — 2, B KT B i U 2 b X i
SO . TERARIREEA R, A MBI PTE, FEflia wE A~ S50 ok 72 R
FRIGHEL Rk, RIEIEE UL (Guo MR, 2025510 H) , TERARIKE
H BN 02 R R/ FHE 141 30w /FH) RGN #5215 % 1) TBPH.
Rk, JFRH#E LRI NG R, IONIXESHE AR FERT . A RS2 1 PE A &
RRAE MR AE WA 5 7 TBPH R N W %2 3] (K] 5]

74, ARIE T MR AR K AR R R A G HL GD 23 (B5H
21, 2019) , iEARR M —FhEdE, AT SR BRI S s T
DL A B & G s I 2 ot v IE 5 2 IR G O &I AR Bk EESE (&
HHL TG 201 MILEHEMEY (ZEHL TG 211D MEEP FAE A IEH %
YIIAE M A B AR R, (B 5421 GD 23 f e it, 100 250/ F 57
TR PEAS KT R I 35 2 W s v A ] DA 2 i Ak 2 i B RIS IR . —
F N ORI AT A ROH T oK AE B I % 72 — . Hutchinson 5 A (2006)
[0 1 ASE S AT K AR AT, R R FEIE L 0.001-2% — HH S MR AR
WSO Sl AR, BFEE MR 2% P20, E B 5 A R KR oA
WL AR S IR, XAE 0.02% = H AR T 5] id b £
(Danio rerio) F=AE AR T 8 LLIAE 0.001 %< BE T B#AK T k% (Pimephales
promelas) =00, MRH#E Hutchinson 25 A\ (2006) Ft-F-fi ] — F 3 H Bk % B
FEA R, AAHE GD 23 HEFEEH 20 fl Tt/ B ORISR E

75, ARATFTRAE T AR RS, E AT IA A T R R B o AT AR
[Fl. ZhouZE N (2024 4F) WHFLHIMER KM, ARYE R M SCHRABE 5 A 8535 2
WE T BE E S ITE, |2 A IR BE <0.1% %) — H 3 AR B 2 #8181 4 £
ToEEE, JF HIEH HAE TBPH SR8 /K AL ST (Zhou AN NIBAE, 2025 4F
10 H) . EH2ZH*F TBPH B LYEd (Guo 25 A, 2020) , 4%
0.1%DMSO M3t 5 IRIGER G IR &« fFiG MEfiE. R A g A
TAHE BRI BABATIR, WHERMEFEZR, WILR - PR TRES
FPEAEARTRAI . Guo fEN NIEME (20254610 H) 423, MIELEHHATG236
AT IR R RS T R AR B S IE 1% R L B RS EUR B
FEH, R T 0.1% - HFIETIREFE . % T TBPH MV fRtER 2 H 3t
MEARXS 52 AR AP T2, BRI R AE LN HIFFE A A8 B 52 v AR SZ 1

76.  TBPH W)SBEIRE RZMAET X ) e f R BT 2RI IR R G LR BIEAT
7T AR O FIH O T . B AE B AT A DA ST 54 £
KEWFWD o FEUEX L, 2R FIRIR R = A AR (IR
B S BIFEE TR AR P AR D) ML R -

77.  AEREAAN W Fu 25N (2024a) W—IRF5E AP, TBPH 520 | 3
L (Danio rerio) HI3EKEVANTFAETEIT N AH VU H KA kEMEBE 5 M il 0.
1.4, 14. 140 A1 1400 #5e/FHi) TBPH (FFFIE 20 46fh; HEE 3K , &
A 0.005% — FEH (RFRHG AMERHCEFI D, 7R3 TARFR/ Ik
FEREERS RSt 28 Ko EIXTMI A, k3T 24 S350z m e
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B, AR ISR S R R ) i R RS, B AT, FEVRAE B AR A AR AR
MR RESH. 1EERE, WEoWRW, fErEF EED RHIERRA
K FEAS kG 3] TBPH W B =8 0.13 5/ FF (Cristale 28 A, 2015) . [
U, YEFERHEEE RN, 1.4 Bo0/FHEIR A DR E . Bz i) B 1 f 4))
REIREAL TN ZE . AETE R ARG T B35 IR FEE A G o IX 28 Jg
g — SRR AR, REARATIE R N (=14 /T p<0.05) .
HERKIRE (>1.4 T8/ TH: p<0.05) ALOHEEFIFFK (>1.4 #58/TF: p<0.01) ,
RWRETREMAEERIZI, MARENMEET . 6 KE, KBRS
SRR T R Ak B i R TP AR AP R AR . Zh AL E. f795
R KRR 2 P = A B

78, MRS, MR T N WSS . BARTE, HEMER D A LERTA
fIR (1.4, 14, 140 1 1400 5w/ F1) N R HES R 2K (AR) WS
)RR B E HIBES (p<0.001) , [l 77 & (Al 3R P450, cypl9b)

FE A MR R B (p<0.05) o MR 2 AR AL AR K A,

LM ERRIE, ORFMEREAAR, CIEHESERBER. & ERamsds
VEAT NP R¥EVEF] (Chang 25N, 2013) o BbAb, AEAENE M REEA B R,

EWAN I EIRE T, 1-BEMRESH % EEE T (p<0.05) o b4k, 7EBRT
RAGIKRIE (LOEC? N 14 foe/FH) AMNAUFTEIRET, SinHixarat, Bl
T W) TRV B A FEAT N T B0 M S BE B B AR B R R, O
HPEFTA TBPH HAlRIE TR, XA MEIEARL FC (p<0.01) . PHEARHL
W RN, EW MR EFEA (140 A1 1 400 5w/ Fhs p<0.01) H, £l [
WD ) R R SR AN B T B Gt = LR s 7R 140 o)/ b ER A

FEREAIAE (SPC) kb (p<0.05) o Bb4k, #feh TBPH J5, KT WE (RK4E
WL ODVEBER . ONEEBNAIESEERD AR AR BRI, TBPH &
SEKE IR T (2140 3055 /T p<0.01) o BIREEHEEN, TBPH A] LMEN
N T, 15 LOAEC?N 1.4 T/ ) 438 5 5 5 8 (1) B8 I 7= AR AR 2o

79.  AArASZNE: Hong %6 N (2025) fF— Il A 847 (Gobiocypris
rarus; PSR 1Y 28 RAEMFFIERT 7L -S| TBPH M HUIR IR . A2 — T
fEF 45 A 8 (Gobiocyprisrusrarus; YL 14 K5, fHAFEAL 0. 0.1. 100
A1 000 f5e/ 7+ TBPH (75 0.01% — HEEH (AF 40 D HIFRAR /IS
Hong MM AEAS, 2025 4F 10 H) , A 28 K. R EHREANSRITFHE - IR0
B, PAEBREWEEMIAEE. EARATSEA (CEFmXT R4 AR M5 3] 2K
HET: (Hong N ANIEE, 2025 4 10 H) o MIBEEALIANGEE, AWAELHN
80%. FEAMIFZMITTTH, TBPH 5l &M A il 64 o4k 5 S AsivE TR, 5
SHEALAHEL, TBPH 7E 100 3 5e/FHAT 1 000 fsn/FHR B8 (p<0.05) . 1F
FIRA], AEH AR RE TUREAN A b 258 1) (1) 38 b PR A 1A% B Ol A

80. ML WS, XTEN. AFAE. HUIRBRAAZE ST TOREE, DUME BT
Bt — 0 H SV EL A B AL Sl b, FERf e T A P HIR IR R K. 2
fik TBPH 28 KJ&, g HRARAE DG R (W FE KPR B, = FEs (diol.
dio2 Al dio3) TEfTH TBPH AbHEZH R A RIER . I AEESRE A dio2

HEMERNE, RERME SR (2017) , X T A RELEE NS, rAA A
YR AR IR I RN G S BB AR ) 153 5%,

5 LOEC J2 45 e IR I R RE R JEE o

26 LOEC & 48 S IO AN [ R RIAK B o
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£ 1 000 f5e/F+ TBPH ¥ & R R I B E I (p<0.05) , 1 diol Al dio3 7£
1 000 ff 5 /F+F1 100 e /F+ TBPH W FE N 4RI B2 T (p<0.05) M
KB E R AR (me) « MIEZE A (nis) A HR RS S 1) B
(tpo) MIFIEEZFEIN (p<0.05) (0.1 e/ F+ TBPH iRJE) , RUIAFIEHL
B k. ST FHRM S, dio3 FHVRARZA (tr) 25 FUR R ¢ 38 K 78
100 f5e/J+ TBPH ¥ FRIHEEE T (p<0.05) , MHEHFREREA (tr)
£ 1000 v/ F+ TBPH L T RIH 3 FiA (p<0.05) . Hong 5 A (2025)
faH, 55 T 0 FOR IR AE JC KR R R A 8 A2 Th Re Bt (1) DS B e b . Ui ZH 21
HR FDIR BRI KRB, #2 ik 1 000 02/ JF TBPH 32l T4 /KPR EHBL
(p<0.05) , {HETA TBPH #fii2Hd 1) T3 /K-F 5 X AL KA £ 7
(p>0.05) o T4 WBEERIRGAN, 0 i AR RN FR DR MR I3 2R 108 ok 25 (R 0 e S 1 T
K HFR IS RS 2R EE T . HIURFALIRRY, £ 0.1 fsw/THA
1 000 5/ F+ TBPH IRE R, FURIRAZHBIH B R4 . 72 1 000 fif
Si/FE TBPHIREE T, WUERE b R 20 B i 7% 4E Ny s o R IIRUE Vs AR 0 b R
BHERERN WAL A REEM SR 1EE NN, FARIRH w0 24
LA B A A W R IR R M Thae, R A vl BE A N 70 T4
Yo

81. XIS KMIENT: Goodchild Z8 A (2021) WS T P MM PR AR SR JE (1)
TBPH & 5 252 SE M4 (Falco sparverius) HIAEK. BRI, EALRIK
BFRARIRE . LEERIREMEARIASE 5 K#fk TBPH. BAAM S, K TBPH iE
SR H 2RO =E F, TBPH GARETEEHLLAA L) ARFRIREAN 0 95/
TEONE (n=23) . 10 N5/ TeURE (n=23) . 50 ZNe/Fa0RE (n=25) . 100 44
T/ UNE (n=24) . {EFHTRH, SNNEY (AT FIBPERETREY (b
J&) ) TBPH IR P T e SR B Cf T-4fh 100 4072/ Fa /00, &R N
1.8-9.5 3e/FEONE (n=10) ) . Z5SEoN, 70 MEME4HE 5 i 5T = b 7 A7 7R
BERFIELM (100 4950/5% TBPH; p<0.05) , #fih 7 50 1 100 4457/ 5% TBPH
(MRS S IO E I B (p<0.05) o TEZIRF], O KAl B ek 1 7 6]
T 4D e A 1 v R0 22 380 P FEOIR AR AR AR, G0 R BT

82. WkAk, 1E 100 M7/ v TBPH W T #f TBPH J5, PRHHE 0 A0 AE - A
[ AR A bR Y (BB EE . AL B H K (GSSG) Bk H K
(& GSH) LR JEM A HL (GSH) PLESIREEAE AL 553 (PBSH) )
PIREWEIN (p<0.05) o XT4fE L HFR AR SUR B A A A loR, 78 100 9950/ 70
TBPH KJEF, PiftERIMRFES (CD) HEFHHEML (p<0.05) . BT
FA) RS FR DR R 28 R i A DX (), 3P &5 1 A8 A 2% BH ORI v s e R 2 T A8 1k
FHrT e R BRI RSSO R TR F T, WSS 1A A R P 2
WESN: 5P N Bk 10 4478 /v TBPH M4 S 1K T3:T4 ] 2 25 FE% (p<0.05)
M4k 100 4475/ 5 TBPH FO4E S R4 T3:T4 bl B EWIN (p<0.05) . jF&EE
W% TBPH <> GL HUIR RIS & T . X TWT AR, 92K4%Mh TBPH & 1%
ERB AL, BRI JUMENRIET G (IOl =38 i (HEHEAAE 50
g/ SO UNE N R BLRS D) A4 S N B =R > (TR 100 4552/ 5%C TBPH ) )
WEFtHt—03R B, TBPH 2520 & HUR IR K & A1 1 -

83. MR K BWIFW: fE Zhou FE N (2024) WI—Iiwtsd, LM
(CZHE G 0.75 /NI ) Befiile 10 330w/ FHARFRIK BEERT TBPH, AHXY T8 7 e/t
PR REAIR T 144 /N . BANXTERAMGHEAELZ =X, 546 0.01%H)
HIEEAN (R 80 BN A RN ISR R, BORTEREE fa
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W IZ N N<01% 1 — WK BT SERT a7 T/E (Guo %5 A,
2020) fox, ARSI RN A 2 [ A B = R, A a] LU IR
%) TBPH A & {540 (Zhou N NJEA{E, 2025 4 10 H) .« BRI, £
BTN E 2K )E 144 /NG, 3 5 781 ANEERIR A AR (fF
HARU>2, p<0.05) , FHdr 2 734 MR B, 3 047 MK, Bk TBPH
&, AR ARG E E BBI-an RS H ) Ja 2 e S 0 B S o« R dE
FRRAR T SRR F AR SRR R AT BT B K Copnlmw4) FIFRIE; 1T 72 IR
IR AL M) SR B BT, X PR S AR B R B AR R DRI R 1, 5
BTN I A 0 T I — P R 1 AT gt . BRSSO EDIR USRI, 2k
TBPH S ML H)Z (GCL) (p<0.001) . WZJE (INL) (p<0.05) Fl
MM EZER B (RPE)  (p<0.001) X3k A BN, XTI SR, Bl
7 H0e/FHR LI TBPH 20 B 5 (1 HR R B P A FR20 . Zhou 8 N (2024)
fR, P RAMIERE DR, JGHZBOUE, N TaKNEsh. & ok
BHEREE, WA RR IR 20 0 S A A7 A Rh A e i O™ 5/
84. Zhou N (2024) [MWFFAK, XLLHRIBEMATREL A FEAME. EHIL
N, E ARIRAR TR I TG T B %) 5 0 B A TR] 72 AR B RR . AT Re 2 S BUK A
PEGRFE (Harding 8\, 2008 A1 Yi &N, 2023) « Z5§RIEGHIER (H
WA S E . mipa. 1gsn) FOGEKAZ A ThAE (BIUAEKL . MEE) BT
PR TiX—fle Zemi st iR, B R s s Lk E, SHA
A4 (Chen, 2020) . &, TBPH 2% BT il ok A M S840, %f 52
5 YA R AN A f AN A R g 2 AR P EL R

85. JHAEEZmE: FufE A (2024b) 5T 7 TBPH X HFAZUBE S i . (M
B (20 26/ MR/ RREESE 3K 4N KRB 7 20 THEIHRHL 42k
FRARIRFE A 0. 0.14. 1.41. 14.1 A1 141 fi50/FH) TBPH AN B - X FRZH Az fih
HEBTMA 0.005% 1) — R, JFHERTEEFHREMBER. RIE Fu FEA
(2024b) IHFFE, TBPH MIFARIKEE (0.14 fh5e/TH) SPHEF 22 % J8 % K
PR RS (013 B0n/Ft; Cristale 22N, 2015) , FRIAHF I PRl k&
HAWSA RN ek (141 H{os /T —ARIEIES Z a5 (Guo %5\,
2021) TSR 4 RIE PR, SR EALE S Rk 28 K JE X LR AE T B AR
Fo FEARSCZIGHANR], BT 73 AR E .

86.  XXTHEZLAN 141 450w /F+ TBPH £l 2l (¥ FF2H 23T 1 F e el o i . 7E 141
vt/ F+ TBPH R JE TSR B A Gt 228 X (p<0.05) BIPE T Rr 7 AR 4 25 6L -
M R B R AR A R R R R, RIAE AR A2 45, 1 A U R
IR B RAF 5 APEEA AR IE DR vk, 3R O WH 2 vt 3 5 A e 2 B - P P AR S &L
A BT R T AR R AR AL . FEMEYE R, 7R 140 R0 141 B/ T
I WS B FFHE T T = (p<0.05) 5 FEREMEH, 7E>0.14 Fme /T 0 %2 21 1 fik &
FAPFEC (p<0.05) , 7E>1.41 T /FHIS &L 2 FLIRR K- FRAIK (p<0.05) &
XL BT R AT REAC T R . Fu 2N (2024b) R, IXEEFRIR
A AL AT A R S S BT E O S 5 . AEMETEBE S AT T, E>1.41 Bow/ T
TBPH T WL 2 ALY BEALBE AN A (ROS) REIIN (p<0.05) , 7E
141 v/ TBPH ¥#KRE N R AN AR E N (p<0.05) , KWL T
FALN S, FEREVEBE S R, #E 141 v/ TBPH WS T IE SRR F o
WEWI (p<0.05) , fE>14.1 5w/ F+ TBPH K T H 40 i /- 2 8 3% 38
(p<0.05) , RHAFAT RAERN . EMEMEBRE S AHE, 7E>14.1%0¢/ 7+ TBPH
Fe i i o W% 21 36 S KPR TR (p<0.05)
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87. LA TNFTIRFMITELE A BB T NE T AR M. Fu N (2024b) KL,
SyaAIxt IRAAE, EIRE>14.1 fi50/F+ TBPH B, MEYEBE 5 (44 SR A4 F
HOARE R (p<0.05) , TIEEPERE DN JE R ZEAR 4, s £ s & A T4
AR N R ARG B . AN, HLURFEER A RN, EEEATE N>1.41 T
o/ TG LR, MEMESIY) IR AR B AR T (p<0.001) , FEEAMAIE N 141
s/ T OU R, HEE S B RERR AR (p<0.001) , o~ B R T
AR SIBRARISL JH A B BRI T AR R ) — AN OB RR AR, e R
RFEmB g A2t . [EIRE, WL O Yeft Box% TBPH AbFE A FT-4H it o 40 it 7 g i
SRS . 9850 PR ¥ 10 O R B R VE B S () AR 2 B T R T R
M, Fu £ N (2024b) [RFFIRIE, BELEAEAIASAISGREZR TBPH &35
ARG B AR SR D, XSRS R DhRE % . Fu &N (2024b) KL,

TBPH 758 St [P IE AR S B 22, MR CREEME R P 22 B B Kk 15.67 D)

AL OHEYE R R KR 14.52 KD KITEBRENS, RHEGFAME,
HZU A A ORI AR AT 35, HEVE R, RIER ST, T
IR . XL K AR RA IR E R (Cristale 2N, 2015) , XFEfAFp
THEAE) FSC RS

88. XTHREEFSHIFN: GuoZ A\ (2020) B LG (32455 0.75 /N,

n=~250) FLEFEMIMAN 0.1% (EFRSED ZHIEWK. KEHN 0. 014, 1.4,
14, 141 F1 1412 358/ F+ TBPH HL 224G 5 72 /N CEERES KA, JEThafr/ il
R, BT TBPH XA WY AR G BGE 24K v (PPARY) i
AR AN KAT AR R . AEANVE XS R A A EE R DY k. PEIEE AR, %
A EHE BRI, RN 0.1%0) I O 2 e A TR
R G/ BRI T AT 2 S VAT (Guo D EAE, 2025 4E 10 ) o XTI
FLFE—F PPARY WSS A& Bl (0.1 FBE/R/TE) VERFHMEEXSIE, —FF PPARy
PR GW9662 1E A BA XS I . i Frakiefil, MR 72K E 120 /N4
RIS ST N, DIV e EAR S I T RE LR B .

89. Guo ZFEAN (20200 &I, HEfit TBPH 24 /N HIEIGEWR E>141 e/ TF
i, 2 PPARy /-SRI G20 FHHELE ZE ) DNA EHEMA (p<0.05) 5 5
RIS, 7E52FKE G 72 /Mg, 24N EiH: TBPH 4 FEZHA, PPARry
(FE>141 300/ TR E R ) 2% L (p<0.05) , 11 £E P fix i F2 f K
(=141 5 /H) T, tet HIEHumEnE XUINERE 2 (tet2) FERFE R EE Ff
(p<0.05) . ESHEFARUIAH R FiFAE R, TRWTREE A HEE (fabplla) %
DRI 6 AR B> 141 08 /i DLR FE AR PE 77 QU35 B (p<0.05) o diffith s
P450 (cypllal) FEREESFAEIRE N 141 W05/ THE BN (p<0.05) . Bk
AR (=14 /T ST AEMIKE TR, RS 72 /N R4l fafk i
FH M =R (p<0.05) WRFEEFILIHEEE (p<0.05) ¥JRZEFEK. £=14 HHon/
F+ TBPH W, 3Z¥5)5 72 /Mg b PR & 2R3 (p<0.05) FFK. 7E5%2
FEfE 120 /Nt JE T =BEERIRTE (ATP) KRE. 1A & s Efhik
(=141 /) T, SRR RN (p<0.05) , MIfE 15 /8P
S T RO A, ERBRARAEEAH (>1.4 o/ T Z AN AT A FEA

ZAGIE 120 /NS BE L 8 44 1T X v B SR 2 B N (p<0.05) o ARAE Rk
FamE R R TMAH CLP frMEMfE SN (Rt E 2 E, 2024b) , 7E
ASF 52 M VP4 o D6 2002 FE YO S AR S IAT s . BF T AE SR R B, TBPH
2501 PPARy JA 8734k GRE>141 08/ , JF H TBPH {/EA PPARy
BN REE . X P A BE 5 85T PPARY 15 5 30 B8 52 4h (1 R IR AR, &
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R RARSHIN CEd =BRIRT (=141 Soc/FH MEGEE (>1.4 5o/ T
HIARE R 2D, XX A A ™ R o

XTI FIRmEYS L
90. I\Jy TBPH FF& i D 25 1 (e) ()BT H I ARG AR AE o

Ol.  RTX NRAERERIARMEENT, SLIHTFLRI, TBPH A Al fEid s/ i Hf
ZAT AR (20 250/ TR/ R PAS /N BRSSO e AR AR A S AN R
—IENEt T, PR ACIRIR RS (500 25w/ T ik /KD Wi 5 FUR
HRZ AT AR AR R 2 (50 250/ TR E/R) — 8, R g4 A il
T, CUERHAL P HEFE TBPH A BB FIRM, B /I 5 7 RE AT 4E
R OAR SRR (30-60 Z 50/ TIeiAE/ KD o LSt mA K AmAT
TR IR R Y], A B TBPH 5 ) LE PRI 2R G5 0 (8] AT BEAFAE R &R

92.  RTXMEIMARFN, HIKEEVRIESEERY], TBPH XA FHiE L
HEEAHIFEN, IR IR R T CRARIIA R ANIRE Y 1.4 3458 /71D
Wi A1 A2 2K J 40 ARG BRI 17 70 e CRLHEAS T IR T ARG 10 2D FRAIR: eI
FEIAS AL BE R 140 35 /FH) o CERRHAsgm, B FARIR R 4
AEAFIFEN, AR G R B I CRARMEIA RN IR 7 e/
TE o, g LRS00 e/ Th) xRS OHEVEE 1.41 o/ Tt
NHERTARNE, HEVESE 141 0w/ T P RERTARTED , DLE&hf e E A A 2 BIOE,
SEMEKAT Y (1.4 B5e/ 1) o IXEEAFIRZM AT §E-F 2L H DI RE 20T X HE )
TP RO, P B AR MR 4R

X YIRIEHFRENE BRI T B R B AR

93. MRIEIAEIE, IO TBPH & (WiER/REEAZ)) MifF D R THA
PE. VIR R IR IE RS ANAS RS20 (1 G L b v o

94. T TBPH V2 N AT IR, TBPH il \J8vE s B # 8 al HeHE
RS .

95. TBPH HAFAM. LW RN, A UEHER 6 A e AR = 4 A F]
SN, JE H AW REAE 2 S AUK P BT R B IR R, R A HE RN
BRys el @l, fE4BRVEME N, TBPH EHF MM (R, HIE. T
B, K FHIEIM SR TR, ALFE AL AN R B gzt b XA ) 5
Fo BAh, FEVRAK. MR KRG K PR R KA B (CWWTP) Fy5 Y A As I 3]
7 TBPH, XU&y5iest R0 AL EREc T ge S e L8854, b EAT
B Y) (BRI S SRR, 2022, FHE—) o EANERI4EH . BAM
(BESR) IMyE CEFEZELEM IS F kM 7 TBPH. TBPH AJ Llulid &8 .
NEREFL G FE B BUR R B fr B B, R AR A& mAT = N kA
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Appendix

Table Al: Monitoring data from remote areas — Air samples

Location

Year(s)

n

Nbr or %
of detect

Concentration range (pg/m?)

MDL
(pg/m?)

Remarks

Reference

Zeppelin, Svalbard,
Norwegian Arctic (78° 54°
N, 11° 53’ E)

2022

26

17%

<0.076 — 0.128
(gas and particle phases)

<0.076 (annual mean/median
in the gas and particle phases)

0.076 (high
value
compared
to other
NBFRs in
the study,
likely due
to findings
of TBPH in
blank
values)

Method: GFF and PUF, GC/HRMS EI

Halvorsen personal communication, June 2025:
TBPH recovery: 35-50% (the concentrations were
corrected for the recovery)

Field and lab blanks were included. TBPH was
found in the blanks at 0.03-0.04 pg/m>. The field
blanks were comparable with the lab blanks
Concentrations in the samples have not been
corrected for the blank values

Clean-up of the samples performed with sulfuric
acid which can break phthalates and thus lead to
low recovery of the substance

The results of this study are considered to be semi-
quantitative considering the limited number of
recovery standards and above uncertainties
Benchmark (gas and particle phases):

PentaBDE (BDE-47 and BDE-99): nd — 1.81 pg/m?
(DF: 76-100%, n=52; after its inclusion to the SC
in 2009)

OctaBDE (BDE-196, BDE-197 and BDE-202): nd
—0.158 pg/m? (DF: 4-14%, n=52; after its inclusion
to the SC in 2009)

SynDP: nd — 0.432 pg/m?* (DF:17%, n=12; before
its inclusion to the SC in 2023)

AntiDP: nd — 1.53 pg/m?® (DF:58%, n=12; before its
inclusion to the SC in 2023)

Halvorsen et al.,
2023

Ny-Alesund, Norwegian
Arctic (78.907, 11.887)

Alert, Nunavut, Canadian
Arctic (82.450, -63.504)

2014

1/4

0/2

<1-74
(gas and particle phases)

<1

(gas and particle phases)

Method: PUF-PAS, GC-MS/MS HSEI
Surrogate recoveries: 96+ 38%
TBPH was not detected in lab and field blanks

The concentration of 74 pg/m? is questionable
considering the highest concentration observed at
Paris (France) was 43 pg/m3

Benchmark (gas and particle phases):

Rauert et al., 2018
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Location Year(s) n Nbr or % | Concentration range (pg/m® | MDL Remarks Reference
of detect (pg/m’)
Ny-Alesund:
PentaBDE (BDE-47 and BDE-99): <2-4 pg/m?
(4/8; after its inclusion to the SC in 2009)
BDE-209: <1 pg/m?3 (0/4; before its inclusion to the
SCin 2017)
Alert:
PentaBDE (BDE-47 and BDE-99): 0.031-35 pg/m’
(4/4; after its inclusion to the SC in 2009)
BDE-209: 3.2-3.5 pg/m? (2/2; before its inclusion
to the SC in 2017)
Alert, Nuvanut, Canada 2008 27 78% <MDL-3.4 Hung et al., 2013a
0.30 (mean) as cited in AMAP,
0.099 (median) 2016
2009 17 100% 0.079-0.94
0.39 (mean)
0.35 (median)
2010 13 100% 0.033-0.85
0.23 (mean)
0.21 (median)
2011 26 100% 0.14-4.3
0.51 (mean)
0.39 (median)
2012 26 100% 0.16-80
6.7 (mean)
0.89 (median)
Ny-Alesund, Norwegian March 2005- | 4 1/4 <0.04-0.28 0.04 Method: PUF-PAS, GC-MS negative ion Lee et al., 2016
Arctic (78°54'N, 11°53' E) May 2006 (gas and particle phases) Recovery range for the BFRs: 78-111%

Laboratory blanks were included. No field blanks
analysed for TBPH

According to the authors, the reported
concentrations in air should be viewed as semi-
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Location

Year(s)

Nbr or %
of detect

Concentration range (pg/m®)

MDL
(pg/m?)

Remarks

Reference

Alert, Nunavut, Canadian
Arctic (82°27'N, 63°30°W)

No deployment or no analysis
in this study

quantitative, due to uncertainties associated with
analytical and sampling challenges

Benchmark (gas and particle phases):
Ny-Alesund:

HBCD: <0.1-5.1 pg/m? (DF: 3/4; before its
inclusion to the SC in 2013)

Alert:
HBCD: No deployment or no analysis in this study

Longyearbyen, Svalbard
(78.22°N, 15.65°E)

September
2012 to May
2013

34

88%

0.27-14
2.740.49 (mean)
1.8 (median)
(particle phase)

0.002-0.08
(for BFRs)

Method: a high-volume air sampler with quartz
fiber filters, GC/MS ECNI

Laboratory blanks, recovery spike samples and
field blanks were included. The average BFR
surrogate recoveries were 93%. The average BFR
recoveries for the spikes recovery samples were
85%

Benchmark (particle phase):

PentaBDE (BDE-47/99): 0.07-6.8 pg/m3
(DF:100%, n=34; after its inclusion to the SC in
2009)

BDE-209: 0.12-6.8 pg/m? (DF:100%, n=34; before
its inclusion to the SC in 2017)

Y'DP: 0.05 — 5.03 pg/m3 (DF:100%, n=34; before
its inclusion to the SC in 2023)

TBPH concentration in the Arctic air (particle
phase) is higher than the concentrations of POP
substances.

TBB and TBPH were the dominant non-PBDE
BFRs measured in these samples and TBPH
comprised ~17% of XBFR concentrations from a
total of 45 BFRs

Salamova et al.,

2014

Alert, Nunavut, Canadian
Arctic (82° 30° N, 60° 20’
W)

2006 — 2007

14

21%
(3/15)

0.13-1.5

0.8 (mean)

0.69 (median)

(gas and particle phases)

1.2

(gas and
particle
phases)

Method: super high-volume air sampler (Super-
HiVol)-GFFs-PUFs, GC/MS in NCI mode

Recoveries in the range of 68%—-103%

Xiao et al., 2012a
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Location

Year(s)

Nbr or %
of detect

Concentration range (pg/m®)

MDL
(pg/m?)

Remarks

Reference

Nam Co Lake, Tibetan
plateau

(30°46.44° N, 90° 59.31°
E, 4730 m above the seal
level)

October 2006
to February
2008

15

53%
(8/15)

0.049-1.7

0.38 (mean)

0.27 (median)

(gas and particle phases)

TBPH was detected above the blank and above the
MDL so that no blank correction or recovery
adjustment was made

Benchmark (gas and particle phases):

PentaBDE (BDE-99): 0.06-5.3 pg/m? (before its
inclusion to the SC in 2009)

Method: Flow-Through Sampler (FTS), GC/HRMS
in EI positive mode

TBPH was detected above the blank and above the
MDL so that no blank correction or recovery
adjustment was made

Benchmark (gas and particle phases):

PentaBDE (BDE-99): 0.21-1.2 pg/m3, before its
inclusion to the SC in 2009

OctaBDE (BDE-196/197/203/204/205): 0.00034—
1.0 pg/m?, before its inclusion to the SC in 2009
Concentrations of TBPH in air (gas and particle
phases) from Alert and Nam Co Lake are in the
same range as those of POP substances and before
their inclusion to the SC

TBPH concentrations at both sampling sites show
decreasing trends during the sampling campaign

Arctic Ocean

(Samples A1l to A13
situated at ca. 690 km to
1049 km from the Coast)

June to
September
2010

1/3

<0.16-0.36
(gas phase)

0.16

(air column
and filter)

Method: GFF and PUF/Amberlite XAD-2 resin,
GC/MS ECNCI

Recoveries of the surrogates: 78 —95 % (+ 32 —
57 %)
TBPH was not detected in any blanks

Uncertainty on the concentration values as the
actual recovery of TBPH is not reported

Benchmark (gas phase):
BDE-209: nd - 0.56 pg/m? (2/3)
SynDP: 0.01 — 0.17 pg/m> (3/3)
AntiDP: nd — 0.25 pg/m? (2/3)

Moller et al.,
2011b
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Location

Year(s)

Nbr or %
of detect

Concentration range (pg/m®)

MDL
(pg/m?)

Remarks

Reference

0/3

<0.16
(particulate phase)

Concentrations of TBPH in the gas phase are in the
same range as those of POP substances and before
their inclusion to the SC

Benchmark (particulate phase):
BDE-209: 0.19 — 3.43 pg/m? (3/3)
SynDP: 0.01 — 0.02 pg/m3 (3/3)
AntiDP: 0.01 — 0.02 pg/m? (3/3)

East Greenland Sea (69—
80.5°N)

Samples A1 (195 km from
the Greenland Coast) and
A8 (245 km from the
Svalbard Coast) are the
most remote ones

August and
September
2009

10

0%

40%

n.d.
(gas phase)

n.d. - 0.08
(particulate phase)

0.009

(for both
dissolved
and
particulate
phases)

Method: GFF and PUF/Amberlite XAD-2 resin,
GC/MS ECNCI

TBPH was not detected in field blanks

Recovery determined by spike tests with the
surrogate standard 3C-BDE-77: 73+12% for non-
PBDE BFRs

Uncertainty on the concentration values as the
actual recovery of TBPH is not reported

Benchmark (gas phase):
PentaBDE (BDE-47/99): nd-0.82 pg/m?
BDE-209: nd

Benchmark (particulate phase):
PentaBDE (BDE-47/99): 0.01-0.32 pg/m’?
BDE-209: nd-0.07 pg/m?

Concentrations of TBPH in air (gas and particulate
phases) are in the same range as those of POP
substances

Moller et al.,
2011a

King George Island, South
Shetland Islands, West
Antarctic (62°13'12"S,
58°57'48"W)

2011 to 2018

94

(total
samples
for all 12
NBFRs)

30%

n.d. —0.098
(gas and particle phases)

0.002-0.06
(LOD for
EHTBB
and TBPH)

Method: A high-volume active air sampler (HV-
AAS) coupled with GFF and polyurethane foam
(PUF) plug, HRGC/HRMS in positive electron
impact (EI+) mode

The average recoveries of BDE-77 and BDE-128 in
GFF matrix blanks were 92 £14% and 90 + 6% and
in PUF matrix blanks were 92 £8% and 86 + 8%,
respectively

TBPH relative gas/particle distribution: ca. 50/50.
No field blanks, only lab and GFF and PUF matrix
blanks which are considered to be ‘cleaned’. It is
unlikely that there was any contamination from the

Zhao et al., 2020
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Location Year(s) Nbr or % | Concentration range (pg/m® | MDL Remarks Reference
of detect (pg/m’)

field considering the results are in line with those of

Moller et al., 2012 study
Oceanic Southern November 0/8 <1.2 1.2 Method: GFF and PUF/Amberlite XAD-2 resin, Moller et al.,
hemisphere 2010 to (gas phase, non-detected due (air GC/MS ECNCI 2012

March 2011 to high contamination level in | column) Recoveries of the target analytes of 86 = 19% and
the air column) relative recoveries corrected by the surrogates of

101 £ 16%

TBPH mean blank value: 120 £160 pg (air column)

and n.d. (air filter)
(South West Austlralia to 7/8 <0.025-1.5 0.025 Benchmark (particulate phase):
Antarctica: Samples A7 to (particulate phase) (air filter) BDE-209: nd — 6.5 pg/m? (1/8), after its inclusion to

Al4)

the SC in 2009
SynDP: 0.12 — 1.6 pg/m? (8/8)
AntiDP: 0.12 — 0.56 pg/m® (8/8)

Concentrations of TBPH in the particulate phase
are in the same range as those of POP substances
and before their inclusion to the SC

41




UNEP/POPS/POPRC.22/4

Table A2: Monitoring data from remote areas — Seawater samples

samples W7 and W10 but
detected in sample W16)

Benchmark (particulate phase):
PentaBDE (BDE-47/99): nd
BDE-209: nd-0.11 pg/L

Concentrations of TBPH in the seawater are in the
same range as those of POP substances

Location Year(s) n Nbr or % | Concentration range (pg/L) MDL Remark Reference
detect (pg/L)
Western Pacific to the July to 18 1/18 <0.089 — 0.22 (dissolved 0.089 Method: GFF (GF/C, pore size: 1.2 um) following | Moller et al.,
Arctic Ocean September phase, maximum value from (water self-packed Serdolit PAD-3 glass column, GC/MS | 2011b
(TBPH was detected in the | 2010 sample W2) column and | ECNCI
Bering Sea, sample W2 filter) Recoveries of the surrogates: 78 — 95 % (£ 32 —
located at ca. 400 km from 57 %)
the Russian Coast) TBPH was not detected in any blanks
Uncertainty on the concentration values as the
actual recovery of TBPH is not reported
Benchmark (dissolved phase):
BDE-209: nd — 0.18 pg/L
SynDP: 0.003 — 0.22 pg/L
AntiDP: nd — 0.14 pg/L
Concentrations of TBPH in the seawater are in the
same range as those of POP substances and before
their inclusion to the SC
East Greenland Sea (69— August and 16 25% nd.-0.21 0.013 Method: GFF and glass column packed with Moller et al.,
80.5°N) September (dissolved phase, maximum (for both Serdolit PAD-2, GC/MS ECNCI 2011a
2009 value from sample W10) dissolved TBPH was not detected in field blanks
Depth: ca. 11 meters and Recovery determined by spike tests with the Zhiyong personal
particulate | surrogate standard 3C-BDE-77: 73£12% for non- | communication,
Samples W7 (215 km from phases) PBDE BFRs May 2025
the Greenland Coast) and Uncertainty on the concentration values as the
W10 (225 km from the actual recovery of TBPH is not reported
Svalbard Coast) are the
most remotes Benchmark (dissolved phase):
PentaBDE (BDE-47/99): nd—0.06 pg/L
BDE-209: nd—0.37 pg/L
6% n.d. (particulate phase, n.d. in
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Mussau and New Britain)

MT-1 samples situated at
320 km from Guam at a
water depth of 10853.2 m

Procedural blanks included. NBFRs were not
detected or below the MDL in the blanks

Limited industrial activities in Papua New Guinea
and Guam, the pollutant input from such sources
was expected by the authors to be low

Location Year(s) n Nbr or % | Concentration range (pg/L) MDL Remark Reference
detect (pg/L)
South Atlantic Ocean February to 1 1/1 14.497 (dissolved phase; 0.252 Method: Silicone Rubber (SR) Dynamic Passive Sobotka et al.,
March 2016 Stretch 3) (LOQ) Sampling (DPS), GC/MS 2021
Surface seawater TBPH recovery: 206+41%
Field/control/procedural blanks were used
From Cape Town (South TBPH was found in the field blanks at 42
Africa) to Rio de Janeiro pg/sample
(Brazil). The cruise covered Blank values higher than the LOQ were subtracted
34°S/17°E — 25°S/38°W in from the corresponding value of the exposed
five stretches with sample
approximately The authors concluded that the deployment time in
3.5 days/stretch this study might not be long enough to capture
sufficient amount of compounds in the sampler to
Stretch 3 sample is the most be quantifiable
remote stretch (located in The results of this study are considered to be semi-
the middle of the Ocean; quantitative considering the high contamination in
stretch length: 1000 km) the field blanks.
Benchmark (dissolved phase, Stretch 3 sample):
PentaBDE (BDE-47/99): 0.593—1.545 pg/L
Syn-DP: 1.471 pg/L
Anti-DP: <0.083 pg/L
Before the inclusion of DP to the SC in 2023
Concentration of TBPH in the Ocean is higher than
those of POP substances
Table A3: Monitoring data from remote areas — Sediment samples
Location Year(s) n % detect Concentration range MDL Remark Reference
(pg/2)
Surface sediment (1-2 cm) December 8 100% Detected 5.53 Method: GC-MS/MS in electron ionisation mode Xie et al., 2023
from western Pacific Ocean | 2016 to Sample recoveries (mean + standard deviation
deep sea trenches (Mariana, | January 2019 (SD)) were 92% =+ 27% for NBFRs
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Table A4: Monitoring data from remote areas — Soil samples

atra):

n.d.

Location Year(s) n % detect | Concentration range MDL Remark Reference
(pg/g dw) (pg/g dw)
Chinese Antarctic January 2014 | 7 71% n.d—20.22 0.0042-178 | Method: GC/MS ECNI Xiong et al., 2021
GreatWau Station and 7.94+7.92 (mean) for all The sample recoveries of the internal standards
surrounding Fildes BFRs were in the range of 32.8—112.8% (average 85.1%)
i eltmmtl.la area in West No specific standard for TBPH was used
Hharetica Laboratory blanks included. TBPH was not
detected in the blanks
Uncertainty on the concentration values as the
actual recovery of TBPH is not reported
Table A5: Monitoring data from remote areas — Vegetation/mushroom samples
Location Year(s) n % detect Concentration range| MDL Remark Reference
(pg/g dw) (pg/g dw)
Chinese Antarctic January 2014 | 9 67% Moss (Sanionia uncinata): 0.0042-178 | Method: GC/MS ECNI Xiong et al., 2021
1 i for all
GreatWa. Sta.tlon and n.d.—484.1 ora The sample recoveries of the internal standards
surrounding Fildes BFRs ; o o
Peninsula area in West 115.4+160.2 (mean) were in the range of 42.5-126.7% (82.9%) for
Antarctica ) ) mosses, and 46.0-101.0% (78.4%) for lichens
No specific standard for TBPH was used
Laboratory blanks included. TBPH was not
detected in the blanks
Uncertainty on the concentration values as the
actual recovery of TBPH is not reported
TBHP was one of the two mains contributing
NBFRs in moss among the nine NBFRs studied
8 0% Lichen (Usnea aurantiaco-

Table A6: Monitoring data from remote areas — Biota samples (excluding vegetation/mushroom)

Location

Year(s)

n

% detect

Concentration range

MDL

Remark

Reference

Svalbard

2012

20

95%

Polar bear (Ursus maritimus)
plasma:

0.154+0.16 ng/mL (mean)

Method: GC/MS

No recovery reported for TBPH while the extraction
method uses a strong acid, to which TBPH has been

Harju et al., 2013
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Location Year(s) n % detect Concentration range MDL Remark Reference
Lipid content: 0.9% reported as being unstable. Sulfuric acid can break
phthalates and thus the concentrations of TBPH
reported in this study can be significantly
underestimated
Laboratory blanks included, no field blanks
MDL not specified
Benchmark:
Polar bear plasma:
PentaBDE (PBDE-47): 0.10£0.08 ng/mL (mean;
DF:100%, n=20; after its inclusion to the SC in
2009)
Kongsfjord, Svalbard 2012 10 10% Ringed seal (Phoca hispida) Ringed seal plasma:
plasma: PentaBDE (PBDE-47): 0.08+0.02 ng/mL (mean;
0.04 ng/mL (mean) DF:100%, n=10)
Lipid content: 0.7%
Kongsfjord, Svalbard 2012 12 17% Glaucous gull (Larus Glaucous gull plasma:
hyperboreus) plasma: PentaBDE (PBDE-47): 2.28+1.7 ng/mL (mean;
0.026+0.001 ng/mL (mean) DF:100%, n=12)
Lipid content: 14.4%
Kongsfjord, Svalbard 2012 12 100% Kittiwake (Rissa Tridactyla) Kittiwake egg:
cgg PentaBDE (PBDE-47): 2.68+0.78 ng/g ww (mean;
0.10+0.09 ng/g ww (mean) DF:100%, n=12)
Lipid content: 8.1%
Kongsfjord, Svalbard 2012 12 58% Common Eider (Somateria Common Eider egg:
mollissima) egg: PentaBDE (PBDE-47): 0.12+0.06 ng/g ww (mean;
0.06+0.07 ng/g ww (mean) DF:100%, n=12)
Lipid content: 17.4%
Svalbard 2012 10 or3 10 % Atlantic Cod (Gadus morhua) Atlantic Cod liver:
(unclear liver: PentaBDE (PBDE-47): 0.41+0.42 ng/g ww (mean;
from the 0.07 ng/g ww (mean) DF:100%, n=10)
report) Lipid content: 50.5%
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Location

Year(s)

% detect

Concentration range

MDL

Remark

Reference

Svalbard

2012

0

Polar Cod (Boreagadus saida)
whole fish:

<MDL (mean)
Lipid content: 1.7%

Polar Cod whole fish:

PentaBDE (PBDE-47): 0.19 ng/g ww (mean;
DF:100%, n=1)

Kongsfjorden, Svalbard

Kongsfjorden, Svalbard

Kongsfjorden, Svalbard

Bjerneya (or Bear Island),
Norwegian Svalbard
Archipelago

Kongsfjorden, Svalbard

2009

2009

2008
2008

2009

10

10

10

90%
9/10

60%
6/10

70%
7/10
(total)

50%
5/10

Capelin (Mallotus villosus)
whole fish, females and males:

<0.120-1.306 ng/g ww
0.71940.292 ng/g ww (mean)
33.65 ng/g Iw (mean)

Lipid content: 2.6%

Common Eider (Somateria
mollissima) liver, female
adults:

<0.142-3.754 ng/g ww
1.652+1.396 ng/g ww (mean)
44.29 ng/g lw (mean)

Lipid content: 3.7%

Briinnich’s guillemot (Uria
lomvia) egg :

<0.106-3.414 ng/g ww
1.799+1.358 ng/g ww (mean)
19.17 ng/g lw (mean)

Lipid content: 11%

Black-legged Kittiwake (Rissa
Tridactyla) liver, Adult males
and females:

<0.171-1.398 ng/g ww
0.80040.356 ng/g ww (mean)
14.62 ng/g lw (mean)

Lipid content: 5.5%

For all
BFRs: the
detection
limit varied
from
0.0005 to
0.292 ng/g
WW

Method: not specified
Recoveries for labelled PBDEs: 67 and 120%

Control samples and laboratory blanks included. No
blank contamination was detected. No field blanks
were used.

Exact concentrations expressed as ng/g lw were
communicated by the author.

Sagerup et al.
2010

Sagerup personal
communication,
May 2025
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Location Year(s) n % detect Concentration range MDL Remark Reference
Tempelfjorden, Svalbard 2007 10 60% Ringed seal (Phoca hispida)
6/10 liver, adult males and females
(5-19 years old):
<0.138-0.876 ng/g ww
0.5734+0.198 ng/g ww (mean)
16.36 ng/g Iw (mean)
Lipid content: 3.5%
Van Mijenfjorden, Svalbard | 2007-2008 10 0% Arctic fox (Vulpes lagopus)
0/10 liver adult males and females
(3-14 years old):
<0.142 ng/g ww
Lipid content: 7.1%
Hornsund / Storfjorden, 2008 10 0% Polar bear (Ursus maritimus)
Svalbard 0/10 plasma, adult males (5-23
years old):
<0.292 ng/g ww
Lipid content: 0.9%
Canadian Arctic: 19% (total | Concentrations refer to 0.006 Method: GC/MS ECNI Houde et al., 2017
samples) geometric mean ng/mL Recovery of TBPH in the range of 95.6-118%.
concentrations expressed as TBPH has never been detected in lab blanks (Houde
ng/g lw personal communication, May 2025).
Interlab comparison of results was performed
leading to good agreement with all analytes
Ringed Seal (Phoca hispida) quantified to within +15% of certified values
blubber: Blubber lipid content was consistently >90%
80% of sampled animals were females and juvenile
males
. Benchmark:
ggfltri((; oy, Laneaster 2009 10 <MDL PentaBDE (BDE-47 and BDE-99): 0.12-1.33 ng/g
lw (n=10; PentaBDE was included to the SC in
2009))
Resolute Bay, Lancaster 2009-2013 42 <MDL-0.34 PentaBDE (BDE-47 and BDE-99): n.d.~7.43 ng/g

Sound

Iw (n=49)
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Location Year(s) n % detect Concentration range MDL Remark Reference
Sachs Harbour, Beaufort 20102013 34 <MDL-0.19 PentaBDE (BDE-47 and BDE-99): 0.05-11.7 ng/g
Sea lw (n=34)
Gjoa Haven 2009 6 <MDL PentaBDE (BDE-47 and BDE-99): 0.88-9.12 ng/g
lw (n=67)
Central East Greenland 2012 3 24% Black guillemot (Cepphus 0.024- Method: GC/LRMS ECNI Vorkamp et al.,
(closed to 70°N) (total grylle) eggs: 0.025 TBPH recovery in spikes samples: 96—-137% 2015
samples) 0.061 ng/g ww (mean) ng/g ww The concentrations were corrected for those in non-
0.050 — 0.066 ng/g ww spiked samples. Procedural blanks included
Unclear how the MDL was derived
0.61 ng/g Iw (mean) Detection frequencies for total samples: BDE-47
0.48 — 0.67 ng/g Iw (100%), SynDP (95%) and AntiDP (100%)
Lipid content: 10.2%
Benchmark:
Black guillemot eggs:

SynDP: 0.005-0.030 ng/g ww or 0.048-0.28 ng/g
lw (n=4; before its inclusion to the SC in 2023)
AntiDP: 0.010-0.19 ng/g ww 0.096—1.78 ng/g Iw
(n=4; before its inclusion to the SC in 2023)
Concentrations of TBPH in Black guillemot eggs
are in the same range as those of POP substances
before their inclusion to the SC

4 Glaucous gull (Larus 0.024— Glaucous gull liver:
hyperboreus) liver: 0.025 SynDP: 0.010-0.041 ng/g ww or 0.19-0.63 ng/g Iw
<0.025 ng/g ww ng/g ww (n=4)
AntiDP: 0.066-0.18 ng/g ww or 1.24-2.89 ng/g lw
<0.74 ng/g Iw (n=4)

Lipid content: 5.28%

5 Ringed seal (Pusa hispida) 0.13-0.14 Ringed seal blubber:

blubber ng/g ww PentaBDE (BDE-47): 20.1-36.3 ng/g ww or 21.7—

<0.14 ng/g ww 39.1 ng/g Iw (n=5; after its inclusion to the SC in
2009)

<0.15 ng/g lw SynDP: <0.013-0.42 ng/g ww or <0.014-0.45 ng/g

Lipid content: 93.1% I (n=3)
AntiDP: 0.035-1.84 ng/g ww or 0.038—1.96 ng/g Iw
(n=5)
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Location Year(s) n % detect Concentration range MDL Remark Reference
5 Polar bear (Ursus maritimus) 0.13 ng/g Polar bear adipose tissue:
adipose tissue ww SynDP: 0.013-0.030 ng/g ww or 0.015-0.039 ng/g
0.26 ng/g ww (mean) lw (n=5)
<0.128 — 0.402 ng/g ww AntiDP: 0.028-0.079 ng/g ww or 0.030-0.10 ng/g
0.39 ng/g Iw (mean) Iw (n=5)
<0.14 — 0.44 ng/g Iw Concentrations of TBPH in Polar bear adipose
- tissue are in the same range as those of POP
Lipid content: 86.4%
ipic conten ° substances before their inclusion to the SC
West Greenland 4 Ringed seal (Pusa hispida) 0.12-0.13 Ringed seal blubber:
<0.13 ng/g ww ng/g ww PentaBDE (BDE-47): 2.64-10.9 ng/g ww or 2.89—
11.4 ng/g Iw (n=4)
<0.14 ng/g Iw SynDP: 0.014—0.030 ng/g ww or 0.015-0.032 ng/g
Lipid content: 94.2% Iw (n=4)
AntiDP: 0.053-0.083 ng/g ww or 0.058-0.087 ng/g
lw (n=4)
Western Pacific Ocean deep | December 10 19% Amphipod (4licella gigantea): | 5.53 pg/g Method: GC-MS/MS in electron ionisation mode Xie et al., 2023
sea trenches (Mariana, New | 2016 to Detected Sample recoveries (mean = standard deviation
Britain) January 2019 (SD)) were 92% + 27% for NBFRs

MT-2 samples situated at
310 km from Guam at a
water depth of 6025 m

Procedural blanks included. NBFRs were not
detected or below the MDL in the blanks

Limited industrial activities in Papua New Guinea
and Guam, the pollutant input from such sources
was expected by the authors to be low
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Pollutants

Stockholm Convention Distr.: General
. . 8 May 2026
on Persistent Organlc
) Original: English

Persistent Organic Pollutants Review Committee
Twenty-second meeting

Rome, 21-25 September 2026

Item 4 (b) (ii) of the provisional agenda*

Technical work: consideration of chemicals proposed for
listing in Annexes A, B and/or C to the Convention:
bis(2-ethylhexyl) tetrabromophthalate (TBPH), covering any
of its individual isomers and/or combinations thereof

II.

Proposal to list bis(2-ethylhexyl) tetrabromophthalate (TBPH),
covering any of its individual isomers and/or combinations
thereof, in Annexes A, B and/or C to the Stockholm Convention
on Persistent Organic Pollutants™*

Note by the Secretariat

Introduction

I. The European Union has submitted a proposal to list bis(2-ethylhexyl) tetrabromophthalate
(TBPH), covering any of its individual isomers and/or combinations thereof, in Annexes A, B and/or
C to the Stockholm Convention on Persistent Organic Pollutants, pursuant to paragraph 1 of Article 8
of the Convention (see annex to the present note). The proposal is being circulated as submitted and
has not been formally edited. Additional information relating to the proposal is set out in document
UNEP/POPS/POPRC.22/INF/6, as submitted by the European Union. The Secretariat’s verification of
whether the proposal contains the information specified in Annex D to the Convention is set out in
document UNEP/POPS/POPRC.22/INF/7.

Proposed action
2. The Committee may wish:
(a) To consider the information provided in the present note;

(b) To decide whether it is satisfied that the proposal fulfils the requirements of Article 8
of and Annex D to the Convention;

() To develop and agree on, if it decides that the proposal fulfils the requirements referred
to in subparagraph 2 (b) above, a workplan for preparing a draft risk profile pursuant to paragraph 6 of
Article 8 of the Convention.

K2606673[E]

* UNEP/POPS/POPRC.22/1.
** The present document has not been formally edited.

030626
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Annex*

Proposal to list bis(2-ethylhexyl) tetrabromophthalate (TBPH),
covering any of its individual isomers and/or combinations thereof,
in Annexes A, B and/or C to the Stockholm Convention on Persistent
Organic Pollutants

Introduction

I. Bis(2-ethylhexyl) tetrabromophthalate (TBPH) is a brominated phthalate derivative having
four bromine atoms at the aromatic ring and two diester substituents. TBPH consists of three
stereoisomers: two enantiomers (R,R and S,S) and the meso isomer (R,S). They have the same
molecular formula and sequence of bonded elements and differ only in the 3D (orientations of the
atoms in space) geometry of the structure. There are no available data for the individual stereoisomers
and therefore properties are assumed to be similar.

2. TBPH is a novel brominated flame retardant (NBFR) with first commercial uses reported
between 1987 and 1994 (Environment and Climate Change Canada (ECCC), Health Canada (HC),
2019). It is primarily used as a non-reactive flame-retardant additive and it is also used as a plasticiser
(US EPA, 2015a). TBPH has been marketed as a replacement for polybrominated diphenyl ethers
(PBDESs) flame retardants such as the commercial pentabromodiphenyl ether (pentaBDE) and
octabromodipheny] ether (octaBDE) formulations (Knudsen ef al., 2017). TBPH can be used alone, or
with benzoic acid, 2,3,4,5-tetrabromo-, 2-ethylhexyl ester (TBB; CAS No 183658-27-7) in
commercial mixtures. The latter might include also organophosphate flame retardants (ECCC and HC,
2019). Uses of TBPH include flexible polyvinyl chloride (PVC) used in wires and cable insulation,
rigid polyurethane (PUR) in construction sector and flexible PUR in upholstery applications (ECCC
and HC, 2019; US EPA, 2015b and Swedish Competent Authority, 2022).

3. In the European Union (EU), the substance is registered under the Registration, Evaluation and
Authorisation of Chemicals (REACH) Regulation. TBPH is manufactured and/or imported to the
European Economic Area (EEA) at 100—1,000 tonnes/year. In the United States of America (USA),
TBPH is a High Production Volume (HPV; produced or imported into the US at volumes > one
million pounds (or > 450 tonnes/year)) chemical (US EPA, 2015c¢). According to the 2020 Chemical
Data Reporting (CDR) database,! the national aggregated production volume of TBPH in the USA was
between 1,000,000 — <10,000,000 Ibs (equivalent to 453.6— < 4,536 tonnes/year) between 2016 and
2019. There is evidence that TBPH is still in use in some countries. However, according to the
International Bromine Council (BSEF), TBPH is no longer produced and used by most/if not all
countries (BSEF, 2025). It seems that one of the main US manufacturers of the commercial mixtures
Firemaster® 550 and Uniplex™ FRP 45 stopped manufacturing TBPH in 2022.2 On the contrary,
there is evidence that the manufacture of Uniplex™ FRP 45 in the US is still ongoing.?

4. While there are no known natural sources of TBPH, it has been detected in all compartments
of the environment including air, surface water, sediment, biota (including wildlife) and humans. In
addition, there is evidence of TBPH presence in remote areas without known local sources. According
to AMAP (2017), levels of TBPH in Arctic air are comparable to those of PBDEs and have shown
signs of increase. In combination with increasing trends observed in the Great Lakes region, this might
reflect the anticipated increase in use as a replacement for pentaBDE (AMAP, 2017).

5. Modelling indicates that TBPH is mainly distributed to the soil and sediment compartments

when released to the environment (ECHA, 2022). TBPH is expected to be released to the environment
from industrial sources and manufactured items primarily through wastewater (ECCC and HC, 2019).
Release to the soil could also occur through the application of wastewater biosolids to agricultural and
pasture lands (ECCC and HC, 2019). Potential release of TBPH from products available to consumers

* The annex has not been formally edited. The studies and other information referred to in this document do not
necessarily reflect the views of the Secretariat, the United Nations Environment Programme (UNEP) or the
United Nations. The designations employed and the presentation of the material in such studies and references do
not imply the expression of any opinion whatsoever on the part of the Secretariat, UNEP or the United Nations
concerning geopolitical situations or the legal status of any country, territory, area or city or its authorities.

U https://www.epa.gov/chemical-data-reporting/access-chemical-data-reporting-data#2020.

2 https://lanxess.com/en/sustainability/material-topics/sustainable-products/elimination-of-critical-substances.

3 https://www hallstarindustrial.com/product/uniplex-frp45/.
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may also be very significant. As additive flame retardants (rather than reactive flame retardants
chemically bonded to the polymer), there is a greater possibility for release of TBPH from products
available to consumers to the environment (Guerra et al., 2011 as cited in ECCC and HC, 2019). As
summarised in Environment and Climate Change Canada, Health Canada (2019), TBPH can be
released to the environment from consumer products via several ways, i.e. volatilisation and leaching
from treated products, partitioning to indoor dust, as well as during the waste stage. The main sources
of exposure to TBPH for the general population are expected to be from environmental media (air,
dust, soil, and water), food, including breast milk, and from the use of products available to consumers
such as foam-containing furniture (ECCC and HC, 2019).

6. TBPH has been identified in the EU under REACH as a Substance of Very High Concern
(SVHC) and included in the Candidate List* for Authorisation in November 2022 due to its very
Persistent, very Bioaccumulative (vPvB) properties. TBPH is part of a group of aromatic brominated
flame retardants assessed by the European Chemicals Agency (ECHA) for a possible restriction
proposal under REACH (ECHA, 2024a).

7. This proposal specifically addresses the information requirements and screening criteria of
Annex D in the Stockholm Convention on Persistent Organic Pollutants and summarises relevant
evidence relating to the screening criteria for persistence, bioaccumulation, long-range environmental
transport and adverse effects. The proposal is based on the EU SVHC dossier prepared under the
REACH Regulation (ECHA, 2022), information from peer-reviewed scientific journals as well as grey
literature.

Chemical identity

8. This proposal concerns bis(2-ethylhexyl) tetrabromophthalate, covering any of its individual
stereoisomers and/or combinations thereof:

Figure 1: Structural formulae of the possible stereoisomers

Br o]
Br R Br /\.@/\\_/‘\
o/\(\ﬁcH3 o - CHy
) 0 s
Br CH, Br CH,
Br o]

(2R)-2-ethylhexyl (28)-2- bis[(2R)-2-ethylhexyl] bis[(25)-2-ethylhexyl]
ethylhexyl tetrabromophthalate | tetrabromophthalate tetrabromophthalate
9. Bis(2-ethylhexyl) tetrabromophthalate is a diastereoisomer consisting of two stereoisomers

(which create three possible formations).

10. Table 1 provides the available identifiers associated to TBPH. The EC and CAS number
correspond to a multi-constituent substance which comprises all possible isomer formations of bis(2-
ethylhexyl) tetrabromophthalate.

Table 1: Chemical identity of bis(2-ethylhexyl) tetrabromophthalate

EC number: 247-426-5

EC name: bis(2-ethylhexyl) tetrabromophthalate

CAS number: 26040-51-7

IUPAC name: bis(2-ethylhexyl) 3,4,5,6-tetrabromobenzene-1,2-dicarboxylate
Molecular formula: C24H34BrsO4

Molecular weight range: |706.14 g/mol

4 https://www.echa.europa.eu/candidate-list-table.
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Synonyms or acronyms:

TBPH, BEHTP, BEHTBP, BEHTEBP and BEH-TEBP

Trade names:

BZ 45, DP 45, FRP 45, Firemaster® BZ-54, Firemaster® 550 (FM
550), Firemaster® 552, Firemaster® 600, Pyronil 45 and
Uniplex™ FRP 45

11. Information on the physicochemical properties for TBPH is presented in Table 2. Values for
physicochemical properties were experimentally determined for the substance and not for the three
individual isomers. Considering the very similar chemical structures, namely R,R, R,S or S,S
stereoisomers of the 2-ethylhexyl chain, it is reasonable to assume that the physicochemical properties
for the individual isomers are similar.

Table 2: Overview of available physicochemical properties of TBPH

Property Description of Value [Unit] Reference/source of

key information information

Physical state at 20 °C Experimental Liquid at 20 °C and Experimental study

and 101.3 kPa 101.3 kPa (visual inspection)®

Melting/freezing point Experimental -27°C at 101.3 kPa Guideline study (DIN

(atmospheric pressure ISO 3016; Pour point)
was not reported, without detailed
ambient conditions are documentation®
assumed)

Boiling point Experimental >300 °C at 1013 hPa Guideline study (EU
Method A.2 - Boiling
temperature; Differential
Scanning Calorimetry)
without detailed
documentation’

Vapour pressure (Q)SAR 2.28 x 10° Paat25°C | MPBPWIN v1.438

prediction (modified grain method)
2.12x10°Paat25°C | COSMOtherm 2020 as
cited in Gliige and
Scheringer (2023)

Density Experimental 1.541 kg/m? at 20 °C Guideline study (EU
Method A.3 - Relative
Density; U-tube method)
without detailed
documentation’®

Water solubility Experimental <0.05 pg/L at 20 °C Guideline study (EU

(not detectable without Method A.6. — Water
solubiliser) Solubility; Flask

794 ug/L at 20 °C method), which in most
(using 1 % acetonitrile | parts is equivalent to

as solubiliser) OECD TG 105"

Partition coefficient n- Experimental 10.2 at 25 °C Guideline study (OECD

octanol/water (log TG 117, HPLC

value) Kow method)'!

3 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda - ECHA CHEM.
6 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda - ECHA CHEM.
7 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda - ECHA CHEM.
8 EPI Suite (http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm).

% Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda - ECHA CHEM.
10 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda - ECHA
CHEM.

11 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694 -3eb6-400e-b8ab-6fc23de9ddda - ECHA
CHEM.


https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/a3844f3e-e8d4-42fa-bfaf-79e1ae49c643_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-f7837db4-c2d9-4d42-afc8-a41787098d4c_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-04327203-282e-4cbb-9466-2af994d41fbb_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-7b94c66f-7170-49e1-bd87-b64d2534b82a_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-6d49584c-0c4d-48db-9bca-8145c280ac91_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-6d49584c-0c4d-48db-9bca-8145c280ac91_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-54393346-fbcf-4ae7-aca0-d550323ee98e_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-54393346-fbcf-4ae7-aca0-d550323ee98e_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
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3.1

Property Description of Value [Unit] Reference/source of
key information information
Partition coefficient Experimental 7.3 at25°C Guideline study (OECD
organic carbon/water TG 121, HPLC
(log value) Koc method)'?
Partition coefficient (Q)SAR 15.114 KOAWIN v1.10, using
organic carbon/air (log | prediction measured log Kow (of
value) Koa 10.2; US EPA, 2012)
15.489 at 20°C COSMOtherm 2020 as
cited in Gliige and
Scheringer (2023)
Partition coefficient (Q)SAR -4914 HenryWin (US EPA,
air/water (log value) prediction 2012)
Kaw
-3.525 at 25°C COSMOtherm 2020 as
cited in Gliige and
Scheringer (2023)

Information on TBPH and how it fulfils the Annex D screening
criteria

12. There is experimental information available for the whole substance, but not for the single
isomers. As the isomers are structurally similar, and in the absence of other evidence, the properties of
the isomers are expected to be reasonably similar to the properties determined for the whole substance
(ECHA, 2022).

Persistence

13. The abiotic hydrolytic transformations of TBPH was assessed in a preliminary hydrolysis test
according to OECD TG 111, available in the EU registration dossier.'* The preliminary test was
performed with an aqueous solution with 1% acetonitrile of 0.4 mg TBPH/L. Only the preliminary
phase of the study at pH 4, 7 and 9 at 50°C was performed. The disappearance of the test item was >
91% after the study period at each pH. The resulting half-lives were 30.4 hours at pH 4, 44.1 hours at
pH 7 and 77.5 hours at pH 9. The registrant used the van't Hoff equation to extrapolate the half-lives
to a temperature of 20°C, which gave the following values: 10.1 days at pH 4, 14.7 days at pH 7 and
25.8 days at pH 9. In a second screening experiment performed at 60°C and pH 4 one transformation
product, tetrabromophthalic acid, was identified. As these results have not been followed up by a
definitive study, performed with at least three different temperatures according to the guideline, the
results are questionable.

14. According to Environment and Climate Change Canada, Health Canada (2019), consideration
of the chemical structure of TBPH suggests that abiotic hydrolysis of the ester groups may be
favourable owing to the electron withdrawing character of multiple bromine substitutions on the
aromatic ring. Conversely, steric effects from the branched ester substituents and sparing solubility of
TBPH in water are suggestive of slow hydrolysis reactions. Empirical data pertaining to a commercial
mixture of TBB and TBPH shows that the hydrolysis reaction is in fact slow. An abiotic hydrolysis
study found no measurable hydrolysis of the TBB/TBPH mixture at pH 4, 7, or 9 and 50°C. According
to the criteria stated within the test method (92/69/EEC C7 equivalent to OECD TG 111), the
hydrolysis half-life was concluded to be greater than 1 year at each pH value and 25°C (unpublished
study by Great Lakes Chemical Corporation in 1997 as cited in ECCC and HC, 2019).

15. In addition, Bis(2-ethylhexyl) phthalate (or DEHP; the unbrominated skeleton of TBPH) has
an estimated hydrolysis half-life of approximately 2000 years (Giam et al., 1984 as cited in Pakalin et
al., 2008). This indicates that the hydrolysis of TBPH may not be rapid. Furthermore, considering its
low water solubility and high K., TBPH is highly adsorptive to organic matter in suspended solids,
sediment and soils, and this adsorption may limit the rate of hydrolysis in natural waters. Furthermore,

12 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3eb6-400e-b8ab-6fc23de9ddda - ECHA
CHEM.
13 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694 -3eb6-400e-b8ab-6fc23de9ddda - ECHA
CHEM.


https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-3cd5c5f1-6b7d-4dfd-aa40-3529aabbac95_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-3cd5c5f1-6b7d-4dfd-aa40-3529aabbac95_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-c858e5a3-cc10-4910-aee3-cf6b374b5e13_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
https://chem.echa.europa.eu/100.043.099/dossier-view/60930694-3eb6-400e-b8ab-6fc23de9ddda/IUC5-c858e5a3-cc10-4910-aee3-cf6b374b5e13_9d7c69f4-5d4a-4026-a0b2-e61660e7493e?searchText=TBPH
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the International Bromine Council (BSEF) mentioned that TBPH abiotic hydrolysis is extremely slow
due to bulky brominated atoms and ester structure, thus TBPH does not break down under
environmental conditions (BSEF, 2025).

16. BIOWIN modelling (US EPA, 2012) predicts TBPH to be not readily biodegradable, and the
combination of Biowin 2 or Biowin 6 and Biowin 3 model predictions (as specified in REACH PBT!
guidance Chapter R.11; ECHA, 2023) indicate that TBPH screens as potentially persistent or very
persistent to biodegradation. The substance can be considered within the structural domain, although
noting that for the parametric domain of Biowin 2 and 3, the substance is at (or just above) the upper
limit of the molecular weight range. The classification model for ready biodegradation by Koérner et al.
(2024) predicts TBPH to be not readily biodegradable (predicted probability not readily
biodegradable!® = 0.991). Two ready biodegradation tests referred to by the US EPA (2015b) show
that TBPH is not readily biodegradable (< 4% degradation). In addition, Li et al. (2025) assessed the
biodegradability of TBPH among other NBFRs using OECD TG 301F at 224+1°C for 28 days. Aniline
was used as a reference compound. TBPH exhibited a limited biodegradation under OECD TG 301F
conditions with a biodegradation rate of 1.4% after 28 days. This is confirmed by the results of two
inherent degradation tests performed according to OECD TG 302C at 25°C, which gave 7% and
12.9% degradation in 28 days and indicate that TBPH is not readily or inherently biodegradable
(ECHA, 2022 and Li et al., 2025). According to REACH PBT guidance Chapter R.11 (ECHA, 2023),
‘Lack of degradation (<20% degradation) in an inherent biodegradability test equivalent to the OECD
TG 302 series may provide sufficient information to confirm that the P-criteria (degradation half-life
>120 days) are fulfilled without the need for further simulation testing for the purpose of PBT/vPvB
assessment. Additionally, in specific cases it may be possible to conclude that the vP-criteria
(degradation half-life >180 days) are fulfilled with this result if there is additional specific information
supporting’.

17. No degradation simulation study is available for TBPH. However, a non-guideline outdoor
mesocosms study completed by de Jourdan ef al. (2013) studied the fate of four NBFRs including
TBPH (ECHA, 2022). The study was performed in Ontario (Canada) during summer (July—September
2008 and July—September 2009) with an air temperature in the range 15-22°C. The mesocosms had a
depth of 1.2 m, a diameter of 3.9 m and were filled with water to approximately 1 m. The water supply
for the mesocosms was an irrigation pond supplied by a well located on site. Artificial sediment
containing organics-rich soil (1:1:1 mixture of topsoil: manure:compost) with an organic content of
11.6% dry total C (1.6% dry inorganic C, and 10.0% dry organic C) was placed on trays that were
placed on the bottom of each mesocosm so that > 50% of bottom surface was covered. The fate study
took place over two years (2008 and 2009), with year 1 serving for method development purposes.
The mesocosms were established in May 2008 and treated in July 2008 and again in July 2009. In year
1, Firemaster® BZ-54 (TBPH:TBB 1:4) was applied to the water phase of three mesocosms by
subsurface injection. The simultaneous application of TBPH and TBB is not expected to have affected
the results of this study. Five injections of 25 mL of commercial BZ-54, dissolved in dimethyl
sulfoxide (DMSO; 0.001% (v/v)) were made at several locations in the mesocosms. The aim was to
achieve homogeneous distribution of the compound at a nominal concentration of 0.03 mg/L to
achieve a target concentration of 500 ng TBPH/g sediment in the upper 5 cm on partitioning into the
sediment, which is consistent with concentrations observed in sewage sludge from the San Francisco
Bay area. In Year 2 (July 16, 2009), two mesocosms from each treatment were retreated at the same
concentration, but no additional water was added. The mean recovery rate of the analytical method
was 77.4 % (range 60%—88%, standard deviation of 5.9 %).

18. There were large fluctuations in TBPH concentration in the particulate matter throughout the
study while the concentration in the sediment did not fluctuate in the same manner with the maximum
concentration being almost equal to the mean concentration during the whole sampling period. TBPH
DTs in the particulate matter was estimated to 25 days with a 95% confidence interval (CI) of 744
days. Some degradation may have occurred in the particulate matter. There was one major unknown
peak in the chromatogram which agreed fairly well with the expected mass of a tribrominated
anhydride. de Jourdan ef al. (2013) mentioned that this could have been formed via hydrolysis of the
ester groups to tetrabromo phthalic acid subsequently forming an anhydride. The authors speculate
that this could be due to photolysis in the particulate compartment as debrominated analogues of
TBPH were detected in a photolysis study by Davis and Stapleton (2009; see paragraph on photolysis
in Section 3.3). For the sediment, the regression equations were not significant, suggesting no
significant decline. The authors of the study report the result as DTso > 200 days for the sediment
phase. The actual DT estimation (regression analysis) gave a value of 9,303 days with a 95% CI of

14 Persistent bioaccumulative and toxic.
13 https://biodegradability-prediction-app.streamlit.app/ accessed 27.5.2025.
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3.2

1,330 — 17,280 days. The concentrations of TBPH in the sediment were almost the same as the
maximum concentration during the study period thus indicating that there was no
dissipation/degradation of TBPH from the sediment compartment. Furthermore, no degradation
products were identified in the sediment. The authors mentioned that minor brominated degradation
products were detected in sediment, but because of matrix interference, they could not be accurately
determined. This study strongly indicates that TBPH is persistent in sediment (DTso > 200 days).
Persistence of TBPH is also supported by monitoring data indicating its presence in sediment (ECHA,
2022), including in remote areas away from point sources in the Western Pacific (100% detected in
hadal surface sediment samples from deep sea oceanic trenches; Xie et al., 2023).

19. Furthermore, the presence of TBPH in all environmental compartments including air, surface
water, groundwater, seawater, sediment, soil and in remote areas such as the Arctic, the Tibetan
Plateau, the Bering sea, the East Greenland Sea, the western Pacific Ocean, the South Atlantic Ocean,
the oceanic Southern hemisphere and the Antarctic, gives further support to conclude that the
substance is very recalcitrant to degradation (see monitoring data in Annex I — Environmental and
human monitoring data of the EU dossier (ECHA, 2022); Han et al., 2022 and in Section 3.3).

Conclusion on persistence according to the criteria in Annex D

20. The criteria for persistence listed in paragraph 1 (b) (i) and (ii) of Annex D are considered to
be met. TBPH has a degradation half-life in sediment greater than six months (or 180 days; TBPH
DTs0>200 days in sediment). Persistence of TBPH is also supported by monitoring data indicating its
presence in sediment, including in remote areas away from point sources (including detection in hadal
surface sediments, see section 3.3).

Bioaccumulation

21. TBPH meets the Annex D screening criteria with an octanol-water partition coefficient (log
Kow) greater than 5 for bioaccumulation with a log K, of 10.2 (ECHA, 2022).

22. The bioaccumulation potential of TBPH in juvenile rainbow trout (Oncorhynchus mykiss) was
investigated in a study according to OECD TG 305 (dietary exposure; unpublished, 2018). The growth
and lipid corrected kinetic biomagnification factor (BMFyg) was 0.038 for TBPH (with a kinetic BMF
of 0.0048 without correction). According to REACH PBT guidance Chapter R.11 (ECHA, 2023), even
if a BMF from an OECD TG 305 dietary bioaccumulation study is found to be below 1, it cannot be
considered as a good discriminator for concluding substances not to be (very) bioaccumulative. The
substance was poorly absorbed with an assimilation efficiency of 0.011. In this study, the fish
depuration was slow with a growth and lipid corrected depuration rate constant (kze1) of 0.018 day!, a
growth corrected depuration rate constant (k2g) of 0.015 day!, a depuration rate constant (k») of 0.044
day! and a long growth corrected half-life of 46.2 days (or 15.6 days without growth correction) for
TBPH. Brooke and Crookes (2012) suggest that a lipid normalised depuration rate constant around
0.085 day! or less, would indicate a bioconcentration factor (BCF) above 5,000 L/kg. The low rate of
depuration seen in the feeding study with Oncorhynchus mykiss (kg of 0.018 day™) is consistent with
the BCF for TBPH being > 5,000 L/kg. The predicted BCF values using method 1 and method 2
models (as referred to in the OECD TG 305 guidance; OECD, 2017) were all above a BCF of 5,000
L/kg (BCFs in the range of 5,878—167,655 L/kg) except one (method 3 model). Method 3 model gives
a BCF estimates of 881 L/kg for TBPH. However, the later model was derived for carp only and thus
its applicability to other fish species such as rainbow trout is unknown. Considering the low uptake
seen in the bioaccumulation study these methods probably overestimate the uptake rate and thus
overestimate the BCF of TBPH. It is also noted that the log Kow of TBPH is above the indicative
applicability domain of these models. However, the OECD TG 305 BCF estimation tool is the only
recommended tool in OECD TG 305 to derive BCF values from dietary bioaccumulation studies.

23. A comparison of laboratory depuration rate constants and biomagnification factor (BMF)
values in rainbow trout for TBPH against known PBT/vPvB/POP substances was performed in the
support document for the identification of TBPH as an SVHC in the EU (ECHA, 2022). TBPH has a
BMFiq1 of 0.038 and a kg 0f 0.015 day! in rainbow trout, which are similar to POP and
bioaccumulative substances, dechlorane plus (BMFyy of 0.023 and kag 0f 0.010-0.013 day™! for
anti-isomer; BMFyg of 0.046-0.062 and kae 0of 0.017-0.023 day! for syn-isomer) and methoxychlor
(BMF of 0.16 and kz¢ of 0.124 day™!). Dechlorane plus and methoxychlor meet the bioaccumulation
criteria of Annex D (BCF > 5,000 L/kg), further indicating that TBPH is bioaccumulative.

24. Burkhard et al. (2023) exposed Rainbow trout (Oncorhynchus mykiss) through the diet to a
mixture of hydrophobic substances, including TBPH, for 28 days in accordance with the OECD TG
305 method. The growth and lipid corrected kinetic biomagnification factor (BMFyg) was 0.0018 for
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TBPH (with a kinetic BMF of 0.0009 without correction). The substance was poorly absorbed with an
assimilation efficiency of 0.004. In this study, the fish depuration was slow with a growth and lipid
corrected depuration rate constant (kae) of 0.054 day!, a growth corrected depuration rate constant
(kzg) 0f 0.047 day™!, a depuration rate constant (k2) of 0.056 day™! and a long growth corrected half-life
of 14.8 days (or 12.3 days without growth correction) for TBPH. Brooke and Crookes (2012) suggest
that a lipid normalised depuration rate constant around 0.085 day™! or less, would indicate a
bioconcentration factor (BCF) above 5,000 L/kg. The low rate of depuration seen in the feeding study
with Oncorhynchus mykiss (kag of 0.054 day™) is consistent with the BCF for TBPH being > 5,000
L/kg. Most of the predicted BCF values using method 1 and method 2 models (as referred to in the
OECD TG 305 guidance; OECD, 2017) were above a BCF of 5,000 L/kg (9 out of 13 models predict a
BCF > 5,000; BCFs in the range of 1,295-55,595 L/kg, see Table Al in the information document
(UNEP/POPS/POPRC.22/INF/6). Method 3 model gives a BCF estimate of 71.6 L/kg for TBPH.
However, the later model was derived for carp only and thus its applicability to other fish species such
as rainbow trout is unknown. The uncertainties of these BCFs estimates are similar to those described
in unpublished (2018) study (see above).

25. A bioaccumulation study performed by Nacci ef al. (2018) investigated the uptake and
depuration of TBPH in the estuarine fish, Atlantic killifish (Fundulus heteroclitus) following similar
design to OECD TG 305 study (dietary exposure). A polychlorinated biphenyl (PCB 153) was
included as a positive control for bioaccumulation. According to Nacci et al. (2018), TBPH had a
BMF of 0.02 at low exposure level (139 mg TBPH/kg dry weight (dw)), and a BMF of 0.005 at high
exposure level (4,360 mg TBPH/kg dw) and PCB 153 had a BMF of 1.08 at 13 mg/kg dw exposure
level. The growth and lipid corrected kinetic biomagnification factor (BMFyg) was 0.01625 for TBPH
(with a kinetic BMF of 0.0291 without correction). There appears to be a critical uptake amount of
TBPH for fish, where at high TBPH concentrations not all of the TBPH underwent uptake. At low
concentrations, or slow dosing, TBPH will undergo a higher uptake rate and therefore have a higher
BMF. This concentration dependence indicates reduced bioavailability with increasing exposure. The
study showed that TBPH was not well metabolised with a low depuration rate constant (k») of 0.0696
and a long growth corrected half-life of 10.4 days (or 9.96 days without growth correction) in F.
heteroclitus. Most of the predicted BCF values using method 1 and method 2 models were below a
BCF of 5,000 L/kg (11 out of 13 models predict a BCF<5,000; BCFs in the range of 445-13,017 L/kg;
see Table A2 in the information document (UNEP/POPS/POPRC.22/INF/6)). Method 3 model gives a
BCF estimate of 435 L/kg for TBPH. However, the later model was derived for carp only and thus its
applicability to other fish species such as Atlantic killifish is unknown. The uncertainties of these
BCFs estimates are similar to those described in unpublished (2018) study (see above). It is worth
noting that the depuration rate constant (k,) was not statistically different from zero (p = 0.1768), thus
it cannot be excluded that the substance does bioaccumulate in F. heteroclitus.

26. Hou et al. (2022) performed in vitro incubation of seven NBFRs in liver microsomes of the
fish species Epinephelus fasciatus and Plectorhynchus orientalis to assess biotransformation clearance
rates. Microsomes were incubated at 25 °C for 0, 0.5, 1, 2, 4, and 6 hours instead of the recommended
2 hours (maximum 4 hours) in OECD TG 319B thus only five time points were relevant for deriving
the clearance rate instead of the recommended 6 time points. Furthermore, the liver microsomes were
evaluated for the ability to catalyse phase I reactions, that are most relevant for TBPH metabolism.
The incubation mixtures consisted of 3 uL. of TBPH in DMSO (5 pmol/L). The test used 1 mg/mL of
protein. Experiments were repeated in triplicate. The recovery for the microsomes samples was around
90%. The biotransformation followed first-order kinetics in liver microsomes of both fish species and
the measured values did not differ significantly between the two species. In vitro biotransformation
rate for TBPH was, together with hexabromobenzene (HBB), the lowest in sweetlips (0.017 &+ 0.004
mL/mg protein/hr, r>=0.803) and the single lowest in grouper (0.016 + 0.002 mL/mg protein/hr;
r=0.964). This study indicates that TBPH is very poorly metabolised by fish.

217. A biota-sediment accumulation factors (BSAFs) of 0.254 kg organic carbon/kg lipid for TBPH
was determined in oligochaetes, Lumbriculus variegatus (US EPA test method 100.3 (US EPA, 2000);
Burkhard et al., 2021). The sediment exposure test was conducted over 56-day period: a subset of the
worms was continuously exposed to TBPH, while a subset was assessed for depuration by exposure to
TBPH sediment for 28 days, followed by 28 days of clean sediment. The organisms were not fed
during the study in alignment with US EPA test method (US EPA, 2000). Steady-state conditions for
the uptake of TBPH was not reported to be reached in 28 days thus suggesting that the BSAF would
have been even higher if steady-state was reached. TBPH displayed a biphasic elimination in L.
variegatus where 94% of the body burden was depleted within the first 12 h of elimination (i.e., half-
life of 1.2 h or less) and the remaining 6% eliminated very slowly thereafter (half-life of 15 days) with
a slow elimination rate constant of 0.0461 (£0.00485) day™'. According to Burkhard et al. (2021) the
mechanism for biphasic uptake and elimination kinetics of highly hydrophobic chemicals such as
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TBPH in L. variegatus is unknown. The authors speculated that causes might be residual sediment
within the organisms, chemical associated with GI tract membranes/ mucous, and possibly, by
physical displacement by clean sediment. There was little evidence for biotransformation of TBPH by
L. variegatus. These results suggest a possible accumulation of TBPH in L. variegatus.

28. Field studies seem to indicate that biomagnification of TBPH is possible in a benthic marine
food web:

29. In October and November 2020, Hou et al. (2022) measured concentrations of TBPH from
coral reef waters of Xisha Island, South Chinese Sea. TBPH was found in seawater (mean
concentration = 0.037 pg/L, detection frequency (DF) = 12.5%, n = 8), sediment (mean concentration
=0.181 pg/kg dw, DF = 62.5%, n = 8), and in 29 different types of aquatic organisms (DF = 78.4%, n
= 109 for all organisms (n = 3—6 per species)) with a concentration range of <MDL (method detection
limit)'® to 0.369 pg/kg lipid weight (Iw). The highest concentrations have been reported in benthic
species with a higher trophic level (the carnivore or apex predator species). Concentrations of TBPH
in biota are referring to measurements in whole bodies of invertebrates and muscles of fish. From
these measured concentrations, field BSAF!7 values in the range from 0.11 = 0.01 in sea cucumbers to
0.86 £ 0.32 for seashell and 0.86 + 0.61 for fish (grouper) have been found for TBPH. According to
REACH Chapter R.11 (see Appendix R.11—3; ECHA, 2023), lipid and organic carbon normalized
BSAF values of 0.5 and higher are an indication of high bioaccumulation (BCF>5,000), based on pore
water concentration. The BSAF values for TBPH in seashell and fish are indicative of a high
bioaccumulation potential. Furthermore, these BSAF values indicate that TBPH from sediments is
transferred equally to benthic invertebrates as to benthic fish. However, as sediment is not a direct
source of TBPH for fish, the observed bioaccumulation of TBPH is considered to be the result of food
chain magnification.

30. Biomagnification factor (BMF)'® estimates were calculated in fish-crabs predator-prey
relationship for the fish species for which crab is indicated as a food source. The estimated BMFs
indicated that TBPH was biomagnified in fish, with BMFs ranging from 4.2 to 24 (median = 6.8) in
fish-crabs predator-prey relationship (Hou ez al., 2022). It is acknowledged that these estimated BMFs
are only rough and probably over-estimates potential biomagnification of TBPH as the fish do not
forage only on crabs. Adult Cephalopholis argus for example feed mainly on fish (75-95%) according
to Fish base.!” This species has the highest concentration of TBPH of all the sampled fish species in
this study (0.369+0.066 pg TBPH/kg lipid weight) and the second highest value for Trophic Level
(TL). A BMF based on the average concentration of TBPH in these species and the average
concentration of TBPH in all of the sampled fish species (0.129 TBPH/kg lipid weight) results in a
BMF of 2.9. This is considered a more realistic estimation of the biomagnification of TBPH in fish. It
is acknowledged that there is a large uncertainty also in this BMF value as e.g., the average
concentration of TBPH in C. argus is based only on three individuals. However, taken together the
evidence from this study indicate that TBPH is biomagnified in fish. It is worth noting that the samples
analysed refer to whole bodies of invertebrates and to fish muscles rather than whole body of prey and
predator, and thus the levels found may not reflect the levels present in whole fish. The reliability of
these BMFs is thus unknown.

31. With a measured log Kow of 10.2 and an estimated log Ko, of 15.1 or 15.5 (KOAWIN v1.10,
US EPA, 2012; COSMOtherm 2020 as cited in Gliige and Scheringer (2023)) TBPH fulfils the
REACH bioaccumulation screening criteria for air-breathing organisms (log Kow > 2 and log Koa > 5;
Kelly et al., 2007 as cited in ECHA, 2023). Metabolism of TBPH has been studied in vitro using
human liver microsomes and intestinal subcellular fractions (Roberts ef al., 2012). No significant loss
of TBPH was observed and no metabolites were detected in experiments with human liver
microsomes. Mono(2-ethylhexyl) tetrabromophthalate (TBMEHP), a metabolite of TBPH, was slowly
formed when porcine hepatic carboxylesterase was added to the assay. Roberts ef al. (2012) mentioned
that the metabolism of TBPH to form TBMEHP may have implications on the toxicity of TBPH but
may not be rapid enough to affect the bioaccumulation of TBPH. The available in vivo toxicokinetic
data in rats indicate that TBPH is poorly absorbed and poorly metabolised and is mainly excreted
unchanged via faeces after oral exposure (Knudsen et al., 2017, Roberts ef al., 2012 and Silva et al.,
2015). However, after IV administration TBPH was largely eliminated in the faeces as a mixture of

16 The MDL of TBPH in biota was 0.012 pg/kg Iw or ng/g lw.

17 BSAF is a ratio of the concentration of substance in normalised lipid content and the concentration of substance
in normalised carbon content.

18 The BMFs have been calculated by dividing the lipid normalised concentration in the predator by the lipid
normalised concentration in the diet of the predatory.

19 https://www.fishbase.se/search.php.


https://www.fishbase.se/search.php

UNEP/POPS/POPRC.22/4

10

parent (30%) and metabolite (TBMEHP 70%), with a significant proportion of the dose retained in
tissues (Knudsen ef al., 2017). Indeed, after single exposure 20% of the orally and IV-administered
TBPH (at 0.1 pmol/kg) was retained in tissues of rats, including 7% in liver, 5% in muscle, 3% in
skin, 2% in fat, and 1% in the adrenal gland (Knudsen ef al., 2017). Studies of repeated oral exposures
showed similar results and indicate that while only a small amount of TBPH is absorbed, TBPH
showed a significant increase in concentrations in liver and adrenal tissues. These results suggest that
TBPH has the potential to accumulate in adrenal and liver tissue, largely as the parent substance. This
is apparent from the available monitoring data that suggest that TBPH accumulates in air-breathing
animals.

32. Monitoring data have detected TBPH in liver (concentrations range <0.75-803 pg/kg lw in
2010-2011; n=69), eggs (<0.4-31.3 pg/kg ww in 2011-2013, DF=25% (3/12), n=12) and blood
plasma (nd-98.3 ng/kg ww in 2011-2013, DF=40%, n=15) from several bird species including raptors
preying on terrestrial species as well as birds that feed on aquatic organisms in the Arctic (Jin et al.,
2016, Lazarus et al., 2016 and Fernie ef al., 2017). TBPH reported the highest detection rate (54% for
all the bird tissues; n=69 from 10 bird species) in bird livers of the assessed NBFRs 1,2-bis(2,4,6-
tribromophenoxy)ethane (BTBPE) and decabromodiphenyl ethane (or DBDPE; Jin ef al. 2016).
Furthermore, TBPH has been detected in the blubber from marine mammals such as dolphins (Zhu et
al., 2014) and finless porpoises (<0.04-3859 pg/kg Iw in 2003—-2008, n=33, TBPH concentration was
higher than the concentration of HBCDD, Lam ef al., 2009) and in the plasma (0.04 pg/L (mean) in
2010, DF=10%, n=10; Harju et al, 2013) and liver (<0.138-0.876 ng/kg ww in 2007, DF=60%, n=10;
Sagerup et al., 2010) of the Arctic ringed seal and in the adipose tissue and plasma of polar bears (0.15
ng/mL (mean in plasma) and <0.128-0.402 ng/kg ww in fat; Harju et al., 2013 and Vorkamp et al.,
2015).

33. TBPH was detected in placenta of rats exposed to TBPH during gestation (concentration up to
31.5 mg/kg body weight (bw)/day; Baldwin et al. 2017). In addition, TBPH was detected in human
serum (concentrations range n.d.?°-260 pg TBPH/kg Iw in adults/mothers/children; DF=16-83%),
breast milk (n.d.—6.6 pg TBPH/kg lw; DF=32.4-50%), hair?! (13-2600 ng/g, DF=94%)), fingernails*!
(4.21-1120 pg TBPH/kg, DF=86—100%) and toenails?! (18-1990 ng/g, DF=80%) from samples
collected in Canada, China, the UK and the USA between 2008 and 2016 (He et al. 2013; Zhou et al.,
2014; Liu et al., 2016; Tao et al., 2017; Guo et al., 2018 and Chen et al., 2019). There was a
significant positive correlation between TBPH in fingernails and indoor dust (p < 0.001, r=0.37) which
indicates that indoor dust plays an important part in the exposure of TBPH via pathways such as dust
ingestion/inhalation and dust contact (Chen ef al., 2019).

34, Humans can be exposed to TBPH through their diet. For instance, consumption of food
containing TBPH is a potential exposure pathway for the general population. Tao et al. (2017)
examined the presence of TBPH in 14 groups of composite food samples covering meat, liver, oily
fish, eggs and cheese from two supermarkets representing national chains and one local market in
Birmingham, UK during May and June 2015. TBPH was detected in 63% of the samples at
concentrations in the range of 0.20-0.57 ng/g lw in meat, 0.69-5.8 ng/g Iw in liver, <0.1-1.1 ng/g lw
in fish and 0.22-1.8 ng/g Iw in eggs and dairy products. However, Tao ef al. (2017) concluded that
dust ingestion plays a more important role in driving body burdens of TBPH in UK adults.

35. Xiong et al. (2021) studied the bioaccumulation potential of nine NBFRs in Antarctic
terrestrial plants. The authors collected plants from the Great Wall Station, Fildes Peninsula and
Ardley Island, West Antarctica in January 2014. TBPH shows with a moss/soil accumulation factor
(BAF)? 0f 5.01 (mean; 12.55 (maximum value)) the second highest accumulation factor among the
nine NBFRs studied, indicating a high transfer potential of TBPH from soil to Antarctic mosses
(Sanionia uncinate). This is of concern, as the enrichment in plants might lead to an enrichment in
other organisms.

36. Monitoring data in mammals (including in humans), plants and aquatic species provide
supporting evidence that TBPH can be taken up by organisms in the environment.

20 n.d. means not detected.

21 The concentrations in hair and nails reported in Liu et al. (2016) are likely overestimated considering that the
mean recoveries for TBPH were 120% in hair and 141% in nail in the validation method (Liu et al., 2015).

22 The bioaccumulation factors (BAFs) have been calculated by dividing the concentration in moss (pg/g dw) by
the concentration at the same site in soil (pg/g dw).
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3.3.2

Conclusion on bioaccumulation according to the criteria in Annex D

37. The criteria for bioaccumulation listed in paragraph 1 (c) (i) and (iii) of Annex D are
considered to be met for TBPH as BCF values exceed 5,000 L/kg and its log Ko is greater than 5.
Laboratory experiments show that there is little evidence for biotransformation of TBPH by fish,
oligochaetes, rats and humans thus suggesting its potential for bioaccumulation. Toxicokinetic data
indicate that while only a small amount of TBPH is absorbed, it has the potential to accumulate in
adrenal and liver tissue of rats. Field studies seem to indicate a biomagnification potential of TBPH in
a benthic marine food chain. In addition, field BSAF values above 0.5 for TBPH in seashell and fish
are indicative of a high bioaccumulation potential. A benchmark approach comparing laboratory
depuration rate constants and BMF values for TBPH and substances having POP properties such as
dechlorane plus and methoxychlor provides further evidence that TBPH is bioaccumulative. The
bioaccumulation potential of TBPH is supported by biomonitoring data indicating widespread uptake
by a wide range of organisms (fish and aquatic invertebrates but also birds and mammals, including
humans) also in Arctic species such as ringed seal and polar bear (an endangered species) and in
Antarctic mosses. TBPH can be transferred at sensitive life stages through bird eggs, human breast
milk and it can pass through the placenta into offsprings.

Potential for long-range environmental transport

Screening of physicochemical properties

38. The estimated Henry's Law constant for TBPH is 3.02x102 Pa.m?/mol at 25°C (bond method,
HENRYWIN v3.20; US EPA, 2012) and its estimated vapour pressure is 2.28 x10~ Pa at 25 °C
(MPBPVP v1.43; US EPA, 2012) or 2.12 x 107 Pa at 25 °C (COSMOtherm 2020 as cited in Gliige
and Scheringer, 2023), these values suggest a low potential for volatilisation of TBPH to the
atmosphere. However, concentrations of TBPH found in remote regions suggest that atmospheric
transport has occurred. Vapour-phase TBPH will be degraded in the atmosphere primarily by reaction
with photochemically-produced hydroxyl radicals. The rate constant for the vapour-phase reaction of
TBPH with hydroxyl radicals has been estimated as 21.82 x107'2 cm3.molecule™!.s™! at 25°C (AOPWIN
v1.92; US EPA, 2012). The estimated half-life of TBPH in air (gas phase) is 5.883 hours or 0.490 day
based on a 12-h photoperiod with 1.5 x 10° OH/cm® (AOPWIN v1.92; US EPA, 2012). Because the
sorbed fraction is likely to be resistant to atmospheric oxidation, the AOPWIN half-life value based on
reaction with hydroxyl radicals is most probably an underestimate of the half-life in air. Modelling
predicts that the major portion of TBPH in air may be sorbed to particulates (fraction of TBPH sorbed
to atmospheric particles ranges from 99.7 to 100%; AEROWIN v1.00; US EPA, 2012). Based on its
low vapour pressure and its high log Koa (15.1), TBPH is expected to be associated with particles in
the atmosphere. The sorption of TBPH to particulates in air may increase its residence time and
potential for long-range transport. The atmospheric transport of airborne particulates provides a
potential route for long-range transport, and this is supported by the detection of TBPH in air samples
(gas and particulate phases or particulate phase only) taken in remote locations such as the Arctic and
the Antarctic (Halvorsen et al., 2023; Lee et al., 2016; Moller et al., 2011a and 2012; Rauert et al.,
2018; Salamova et al., 2014; Xiao et al., 2012a; Zhao et al., 2020).

39. Davis and Stapleton (2009 as cited in ECCC and HC, 2019) reported the reductive
photodebromination of both TBB and TBPH under solar radiation in a series of organic solvents. The
rates of degradation were slower for TBB and TBPH than for decaBDE and the nonaDBE congeners
included in the study across all solvents. Dibrominated and tribrominated degradation products were
observed for both TBB and TBPH, most missing both ester branches in the case of TBPH. Although
photodegradation data for TBB and TBPH in the air compartment were not identified, the observation
of both particulate and gaseous phase TBB and TBPH at Alert, Nunavut suggests that
photodegradation in the air compartment may be relatively slow (Xiao et al., 2012b).

Long-range transport model predictions

40. The Characteristic Travel Distance (CTD) of TBPH was modelled using the OECD Pov and
LRTP Screening Tool to be 2,850 km by Environment and Climate Change Canada, Health Canada
(2019; the input parameters to the model are not reported). Xiao et al. (2012a) reported a CTD of
2,900 km for TBPH with a transfer efficiency of 13% (input parameters to the model: half-life in air of
5.9 hours, half-life in water of 1,400 hours (or 58 days) and half-life in soil of 2,900 hours (or 121
days); degradation half-lives were estimated using SPARC and EPI Suite, respectively). The
long-range transport potential (LRTP) boundaries are 5097 km (CTD of PCB 28) and 2.248 % (TE of
PCB-28). Thus, these modelling results obtained for TBPH suggest that it has a low LRTP with a
transfer potential to surface media. The results from the modelling are associated with uncertainty due

11



UNEP/POPS/POPRC.22/4

12

3.3.3

to the uncertainties of the input parameters (half-lives in water and soil which are unknown).
Furthermore, the OECD Tool does not contain a sediment compartment while TBPH is persistent in
sediment.

41. The log Kow (10.2), log Koa (15.114) and log Kaw (-4.914) values for TBPH suggest high
potential to reach the Arctic and to accumulate in the Arctic human food chain according to the criteria
cited by Brown and Wania (2008). Indeed, the area of elevated Arctic Contamination and
Bioaccumulation Potential (AC-BAP) selected by Brown and Wania (2008) comprises the following
criteria: log Kow>3.5; log Koa > 6; 0.5 > log Kaw > -7; log Kaw < -1.78 x log Koat14.56.

Measurements in remote areas

42. The potential for long-range transport of TBPH is shown by monitoring studies and
measurements in environmental and biota samples from remote regions (see Tables Al to A6 in the
Appendix for further information). It is worth noting that the concentration values reported for TBPH
in biota and environmental samples may be underestimated and as reported by Papachlimitzou et al.
(2012). The analytical challenges of TBPH are further discussed in the information document
(UNEP/POPS/POPRC.22/INF/6).

43. TBPH was detected in various media in the Arctic, including in the Arctic air at Zeppelin,
Ny-Alesund and Longyearbyen (Svalbard) and at Alert (Canada) between 2005 and 2022
(concentrations in the range of <0.025-14 pg/m® (gas and/or particle phases); Halvorsen et al., 2023;
Lee et al., 2016; Salamova et al., 2014; Xiao et al., 2012a; Hung et al., 2013a as cited in AMAP, 2016), in
the air of the Arctic Ocean and the East Greenland Sea, between 2009 and 2010 (concentrations in the
gas and/or particulate phases in the range of <0.16-0.36 pg/m?; Méller et al., 2011a and 2011b), in
seawater from the Bering Sea and the East Greenland Sea between 2009 and 2010 (concentrations in
the range of n.d. — 0.22 pg/L (dissolved fraction); Moller ef al., 2011a and 2011b) and in terrestrial,
avian and marine biota samples from Central East Greenland, Svalbard and the Canadian Arctic,
including in a top predator the polar bear (Ursus maritimus), a vulnerable species between 2008 and
2013 (concentrations in the range of <0.106-3.754 ng/g ww and <0.14-44.29 ng/g lw; Harju et al.,
2013; Houde et al., 2017; Sagerup et al., 2010 and Vorkamp et al., 2015)).

44. AMAP (2017) mentioned that the high-volume air sampling at Alert in the Canadian High
Arctic showed increasing concentrations of TBPH between 2008 and 2012. Increasing trends have
also been observed in air in the Great Lakes region (Ma ef al., 2012b as cited in AMAP (2017)).

45. TBPH was detected in the air of the Tibetan plateau at 4,730 m above the sea level between
2006 and 2007 (concentrations in the range of 0.049—1.7 pg/m?> (gas and particle phases); Xiao et al.,
2012a). According to Xiao et al. (2012a) the concentrations of the flame retardants, including TBPH,
at Nam Co in the Tibetan plateau showed no significant seasonality, even though air masses originated
from distinctly different regions during different seasons. According to the authors, this suggests that
flame retardants do not have regional sources, but their concentrations in Tibet are rather reflective of
truly global background contamination (Xiao ef al., 2012a). This supports the long-range atmospheric
transport potential of TBPH.

46. TBPH was also detected in the Antarctic, including in air from King George Island, South
Shetland Islands, West Antarctica between 2011 and 2018 (concentrations in the range of n.d.—0.098
pg/m? (gas and particle phases); Zhao et al., 2020), in air from the Oceanic Southern hemisphere
covering the Indian Ocean to the Southern Ocean between 2010 and 2011 (concentrations in the
particle phase in the range of <0.025-1.5 pg/m?3; Moller et al., 2012), in soil from the Great Wall
Station, Fildes Peninsula and Ardley Island in West Antarctica in 2014 (concentrations in the range of
n.d.—20.22 pg/g dw; Xiong et al., 2021) and in plants from the Great Wall Station, Fildes Peninsula
and Ardley Island in West Antarctica in 2014 (concentrations in the range of n.d.—484.1 pg/g dw in
moss (Sanionia uncinata); Xiong et al., 2021).

47. Monitoring data indicate that TBPH can be long-range transported in the middle of the oceans,
including in the deepest parts of the oceans (hadal zone) via air and/or river/oceanic currents. TBPH
was detected in the middle of the South Atlantic Ocean in 2016 (Sobotka ef al., 2021). Furthermore,
TBPH was detected in 19% of samples of hadal amphipods (Alicella gigantea, n=10; carapace, muscle
and visceral) and in 100% of hadal surface sediment (0—2 cm) samples (n=8) taken from deep sea
oceanic trenches (Mariana, Museau and New Britain trenches at a water depth up to 10,853.2 m) in the
Western Pacific Ocean between December 2016 and January 2019 (Xie et al., 2023). The authors
mentioned that NBFRs, including TBPH, might reach trench surface seawater through long-range
atmospheric transport and oceans currents. NBFRs in the hadal sediments were generally transported
via the settling of sediment particles of either marine or terrigenous origin whereas in amphipods they
accumulated via feeding on animal carrion through the food web (Xie et al., 2023). The authors further
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mentioned the possible source of NBFRs from the hadal sediments from the adsorption of the
substances on plastic surfaces. Moreover, sediments have also been suggested to undergo long-range
transport with turbidity currents (Kneller ez al., 2016). As a consequence, it is possible that sediments
containing TBPH (where it is persistent) can be transported over long distances along the sea floor via
turbidity currents.

48. The measurements of TBPH in seabird and marine migratory species such as glaucus gull
(Larus hyperboreus) plasma (0.026+0.001 ng/mL in 2012, DF=17%, n=12; Harju et al., 2013),
kittiwake (Rissa Tridactyla) liver (concentrations in the range of <0.171-1.398 ng/g ww and 14.62
ng/g lw (mean) in 2009, DF=50%, n=10; Sagerup e? al., 2010), Common Eider (Somateria
mollissima) liver (concentrations in the range of <0.142-3.754 ng/g ww and 44.29 ng/g lw (mean) in
2009, DF=60%, n=10; Sagerup et al., 2010), Briinnich’s guillemot (Uria lomvia) eggs (concentrations
in the range of <0.106-3.414 ng/g ww and 19.17 ng/g Iw (mean) in 2008, DF=70%, n=10; Sagerup et
al., 2010), Capelin (Mallotus villosus) whole fish (concentrations in the range of <0.120—-1.306 ng/g
ww and 33.65 ng/g Iw (mean) in 2009, DF=90%, n=10; Sagerup et al., 2010) and Ringed seal
(Pusa/Phoca hispida) plasma (0.04 ng/mL in 2012, DF=10%, n=10; Harju et al., 2013), liver
(concentrations in the range of <0.138—0.876 ng/g ww and 16.36 ng/g Iw (mean) in 2007, DF=60%,
n=10; Sagerup et al., 2010) and blubber (<MDL—-0.34 ng/g Iw (geometric mean) between 2009-2013;
Houde ef al., 2017) in locations distant from known point sources such as Kongsfjord, Tempelfjord
and Bjerneya in Svalbard, the Norwegian Svalbard Archipelago and the Canadian Arctic indicate the
potential for transfer of this substance to the remote environment via migratory species.

49. Furthermore, TBPH was detected in black guillemot (Cepphus grylle) eggs (0.05-0.066 ng/g
ww or 0.024-0.025 ng/g lw; n=3) from Central East Greenland in 2012 (Vorkamp ef al., 2015).
Migration of black guillemots (Cepphus grylle) is limited as they overwinter in Greenland and only
make shorter movements from the breeding sites to ice free areas. Analysis of the pollutant burdens in
black guillemots will thus reflect the exposure to pollutants in the Greenland environment (Vorkamp
et al., 2004). In addition, TBPH was detected in polar bear (Ursus maritimus) adipose tissue (<0.128 —
0.402 ng/g ww or <0.14 — 0.44 ng/g Iw in 2012, n=5; Vorkamp et al., 2015) and plasma (0.15+0.16
ng/mL in 2012, DF=95%, n=20; Harju et al., 2013) which is endemic to the Arctic. The observation of
TBPH in eggs of black guillemots and in adipose tissue and plasma of polar bear suggests long-range
transport from sources outside of the Arctic.

50. A benchmark approach comparing concentrations in air, seawater and biota (such as Black
guillemot eggs and polar bear adipose tissue) from remote locations for TBPH and substances having
POP properties such as BDE-209, pentaBDE, octaBDE and dechlorane plus indicates that TBPH is
found in the same range of concentrations as those of POP substances before their inclusion to the
Stockholm Convention on POPs (see the benchmark exercise in Tables A1, A2 and A6 in the
Appendix for further information; Méller et al., 2011a; 2011b and 2012; Xiao ef al., 2012a; Salamova
et al., 2014; Vorkamp et al., 2015; AMAP, 2017 and Sobotka et al., 2021). This supports the long-
range transport potential of TBPH. In addition, in the study of Salamova et al. (2014), TBB and TBPH
were the dominant non-PBDE BFRs measured in the Arctic air samples and comprised ~46% and
17% of ZBFR concentrations, respectively, among the 45 BFRs analysed.

Conclusion on long-range environmental transport according to the criteria in Annex D

51. While modelling predictions indicate a low potential for long-range transport with a transfer
potential to surface media, monitoring data indicate that transport of TBPH to remote areas (Arctic and
Antarctic) has taken place. The physico-chemical properties of TBPH suggest it has potential to reach
the Arctic and to accumulate in the Arctic human food chain. This is supported by monitoring data
which indicate that TBPH has been measured in environmental and biota samples from remote regions
(Arctic and Antarctic). Presence of TBPH in the Arctic, the Tibetan Plateau and the Antarctic air
indicates atmospheric transport. Atmospheric transport of TBPH predominantly bound to atmospheric
particles and deposition to surface media is supported by findings of TBPH in mosses and soil from
Antarctica. Furthermore, the measured levels of TBPH in seawater from the Bering Sea, the East
Greenland Sea and the South Atlantic Ocean suggest long-range transport through air and/or water.
Detection of TBPH in deep marine sediments (up to a water depth of 10,853.2 m) from the Western
Pacific Ocean away from point sources indicate the potential of TBPH for long-range transport via the
adsorption onto suspended matter and subsequent transport to sediment via water in rivers and ocean
currents. Additionally, the presence of TBPH in migratory species in locations distant from known
point sources and in endemic species from the Arctic indicate the potential for transfer of TBPH to the
remote environment via migratory species. It is therefore concluded that TBPH meets the criteria for
potential long-range environmental transport listed in paragraph 1 (d) (i), (ii) and (iii) of Annex D.
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3.4

34.1

Adverse effects

Adverse effects to human health and other organisms

52. The main adverse effects of TBPH to human health are related to its neurobehavioral effects
observed in mice and its effects on the thyroid system. Other effects observed and presented in this
section may contribute to the adversity of TBPH.

53. Neurobehavioral effects: Bao and Jing (2021) investigated the neurobehavioral effects of
TBPH in five-week-old mice. Three groups of mice (control, 20 mg/kg bw/day and 200 mg/kg
bw/day; n=8 per group) were exposed via oral gavage for 28 days to TBPH. Spatial learning and
memory were assessed using the Morris water maze test. Oxidative stress in the hippocampus was
assessed by measuring malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione
(GSH). The study also measured endoplasmic reticulum (ER) stress related proteins (glucose-
regulated protein 78-kDa (GRP78), PKR-like ER kinase (PERK), and C/EBP homologous protein
(CHOP)) as well as hippocampal biomarkers involved in memory including post-synaptic density
protein-95 (PSD-95), brain-derived neurotrophic factor (BDNF), and phosphorylated cAMP response
element binding protein (p-CREB). The study showed no effects on spatial learning and memory.

54. However, TBPH exposure at both 20 and 200 mg/kg/day, significantly altered the oxidative
stress markers (p < 0.05), increasing MDA and reducing SOD and GHS levels, indicating enhanced
lipid peroxidation and oxidative damage in the hippocampus. At 200 mg/kg/day, ER stress markers
(GRP78, PERK, and CHOP) were significantly upregulated (p < 0.01), suggesting involvement of ER
stress involvement in TBPH-induced neurotoxicity. At the same dose, TBPH also significantly
reduced BDNF and PSD-95 levels (p < 0.05 and p < 0.01, respectively) whereas p-CREB was not
statistically affected. Because these biomarkers are essential for memory formation, the findings
indicate that TBPH may impair cognitive-related molecular pathways despite the absence of
behavioural effects.

55. Xiong et al. (2024) further explored TBPH-induced neurotoxicity in mice by administrating
TBPH (20 mg/kg bw/day; DMSO control; n=10 per group) via intraperitoneal injections for 60 days.
Neurobehavioral performance was assessed using the Morris water maze and Step-down passive
avoidance test. In addition, multiple mechanistic endpoints were evaluated, including hippocampal
oxidative stress markers (reactive oxygen species (ROS) and GSH); apoptosis-related indicators
(cytochrome C (Cyt C), apoptotic protease activating factor-1 (Apaf-1), caspase-3 (Casp-3), caspase-
activated DNase (CAD), N-methyl-D-aspartate receptor 2B (NMDAR2B), and phosphorylated CREB
(p-CREB), immunohistochemistry changes, and hippocampal protein levels phosphorylated ERK (p-
ERK), FOS and JUN.

56. TBPH-exposed mice showed significantly impaired performance in both behavioural tests,
with increased escape latency and error rates, indicating deficits in learning, memory and cognitive
function. The Morris water maze is a widely used test for assessing learning and memory in
experimental neurotoxicity studies such as the OECD TG 426 (Developmental Neurotoxicity Study).
Despite limitations compared to a full (developmental) neurotoxicity study, the observed
neurobehavioral effects provide biologically relevant information and may be used as evidence within
a weight-of-evidence approach for establishing adversity.

57. Histopathological and immunohistochemical analyses revealed marked structural damage in
the hippocampus and dorsolateral prefrontal cortex. TBPH exposure significantly increased levels of
ROS, GHS, Cyt C, Apaf-1, Casp-3, CAD, p-ERK, FOS, and JUN (p < 0.05), while significantly
decreasing NMDAR2B, and p-CREB (p < 0.05). These alterations indicate pronounced oxidative
stress and activation of apoptotic pathways, particularly within the dentate gyrus of the hippocampus.
Collectively, the results suggest that TBPH induces neurotoxicity through oxidative injury and
ERK1/2-FOS pathway activation, ultimately disrupting neuronal integrity and cognitive function.

58. Available studies demonstrate that TBPH induces adverse neurobehavioral effects in mice at
doses as low as 20 mg/kg bw/day after intraperitoneal exposure. These effects appear to be mediated
by increased oxidative stress, activation of apoptotic pathways, and overactivation of the ERK1/2—
FOS signalling cascade. The lack of neurobehavioral changes reported in Bao and Jing (2021) may be
related to the shorter exposure duration (28 vs. 60 days) and differences in administration route (oral
gavage vs. intraperitoneal injection). Intraperitoneal injection ensures nearly complete systemic
uptake, whereas TBPH exhibits low oral bioavailability (Knudsen et al., 2017). Furthermore,
intraperitoneal dosing bypasses first-pass hepatic metabolism, potentially resulting in higher
circulating and brain concentrations.



UNEP/POPS/POPRC.22/4

59. Despite these methodological differences, both studies consistently demonstrated increased
oxidative stress in the hippocampus. This convergence across experimental designs strengthens the
conclusion that TBPH possesses neurotoxic potential.

60. A 90-day repeated-dose oral toxicity study in rats conducted according to OECD TG 408, as
reported in the REACH dossier,? did not identified treatment-related histopathological changes in the
brain or effects on brain weight at dose levels up to 1000 mg/kg bw/day. These findings do not
necessarily contradict the results of mice studies by Bao and Jing (2021) and Xiong et al. (2024), as
the OECD TG 408 study is not designed to detect neurofunctional or mechanistic effects. Moreover,
the OECD TG 408 study does not include assessments of spatial learning and memory, which were
specifically investigated in the mice studies, and therefore the outcomes are not directly comparable. It
should also be noted that the OECD TG 408 study does not include a specific evaluation of peripheral
nerves (e.g. sciatic nerve) and therefore potential effects on peripheral nervous system structures were
not assessed.

61. Pulmonary effects in animals: Xing et al. (2024) reported an association between TBPH
exposure and markers of lung injury in both in vitro and in vivo models.

62. In vitro, mouse TC-1 and MRC-5 cells were exposed to TBPH (0—20 mg/L) for 48 hours.
TBPH exposure led to elevated levels of pro-inflammatory cytokines (tumor necrosis factor (TNF-a),
interleukin-1 beta (IL-1), interleukin-6 (IL-6), interleukin-17 (IL-17), interferon gamma (IFN-y)),
chemokines (eotaxin, monocyte phemoattractant protein-1 (MCP-1), monocyte chemotactic protein 2
(MIP-2), and regulated on activation, normal T-cell expressed and secreted (RANTES). Additionally,
cell proliferation marker Ki67 was reduced, while p16 and p21 expression increased, indicating cell
cycle arrest. TBPH also upregulated extracellular matrix (ECM) markers such as fibronectin (FN), a-
smooth muscle actin (a-SMA), and transforming growth factor-beta (TGF-f), while downregulating
E-cadherin and increasing collagen deposition. Oxidative stress was evident through increased ROS
and MDA levels, alongside decreased antioxidant markers (GSH, SOD, CAT).

63. In vivo, 8-week-old C57 mice were exposed to TBPH via oral gavage (0 (vegetable oil
control), 10, 30 and 60 mg/kg bw/day; n=5 per group) for 28 days. Histopathological examination
revealed alveolar capillary congestion and inflammatory cell infiltration at all tested doses. Pro-
inflammatory cytokines (TNF-a, IL-1p, IL-6, interleukin-8 (IL-8), IFN-y) were significantly elevated
(p <0.05) in lung tissues at 10-60 mg/kg bw/day. Oxidative stress markers (ROS, MDA) increased (p
< 0.05), while antioxidant enzymes (GSH, SOD, CAT) decreased (p < 0.05), particularly at 30—60
mg/kg bw/day. TGF-p expression and collagen fiber content were also significantly elevated at 30 and
60 mg/kg bw/day (p < 0.05), indicating early signs of lung fibrosis.

64. There are no studies available via the inhalation route. A 90-day oral toxicity study in rats
(OECD TG 408), available in the REACH dossier?*, reported no histopathological lung changes at
doses up to 1000 mg/kg bw/day. The discrepancy with the study by Xing et al. (2024) may be due to
differences in species sensitivity, and study design. The molecular changes observed by Xing et al.
(2024) may represent early or adaptive responses that, if sustained, could progress to fibrosis. These
findings suggest that TBPH may initiate pro-inflammatory signalling pathways even at relatively low
doses.

65. Pulmonary effects epidemiology: Two prospective epidemiological studies conducted in the
Greater Cincinnati, Ohio metropolitan area by Mendy ef al. (2023, 2024) investigated associations
between early-life exposure to brominated flame retardants (BFRs), including TBPH, and respiratory
outcomes in children.

66. In the 2023 study, a birth cohort of 234 children was followed. Pregnant women were enrolled
based on specific inclusion criteria (e.g., >18 years old, fluent in English, residing locally with no
plans to relocate, <16 weeks pregnant, and without certain medical conditions). Settled dust samples
were collected from the child’s bedroom and main activity room at age 1 using a high-volume small
surface sampler. Dust was sieved (300 um), purified, and analyzed via HPLC-MS to quantify
organophosphate flame retardants (OPFRs: TCEP, TCIPP, TDCIPP, TPHP) and replacement BFRs
(RBFRs: TBB and TBPH). Geometric mean (GM) concentrations of total OPFRs were 10.27 pg/g
dust and 2.82 pg/m? for dust loadings. TCIPP was the most abundant OPFR. For RBFRs, GM
concentrations were 0.48 pg/g dust and 0.13 pg/m? for loadings, with TBPH levels (0.27 pg/g dust and
0.08 pg/m? for loadings) higher than TBB. Respiratory health was assessed biannually via caregiver
questionnaires until age 5. At age 5, children underwent spirometry to measure forced expiratory
volume in 1 second (FEV1) and peak expiratory flow (PEF). Exposure to OPFRs and RBFRs during

23 Bis(2-ethylhexyl) tetrabromophthalate 100.043.099 | 60930694-3¢eb6-400e-b8ab-6fc23de9ddda - ECHA
CHEM.
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infancy was associated with increased risk of respiratory symptoms, and TBPH dust loadings were
linked to reduced PEF (p < 0.05). The association between TBPH dust loadings and reduced PEF at
age 5 was adjusted for key potential confounders, including child sex, race/ethnicity, birth weight,
gestational age, body size (height), household income, breastfeeding duration, prenatal tobacco smoke
exposure (serum cotinine), and total household dust weight; sensitivity analyses additionally
accounting for housing cleanliness indicators did not affect the results.

67. The 2024 study followed a cohort of 342 pregnant women (2003-2006). Indoor dust samples
were collected at 20 weeks gestation, and maternal urinary concentrations of organophosphate esters
(OPEs) and RBFRs were measured at 16 and 26 weeks and at delivery. Associations between prenatal
exposures and respiratory outcomes (reported biannually until age 5) and lung function at age 5 were
assessed. TBPH dust concentrations were associated with increased risk of childhood wheezing
(breathing difficulties in children; relative risk (RR): 1.57, 95% CI: 1.28-1.94, p < 0.0001)). In both
studies (Mendy et al., 2023 and Mendy et al., 2024), although causality cannot be established due to
the observational study design, the observed associations with adverse respiratory outcomes are
considered relevant and supportive for establishing adversity.

68. Endocrine effects: Yuan et al. (2024) evaluated the endocrine-disrupting potential of TBPH in
male Sprague-Dawley rats. In a 28-day repeated-dose study, 48 rats (6 weeks old) were administered
TBPH via oral gavage at doses of 0 (corn oil control), 5, 50, and 500 mg/kg bw/day. Blood and thyroid
glands were collected for clinical chemistry and histopathological analysis. At 500 mg/kg bw/day,
thyroid glands were significantly smaller (p < 0.05) which was supported by the calculation of the
relative organ weight (p < 0.05), with histological changes including flattened follicular epithelium
and dilated follicular cavities. Serum levels of total thyroxine (TT4) and free thyroxine (FT4) were
significantly elevated in the 50 and 500 mg/kg groups (p < 0.05), while thyroid-stimulating hormone
(TSH) was significantly decreased, indicating disruption of the hypothalamic—pituitary—thyroid (HPT)
axis. ECHA/EFSA Guidance (2018) supports the interpretation that changes in thyroid organ weight
and histopathology, when associated with endocrine activity, are considered thyroid-mediated
adversity. In contrast, a guideline-compliant 90-day oral toxicity study in rats (OECD TG 408),
available in the REACH dossier?, reported no changes in thyroid histopathology at doses up to 1000
mg/kg bw/day (thyroid weight was not measured). However, endocrine endpoints beyond thyroid
histopathology were not assessed.

69. Genetic toxicity, reproductive toxicity and carcinogenicity: TBPH is likely not toxic to
reproduction based on the available information. Due to a lack of data, no conclusion can be drawn
regarding its genotoxicity and its carcinogenicity. Further information is reported in the information
document (UNEP/POPS/POPRC.22/INF/6) regarding these endpoints.

Adbverse effects to the environment

70. No long-term fish toxicity study is available in the REACH registration dossier. A short-term
fish toxicity study (OECD TG 203), a long term daphnia Reproduction Test (OECD TG 211) and an
algae study (OECD TG 201) are available in the REACH registration dossier’. All these studies
indicate no toxic effects observed at tested concentrations. The OECD TG 203, 211 and 201 studies
are further detailed and discussed in the information document (UNEP/POPS/POPRC.22/INF/6).

71. The REACH registration dossier’ includes a study on the solubility of TBPH investigated
using the Council Regulation A.6 methodology using the flask method, mostly equivalent to OECD
TG 105. The substance could not be detected in water indicating solubility of <0.05 pg/L at 20 °C,
while the limit of solubility was reported as 794 pg/L when using 1% acetonitrile as a solubiliser.
However, the reliability of the above study is questionable considering that OECD TG 105
recommends using the column elution method (and not the flask method) to establish water solubility
for test chemicals with solubility <10 mg/L. Furthermore, the concentrations of TBPH in the different
flasks were not reported. As a consequence, it was not possible to check if the concentrations between
the flasks were < 15%. In addition, the pH value during the test was not reported.

72. The studies reported below by Fu et al. (2024 a,b), Hong et al. (2025), Zhou et al. (2024) and
Guo et al. (2020) are conducted with concentrations above the solubility limit in pure water, but the
studies use DMSO as a solvent. Zhou ef al. (2024) indicated that the concentration tested (10 pg/L
nominal) in their zebrafish study was below the solubility limit in the DMSO-water mixture using
0.01% (v/v) DMSO (Zhou personal communication, October 2025) based on previous experiments
with TBPH (Guo et al., 2020; Zhou et al., 2021; Guo et al., 2021; Zhou et al.,2022). In another
zebrafish study (Guo et al., 2020), the authors mentioned that the maximum concentration of TBPH in
DMSO 0.1% (v/v) was approximately 2 uM (or ca. 1412 ug/L TBPH; Guo personal communication,
October 2025). According to the authors, TBPH was fully dissolved in 0.1% (v/v) DMSO at TBPH
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concentration up to 141 pg/L (Guo personal communication, October 2025). The study authors of Fu
et al. (2024a,b) used vortex oscillation and ultrasonication to ensure complete molecular-level
dissolution of TBPH in DMSO (0.005%) while preparing the stock solution. During the daily renewal
of the exposure solution, the stock solution was slowly added to vigorously aerated and stirred dilution
water ensuring rapid diffusion and dilution of DMSO in water to promote dispersion of TBPH in
molecular form, thereby minimising the formation of colloids or microcrystals (Fu personal
communication, October 2025). Visual inspection was conducted, and the solution remained clear and
transparent, with no observed turbidity, precipitation, opalescence, or visible crystals/particles.
Furthermore, the measured TBPH concentration in the exposure solution was consistent with the
nominal concentration (Fu personal communication, October 2025).

73. In the Hong et al. (2025) study, the reliability of the exposure regime during their test was
ensured through several measures: the swimming activity of the fish, the daily renewal of the exposure
media, and the monitoring of the actual exposure concentrations (Hong personal communication,
October 2025). Similarly, Zhou ef al. (2024) ensured daily renewal of the exposure media to maintain
consistent concentrations and minimise potential aggregation or settling. Based on previous work on
TBPH (Zhou et al., 2022; Zhou et al., 2021; Guo et al., 2021; Guo et al., 2020), the authors confirmed
that the concentration tested (10 pg/L nominal) was below the solubility limit in the DMSO-water
mixture (Zhou personal communication, October 2025). To ensure that TBPH was fully dissolved in
the exposure medium, the stock solution in DMSO (0.01% v/v) was sonicated and vigorously vortexed
before dilution (Zhou personal communication, October 2025). During exposure, no visible
precipitates, crystals, or aggregates were observed in the exposure solutions and the consistency in the
measured TBPH concentrations suggest that TBPH was largely dissolved (Zhou personal
communication, October 2025). The later studies did not report the presence of non-dissolved test
substance in the test medium, turbidity, the formation of oil slicks or other indicators that the
substance was not solubilised. The study author of Guo et al. (2020) indicated that a white mist
appeared in the test at the highest concentration group (1412 pg/L TBPH) indicating TBPH
undissolved material (Guo personal communication, October 2025). According to the author, white
mist was only observed in the highest concentration group, where the TBPH was near saturation. To
maintain consistent exposure, the solution was renewed daily to minimize this effect. In the lower
concentration groups, no such precipitation was observed, and the exposure solution remained clear
throughout the experiment. Thus, according to the author (Guo personal communication, October
2025), in the lower concentration groups (up to 0.2 uM or 141 pg/L), the embryos/larvae were only
exposed to dissolved TBPH. Due to this and based on the above information on analytical monitoring,
the studies are considered to be reliable. The assessment of the adverse effects focuses on the effects
observed at concentrations where the test organisms were only exposed to dissolved TBPH.

74. According to OECD GD 23 on aqueous-phase aquatic toxicity testing of difficult test
chemicals (OECD, 2019), solvents provide a vehicle in which some poorly soluble test chemicals can
be dissolved to produce a stock solution which is more amenable to adding to, and mixing with, the
test medium. While the toxicity studies on algae (OECD TG 201) and invertebrates (OECD TG 211)
mentioned above are not suitable to demonstrate the saturation concentration of the substance in the
test medium, the OECD GD 23 explains that it is unlikely that a solvent concentration of 100 mg/L
would significantly alter the maximum dissolved concentration of the test chemical which can be
achieved in the test solution. DMSO is one of the solvents that have been found to be effective for
aquatic toxicity testing. Hutchinson et al. (2006) reviewed aquatic studies conducted with solvents and
reported that studies with concentrations ranging 0.001-2% DMSO induced no effects, including
gonad histology, spawning, liver vitellogenin levels and other histology and biomarkers, with the
exception of induction of heat shock proteins with Danio rerio at 0.02% and reduction in egg
production in Pimephales promelas with 0.001% DMSO. OECD GD 23 recommends using a
maximum concentration of solvent of 20 pL/L based on recommendations from Hutchinson et al.
(2006) which are based on effects with dimethylformamide.

75. The studies reported in this section are non-standard but the data available with the solvent
controls are considered reliable. The authors of Zhou et al. (2024) study indicated that based on
published literature and established protocols in zebrafish toxicology studies, DMSO at concentrations
<0.1% is widely regarded as non-toxic to zebrafish embryos and larvae and is commonly used as a
solvent for hydrophobic compounds like TBPH (Zhou personal communication, October 2025). In
their previous work on TBPH (Guo et al,, 2020), the development, survival, neurotoxicity, liver
transcriptomics and behavior of zebrafish embryos or larvae exposed to 0.1% DMSO were compared
with those in solvent-free controls and no significant differences were found thus indicating that
DMSO induced no effects. According to a personal communication (October 2025), Guo mentioned
that studies under OECD TG 236 also reported no significant morphological or developmental
abnormalities at concentrations up to 1% DMSO, supporting the suitability of 0.1% DMSO.
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Considering the poorly solubility of TBPH and the absence of effects of DMSO on test organisms, the
use of this solvent in below studies is considered acceptable.

76. The critical environmental effects of TBPH are on fish reproduction and on the fish thyroid
system. In the paragraphs below a broad range of adverse effects on reproduction (sperm count and
malformations, adult reproductive behaviour and effects on early larval development) are presented.
These effects are supported by mechanistic evidence suggestive of adverse effects on the thyroid
system (eye development, effects related to light/vision, liver steatosis and swimming speed).

77. Reproductive and endocrine effects: A study by Fu ef al. (2024a) found that TBPH affected
regulation of genes and reproductive behavior of zebrafish (Danio rerio). Four months old male
zebrafish were exposed to 0, 1.4, 14, 140 and 1400 pg/L of TBPH (20 fish/dose group; 3
replicates/group) containing 0.005% DMSO (v/v; no solvent free control was used) for 28 days in a
semi-static system based on nominal/measured concentrations. In the study, 24 exposed male adult
fish were chosen and then paired to unexposed females, their behavior observed, and the resulting
embryo and larvae assessed for developmental parameters. The authors mentioned that chemical
assays showed that the concentration of TBPH was detected up to 0.13 pg/L in influent wastewater
samples close to Barcelona, Spain (Cristale ef al., 2015). Therefore, the authors concluded that 1.4
pg/L is an environmentally relevant concentration. Exposure to the substance induced significant,
concentration-related effects on hatching success, survival, body length, and heart rate in zebrafish
larvae. The direction, consistency, and concentration dependence of these responses—particularly the
reductions in survival (at >14 ug/L; p < 0.05), growth (at >1.4 pg/L; p < 0.05), and cardiac activity
(at >1.4 png/L; p <0.01)—indicate impaired developmental and physiological performance rather than
adaptive modulation. Taken together, these findings demonstrate biologically?* relevant adverse
effects during early larval development. Reduced larvae hatching, survival rate, growth and heart rate
of larvae can have a direct impact on populations.

78. Regarding adult fish, there were observations of endocrine activity. Specifically, the
transcription of androgen receptor (4R) showed the most significant reduction (p < 0.001) in
expression in the brain at all exposure concentrations (at 1.4, 14, 140 and 1400 pg/L) in male
zebrafish, followed by upregulation of aromatase (cytochrome P450, cypl9b) in all the exposure
concentrations (p < 0.05). The AR is a member of the nuclear receptor family and is expressed in
various organs, including the gonads and brain, where it has been shown to have a role in
embryogenesis, spermatogenesis and reproductive behavior (Chang et al., 2013). In addition, blood
samples from adult males showed 11-ketotestosterone was statistically significantly decreased at the
two highest concentrations (p < 0.05). Furthermore, mating behavior of the exposed male fish resulted
in increased average distance and proximity to females compared to the solvent control in all but the
lowest concentration (LOEC? at 14 pg/L) and the frequency of proximity per fish pair were reduced
in all TBPH exposure concentrations (p < 0.01). The exposed adults had statistically significant
reduced percentages of spermatogonia in the two highest dose groups (140 and 1400 pg/L; p <0.01)
and reduced spermatocytes (SPC) at 140 pg/L treated groups (p < 0.05), as shown by histopathology
of the gonads. In addition, the occurrence of spermatozoa malformations (shortening of body length,
pericardial cyst, yolk cyst and tail askew) showed a concentration-dependent increase following TBPH
exposure. TBPH also led to a decrease of sperm motility (at >140 pg/L; p <0.01). The findings
indicate that TBPH can act as an endocrine disruptor and impair the reproduction of zebrafish with
adverse effects at a LOAEC?S of 1.4 pg/L.

79. Endocrine effects: Hong et al. (2025) assessed the thyroid toxicity of TBPH in a 28-days
exposure toxicity study using juvenile rare minnows (Gobiocypris rarus; two-month-old). After 14
days of acclimation, fish were exposed to nominal/measured concentrations at 0, 0.1, 100, and 1000
pg/L TBPH (containing 0.01% DMSO (v/v); Hong personal communication, October 2025) for 28
days. The exposure solutions were renewed daily and aquariums were cleaned daily to remove food
residue and feces. No fish mortality was observed in any experimental group, including the controls
(Hong personal communication, October 2025). The oxygen saturation was around 80% based on
information communicated by the authors. Regarding adverse effects, TBPH induced a concentration-
dependent decrease in body weight of juvenile rare minnows with significant reductions at 100 pug/L
and 1000 pg/L of TBPH (p < 0.05) compared to the control groups. The authors mentioned that the
prevalent symptom observed in individuals with hyperthyroidism is weight loss.

241t is worth noting that the biological significance of an effect is according to EFSA (2017) a critical effect size
of 5% (change in mean response) for continuous data from animal studies.

25 LOEC means Lowest Observed Effect Concentration.
26 LOAEC means Lowest Adverse Observed Effect Concentration.
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80. At the end of the exposure period, brain, liver, thyroid glands, and gut tissues were sampled for
further histopathological examination and transcriptomic analysis, and thyroid hormones levels were
determined in the fish brain. The transcriptional levels of thyroid-related genes in brain of fish after 28
days of exposure to TBPH indicate that the three deiodinases (diol, dio2 and dio3) exhibited similar
expression patterns across all TBPH treatment groups. Deiodinase gene dio2 showed a significant
increase (p < 0.05) at 1000 pg/L TBPH, while diol and dio3 showed a significant down-regulation (p
< 0.05) at 1000 pg/L and 100 pg/L TBPH, respectively. A significant increase (p < 0.05) expression of
malic dehydrogenase (me), sodium-iodide symporter (nis), and thyroperoxidase (#po) in the brain (at
0.1 pg/L TBPH) was observed, indicating a tissue-specific heterogenicity. Regarding liver tissues,
thyroid-related genes such as dio3 and thyroid receptor (¢r) showed a significant downregulation (p <
0.05) at 100 ng/L TBPH and transthyretin (#7) showed a significant upregulation (p < 0.05) at 1000
png/L TBPH. Hong et al. (2025) mentioned that chemically induced changes in thyroid-related gene
expression are key indicators of dysfunction. Thyroid hormone levels in the fish brain tissues indicated
that exposure to 1000 pg/L TBPH caused a significant alteration in T4 levels (p < 0.05), but T3 levels
were not different from the control in all TBPH exposure groups (p > 0.05). The increase in T4
concentration, together with transcriptional modulation of deiodinases and thyroid hormone pathway
genes, demonstrates direct perturbation of thyroid hormone homeostasis. Histopathological results
indicate a significant focal hyperplasia in the thyroid tissue at 0.1 pg/L and 1000 pg/L TBPH. At 1000
ng/L TBPH epithelial cell shedding into the follicular lumen was observed. Thyroid follicular
hyperplasia and epithelial degeneration represent adverse structural alterations of endocrine tissue.
According to the authors, pathological damage to thyroid tissue can disrupt its function in the
synthesis, storage, and secretion of thyroid hormones, indicating that the substance has the potential to
be an endocrine disruptor.

81. Avian effects: Goodchild ef al. (2021) studied whether in ovo exposure to TBPH at
environmentally relevant concentrations may affect growth, hatching success, oxidative stress, or
thyroid function of American kestrels (Falco sparverius). Kestrel embryos were exposed to TBPH on
embryonic day 5. Specifically, fertile eggs were injected into the air cell of each egg with nominal
concentrations of TBPH (dissolved in organic safflower oil) at 0 ng/g egg weight (n=23), 10 ng/g egg
weight (n=23), 50 ng/g egg weight (n=25), and 100 ng/g egg weight (n=24). The authors noted that the
concentrations of TBPH in egg contents (pre-hatch) and yolk sac residue (post-hatch) were
substantially lower than the injected concentration (measured concentration of 1.8-9.5 ng/g egg
weight (n=10) for eggs exposed 100 ng/g). Results showed significant adverse effects regarding the
reduction of hatchlings’ brain mass of both sexes (at 100 ng/g TBPH; p < 0.05), and male hatchlings
exposed to 50 and 100 ng/g TBPH had significantly heavier hearts (p < 0.05). The authors mentioned
that the enlarged hearts may reflect thyroidal changes observed in the same male hatchlings and
described below.

82. Additionally, exposure to TBPH showed a significant increase (p < 0.05) in different
oxidative stress biomarkers in the liver such as thiol, glutathione disulfide (GSSG), total glutathione
(total GSH) and reduced glutathione (GSH), and total thiols and protein bound sulthydryls (PBSH) in
both sexes at 100 ng/g TBPH. Histopathological examination of thyroid gland of hatchlings showed a
significant reduction of the colloid diameter (CD) in both sexes at 100 ng/g TBPH (p < 0.05). As the
colloid represents the storage compartment for thyroid hormones, this structural change suggests an
alteration in thyroid follicle activity and may indicate disturbance of thyroid hormone homeostasis. In
the study, endocrine activity was also observed in both sexes, with the ratio of plasma T3:T4 to be
significantly decreased in hatchlings exposed in ovo to 10 ng/g TBPH (p < 0.05), while glandular
T3:T4 ratio showed a significant increase in hatchlings exposed to 100 ng/g TBPH (p < 0.05). The
latter suggests that exposure to TBPH disrupts thyroid hormone balance. This study showed that bird’s
exposure to TBPH exhibited several signs of oxidative stress in addition to potential developmental
effects (such as increased heart mass (in males only at 50 ng/g egg weight) and decreased brain mass
of hatchlings (at 100 ng/g TBPH)). The study further indicates that TBPH can affect thyroid
development and activity in birds.

83. Effects on eye development: In a study by Zhou et al. (2024) zebrafish embryos (0.75 hpf;
hours post fertilization) were exposed to 10 ug/L nominal concentrations of TBPH, equivalent to

7 ng/L mean measured exposure concentrations for 144 hours. Each control and treatment group had
three replicates and contained 0.01% of DMSO (v/v) as solvent. No solvent-free control was used
concurrently as <0.1% DMSO is widely accepted as non-toxic in zebrafish studies, and prior work
(Guo et al.,, 2020) showed no significant differences between DMSO and solvent-free controls,
allowing clear isolation of TBPH effects (Zhou personal communication, October 2025). The
transcriptomic analysis found that in embryos exposed until 144 hpf a total of 5,781 genes were
significantly changed (fold change >2, p < 0.05), with 2,734 up-regulated genes and 3,047
down-regulated genes. Immunofluorescent staining of BB1-crystallin, a marker protein in lens, was
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significantly attenuated after exposure to TBPH. Exposure also significantly decreased expression of
crystallin-related genes, key proteins for lens fibre cells, which are needed for the development and
normal function of lens, and the opsin gene (opn1mw4) responsible for encoding a protein essential for
normal color vision. Histopathology of the eyes showed that TBPH exposure led to significant changes
in the areas of the ganglion cell layer (GCL) (p < 0.001), inner nuclear layer (INL) (p < 0.05), and
retinal pigment epithelium (RPE) (p < 0.001) areas. This study shows that exposure to TBPH can have
a detrimental effect on the development of zebrafish eyes at a concentration of 7 pg/L. According to
Zhou et al. (2024), the normal function of the vision system, especially the photoreceptor, is essential
for movement, predation, or avoidance of predators in fish, and disruptions on the visual system can
create a serious hazard for their survival and population stability.

84. Zhou et al. (2024) study suggests that these eye effects are likely persistent. The authors
suggest that disruption during early development, when the lens and retina rapidly form, can lead to
permanent deficits (Harding et al., 2008 and Yi et al., 2023). Downregulation of genes involved in
lens differentiation (e.g. crystallins, mipa, Igsn) and photoreceptor function (e.g. rhodopsin, opsins)
supports this. Prior research indicates early visual system damage often does not recover, resulting in
lifelong impairment (Chen, 2020). In summary, TBPH causes lasting visual damage in zebrafish, with
serious implications for individual fitness and population stability in contaminated environments.

85. Liver effects: Fu et al. (2024b) investigated the toxicity of TBPH in wild-type zebrafish.
Sexually mature fish (20/sex/group; each group in 3 replicates; 4 months old fish) were exposed for 2
months to TBPH at nominal concentrations of 0, 0.14, 1.41, 14.1, and 141 ug/L in 20-L glass tanks
each. Both the control and exposure groups received 0.005% DMSO, and the exposure solution was
completely replaced daily. According to Fu et al. (2024b), the lowest concentration of TBPH (0.14
pg/L) was consistent with levels reported in wastewater in Barcelona, Spain (0.13 pg/L; Cristale et al.,
2015), indicating the environmental relevance of the exposure concentrations in this study. The highest
concentration (141 pg/L) was selected based on results from pre-experiment in the authors’ previous
studies (Guo et al. 2021), which evoked toxic effects in zebrafish upon 28 days exposure. During this
experiment, transcriptome, biochemical and histopathological analyses were performed.

86. Transcriptome analysis of the liver tissues from the control and 141 pg/L TBPH exposure
group was performed. Statistically significant (p < 0.05) sex-specific metabolic disruption was
observed at 141 pg/L TBPH: females showed downregulation of lipid biosynthesis genes, indicating
impaired lipid metabolism, while in males upregulation of insulin signalling and glycolysis genes was
observed, suggesting enhanced glycolytic activity and disturbed glucose-lipid homeostasis.
Biochemical analysis revealed sex-specific hepatic biochemical alterations. In females, elevated liver
glycogen was observed at 14.1 and 141 pg/L (p <0.05) and in males, decreased blood insulin levels at
>0.14 pg/L (p <0.05) and decreased hepatic lactic acid levels at >1.41 pg/L (p <0.05) were observed.
These effects reflect significant dysregulation of glucose metabolism. Fu et al. (2024b) suggested that
changes in these indicators are considered signals of certain liver diseases. A significant increase in
superoxide dismutase and reactive oxygen species (ROS) at >1.41 pg/L TBPH (p < 0.05) and catalase
at 141 pg/L (p < 0.05) was observed in male zebrafish liver, which suggests oxidative stress. The
significant increase in tumor necrosis factor a at 141 pg/L TBPH (p < 0.05) and interleukin 6 at >14.1
pg/L TBPHs (p < 0.05) in male zebrafish liver indicates an inflammatory response. In female zebrafish
livers, significant elevated ROS levels were observed in the >14.1 pg/L TBPH exposure groups (p <
0.05).

87. When considered in combination the following described effects are considered to be adverse.
Fu et al. (2024b) found that female zebrafish showed a significantly higher body weight and
hepatosomatic index at concentrations of >14.1 ug/L TBPH (p < 0.05) compared to the solvent
control, while male zebrafish showed no significant changes. Increased hepatosomatic index is
commonly used to indicate metabolic stress or detoxication activity. Moreover, histopathological
examination showed liver steatosis at >1.41 pg/L exposure groups in females (p < 0.001) and at 141
ng/L exposure groups in males (p < 0.001) where significant hepatocyte ballooning effect was shown.
Hepatocyte ballooning is a key characteristic of liver lipid accumulation, ultimately leading to
hepatocyte steatosis. Similarly, oil red O staining revealed a dose-dependent increase in intracellular
lipid droplets in TBPH-treated hepatocytes. Alterations in inflammatory factors indicated more serious
effects in the liver of male zebrafish. The study of Fu et al. (2024b) shows that zebrafish exposure to
TBPH at environmentally relevant concentrations led to an increase visceral fat accumulation,
indicating a potential abnormal liver function. Fu et al. (2024b) found that TBPH accumulates most in
the liver of zebrafish, with slower clearance from brain (half-life up to 15.67 days in males) and
muscle (half-life up to 14.52 days in females), suggesting persistent effects. Histopathology revealed
dose-dependent liver damage, worse in males. Inflammatory markers were elevated, especially in
males. These effects occurred at environmentally relevant concentrations (Cristale ef al., 2015), posing
risks to wild populations.
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88. Effects on energy homeostasis: Guo et al. (2020) investigated the effects of TBPH on
peroxisome proliferator-activated receptor y (PPARY), lipid metabolism and swimming behavior in
zebrafish embryos (0.75 hours post fertilization (hpf) ; n =~ 250) and larvae exposed to 0, 0.14, 1.4,
14, 141 and 1412 pg/L TBPH until 72 hpf (semi-static conditions, based on nominal/measured
concentrations), with 0.1% (v/v) DMSO. There were four replicates for each solvent control and
exposure group. According to the authors, no solvent-free control was used concurrently as 0.1%
DMSO was well-established as an acceptable solvent concentration for zebrafish embryo/larvae
studies (Guo personal communication, October 2025). The study includes rosiglitazone (0.1 uM), a
PPARY agonist, as a positive control and GW9662, a PPARy antagonist, as a negative control. With
continual exposure, the ATP content and locomotor behavior was measured in the 120 hpf larvae to
evaluate the possible alteration of energy homeostasis.

89. Guo et al. (2020) found that embryos exposed to TBPH for 24 hours developed significant
DNA demethylation of the PPARy-mediated lipid promoter at >141 pg/L concentrations (p < 0.05)
accompanied by upregulation of several genes in the 72 hpf larvae: the PPARry (at >141 pg/L) was
significantly (p < 0.05) upregulated in TBPH treatment groups, while the tet methylcytosine
dioxygenase 2 (tet2) gene transcription was significantly (p < 0.05) upregulated at the two highest
exposure concentrations (=141 pg/L). Among the downstream genes related to lipid metabolism, fatty
acid-binding proteins (fabp!la) gene transcription was significantly (p < 0.05) upregulated in a
concentration-dependent manner at >141 pg/L. Cytochrome P450 (cypllal) gene transcription
significantly (p < 0.05) increased at >141 pg/L. The triglyceride (p < 0.05) concentrations and the total
cholesterol (p < 0.05) in the 72 hpf larvae were significantly reduced in all but the lowest exposure
concentration (at >1.4 pg/L). The total neutral lipid contents in the 72 hpf larvae were significantly (p
< 0.05) reduced in the >14 pg/L. TBPH. In 120 hpf larvae, adenosine triphosphate (ATP) concentration
was measured. It was significantly (p < 0.05) increased in the two highest exposure concentrations (at
>141 pg/L), while the mean swimming speed of 120 hpf zebrafish larvae increased significantly (p <
0.05) in all but the lowest treatment group (at >1.4 pg/L) during 15 minutes of continuous dark
stimulation. According to ECHA Guidance on the Application of the CLP Criteria (ECHA, 2024b),
behavioural effects that are considered to be population relevant, must be considered in the assessment
of adversity. The findings indicate that TBPH affects the methylation of the PPARy promoter (at >141
png/L) and TBPH acts as a PPARy agonist. This alteration subsequently affects lipid metabolism in
larvae through the PPARY signaling pathway, leading to disruptions in energy homeostasis (as
observed in changes to ATP (at >141 pg/L) and swimming speed (at >1.4 ug/L)) which is critical for
survival.

Conclusion on adverse effects

90. The criteria for adverse effects listed in paragraph 1 (e) (i) and (ii) of Annex D are considered
to be met for TBPH.

91. For adverse effects to human health, experimental studies show that TBPH has the potential to
cause adverse effects such as neurobehavioral effects in mice (20 mg/kg bw/day) and changes in the
brain of mice and birds. Effects on the rat thyroid system (at 500 mg/kg bw/day) consistent with
thyroid atrophy with changes of thyroid hormones (at 50 mg/kg bw/day) in one animal study indicate a
potential for endocrine disruption. Other effects have been observed which may contribute to the
adversity of TBPH such as effects on markers of lung injury like inflammation and fibrosis in mice

(at 30—60 mg/kg bw/day). Linked to the lung effects, epidemiological evidence also suggests a
possible association between early-life TBPH exposure and respiratory effects in children.

92. As regards adverse effects to the environment, data on aquatic organisms indicate that TBPH
can cause environmental adverse effects on reproduction such as effects on early larval development
(LOAEC at 1.4 pg/L), reduced percentages of spermatogonia and spermatocytes of fish (including
sperm malformation and a decrease of sperm motility; LOAEC at 140 pg/L). Other effects have been
observed which are suggestive of adverse effects on the thyroid system such as effects on eye
development in fish larvae (LOAEC at 7 pg/L), thyroid hyperplasia of juvenile fish (at 0.1 pg/L), fish
liver effects (steatosis at 1.41 pg/L in females and at 141 pg/L in males), and disruption in energy
homeostasis of the fish larvae with effects on the swimming behavior (at 1.4 ng/L). These adversities
can result in impairment of normal functions and negative impacts on prey behavior, both of which
ultimately effect the population maintenance.
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4.

Statement of the reasons for concern and need for global action

93. Based on the existing data, the screening criteria in Annex D of the Stockholm Convention for
persistence, bioaccumulation, long-range transport and adverse effects are considered to be met for
TBPH.

94. Due to the ongoing use of TBPH in many applications, TBPH is directly and indirectly emitted
into the environment from human activities.

95. TBPH is persistent, bioaccumulative, has evidence of adverse effects to human health and to
the environment, and has the potential to undergo long-range environmental transport in air and water,
making emissions of this substance a transboundary pollution problem. Globally, the occurrence and
distribution of TBPH is demonstrated for wildlife, and environmental matrices (air, soil, sediment,
water), including measurements in remote areas such as the Arctic and Antarctic. Furthermore, TBPH
has been detected in freshwater, groundwater and seawater, as well as in wastewater treatment plant
(WWTP) sludge which spreading on agricultural land can lead to contamination of soils and
consecutively to plants intended for food consumption (see Annex I in ECHA, 2022). In humans,
TBPH has been found in nails, hair and in (maternal) blood serum (including in the serum of school
age children). TBPH can be transferred through bird eggs, human breast milk and placenta to sensitive
life stages. TBPH has also been detected in food intended for human consumption and in indoor dust.
Thus, humans can be exposed to TBPH through their diet and via dust ingestion/inhalation and dust
contact.

96. In humans, a possible association between exposure to TBPH and adverse respiratory
outcomes (especially wheezing and reduced PEF) during childhood was found.

97. Effects in animal studies, relevant for wildlife and humans, include neurotoxicity and effects
on reproduction. Other effects have been observed which contribute to the adversity of TBPH that
target the thyroid system such as effects on eye development in fish, thyroid atrophy and hyperplasia,
pulmonary function, effects on liver, lipid metabolism and energy homeostasis. These effects can
result in impairment of reproduction functions, and they can have impact on prey behaviour, both of
which ultimately lead to negative effects on organisms’ population numbers.

98. Other concerns include TBPH persistence which increases the probability, magnitude and
duration of exposure to wildlife. TBPH is subject to long-range transport via air and/or water, and it
can result in regional or global contamination. As such, releases of this substance can lead to
organisms’ exposure over wide areas over a long period of time. TBPH bioaccumulates and
biomagnifies through the food chain, resulting in increased internal concentrations for top predator
species.

99. A benchmark exercise indicated that the concentrations of TBPH found in air, seawater and
biota from remote locations are in the same range of concentrations as those of POP substances such
as BDE-209, pentaBDE, octaBDE and dechlorane plus before their inclusion to the Stockholm
Convention on POPs.

100.  The signs of increase of its concentration in Arctic air and in the Great Lakes region reflecting
a possible increase in use as a replacement for PBDEs flame retardants is of concern. Indeed, TBPH is
already found in remote areas which should be protected from further contamination by hazardous
substances resulting from human activity because the intrinsic value of pristine environments should
be protected.

101. Based on the persistence, bioaccumulation, toxicity to aquatic organisms and in terrestrial
organisms (including humans) and the widespread occurrence in environmental compartments
including remote regions, it is concluded that the use of TBPH is likely to lead to adverse human
health and environmental effects such that global action is warranted.
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Appendix

Table A1: Monitoring data from remote areas — Air samples

Location

Year(s)

n

Nbr or %
of detect

Concentration range (pg/m?®)

MDL
(pg/m?)

Remarks

Reference

Zeppelin, Svalbard,
Norwegian Arctic (78° 54’
N, 11° 53’ E)

2022

26

17%

<0.076 — 0.128
(gas and particle phases)

<0.076 (annual mean/median
in the gas and particle phases)

0.076 (high
value
compared
to other
NBFRs in
the study,
likely due
to findings
of TBPH in
blank
values)

Method: GFF and PUF, GC/HRMS EI

Halvorsen personal communication, June 2025:
TBPH recovery: 35-50% (the concentrations were
corrected for the recovery)

Field and lab blanks were included. TBPH was
found in the blanks at 0.03-0.04 pg/m?. The field
blanks were comparable with the lab blanks
Concentrations in the samples have not been
corrected for the blank values

Clean-up of the samples performed with sulfuric
acid which can break phthalates and thus lead to
low recovery of the substance

The results of this study are considered to be semi-
quantitative considering the limited number of
recovery standards and above uncertainties
Benchmark (gas and particle phases):

PentaBDE (BDE-47 and BDE-99): nd — 1.81 pg/m?
(DF: 76-100%, n=52; after its inclusion to the SC
in 2009)

OctaBDE (BDE-196, BDE-197 and BDE-202): nd
—0.158 pg/m? (DF: 4-14%, n=52; after its inclusion
to the SC in 2009)

SynDP: nd — 0.432 pg/m? (DF:17%, n=12; before
its inclusion to the SC in 2023)

AntiDP: nd — 1.53 pg/m? (DF:58%, n=12; before its
inclusion to the SC in 2023)

Halvorsen et al.,
2023

Ny-Alesund, Norwegian
Arctic (78.907, 11.887)

Alert, Nunavut, Canadian
Arctic (82.450, -63.504)

2014

1/4

0/2

<1-74
(gas and particle phases)

<1

(gas and particle phases)

Method: PUF-PAS, GC-MS/MS HSEI
Surrogate recoveries: 96+ 38%
TBPH was not detected in lab and field blanks

The concentration of 74 pg/m? is questionable
considering the highest concentration observed at
Paris (France) was 43 pg/m?

Benchmark (gas and particle phases):

Rauert et al., 2018
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Location Year(s) n Nbr or % | Concentration range (pg/m’) | MDL Remarks Reference
of detect (pg/m’)
Ny-Alesund:
PentaBDE (BDE-47 and BDE-99): <2-4 pg/m?3
(4/8; after its inclusion to the SC in 2009)
BDE-209: <1 pg/m?3 (0/4; before its inclusion to the
SCin 2017)
Alert:
PentaBDE (BDE-47 and BDE-99): 0.031-35 pg/m’
(4/4; after its inclusion to the SC in 2009)
BDE-209: 3.2-3.5 pg/m® (2/2; before its inclusion
to the SC in 2017)
Alert, Nuvanut, Canada 2008 27 78% <MDL-3.4 Hung et al., 2013a
0.30 (mean) as cited in AMAP,
0.099 (median) 2016
2009 17 100% 0.079-0.94
0.39 (mean)
0.35 (median)
2010 13 100% 0.033-0.85
0.23 (mean)
0.21 (median)
2011 26 100% 0.14-4.3
0.51 (mean)
0.39 (median)
2012 26 100% 0.16-80
6.7 (mean)
0.89 (median)
Ny-Alesund, Norwegian March 2005—- | 4 1/4 <0.04-0.28 0.04 Method: PUF-PAS, GC-MS negative ion Lee et al., 2016
Arctic (78°54'N, 11°53' E) May 2006 (gas and particle phases) Recovery range for the BFRs: 78-111%

Laboratory blanks were included. No field blanks
analysed for TBPH

According to the authors, the reported
concentrations in air should be viewed as semi-
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Location

Year(s)

Nbr or %
of detect

Concentration range (pg/m?)

MDL
(pg/m?)

Remarks

Reference

Alert, Nunavut, Canadian
Arctic (82°27'N, 63°30°W)

No deployment or no analysis
in this study

quantitative, due to uncertainties associated with
analytical and sampling challenges

Benchmark (gas and particle phases):
Ny-Alesund:

HBCD: <0.1-5.1 pg/m? (DF: 3/4; before its
inclusion to the SC in 2013)

Alert:
HBCD: No deployment or no analysis in this study

Longyearbyen, Svalbard
(78.22°N, 15.65°E)

September
2012 to May
2013

34

88%

0.27-14
2.740.49 (mean)
1.8 (median)
(particle phase)

0.002-0.08
(for BFRs)

Method: a high-volume air sampler with quartz
fiber filters, GC/MS ECNI

Laboratory blanks, recovery spike samples and
field blanks were included. The average BFR
surrogate recoveries were 93%. The average BFR
recoveries for the spikes recovery samples were
85%

Benchmark (particle phase):

PentaBDE (BDE-47/99): 0.07-6.8 pg/m®
(DF:100%, n=34; after its inclusion to the SC in
2009)

BDE-209: 0.12-6.8 pg/m? (DF:100%, n=34; before
its inclusion to the SC in 2017)

YDP: 0.05 — 5.03 pg/m3 (DF:100%, n=34; before
its inclusion to the SC in 2023)

TBPH concentration in the Arctic air (particle
phase) is higher than the concentrations of POP
substances.

TBB and TBPH were the dominant non-PBDE
BFRs measured in these samples and TBPH
comprised ~17% of ZBFR concentrations from a
total of 45 BFRs

Salamova et al.,

2014

Alert, Nunavut, Canadian
Arctic (82° 30’ N, 60° 20°
W)

2006 — 2007

21%
(3/15)

0.13-1.5

0.8 (mean)

0.69 (median)

(gas and particle phases)

1.2

(gas and
particle
phases)

Method: super high-volume air sampler (Super-
HiVol)-GFFs-PUFs, GC/MS in NCI mode
Recoveries in the range of 68%—-103%

TBPH was detected above the blank and above the
MDL so that no blank correction or recovery
adjustment was made

Xiao et al., 2012a
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Location

Year(s)

Nbr or %
of detect

Concentration range (pg/m?)

MDL
(pg/m?)

Remarks

Reference

Nam Co Lake, Tibetan
plateau

(30°46.44° N, 90° 59.31°
E, 4730 m above the seal
level)

October 2006
to February
2008

15

53%
(8/15)

0.049-1.7

0.38 (mean)

0.27 (median)

(gas and particle phases)

Benchmark (gas and particle phases):

PentaBDE (BDE-99): 0.06-5.3 pg/m? (before its
inclusion to the SC in 2009)

Method: Flow-Through Sampler (FTS), GC/HRMS
in EI positive mode

TBPH was detected above the blank and above the
MDL so that no blank correction or recovery
adjustment was made

Benchmark (gas and particle phases):

PentaBDE (BDE-99): 0.21-1.2 pg/m?, before its
inclusion to the SC in 2009

OctaBDE (BDE-196/197/203/204/205): 0.00034—
1.0 pg/m?, before its inclusion to the SC in 2009
Concentrations of TBPH in air (gas and particle
phases) from Alert and Nam Co Lake are in the
same range as those of POP substances and before
their inclusion to the SC

TBPH concentrations at both sampling sites show
decreasing trends during the sampling campaign

Arctic Ocean

(Samples A1l to A13
situated at ca. 690 km to
1049 km from the Coast)

June to
September
2010

1/3

<0.16 -0.36
(gas phase)

0.16

(air column
and filter)

Method: GFF and PUF/Amberlite XAD-2 resin,
GC/MS ECNCI

Recoveries of the surrogates: 78 — 95 % (£ 32 — 57
)
TBPH was not detected in any blanks

Uncertainty on the concentration values as the
actual recovery of TBPH is not reported

Benchmark (gas phase):
BDE-209: nd — 0.56 pg/m? (2/3)
SynDP: 0.01 — 0.17 pg/m? (3/3)
AntiDP: nd — 0.25 pg/m? (2/3)

Concentrations of TBPH in the gas phase are in the
same range as those of POP substances and before
their inclusion to the SC

Moller et al.,
2011b
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Location

Year(s)

Nbr or %
of detect

Concentration range (pg/m?)

MDL
(pg/m?)

Remarks

Reference

0/3

<0.16
(particulate phase)

Benchmark (particulate phase):
BDE-209: 0.19 — 3.43 pg/m? (3/3)
SynDP: 0.01 — 0.02 pg/m3 (3/3)
AntiDP: 0.01 — 0.02 pg/m? (3/3)

East Greenland Sea (69—
80.5°N)

Samples A1 (195 km from
the Greenland Coast) and
A8 (245 km from the
Svalbard Coast) are the
most remote ones

August and
September
2009

10

0%

40%

n.d.
(gas phase)

n.d.—0.08
(particulate phase)

0.009

(for both
dissolved
and
particulate
phases)

Method: GFF and PUF/Amberlite XAD-2 resin,
GC/MS ECNCI

TBPH was not detected in field blanks

Recovery determined by spike tests with the
surrogate standard 3C-BDE-77: 73+12% for non-
PBDE BFRs

Uncertainty on the concentration values as the
actual recovery of TBPH is not reported

Benchmark (gas phase):
PentaBDE (BDE-47/99): nd-0.82 pg/m?
BDE-209: nd

Benchmark (particulate phase):
PentaBDE (BDE-47/99): 0.01-0.32 pg/m’
BDE-209: nd-0.07 pg/m?

Concentrations of TBPH in air (gas and particulate
phases) are in the same range as those of POP
substances

Moller et al.,
2011a

King George Island, South
Shetland Islands, West
Antarctic (62°13'12"S,
58°57'48"W)

2011 to 2018

94

(total
samples
for all 12
NBFRs)

30%

n.d. —0.098
(gas and particle phases)

0.002-0.06
(LOD for
EHTBB
and TBPH)

Method: A high-volume active air sampler (HV-
AAS) coupled with GFF and polyurethane foam
(PUF) plug, HRGC/HRMS in positive electron
impact (EI+) mode

The average recoveries of BDE-77 and BDE-128 in
GFF matrix blanks were 92 £14% and 90 + 6% and
in PUF matrix blanks were 92 £8% and 86 + 8%,
respectively

TBPH relative gas/particle distribution: ca. 50/50.
No field blanks, only lab and GFF and PUF matrix
blanks which are considered to be ‘cleaned’. It is
unlikely that there was any contamination from the
field considering the results are in line with those of
Moller et al., 2012 study

Zhao et al., 2020

34




UNEP/POPS/POPRC.22/4

Location Year(s) Nbr or % | Concentration range (pg/m’) | MDL Remarks Reference
of detect (pg/m’)
Oceanic Southern November 0/8 <1.2 1.2 Method: GFF and PUF/Amberlite XAD-2 resin, Moller et al.,
hemisphere 2010 to (gas phase, non-detected due (air GC/MS ECNCI 2012
March 2011 to high contamination level in | column) Recoveries of the target analytes of 86 = 19% and
the air column) relative recoveries corrected by the surrogates of

101 £ 16%

TBPH mean blank value: 120 £160 pg (air column)

and n.d. (air filter)
(South West Austlralia to 7/8 <0.025-1.5 0.025 Benchmark (particulate phase):
Antarctica: Samples A7 to (particulate phase) (air filter) | BDE-209: nd — 6.5 pg/m? (1/8), after its inclusion to

Al4)

the SC in 2009
SynDP: 0.12 — 1.6 pg/m’ (8/8)
AntiDP: 0.12 — 0.56 pg/m? (8/8)

Concentrations of TBPH in the particulate phase
are in the same range as those of POP substances
and before their inclusion to the SC
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Table A2: Monitoring data from remote areas — Seawater samples

samples W7 and W10 but
detected in sample W16)

Benchmark (particulate phase):
PentaBDE (BDE-47/99): nd
BDE-209: nd-0.11 pg/L

Concentrations of TBPH in the seawater are in the
same range as those of POP substances

Location Year(s) n Nbr or % | Concentration range (pg/L) MDL Remark Reference
detect (pg/L)
Western Pacific to the July to 18 1/18 <0.089 — 0.22 (dissolved 0.089 Method: GFF (GF/C, pore size: 1.2 um) following Moller et al.,
Arctic Ocean September phase, maximum value from (water self-packed Serdolit PAD-3 glass column, GC/MS 2011b
(TBPH was detected in the | 2010 sample W2) column and | ECNCI
Bering Sea, sample W2 filter) Recoveries of the surrogates: 78 — 95 % (£ 32 — 57
located at ca. 400 km from %)
the Russian Coast) TBPH was not detected in any blanks
Uncertainty on the concentration values as the
actual recovery of TBPH is not reported
Benchmark (dissolved phase):
BDE-209: nd — 0.18 pg/L
SynDP: 0.003 — 0.22 pg/L
AntiDP: nd — 0.14 pg/L
Concentrations of TBPH in the seawater are in the
same range as those of POP substances and before
their inclusion to the SC
East Greenland Sea (69— August and 16 25% n.d.-0.21 0.013 Method: GFF and glass column packed with Maller et al.,
80.5°N) September (dissolved phase, maximum (for both Serdolit PAD-2, GC/MS ECNCI 2011a
2009 value from sample W10) dissolved TBPH was not detected in field blanks
Depth: ca. 11 meters and Recovery determined by spike tests with the Zhiyong personal
particulate | syrrogate standard '*C-BDE-77: 73+12% for non- communication,
Samples W7 (215 km from phases) PBDE BFRs May 2025
the Greenland Coast) and Uncertainty on the concentration values as the
W10 (225 km from the actual recovery of TBPH is not reported
Svalbard Coast) are the
most remotes Benchmark (dissolved phase):
PentaBDE (BDE-47/99): nd—0.06 pg/L
BDE-209: nd-0.37 pg/L
6% n.d. (particulate phase, n.d. in
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Mussau and New Britain)

MT-1 samples situated at
320 km from Guam at a
water depth of 10853.2 m

Procedural blanks included. NBFRs were not
detected or below the MDL in the blanks

Limited industrial activities in Papua New Guinea
and Guam, the pollutant input from such sources
was expected by the authors to be low

Location Year(s) n Nbr or % | Concentration range (pg/L) MDL Remark Reference
detect (pg/L)
South Atlantic Ocean February to 1 1/1 14.497 (dissolved phase; 0.252 Method: Silicone Rubber (SR) Dynamic Passive Sobotka et al.,
March 2016 Stretch 3) (LOQ) Sampling (DPS), GC/MS 2021
Surface seawater TBPH recovery: 206+41%
Field/control/procedural blanks were used
From Cape Town (South TBPH was found in the field blanks at 42
Africa) to Rio de Janeiro pg/sample
(Brazil). The cruise covered Blank values higher than the LOQ were subtracted
34°S/17°E — 25°S/38°W in from the corresponding value of the exposed
five stretches with sample
approximately The authors concluded that the deployment time in
3.5 days/stretch this study might not be long enough to capture
sufficient amount of compounds in the sampler to
Stretch 3 sample is the most be quantifiable
remote stretch (located in The results of this study are considered to be semi-
the middle of the Ocean; quantitative considering the high contamination in
stretch length: 1000 km) the field blanks.
Benchmark (dissolved phase, Stretch 3 sample):
PentaBDE (BDE-47/99): 0.593-1.545 pg/L
Syn-DP: 1.471 pg/L
Anti-DP: <0.083 pg/L
Before the inclusion of DP to the SC in 2023
Concentration of TBPH in the Ocean is higher than
those of POP substances
Table A3: Monitoring data from remote areas — Sediment samples
Location Year(s) n % detect Concentration range MDL Remark Reference
(pg/g)
Surface sediment (1-2 cm) December 8 100% Detected 5.53 Method: GC-MS/MS in electron ionisation mode Xie et al., 2023
from western Pacific Ocean | 2016 to Sample recoveries (mean + standard deviation
deep sea trenches (Mariana, | January 2019 (SD)) were 92% + 27% for NBFRs
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Table A4: Monitoring data from remote areas — Soil samples

atra):

n.d.

Location Year(s) n % detect Concentration range MDL Remark Reference
(pg/g dw) (pg/g dw)
Chinese Antarctic January 2014 | 7 71% n.d.—20.22 0.0042-178 | Method: GC/MS ECNI Xiong et al., 2021
GreatWa}l Sta.tion and 7.94+7.92 (mean) for all The sample recoveries of the internal standards
surrpundlng Fll‘des BFRs were in the range of 32.8—-112.8% (average 85.1%)
PAerzmstl.la area in West No specific standard for TBPH was used
faretica Laboratory blanks included. TBPH was not
detected in the blanks
Uncertainty on the concentration values as the
actual recovery of TBPH is not reported
Table AS: Monitoring data from remote areas — Vegetation/mushroom samples
Location Year(s) n % detect Concentration range| MDL Remark Reference
(pg/g dw) (pg/g dw)
Chinese Antarctic January 2014 | 9 67% Moss (Sanionia uncinata): 0.0042-178 | Method: GC/MS ECNI Xiong et al., 2021
GreatWall Stati d for all
reativa’’ Stanon an n.d.—484.1 o The sample recoveries of the internal standards
surrounding Fildes BFRs . o o
Peninsula area in West 115.44160.2 (mean) were in the range of 42.5-126.7% (82.9%) for
A - : ’ mosses, and 46.0-101.0% (78.4%) for lichens
ntarctica
No specific standard for TBPH was used
Laboratory blanks included. TBPH was not
detected in the blanks
Uncertainty on the concentration values as the
actual recovery of TBPH is not reported
TBHP was one of the two mains contributing
NBFRs in moss among the nine NBFRs studied
8 0% Lichen (Usnea aurantiaco-

Table A6: Monitoring data from remote areas — Biota samples (excluding vegetation/mushroom)

Location

Year(s)

n

% detect

Concentration range

MDL

Remark

Reference

Svalbard

2012

20

95%

Polar bear (Ursus maritimus)
plasma:

0.15+0.16 ng/mL (mean)

Method: GC/MS

No recovery reported for TBPH while the extraction
method uses a strong acid, to which TBPH has been

Harju et al., 2013
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Location Year(s) n % detect Concentration range MDL Remark Reference
Lipid content: 0.9% reported as being unstable. Sulfuric acid can break
phthalates and thus the concentrations of TBPH
reported in this study can be significantly
underestimated
Laboratory blanks included, no field blanks
MDL not specified
Benchmark:
Polar bear plasma:
PentaBDE (PBDE-47): 0.10£0.08 ng/mL (mean;
DF:100%, n=20; after its inclusion to the SC in
2009)
Kongsfjord, Svalbard 2012 10 10% Ringed seal (Phoca hispida) Ringed seal plasma:
plasma: PentaBDE (PBDE-47): 0.08+0.02 ng/mL (mean;
0.04 ng/mL (mean) DF:100%, n=10)
Lipid content: 0.7%
Kongsfjord, Svalbard 2012 12 17% Glaucous gull (Larus Glaucous gull plasma:
hyperboreus) plasma: PentaBDE (PBDE-47): 2.28+1.7 ng/mL (mean;
0.026+0.001 ng/mL (mean) DF:100%, n=12)
Lipid content: 14.4%
Kongsfjord, Svalbard 2012 12 100% Kittiwake (Rissa Tridactyla) Kittiwake egg:
cgg PentaBDE (PBDE-47): 2.68+0.78 ng/g ww (mean;
0.10+0.09 ng/g ww (mean) DF:100%, n=12)
Lipid content: 8.1%
Kongsfjord, Svalbard 2012 12 58% Common Eider (Somateria Common Eider egg:
mollissima) egg: PentaBDE (PBDE-47): 0.12+0.06 ng/g ww (mean;
0.06+0.07 ng/g ww (mean) DF:100%, n=12)
Lipid content: 17.4%
Svalbard 2012 10 or 3 10 % Atlantic Cod (Gadus morhua) Atlantic Cod liver:
(unclear liver: PentaBDE (PBDE-47): 0.41+0.42 ng/g ww (mean;
from the 0.07 ng/g ww (mean) DF:100%, n=10)
report) Lipid content: 50.5%
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Location

Year(s)

% detect

Concentration range

MDL

Remark

Reference

Svalbard

2012

0

Polar Cod (Boreagadus saida)
whole fish:

<MDL (mean)
Lipid content: 1.7%

Polar Cod whole fish:

PentaBDE (PBDE-47): 0.19 ng/g ww (mean;
DF:100%, n=1)

Kongsfjorden, Svalbard

Kongsfjorden, Svalbard

Kongsfjorden, Svalbard

Bjerneya (or Bear Island),
Norwegian Svalbard
Archipelago

Kongsfjorden, Svalbard

2009

2009

2008
2008

2009

10

10

10

90%
9/10

60%
6/10

70%
7/10
(total)

50%
5/10

Capelin (Mallotus villosus)
whole fish, females and males:

<0.120-1.306 ng/g ww
0.719+0.292 ng/g ww (mean)
33.65 ng/g Iw (mean)

Lipid content: 2.6%

Common Eider (Somateria
mollissima) liver, female
adults:

<0.142-3.754 ng/g ww
1.652+1.396 ng/g ww (mean)
44.29 ng/g lw (mean)

Lipid content: 3.7%

Briinnich’s guillemot (Uria
lomvia) egg :

<0.106-3.414 ng/g ww
1.799+1.358 ng/g ww (mean)
19.17 ng/g lw (mean)

Lipid content: 11%

Black-legged Kittiwake (Rissa
Tridactyla) liver, Adult males
and females:

<0.171-1.398 ng/g ww
0.800+0.356 ng/g ww (mean)
14.62 ng/g lw (mean)

Lipid content: 5.5%

For all
BFRs: the
detection
limit varied
from
0.0005 to
0.292 ng/g
WW

Method: not specified
Recoveries for labelled PBDEs: 67 and 120%

Control samples and laboratory blanks included. No
blank contamination was detected. No field blanks
were used.

Exact concentrations expressed as ng/g lw were
communicated by the author.

Sagerup et al.
2010

Sagerup personal
communication,
May 2025
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Location Year(s) n % detect Concentration range MDL Remark Reference
Tempelfjorden, Svalbard 2007 10 60% Ringed seal (Phoca hispida)
6/10 liver, adult males and females
(5-19 years old):
<0.138-0.876 ng/g ww
0.573+0.198 ng/g ww (mean)
16.36 ng/g Iw (mean)
Lipid content: 3.5%
Van Mijenfjorden, Svalbard | 2007-2008 10 0% Arctic fox (Vulpes lagopus)
0/10 liver adult males and females
(3-14 years old):
<0.142 ng/g ww
Lipid content: 7.1%
Hornsund / Storfjorden, 2008 10 0% Polar bear (Ursus maritimuis)
Svalbard 0/10 plasma, adult males (5-23
years old):
<0.292 ng/g ww
Lipid content: 0.9%
Canadian Arctic: 19% (total | Concentrations refer to 0.006 Method: GC/MS ECNI Houde et al., 2017
samples) | geometric mean ng/mL Recovery of TBPH in the range of 95.6-118%.
concentrations expressed as TBPH has never been detected in lab blanks (Houde
ng/g lw personal communication, May 2025).
Interlab comparison of results was performed
leading to good agreement with all analytes
Ringed Seal (Phoca hispida) quantified to within +15% of certified values
blubber: Blubber lipid content was consistently >90%
80% of sampled animals were females and juvenile
males
Arctic Bay, Lancaster 2009 10 <MDL Benchmark:
Sound ’ PentaBDE (BDE-47 and BDE-99): 0.12-1.33 ng/g
Iw (n=10; PentaBDE was included to the SC in
2009))
Resolute Bay, Lancaster 20092013 42 <MDL-0.34 PentaBDE (BDE-47 and BDE-99): n.d.—7.43 ng/g

Sound

lw (n=49)
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<0.14 ng/g ww

<0.15 ng/g Iw
Lipid content: 93.1%

39.1 ng/g Iw (n=5; after its inclusion to the SC in
2009)

SynDP: <0.013-0.42 ng/g ww or <0.014-0.45 ng/g
lw (n=5)

AntiDP: 0.035-1.84 ng/g ww or 0.038-1.96 ng/g Iw
(n=5)

Location Year(s) n % detect Concentration range MDL Remark Reference
Sachs Harbour, Beaufort 2010-2013 34 <MDL-0.19 PentaBDE (BDE-47 and BDE-99): 0.05-11.7 ng/g
Sea Iw (n=34)
Gjoa Haven 2009 6 <MDL PentaBDE (BDE-47 and BDE-99): 0.88-9.12 ng/g
lw (n=67)
Central East Greenland 2012 3 24% Black guillemot (Cepphus 0.024- Method: GC/LRMS ECNI Vorkamp et al.,
(closed to 70°N) (total grylle) eggs: 0.025 TBPH recovery in spikes samples: 96-137% 2015
samples) 0.061 ng/g ww (mean) ng/g ww The concentrations were corrected for those in non-
0.050 — 0.066 ng/g ww spiked samples. Procedural blanks included
Unclear how the MDL was derived
0.61 ng/g Iw (mean) Detection frequencies for total samples: BDE-47
0.48 — 0.67 ng/g lw (100%), SynDP (95%) and AntiDP (100%)
Lipid content: 10.2%
Benchmark:
Black guillemot eggs:
SynDP: 0.005-0.030 ng/g ww or 0.048-0.28 ng/g
lw (n=4; before its inclusion to the SC in 2023)
AntiDP: 0.010-0.19 ng/g ww 0.096-1.78 ng/g lw
(n=4; before its inclusion to the SC in 2023)
Concentrations of TBPH in Black guillemot eggs
are in the same range as those of POP substances
before their inclusion to the SC
4 Glaucous gull (Larus 0.024— Glaucous gull liver:
hyperboreus) liver: 0.025 SynDP: 0.010-0.041 ng/g ww or 0.19-0.63 ng/g Iw
<0.025 ng/g ww ng/g ww (n=4)
AntiDP: 0.066-0.18 ng/g ww or 1.24-2.89 ng/g lw
<0.74 ng/g Iw (n=4)
Lipid content: 5.28%
5 Ringed seal (Pusa hispida) 0.13-0.14 Ringed seal blubber:
blubber ng/g ww PentaBDE (BDE-47): 20.1-36.3 ng/g ww or 21.7—
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Location Year(s) n % detect Concentration range MDL Remark Reference
5 Polar bear (Ursus maritimus) 0.13 ng/g Polar bear adipose tissue:
adipose tissue ww SynDP: 0.013-0.030 ng/g ww or 0.015-0.039 ng/g
0.26 ng/g ww (mean) lw (n=5)
<0.128 — 0.402 ng/g ww AntiDP: 0.028-0.079 ng/g ww or 0.030-0.10 ng/g
0.39 ng/g Iw (mean) Iw (n=5)
<0.14 — 0.44 ng/g lw Concentrations of TBPH in Polar bear adipose
Lipid content: 86.4% tissue are in the same range as those of POP
tpic conten ° substances before their inclusion to the SC
West Greenland 4 Ringed seal (Pusa hispida) 0.12-0.13 Ringed seal blubber:
<0.13 ng/g ww ng/g ww PentaBDE (BDE-47): 2.64-10.9 ng/g ww or 2.89—
11.4 ng/g Iw (n=4)
<0.14 ng/g Iw SynDP: 0.014-0.030 ng/g ww or 0.015-0.032 ng/g
Lipid content: 94.2% Iw (n=4)
AntiDP: 0.053-0.083 ng/g ww or 0.058-0.087 ng/g
lw (n=4)
Western Pacific Ocean deep | December 10 19% Amphipod (4licella gigantea): | 5.53 pg/g Method: GC-MS/MS in electron ionisation mode Xie etal., 2023
sea tr.enches (Mariana, New | 2016 to Detected Sample recoveries (mean =+ standard deviation
Britain) January 2019 (SD)) were 92% =+ 27% for NBFRs

MT-2 samples situated at
310 km from Guam at a
water depth of 6025 m

Procedural blanks included. NBFRs were not
detected or below the MDL in the blanks

Limited industrial activities in Papua New Guinea
and Guam, the pollutant input from such sources
was expected by the authors to be low
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