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retardants, OPFRs) . #7 % # R PH#X 57 ( emerging PFRs, ePFRs) Hl £ & Bk % fi¢ ( polybrominated
diphenylethers, PBDEs ) W75 JRHE AT 45 AR LML, 25 IEOR AL 18 AT B IRAZ Mk 2 Fh R BR iR 42, WFH T
PR FRs XA A4l LB (R XURS: . &5 SR 2B, 3,00PFRs. Y3ePFRs F1Y sPBDEs 7£ J& {F ¥ 5% K 2 H i
S BE 4y B N 64.3—20800 ng-g™! ( 1 {H 3210 ng'g!) . 330—230000 ng-g” ( HF{H 14000 ng-gt) F
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721

—14700 ng-g ' (P 761 ng-g?) ., A AR5 BT K A i B 43 B 2414159000 ng-g™t (R {E
0ngg') . 47.2—187000 ng-g" ( " fi 27900 ng-g') Fil ND— 84100 ng-g"' ( "' fii 2410 ng-g') .
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Abstract In small family-run workshops, workers are exposed to the dual risk of flame retardant
(FRs) in both their workplace and household during the dismantling of electronic waste (e-waste).
However, there is a lack of research on the long-term exposure and health risks associated with FRs
for these workers. This study aims to address this gap by recruiting volunteers with over2 years of
experience in e-waste dismantling and collecting dust samples from their household and workplace
every three months from May 2022 to June 2023. The pollution characteristics and seasonal patterns
of organophosphorus flame retardants (OPFRs), emerging PFRs (ePFRs), and polybrominated
diphenyl ethers (PBDEs) in the dust were analyzed. The health risks of FRs were evaluated by
considering ingestion and dermal contact. The results revealed that the total concentrations of
> 100PFRs, Y:ePFRs, and Y sPBDEs in household dust ranged from 64.3—20800 ng-g™' (median:
3210 ng-g "), 330—230000 ng'g "' (median: 14000 ng-g'), and ND (not detected)— 14700 ng-g"'
(median: 761 ng-g"), respectively. In the workplace, the total concentrations were 2414—
159000 ng-g™' (median: 7210 ng-g™"), 47.2 — 187000 ng'g”' (median: 27900 ng-g™"), and ND —
84100 ng'g' (median: 2410 ng-g "), respectively. Among the FRs, TPHP, BDP, and BDE209 were
the most abundant in both the household and workplace dust. The total concentration of },;FRs in
household dust showed a stable fluctuation throughout the study period, while in workplace dust, the
concentration was higher during January —March (early spring) and lower during September —
December (autumn—early winter), June—August (high summer), and April—June (late spring—
early summer). The total average daily exposure to FRs from dust ingestion and dermal contact was
found to be 188 ng-g™'-d" and 1560 ng-g'-d"' for adults and toddlers, respectively, in the household
dust. In the workplace, the average daily exposure for adults was 210 ng-g™'-d™". These levels were
within the acceptable range for the risk of FRs to adults and toddlers. Overall, this study highlights
the potential health risks associated with FR exposure in e-waste dismantling workshops and
emphasizes the importance of implementing proper safety measures to protect workers in such
environments.

Keywords flame retardants, household dust, workplace dust, seasonal change, health risk.

HL % 3590 PR FE T4 3% (electronic and electrical waste, e-waste ), J&= 48 JF 3514 . A~ Pt B 9 B SR
L A S LA R, rp R A R - B ™ B K AR TR R K 2 —, TN 3 2030 4F, DR AR
2840 J7 Wi HL I3 P H T, o [ R S 3 RS A AR R T I R R R I 25%, EIRE KZE
B b AT ARG o AR TE R R AR B AR AR T T M R PR R A ] e R Y L R i R AR
— PRSI, IR YR B T B IR AT R I 2 R 300 J7 ), b R e B R (RS Sl L L SRR AL A
M) 0 E H - 37 3 (R AL AE e 2 ) 2 28 BE AR U7 =X F - b A e 1) S 2280 i X, KB AR DT Xy
H, 457 I b TR 2038 H 7R TN RIS B AT, A I AR5 T AT . X FORLRS 19 7Ry XA 9 B8 KB
B PRER M . I VIE IS AL AT TR 487, i 2 i fm RO T\ Fr 2 m B TA A FEW . Hir,
VFZ AP 1% X R A D7 U0 4 1 e 1R, G 2 H 1 b S i TN T A BR5 vp BELA 57 (flame
retardants, FRs) i & #5 7KF, 40, FE K5 NGB 115 1 0 5 S B AR 55 =X J& A 2458 20 v A LB LR
71l (organophosphorus flame retardants, OPFRs ) 17 8 # 22 BH A% 5 (emerging PFRs, ePFRs) 1475 4L K¢ fiE il
AR T 58 VPR Y ) 850 25 43 0 R B T P, 37 IR AP e DX R 3 PR 58 1 IR 20 i, 3R T 22 TR IR R Tk
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(polybrominated diphenylethers, PBDEs) Fll OPFRs [ ¥ & 7K - S fgt S5 JRURS: 1, {H A AT X6 < 0 SR AE i 5
PR 2 5 S H0ICE AR | = AT s 45 07 T B IF 9841598 A B

AT, ik F e AR ooas (i . Bz A ) DR 7= ah SRS | B 2 %
M R B B 48 2% S ALRLOL FE HL P R R AR v, S AR KRR A A F W B, JU L Z PBDEs.
OPFRs il ePFRs U3 1% FRs!'"". PBDEs 3= Z 4 % TR KA | /IR B it A1+ R IBC R it 25 3 ARy HI
bt O e PRI T B ] T A S IR R . BRI H AR . FRL R B AR kAl U RO R Tk
FH T o ARSI, JOHIE s ds AT AL A e A U VLI R ki o FH T s RELR 90}, el -
AL AR B e LA K X 48 5509, OPFRs /D 14 88 500 7 in e v 7~ 88 ohoe b, LABHAAYE RS n
THLZEHL AT, Jf H A3 58 27 4 58 5 Y A Ry 35 U8 07 B R 2 2 A RN 0 s e 9L F T ePFRs 5 T AR SR
B4 FH 25 P 3 A, A BELJER RN 384 98 T T LA L #A, BRI I ) 2R i XL (BE R — KT ) (resorcinol bis( diphenly
phosphate ), RDP) XUy A X (R — 7Kg ) ( bisphenol A-bis(diphenly phosphate), BDP) — i #% %S il 7
HL - FL AR, A i LR E LA, G 4 FRs R B G i B i 7 =i AR Ak 2 A T O A B B
B, AR 75 2 76 2% v bt i, I 4 A RS R AR JR) BRI AR B v U7, A i e B T 3
Prfd 3 i A 7K . K2R A %5 < A OPFRs A1 PBDEs [t A6 HA e 8 0 343 b X 1™, 78 A4Sk & Fidg F
HP ) B R K T2 T 38 M XA SR U020, kA, ePFRs 7E [ FH A FE e P 458 R A fet B i R A
ANAT AR, SR, B RTUH D E s i oA iE .

K s Sc50 ARt AT TR A TE R FRs B T T7E N 40 Tk . BUmbE | e KRG d i 4 8;
P20 R RSO R A A B FRs A9 — N HE 225 ek R 20 FE i 4 AR i L #2 i T
TSR 53 Bk BN S B A 07 2CAL 38, 75 Je A ORI, 45 T R AN T A {d i R B XU L R BE AR 7
20 L S I i Oy el TN (] T e S A PR B AN T AR 37 i FRs A 7% 58 XURS: . SR, A0 s 24 fi
TN FRs 0 2 58 0t e IXURS: P4k i e /b e il 70 6 Sl TE A0 PR Ja7 30 RSO 5% B A HF R F 5
KRB A HG LR BR B O, JF B T B8 PN I S BOR 2 3 T SCERA R 0 AT 50, AR XT
NS BRAEMP A A 7 I 38 R PP A . IR AR R 2 B 48 R A DL & W i BRAELGE A7 2, RB RS 46 7R
Kk 3 A4 HE 2 AR 75 Y W) 22 58 /K-, n] PR I BRER ) A i 46 2 B RL20L BRI, AR 9E B e 4R
SEIE I T e YR 5 e 2 i - B e VR D AR SR, SRR — 4RI RN B (5 H L 8 AL 12 HFIK4E 3 H
e A JEAE B R A T ARG MK A, 53 B IR ARFE S b FRs B ¥R BE RS REAE S i s 1) 722 £k 1
e, DT 4 TR BPAT XGRS 11 25 e ARt B IS , Ay 4 i S S v e TN %) gl g XL i (A A5l

1 #MRL5 7 (Materials and methods)

1.1 SEEANAR

QTRAP 6500+ T UM FT & J5z 5 FH BT 33545 . 7 2800 AH £33 - J5 33% K FH X (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS( AB SCIEX, #r il 3 ) , Kinetex EVO-C18
100A AR 35 HE (2.1 mm>100 mm, 5 um) (FEF ], £E), Agilent 7890B AR (A 151X . Agilent 5977A JiT
HE . DB-SHT B 4145 43 A (15 mx0.250 mm, 0.20 pm) . S AH €8 3% - 5 3% 5% {2 ( gas chromatography-
tandem mass spectrometry, GC-MS) (&4, [ ), 2600TH # {1 ( Ll ig L i w4y, hE), 2.0
(Sigma, 75, IWHENR G (FERIZN, 3EE ), Milli-Q #E4l/K R4t (Merck, 2 ), WAL CRAMIAT Pa i, SEE).
1.2 30 Kbtk

Hbrfb &3 A (G B W 2% 1. HAnfb & Y455 : OPFRs % & (TCEP, TCPP, TDCPP, TCP,
TPHP. TEP. TEHP. EHDPP, TNBP. TBOEP) . ePFRs 5 ifi (BDP. RDP. V6) PBDEs #5 #i /it (BDE28.,
BDE47. BDE99, BDE100, BDE153, BDE154, BDE183, BDE209) Il [ AccuStandard 2\ &) (3 [H ). HIAR
1t & W) by #E & (internal standards, ISs) : OPFRs #l ePFRs N #5 ( d,s-TPHP, d,,-TCEP, d,s-TCPP. d;s-
TDCPP) . PBDEs H#5(BDE118, BDE128, “C,,-BDE209)l4  Cambridge Isotope Laboratorie 2> F] (3£ ).

("] i R 48 7 W) A ME fib (recovery standards, RSs) : OPFRs fil ePFRs [7] #5 ( dy;-TnBP) . PBDEs [F] £
(BDE77. BDE181)J H AccuStandard /A & (3£ [H ).
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Table 1 Physicochemical characteristics of target compounds

SEEE S S/

AR Sty " S S Y N )

(RN Korle =SB (mm Hg)

Full name Full name Abbreviation CAS Molecular Molecular ZHO 0 Y Vapor

in Chinese in English weight Formula

lg Ky, Ig Ko, pressure
- Tris(2-chloroethyl

B = (2R 23 ”S(phzspf:; W ICEP 115968 2854  CHuChOP 144 760  L1x10°*
e Tris(chloro-2-propyl)

R = (2- P TS “(phosphag PYU Tepp 6145739 3275 CoHgCrOP  2.59 850  1.9x10°°
S3 HRD) Tris(l3dichloro 230 g8 4308 GHGCOP 380 1062 74x10°
MR propyl) phosphate TDCPP 74-87- : OTISHI6H 4 : : :
BERR =W WS Tricresyl phosphate TCP 1330-78-5 3683  CyH,O,P 548 11.37 0.03

IR =K1 Triphenyl phosphate ~ TPHP 115-86-6 3262  Ci;gH;sO,P 459 10.50 1.2x10°
OPFR N
s BERR =T R Triethyl phosphate TEP 78-40-0 182.1  C¢H;s04P 0.80 9.63 0.29
R = (2-2. 30 %L)  Tris(2-ethylhexyl
" W ”S(phzspiatzxy) TEHP 78422 4346  CuHy O 422 1190 2.0x10°¢
Bl = T By ggjpl}’l‘gzl TNBP 126-73-8 2663  CipHyOP  4.00 7.70 1.1x10°
WiR = (2- T4 %) Tris(2-butoxyethyl)
' i “ phoip;ayte ' TBOEP  78-51-3 3984  CigHpO.P 365 13.06  2.1x107
2-FC I TIRIER - i
o bR -ethylhexyldiphenyl  prnne 1041047 3624 CoHnOP 573 1130  6.5%107
R Ig phosphate
N . gy e Resorcinol
)2 P R (B iR — o
) * bis(diphenyl RDP 57583-54-7 5744  CyHyOgPy 741 18.33 2.1x10°
phosphate )
Tt e bt Bisphenol A-
WA XL (R — 2K
’ ﬁﬁ)‘F bis(diphenyl BDP 5945-33-5  692.6  C3oH3O¢P,  4.50 13.00 9.0x10°°
phosphate)
ePFRs 20-
2.2- WA 3 P k- bls(chlorom;:t;lyl)-
13-4 (- 2 dl?“l’f’?ek', ’<2' V6 38051-10-4 5829 Cp3HpClOsP  1.90 1551 1.2x10™
3 ) WU R TR 1y fetrarast e
chloroethyl)
biphosphate
2,4.4'-
244-=VUFRRE  Tribromodiphenyl —~ BDE28  41318-75-6 4068  CpH;Brs0 598 8.71—9.99 2.19x10°°
ether
2,2 4.4
2,2' 44 - VU Tetrabromodiphenyl ~BDE47 — 5436-43-1 4857  CpHeBrsO 655  9.43—11.13 1.86x10*
ether
e 2,2'44'5-
2,2'4.4,5- TLIRER K o
ik 2 Pentabromodiphenyl ~BDE99 60348-60-9 564.6 C,H;sBr;O 7.13  10.26—11.85 1.76x10™*
ether
e 2,2'4.4'6-
2,2‘,4,4',6-5}( Eﬁ 34 9 Ty Ty
ik K Pentabromodiphenyl BDEI100 189084-64-8  564.6 C,H;sBr;O 6.86 9.99—11.76 2.86x107°
PBDEs ether
2 ad s | 224455 )
Sk Hexabromodiphenyl BDEI153  68631-49-2 643.5 Cy,H4BrsO 7.62  10.53—12.32 2.09x10
ether
rad s | 224456 )
Sk Hexabromodiphenyl BDE154 207122-15-4  643.5 C,H4BrsO 739  10.79—12.46 3.80x10
ether
22344 S e-Lg | 2234456 ;
A Heptabromodiphenyl BDEI83  207122-16-5 7244  C;,H;Br,O 827  10.98—11.96 4.68x10
ether
e e Decabromodiphenyl
TR ik etherp Y BDE209  1163-19-5  959.1 C,Br,,0 10.00 — 4.63x10°°

A 1E Qe (n-Hex) . TN (ACE) . I (TOL) |, & Bk (BtAC) . 52¢%¢ (1SO) . H % (MeOH)
Boh i, W B _E s sc e Rk A Rl (R E ), MeOH 14 H R 70 7 (T2 )

ML 100 H ARG (85 4R, P D, Fra gt g B YRk, 1 E), Supelco Florisil ®
ENVI [EAH# A (SPE, 500 mg, 3 mL) (Supelco, 358 ), ImL JCEZEEH S 2%, 10/15 mL 3% 38 € 75 250
B 2EK PTFE #0828 (0.45 mm, 138 S0 iRz, thiE ), 10 mL B3 E 6 2508 (H AT, HA),
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B ST £k 4 (Witeg Labortechnik GmbH, 7[5 ).
1.3 FESCREE

ARWFFEAE) 7R 48 T 32 11 e BRIk 2248 S MOl AR BR B o 2 4F 19 L T8 R PR AR TG S B IR, T
2022 4 5 F &2 2023 4F 6 A, TR 3 A R 1 WORARE G, HRER] 41 4y TAES T KA 5 Z Bt
() 41 5 A PR BE A K2R, 59 AN AL T 46 03 FE AR BREE (0 I 2, A (0 SRAE (S B I 36 2. IR AR RAE Ty 12
BT 2Z T AF R0, SR AR« A A R ) 0/ S e A A A A A JUT B TR T A A 1
FEM IR AR, il BC A A2 48 10 W 2 SIS b T B 28, SRR B 3k T BT 5 | T34 1) B A A 4 20 A T s 3
(X3 T AR T R 20 R A LUEE B A S S VR 07 X U 4 BT A B 2, SRASE RS I s B R R AL A
YT AR R, SR A R EEVS, DL TAE G D RE Ty, M e 1—3 AN SERERE T, $ikE i 75 227
SEFERE T 1 m 3 R A PR I A TSR . B R A S Y B4 i, I P I 7K BIE KT TR 4
AR E AL, Bt A%, DIk G a8 SUI5 Y. By IRASRE S EE 2 2—5 g, B T A0RF FLA 28 J5 N % 14
IS L, FrA RIS 100 H (150 pm FLA2) REMTH G, X TS m 4k e %, T
=20 C VKA RAE, HBENSATI 0. T 2 558 WIS HA RS, BG4 B TEFR. T4
BTG A TEIAEE . AT 2 (BEAR I | B K AE % N ANE B ) 55, 1243845 45 1 0 1% 1] 2.

T2 OKAFERIREEA R

Table 2 Information on dust sample collection

UNIGEE 0 ARVCECHE /0
SRAE ] Matching samples Non-Matchingsamples At
Sampling time SRR K2 TAES IR SRR R Total
Household dust Workplace dust Household dust
20224F5H 8 8 4 20
20224F8 H 8 8 4 20
20224F 121 8 8 7 23
20234F3 1 8 8 16 32
202346 H 9 9 15 33
&it 41 41 46 128

1.4 JRAHTALI )Tk

SR B ARG P 0 S5 FE A I 5 1k 22 Z T SR P, R A0 R AR 20 mg KR F T
10 mL 3% ¥ 25 .04 b, /il A 20 pL PBDEs( BDE118/128, 1000 ng-mL'; *C,-BDE209, 500 ng-mL") .
30 uLOPFRs i) N ¥ (d;s-TPHP. d,,-TCEP. d;s-TCPP. d,s-TDCPP, 1000 ng-mL™"), X J&5 /il A 2.5 mL
n-Hex Fll ACE(3:1, V/V)IR & W S 0.5 mLTOL, L 1000 r-min' & iEHE 5 1 min, & 8 it 07 BE S A
5 min 7, A 3000 rmin” (5% 3 2.0 3 min, B AEBOR S 2 10 mL BOEE T TR L FABUPER 2 1%,
IK AR A I, AR EIE T, BEHEM T 1 mL a-Hex 1. BEJ5, % Florisil® ENVI SPE 41 ¥4tk H
Frib& 9. His%H 4 mL ACE. 6 mL EtAC fil 6 mL n-Hex # 3% ¥ SPE #:; FAEJE, 2H4> 1 8 mL
HEX/DCM( V:¥, 1:1) £ )it PBDEs F° 10 mL i) 3% 55 &5 .00 48 ; 2043 2 ] 10 mL EtAC #1 3 mL ACE V& /it
OPFRs T 15 mL Y35 35 25004 B PE il & WG 15, 4143 1 80 uL 1ISO & i, il A 20 uL PBDEs 1)
[l 4% (BDE77. BDE181, 500 ng'mL™") 5E 2 & 100 pL, #E 30 s J&, ## 2 [ 3R, 1 GC-MS 23 Hr
PBDEs; #4143 2 J 270 uL MeOH i, J-HIA 30 uL OPFRs 4 [Al%7(d,;-TnBP, 1000 ng-mL™) %5 % 300 pL,
W3 JiE 30 s, R 3% 7K PTFE 4+ U845 (0.45 pm) 2 U8, #8208 WK & A (A 3E A, F§ HPLC-MS/MS £ il
OPFRs } ePFRs.
1.5 X8

OPFRs. e¢PFRs 1 PBDEs Y {1 %% 7 #f 2 % SC#k o 4 3 19 7 35 ™), R H] HPLC-MS/MS 43
OPFRs Fll ePFRs, fii ] Kinetex EVO-C18 100A ¥ AH 5,354 (2.1 mmx100 mm, 5 pm) 43 &5, i s AH ky F B
(A)F10.01 mol-L™" ZFREZEW (B). VEMLHL L : #1146 35% A, ££%F 0.1 min; 0.1—9 min, E T+ % 95% A;
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9—13 min, FJF% 100% A, £+ 1 min; 14—15 min, F &R 35% A; 15—18 min, {££F 35% A. Fii#E %
7 0.35 mL-min', #EFER S pL, H:E 40 °C.

K H GC-MS 43 Hr ¥ i o %9 PBDEs, H 25 Y5 ok 1 B3 4k % 2§ ¥ i (negative chemical ionization, NCI),
K DB-5HT & 4045 (3% 4 (15 mx0.250 mm, 0.20 um) 470 85, THEFEF %N MR 110 <, {4
FF 5 min, P 20 °C-min™' FHE ZE 200 C, {#4F 4.5 min, #J5 LA 10 °C-min™ FHE E 310 °C, f#£4£F 15 min. %
FA G e, SRR 1 pL. BARfb &9 S AR BT B L% 3.

R3  BAEEY LNARI BTSSR

Table 3 Mass spectrometry information for target compounds and standards

&Y fATFR 1A B4 i} [8]/min I (m/z) WY F(m/z) T GE/eV
Compounds Abbreviation Retention time Primary ion Secondary ion Collision energy
TCEP 5.03 287 63.1 41.1
TCPP 6.76 327 99.0 29.8
TDCPP 7.73 431 99.0 42.0
TCP 9.32 369 91.1 54.1
TPHP 8.29 327 77.0 59.4
OPFRs
TEP 3.46 183 127 16.7
TEHP 10.1 435 99.0 16.7
TNBP 7.73 267 99.0 21.1
TBOEP 8.45 399 199 183
EHDPP 9.16 363 251 9.38
RDP 10.6 592 575 15.0
ePFRs BDP 11.7 710 367 40.0
V6 8.56 583 235 53.0
BDE28 10.4 79.0(81.0)
BDE47 13.0 79.0(81.0)
BDEY9 16.5 79.0(81.0)
BDE100 15.8 79.0(81.0)
PBDEs
BDE153 18.8 79.0(81.0)
BDE154 18.1 79.0(81.0)
BDE183 20.7 79.0(81.0)
BDE209 26.9 489(487)
d,s-TPHP 8.21 341 82.1 58.1
d,,-TCEP 498 297 102 35.9
d,s-TCPP 6.68 345 102 30.7
A& 9(1Ss)  d;s-TDCPP 7.65 446 102 357
BDE118 17.0 79.0(81.0)
BDEI128 20.5 79.0(81.0)
13C,,-BDE209 26.5 495(493)
A dy,-TnBP 7.65 293 101 24.4
Eq&(if)m % BDE77 14.4 79.0(81.0)
BDEI181 21.8 79.0(81.0)

1.6 JFrim 45l 5 PRk
A FH E 3101 (450 °C, 4 h) K5 HE T T (10 3% B 25 0L, LAVH BR TS 26 5 . a0 it R 1) JO ok 92 ) i i £ 456 O
P23 IR, LAORIIE S AT J7 1% 64 AT SEPE. 15 08 il A9 SE 38 2 R 7 vk — 20, 20 #r 3 428 ELINAR A
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i 3 AN EE I AR EE S (LR O K 22 IR A FE B ) . OPFRs, ePFRs il PBDEs (1) H #1475 18] i 28 43 51
68.7%—111%. 80.0%—101% F 85.8% —106%, J7 1% K % & & F AH XJ 4% #E fl 2% (relative standard
deviation, RSD) P4, #41/NF 20%. SER st FE v, B 8 N IKARE RN 1 MR 2 AR (n=5), LAPEA
A R ) S 6 2 BRE YR . 4% U RE b b, TCEP, TCPP, TDCPP, TPHP, TEP, TNBP. TBOEP,
EHDPP. TEHP, BDE153 il BDE209 ¥J45 /D4 . JK AR RE S b H AR 0 v 58 75 0k 25 25 1 RE i R 1) S
YJH . OPFRs. ePFRs Fll PBDEs 752K A 12, 9., 9 /Mhrih i 94 1 #h 26 X H AR AWt 47 5 1, b
it £ 51 U= 77 FEAH PR R R 120.995. 771 5 FR (limit of quantification, LOQ) #1177 4 i FR (1imit of
detection, LOD) 43 il 2 25 (A i o H A Ak G 4 Wk B2 B9 38080 10 A% 88 3 A% o 225 25 AR A 1 B,
LOQ & LOD & ¥ b 10 58, 3 £5{5 ¥ H.. OPFRs. ePFRs 1 PBDEs (1 LOQ 7 il 43 % & 1.38x107°—
133 ng'g”". 6.80x10°—0.0174 ng-g™ 1 0.0156—26.8 ng-g™". 25 [ FIFEFRE i 7 A 25 B 45 bR WL 3¢ 4.

F 4 AT & FRs IR RIS AHXFRIEZE | O ik 8 2 FR A7 4t B
Table 4 Spiked recoveries rates, relative standard deviation (RSD), limit of quantification (LOD), and limit of detection
(LOQ) for each FRs in blank and matrix samples

23 bR S BTmbR
&Y fRIFR Spiked blanks Spiked matrices B/ (ng-g") &M/ (ng-g™)
Compounds ~ Abbreviation [ /% A BRIELE % [T /% AHXTARIEZE % LOD LOQ
Recovery rate RSD Recovery rate RSD
TCEP 95.9 10.2 103 8.21 7.29 21.9
TCPP 91.1 8.94 82.3 2.95 20.0 60.0
TDCPP 99.8 9.39 101 432 24.8 74.5
TCP 74.9 5.31 89.7 5.12 6.90x10™* 1.38x10°°
TPHP 58.5 8.80 73.6 5.95 443 133
OPFRs
TEP 62.3 11.3 68.7 8.77 17.3 51.8
TEHP 68.2 8.32 85.4 6.25 18.6 559
TNBP 103 9.37 104 5.47 21.0 63.0
TBOEP 112 4.15 111 18.3 4.36 13.1
EHDPP 90.3 8.21 94.4 422 17.2 51.6
RDP 82.7 2.02 80.0 6.16 8.11x10™* 2.43x107°
ePFRs BDP 75.2 3.43 95.2 6.70 2.26x107° 6.80x10°
V6 98.1 6.27 101 5.36 5.79%10° 0.0174
BDE28 98.5 4.24 98.8 425 5.20x10°7° 0.0156
BDE47 102 5.18 98.3 5.06 0.142 0.412
BDE99 116 3.95 106 4.43 0.247 0.712
BDE100 100 5.08 102 3.01 0.0193 0.0571
PBDEs
BDEI153 98.5 4.23 98.3 3.28 2.24 6.71
BDE154 67.7 5.46 96.3 6.21 0.211 0.638
BDEI183 84.0 19.1 103 1.16 0.193 0.576
BDE209 94.4 1.36 85.8 13.4 8.94 26.8

1.7 GEitsrth

fi F§ IBM SPSS 26 %} #6; Hi 2% (detection frequency, DF) KT 50% ML & ¥ EAT G153 Br, X e 21K
T LOD Wb G W AE Sl LOD/2. S5 B 8 J 18 ) o vk B8 6 A7 32 1043 4 B s % 52 R TE 28 43 A A 8
K F Mann-Whitney £ 56 77 5 70 B TAE S B Fl s AR IR 58 K 22 b B ARG P Rk BE KT 22 5%, X F R IE
A A W B, ISR H 5 ) 7 22 43 A B X T A6 455 SR H Kruskal-Wallis.H J5 270 O R4 L4 A
RN R R fih F 82 1 22 55 b Ab, s i Spearman 6 AH IC 204 TAES7 T A1 e A #1853 I 2 v B ARAL & Wik
Z[E) A AH S
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1.8 R EE VEAS g e XURS: PEA

AT R AN FR A A A, 38 2 7] A A A AR IR T (R SR H S N TR S B R TR G, 4y
S A B A R A MR AR i bl el R AR B A L R KA Ay H Y R R

XF T DF>50% 1 HARL &9, 2 B8R 55 0 22 82 PP Al AR 2, fdi T =0 (1) — (2) PEM A F 4l L
(0—2 %, FERME HEAR A [B] <, RAE TAES Fr i sh ) 78 AR IR A TAES T b 2K AR A (X(1)) | B2
Jo Ak (X0 (2) ) i H 3 22 #5771 i (average daily dose, ADD) (ng-kg'-d™").

ADD,,, = Cyyy X IngR X EF/BW (D
1, ADDyyg A3 it SRR AEA TS Y 1 (ng-kg - d )5 Cayee A RAEIREE S TAES IR A v B AL S
YR B (ng-g ') ; IngR K2 HEEA R (A 30 mg-d ™', 41 JL: 60 mg-d™) B> EF h— K B FE 4
S L ] AR BGE S o AR R AR TAE S Fr i 2 88 % (h-d ™) ; BW R (2 PRl &R EE ).
ADDy,, = Cype X DA X SA x AF x EF/BW 2
K b, ADDy,, My 18 i F2 4 fih 19 35 Y W ) B (ng-kg '-d ™) 3 DA Sk FfE 25 7 B I 36 1 A4 K 2 B (Rl
0.01 mg-em?, %l JL: 0.04 mg-cm ) %; SA N B 55 AR L AL (A : 4615 cm?, % JL: 2564 cm?) ™ AF Hy
F RN 5 YL W WU 2B, TC R AN, AF {E® ! 40 . TPHP, TEHP, EHDPP, TCP #J°4 0.219, TCEP H
0.283, TCPP & 0.274, TDCPP & 0.127, TNBP. TEP. BDP. RDP. V6 % 0.222. EF 1 BW 5= (1) AH[FH].
ADD = ADD,,, + ADDy (3)

=1, ADD Sy Z A B IR ful 1 B H £ 58 8] ik (ngekeg ! -d ) AEFRAEFRIE 43 5RO A
L LAY 35 3 TR G it A2 T AR, 3 MR B L R

NAARAEE B IXUBS: 22 %4 (hazard quotient, HQ) PEA A 7 1L = (4)
HQ = ADD/RfD 4)
HI = Z HQ 5

A, HQ R AEEUR WS, To it 49, F2on HnAb &9 A S0 U, LU AR T H 380 S XU A, B XURS:
FRE—HI; RID AP BRI AR T 13 H e @ RV S 2% 57 i (reference dose, RD, ng'kg '-d™"); PFAT
PRI HI<1, 27n 28 58 AHEAFELE AR BUR AR XS ; HI> 1, 2R 2 588 AR — 8 P B Al S0 (e XU

2 ZEHFN]18 (Results and discussion)

2.1 JRAMEESN TR FRs YU EE 4L AT

JRARHE S B AN 5 TR AE AR R BT K42, 3010OPFRs A 5 ¥ B2 3 il oy 64.3—20800 ng-g,
H{E l 3210 ng-g™', Y3ePFRs H E I BV Bl 4 330—230000 ng-g™', 1A 4 14000 ng-g™', YsPBDEs [
7 B o ND—14700 ng-g ™', i~ 761 ng-g™'. & TBOEP(DF=6%) it} DF %A% LL4b, H4y OPFRs fb&
YIi) DF #4178 50% L) | 3 F ePFRs ) DF L34 7E 50% L4 |, H:rp BDP £ RDP 478 fIF A #f 5 A H
% BDE153(DF=55.2%) . BDE209(DF=97.7%) %I, H.4% 6 i PBDE H.{& ) DF ¥ T 50%. 7E T AE 4% 7
K2R, Y OPFRs Y 75 Y0 Bl 4 2414—159000 ng-g ™', H{E & 7210 ng-g ™', Y3ePFRs F 9k B 10 Bl
47.2—187000 ng-g "', H{E K 27900 ng-g ', Y sPBDEs ¥k &L i ND—84100 ng-g ', H{H} 2410 ng-g .
21 # FRs #7, % TBOEP(DF=13.5%) . BDE99(DF=43.9%) . BDE100(DF=17.1%) Il BDE154( DF=48.8%)
bh, A& Y9 DF YK T 50%, Hidr TCEP, TCPP., TCP, TPHP, BDP (¥J DF ik 100%.

TEJE A PR A T AR T K 4> OPFRs 9 & it 7% T PBDEs(Mann—WhitneyU #5345, P<0.01), fH T
PBDEs 7 43Kk i1 &% A 9 Vi TR R RR FH, OPFRs A Jy A i il Ak, W80T 45 Fh AT o S L7
W, R L) FRs 2875 YL 405 39, Ik A1, ePFRs H RDP 1 BDP (% B ) & T £ 48 OPFRs( Mann—
Whitney U #5356, P<0.01), 75 H] ePFRs F4K H1 LAY I [R] AR 4 45, (H B 912 0 AE 4 25 1 177 i
HRUeL S N 2R (1) 5 M B A5 5 | Jbe DG 07,
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RS EEIE KA TAEG B KR b FRs A H 3R AR
Table 5 DF and concentration of FRs in household dust and workplace dust

JEAE BT IR TAEGRTRAE
L&Y R Household dust Workplace dust
Compounds Abbreviation  #rH#/%  HF{EH/(ng-g) JWhl/(ngg?)  RH%E%  P{E/(ngg") JEHEl/(ng-g™)
DF Median Range DF Median Range
TCEP 98.9 234 ND—3710 100 561 178—10600
TCPP 100 488 34.7—8400 100 782 127—14300
TDCPP 77.0 149 ND—19300 89.2 264 ND—155000
TCP 100 135 17.4—3100 100 300 28.1—5650
TPHP 98.9 1270 ND—5040 100 2960 728—58800
OPFRs TEP 72.4 108 ND—503 86.5 179 ND—1890
TEHP 87.4 143 ND—12600 86.5 353 ND—9400
TNBP 50.6 21.8 ND—125 64.9 26.0 ND—1790
TBOEP 6.90 ND ND—458 13.5 ND ND—4110
EHDPP 62.1 71.6 ND—1600 70.3 109 ND—7400
> 100PFRs 75.4 3210 64.3—20800 81.1 7210 2414—159000
RDP 100 840 4.83—14500 97.6 1180 ND—8860
<PFRs BDP 100 13500 323—227000 100 25200 47.2—182000
A 51.7 1.65 ND—355 90.2 36.7 ND—1000
>3ePFRs 84.0 14000 330—230000 95.9 27900 47.2—187000
BDE28 41.4 ND ND—33.3 78.1 6.08 ND—105
BDE47 42.5 ND ND—350 82.9 26.0 ND—147
BDE99 49.4 ND ND—132 43.9 ND ND—280
BDE100 34.5 ND ND—71.0 17.1 ND ND—75.3
PBDEs BDE153 55.2 13.8 ND—150 82.9 47.4 ND—355
BDE154 29.9 ND ND—335 48.8 ND ND—69.4
BDE183 44.8 ND ND—365 73.2 88.4 ND—459
BDE209 97.7 750 ND—13300 92.7 2250 ND—82600
> sPBDEs 49.4 761 ND—14700 64.9 2410 ND—84100

JRASRE S B A R AE AN AL 1 . 7R TR A PR R B Ik A v, o bE e = 1 /& BDP(70.4%+18.7%) , FLik
42 TPHP(8.85%+7.04%) . RDP(6.19%+5.37%) . TCPP(3.58%+5.00%), /5 T Sk FE ) 85% LA 1. 78 TAE
Y B 0 Ik 22 F, BDP( 61.0%+27.5%) . TPHP( 15.9%+12.8%) . TDCPP( 5.46%+3.12%) . RDP( 4.13%=+
3.39%) . TCPP(3.52%%3.12%) . TCEP(2.63%+2.68% ) 4& /7 L 45 =5 AU AL 4. TPHP 1 A A1 AR Ea A g
FRA M HE BRI, FLH TSR B ras . BB S8 A . 2720 SRR 1
e, RO AREE Ry iz B AR A BFSE AR T TPHP J2& 1 b7 S5 U A B0 i 47 ] K 28 v (9 B %2 OPFRs
(46.9%)!">*. BDP J& ePFRs &\ B 5Tk bb i s A AL G, )12 W T a8 i & SO Ahse v, B
R ) LA PR A4 9 119 BDE209(87.0%£18.7%) Al BDE153(84.7%425.4% ) & & A1 ¥ 45 Ml T AE 35
(IR 2R i v 222 PBDEs. BDE209 #) 32 ki th (19 7] g Ji R 2 42 Bk 111 3% I Deca-BDE H 2% B[],
H IR BDE209 ¥ A 58 448 1F i 0L

PCA 455 (E 2) Brn, TAES I KA RN R AR A BT K2R %A B 5o L, 256 A 5 F0 TAE S
JIT (IR 2R TR RO TR 1) FRs ZHBURRAE (B 1), U IR AR R KA e — 8 TR 1 A2 315k B Be i) TAE Y
T K22 B RZ M. SR T, BOXT T AR 37 01 F1 A R BE 10 20 i 2 TN A7 A S 3 B AE AR DG G &R (T 3), &
SRNREE I R B9 A Fa @ & 3 B R N 2 —. OPFRs, ePFRs 11 PBDEs 1£ 4 FRs | iZ IR I7E UM BE .
JEP AT R AT, BT R B A BB A S R 25 SRR, S B0 TR G R
W B2 FAE AR v o R TR AR PR BT Y B A 02 FRs 1 8 58 05 12 AR 9% X6 G2 1) R A BR 5T K 2B v
FRs AR5 T o A P45 b il 1150 4 - G EL NIRRT BRI, 1452 31 J 5 v~ S5 S A ik 3% 2 i 52 i
R 5 SR A B . KAV A5 i 48 N A IE A SR 58 R 2, TR I, ARAIF 5% R AR BB K A2 v FRs [
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B T et (FPE 3120 ng-g )™, M (FR{E 5260 ng-g™) P, i E (FP{H 386 ng-g )™ FIA 4 (R
{H 340 ng-g ™)) 45 [E 52 i [X X538 52 e Joe A0 PR ) IR 2 ik i

1001 CJE{EFRE K A2 Household dust 100 () BB A Household dust
[ T #E:45 A7 2% 4 Workplace dust o5 I T {353 7 4% 2k Workplace dust
80 s T : 90}

(=)
W=

\y
o

Rate/%
Rate/%
\
Ay
I F !

20

B 1 EERETK A T AR T K22 OPFRs, ePFRs(a) Fil PBDEs(b) (41 i 53 fii
Fig.1 Composition of OPFRs, ePFRs (a) and PBDEs (b) in household dust and workplace dust
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. "TDepp TEHP

PC2(15.7%)
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T

= JEEFREE K 42 Household dust
« TAES P 3 2 Workplace dust

_4 1 1
-4 -2 0 2 4
PC1(36.7%)
B2 LT log AWM RS KA TAEZ T KA FRs ¥R 1Y £ 543871 (PCA)

Fig.2 Principal component analysis (PCA) of FRs concentration inin household dust and

workplace dust based on log, transformation
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= Rop o 02
BDP | ® ® o ¢ o
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V6 o o o
BDEIS3 | ® [s] ] e} -0.4
BDE209 o o ° 205
<9 oy =B} Ay =9 Ay <9 Ay 3 =% ReJ o o]
86685552% R
E = A = = A A
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@ M
*P<<0.05 Household dust
3 JERAERREE KA TAES T KA FRs AR SCHERAIA

Fig.3 Correlation thermograms of FRs in household dust and workplace dust
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2.2 FRs W AKFRI 217481k

h T WG FRAE A A T AR I 9 K AR AEAS [ 220 0 25 S A8 4k, ARBIFGE X R g T N4 T T —4F 11
PR AT, IR T 2022 4F 5 H L 2022 4F 8 H . 2022 4F 12 H . 2023 4F 3 H #12023 4F 6 H Bk, #
WERER N3-S A(EREVNE) . 6—8HUKE). 9—12 H(KF-W&), 1—3 A (WHE),
4—6 H CEHP )", B T AR T KA T Y, FRs SR B A R ARtk a3 an (5] 4 fifs.

32X10°F u JR{3: IR K A2 Household dust
o TAE P 3K 2 Workplace dust
5 =)
2.8X10°+
T
&0 1
g 2.0X IOT .
E L
g
g .
g 4 °
& sox10 .
= n n "
4.0X 104 .
|

1 1 1 1 1
2022-05 2022-08  2022-12  2023-03  2023-06
Time

B4 PR KA ARG KA P Y, FRs B 2= 128 1k

Fig.4 Seasonal variation of ) ,;FRs concentrations in household dust and workplace dust

JEAE IR KA, 35 FRs B BB A 2022 4F 5 H —2023 4F 6 F 1] sl shis mkase; T/
JRAN 2 1—3 H (W) M, 9—12 H (FkZFE-014) ., 6—8 J URE ) Fl 4—6 F CEHVIE ) a4
R ETT A (E 4) . 25838 H, IR AT DU B K Gk 3 4 H B 0 A 75 e ) 2 85 K7, a5
e R AR vy ) FRs ¥R FE B 215 PR AR AL i 3500, AR R 45 R — B (ENRAK &/, TAEG
o FRs (215 AL ARAE LR AR A5 g B 8, B T ARG Ty, FRs AR BE AR TR BR T S5 A C4h,
W Z BNV G R HOE AR T AR S5 38 5% IR R (5% 2, 9 FLK 2R AR i 8 SRR s SR R T AR A b X
TAEG BT B K AR AR AT AT, B 5 52 2] 1 AR5 R R (52 . ek, 2023 4 TR i K 42 vp
3o FRs [l B 1 5 F 2022 4R, ik 10° Bt g (] 4), X nl g SR A 6. 18 2022 A Re i & s bl ),
B A 5 T A | A 32 Hi A o 1050, H T e SRR R A 0 s R 2, EOK A FRs R IE RS
WINZE A T . 78 2023 AEREIE B8], 47V 52 T4 7200, S8 1B I e 3, T T AR A
58 AR R I B, 1T 20 2023 4 TAE I k22 FRs BV BE R IR BT

AR PR A T AR I K 2R v FRs MR B AR, LA“HD/WD=1" R 48 4x, 43 B 5 2 502 K 45
A FRs 7EZE1T LR 22 5. 25 3R WI, 76 —4F Ry B [|) 5L, T4 3% fir )k 42 v TCEP. TPHP. TEHP. V6,
BDE209 (¥ B & T J& A #5455 (HD/WD<1, [§] 5), 5 J& TPHP F1 BDE209, 33X W {4 J& A B 58 K
o 5 B PR FRs, 2 LA A FL a7 35 A T i 2 ] 0 24 o 19 o 2 22 04 FRs!' 2, U B H 7 I 3 3R ik 115 3
JEIX U FRs 7£ TAES B KA i = ZORIE. AR, %1~ FRs MZE A8 (ks 5 A B i B DA OC. BFY
T, B4R Ko, B9% 5, 40 TCEP(1gK,,=7.6, 25 °C) 1 TNBP(1gK,,=7.7, 25 °C), B 5 USSR ET
KAHE . MELZRET, BARMRE D T FRs 0944 & &, (HW BERE X b &Y K., B, M
B AR KA A AERE 10, O H % IR BN A& = KA DIRER3E N, TAEREE T FRs (75 QL5 TE £, Bl
TE5 RSG5, LR R AR IR Y FRs 7 81 TAE KA s -0,

WAk, B P 5 EE (R 2= 5 AR At St A BT AN TR (8] 6) . A 2022 4F 5 H & 2023 4F 6 A WAL, 1 55 )
() S PR B IR 2D ¥ 8 T TAES BT B IR 2R (HD/WD>1) 5 6 B R EEAE 2022 4F 5 A RS KL & T T
YE 3% Br 19 JK 22 (HD/WD>1) , 2022 4F 8 1 & 2023 4F 6 H i T E 3% ir Jk 20 & T A% 36 85 Ik 2k
(HD/WD<1); 7. 8 ‘T ZKBER TAEG P KA 3475 T JaAF P58 K42 (HD/WD<1) . 1 5 58 K2 1Y B S S v it
W S AR — T 12 B, 115 ¥ 2 PR, R, ZEf TR, T /RS T (4 24 bt 25 AR A 3 3 ok
NJEAEREE, 2 KBl B, FRs VR T+, 30T JRAE IR IR AR vk B 8 T AR 4.
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2.3 fERERERU AL
JKAEH DF>50% (1) FRs, #%30(1)—(3), PEAL HAE B A T AR B k242 s N RNl L8 IR A 88 A
(ADDjygegtion) FIEE JRAZ At (ADD gepya) 55 P RIRAR Y H P8 A B (32 6) ST E (g XU (55 7).

&6 HIMLBWEEEA . BRI H MR R (ng kg '-d")
Table 6  ADD jqeqion and ADD ey for the targeted compounds(ng-kg'-d™)

JEAE ISR TAEG TR
Household dust Workplace dust
Ik N 4L R
Abbreviation Adult Toddler Adult
ADD;, ADDy,, ADD;, ADDy,, ADD ;,, ADDy,,
TCEP 2.18 0.780 19.9 1.07 2.46 1.07
TCPP 3.75 1.43 41.6 1.58 3.75 1.58
TDCPP 1.27 0.350 12.7 0.240 1.21 0.240
TCP 1.17 0.410 11.5 0.450 1.33 0.450
TPHP 11.2 3.66 108 4.89 14.5 4.89
TEP 0.840 0.280 9.19 0.270 0.780 0.270
TEHP 1.10 0.440 12.1 0.504 1.50 0.577
TNBP 0.160 0.0472 1.86 0.0420 0.120 0.0470
EHDPP 0.630 0.210 6.10 0.140 0.420 0.140
RDP 7.57 2.40 71.5 1.87 5.46 1.87
BDP 107 34.8 1150 393 115 39.3
A 0.0161 2.54x107 0.140 0.0623 0.180 0.0631
BDEI153 0.120 — 1.17 — 0.170 —
BDE209 5.73 — 63.8 — 10.3 —
ADD (a1 143 44.8 15100 50.4 157 50.4
ADD 188 1560 210
x7 HEEWHIZ% ] E (RD) Fg RS Y
Table 7 Reference dose values for the targeted compounds and health risk assessment
JEAEAETIR A CAESZRTIR R
Abbi::zf/i'ition RED/(ng-ke ) i Household dust i Work;éa}c\e dust
Adult Toddler Adult
TCEP 7.00x10° % 4.23x107* 3.79x107 5.05x107*
TCPP 1.00x10*2 5.18x10™ 5.33x107° 5.32x10™
TDCPP 2.00x10*) 8.06x107° 7.18x107 7.25%107°
TCP 1.30x10° 69 1.22x107° 1.16x107 1.37x107
TPHP 7.00x10* 561 2.12x10™ 1.92x107° 2.77x107
TEP 1.30x10°E7 8.67x10° 8.79x107° 8.05x107°
TEHP 1.00x10°2) 1.54x107° 1.53x107™* 2.00x107°
TNBP 1.00x10*2 2.06x107° 2.18x107* 1.55x107
EHDPP 6.00x10257 1.38x107 1.20x107 9.36x10™*
RDP — — — —
BDP — — — —
V6 — — — —
BDEI153 2.00x10*>% 5.78x107* 5.86x107° 8.74x107*
BDE209 7.00x10° > 8.19x10™ 9.11x107° 1.47x107
HI 5.27x107 5.09x107? 6.08x107°
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BTG LR FEAE PR K A2 1 FRs 50 H 342285 543 710 188 ng-kg'-d™" 1 1560 ng-kg '-d ™', MUATE
TAES T K22 8 FRs 4 H ¥ 2884 210 ng-kg-d™", T4 ADD ¥ T RfD, & AA 25 T x4k
E YT B BAR. B/ TAES TR T, AR ADD Jo22 5 (P>0.05, &1 7), iX 5 AHF5Y
TAES BT A s G v B e A O TR AR SRR 1 k2, &) )L 2 8 /K7 1.3 5 N (P<0.05,
K 7)), AT RERY R A R T — 7 15 5 BR A0 % B A A A B B 5 S50 o6, X T4 L, 4&F-1
FEAGRAR Y H 558850 5 ADD jgestion 1 22 M LABCAR A AR F, 38 2ok B2 RAZ M () ADD gemmar i K 11 B4
F PR BR MR TR ; O — 7 T v] g 5 )L EE 09 B & 1A T S5 O, LU A 28 7 2 1l T 00T 19 25 [A)
Bl BT WG S (AR T4 . MR BT RS ) | FENCA T A o A fl s T K 2 SRS, S o X L
Pl R AR, AL LAY ADD jygesiion 255 T ADDgerma(P<0.01, % 6), 2 WK 22 #5 A J APk i1 50 5
FEIEAR. BLAL, X H V-2 #E i (ADD) 555X 4 19 TAEAR R AR AT A DG AT (] 8), R INAE IS
5 ADD INFTE I Z L MEAH O R (P>0.05), TAEAERR 5 ADD FA7E 554 5C C & (7=0.434, P<0.05), K W]
TN T AR BR X H 52 B /KT AA A — 2 B2 ), Bt — 25 B T AR I T AR SR B 2 Bl
PR Uk D 28 K A B 1 R R UGS

~ 2.5X10* P>0.05
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Fig.7 Average daily exposure dose of FRs in household dust and workplace dust for adults and toddlers
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JEAEIREE R, A FIZh LB S G B 23 5 R 5.27x107, 5.09x107% TAEREE T, AR B A B i
6.08x 1072, Xof i 1 6 47 BT ik i K 94k &9 2 TCP. TPHP. EHDPP il BDE209( 3 7). US4l JLIK 3 fa 6
T IE 10 £5, (HF AR ER R 7E 1 LUR, AR HI B P bR i 2R, 18 ad IR 2 35 AR ik 42
fi 21 A AR 11 33 2H 75 G 4 1) R B0 AU 176 T 23235 LN . B T Bl= ePFRs 19 RID fA, Jovk A2
T2 IR T I XU 45 %k, R, 78 SC A 444 48 OPFRs Il PBDEs #E4T 1 £t BE KUK P-4, 3X ] RE AR Al 1
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3 4518 (Conclusion)

(1) PAGEBEAE L5 XA T Fe - S SR B (0 e, TR AR RS A T AR e Ik A2 3 28 FRs Y& 2 K
/N Y 1ePFRs>Y (OPFRs>Y sPBDEs. T {E T Jik 2 7 FRs % & i 3% i T i A 20 85, 36 B oy 7 7 3 i
& FRs W TE IS LR 5.

(2) ARSI A2, 35 FRs AU IR EEAE 2022 4F 5 H—2023 4F 6 H AR SR B shie b ke e ; TAE
KA N2 1—3 A (W) B, 9—12 H (BkE-014) . 6—8 H (BRE) Ml 4—6 H CEEFWIE) Wil
B

(3) 38 13 IR A2 45 A FI R B2 A B9 BT 45 FRs B9 ADD {E IR T2 % 5 (RD), RIATEIE T A M H K
NZE 8 T FRs Mg U B 7E B AR BB KA 3R 85 T, 4l LAY B 88 /KT 3 i TNy, JF Hal L
23t Fo- LB AR AR T 0 B .
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