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Abstract: Hexabromocyclododecane (HBCD) is an alicyclic additive flame retardant with high bromine content. It has been
widely used in the production of polystyrene building insulation materials, textiles, electrical and electronic equipment.
Because HBCD is not chemically bound to the products, it will be inevitably released from the product during production, use
and disposal. HBCD has been proven to have toxic effects on the liver, thyroid and nerves of organisms, and its accumulation
in organisms can cause serious harm to the human body. In recent years, the presence of HBCD has been detected in daily
necessities, atmosphere, water, soil and various organisms, even in breast milk, which has potential long-term harm to
humans and the environment. Food, air and dust are the main pathways for the human body to ingest HBCD. Regardless of the
route of exposure, the exposure rate of toddlers is higher than that of adults, and occupational exposure to HBCD has a more
serious impact on occupational personnel health. This article reviews the distribution and determination methods of HBCD in
environmental media and organisms, summarizes its toxic effects on organisms, and discusses the human exposure pathways
and risk assessment of HBCD. This paper also proposes that future research on HBCD should pay more attention to the
exposure pathways and risks of occupational groups, and explore the potential mechanism of HBCD on the human body.
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Figure 1 Structural formulas of three isomers of hexabromocyclododecane ( HBCD)

HR 4R 6 A 7E 2013 4F & A 19 6 FHREAEA AL
5 Y ) R T AR R R EE N 29) , HBCD B 80  FF A tE A
BLTS Ge i, R LA 1 5 1, B R e & BRI 1B N 2
FH. 2021 4F 12 A 26 H I, [ 4 2%k A 7= il
FH HBCD, {HK 8 ] HBCD , 5 SCH: 78 3 85 v 3% i
FETE . BT HAE PR e R A HLAEAS Mo, mT L) o
B KR s KRR TR R A Y R R 8R Xf
A ZS IR SRR N ™ B A T F L AR Y R R KU
IR Tk E R CE, BT T HBCD (i 58 Bt
Z AR IR A0 ER B KRS PEA AR SCHEAR T 305 45k [ Y
AP T HBCD FEAS R FR 85 A 03 K 28 W 4 N 14 43 A 1
U7 7 BEERONE A2 88 K5, L S PP AG
HBCD (I $5AT 2y B 2 8 AR $2 it 57
1 NERBPT+ZImELER

HBCD b 45 &k oK |, 4 F Uk €, H (Br,, Jit
HOBON 641, 7 JESIEE N 167~196 C ,ET K,
AT F R N L TR AE AT P R, HBCD J& —
AR R BRI U o R B R, LR A RN

T4 7% , AT BT R AME AR e R, H VR A T B
2%, 1T HBCD ' C—Br #4E REEIT , 78 200 ~ 300
CHI RS, EEHLIEE HBCD 524 5 f# 4 HBr,
HBr 7] U 3R A R0 B 20 W 1 36 M B i 3 9 7=
A TG B A TR E 3, DT U 2 B Ok R
HBr SR B EBR R, A5, AU R T =S
0, , 1M L3 BE W PR 78 A4 R} 1) 28 1w A 2 <, B ik T
VoK % B R} 114 JER 5 0 R 0 R4 1 R B
2 ANBRR+ZREREFHSE

HBCD 7E #8855 b 3% 3 47 78, H % s R K
R S G o/ R NI I SR R L
HBCD', HBCD #t AMEIM X 2R L, &1
WG R AR R AC M AE AR 7 IS R A B
HBCD (17 5h B HBCD W] fE 38 & #5 & 55 7 =ik A3
Serp, i T A PR B B, H A e b i R A DU
#) HBCD RYFEAE" , A SCIL B T AN [ 355 A
5T HBCD (15341 B A7 v BE DL 1 Fnk 2,

F1 ASMkRLH HBCD WM A EMBERE

Table 1 Analytical methods and concentrations of HBCD in air and dust samples

FE i it Ok T8 o T % Gl Iy 1 AR T7 13 ok 15

KRR REWHZER 27.07 pg/m’ RIGHRIL HPLC-MS/MS [17]
5 ] T R T b X 22~133 pg/m’ RICIREC  2HrHE e 96 Bk S UPLC-MS/MS [18]

KA BREN 496. 13 ng/g AR AR LC/MS/MS [13]
i [ 5 )2 278 ng/g 7 4R E LC/MS/MS [14]
Bl 73.6~995 ng/g R 7 HPLC-MS/MS [15]
FAR % <5~1745 ng/g A AR LC/MS/MS [11]
i# 9.45 ng/g RN Z 2 A bkt UPLC-Q-TOF-MS [9]
TR A L A X 4.11~508 ng/g £ )2 AR RE/ AR AR AE LC/MS/MS [10]
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Table 2 Analytical methods and concentrations of HBCD in water, sediment and soil samples

R RE R IR )3 W7 LTk Wik K IR

K T nd~4.04 ng/g RICHI ZZ R HPLC-MS/MS [24]
AT R i 0.58~3.71 ng/L ZJZ iR UPLC-MS/MS [25]
HBCD Az 7 i b B 3k 107 3.28~5080 ng/L Z JERE I UPLC-MS/MS [22]
e [ S R K ) 45~890 pg/L RICHI AR 8 R B TR LC/MS/MS [30]
TR A T BT 0.04~9.9 ng/g HPLC-MS/MS [31]

PO BRILEROLR T O nd~1.02 ng/g FICHRIR 2 ZRE R R LC/MS/MS [26]
B = A DR nd~20.25 ng/g RICHEIR M RS JC K iR 4 UPLC-MS/MS [27]
JE R 10.3~43.5 ng/g FRICHI JEHTRE RERS KB R A HPLC-MS/MS [28]

T R E T A X 10~128 ng/g FICHIR EATRE RERS 3% LRk AR UPLC-MS/MS [18]
R A A X 0.43~15.2 ng/g RICHI Z B AL RERE UPLC-Q-TOF-MS  [9]
LRA LA X 0.30~249 ng/g Z 2 SRR/ R AL LC/MS/MS [10]
UL = M X 0.99~18.4 ng/g RICHI % JZRERCHE HPLC-MS/MS [20]
TG E 0.37~4.52 ng/g R LR AR HPLC-MS/MS
HBCD i3 )~ J& 1 ARV BE ik 5405 ng/g AR SRR 2R EERHE LC-MS [19]
rh Al A (b ok HBCD B 724l ) 4,20~ 11700 ng/g Z R UPLC-MS/MS [22]

2.1 kiR RA N 73.6~995 ng/g, FALECH 199 ng/g, i I8 2 IR

i HBCD HLAT 5 b 1 45 & M Fgi K e BT LK
L4 Hi A KRB PR Ok B K 22 b AR DAL T
SAHT ., BT, OCT EN A SR K 2R HBCD A6l
MW AR 2, o R EE & 1 o, WF kB
HBCD 7&K AUHURLAH H Y 2345 Fe 91 29 9 79% , 78 <R
H A 24 g 219 , ELASORE FILBURE AH Y Al X
Ko A ARl SOH A y-HBCD i 3, i Uk A LA a-
HBCD Jy 3, 52 HBCD Ab i i 414 T K 2k 22 [] 11y
FLIE A B T — R AT SR B R LR T L RS AR
T, R $E Ml W] g2 HBCD S B B RE™S

Lu %7 W4 T o [ 3 BRAN [R) b XA AN [ - b )
FHIX 38 8% K 2R B 7R 15 3] HBCD 7K 7 F #1H K
9.45 ng/g dw, Ifii ¥ LU 22 Al 3 %)+ b F1
DX I I8 % K 42 HBCD ¥R B2 4,11 ~ 508 ng/g
dw, FEK R 23.4 ng/g dw''', 7 i ZE 5% 9% 2
FR A 30 WK IR A KA FEA  HBCD 1Y
WHE R <5 ~ 1745 ng/g, AL BOH - 24 W 52 3 53] ol
256,155 ng/g " i T B KR REA, BT AMTK
22 Bt E) A 55 93 g, B LA ES N BRI TR Y HBCD X A
PR RS20 B KT HBCD 78 % K 4 BE A Hr Y
WeRE e a S, MR B e 1 2 A % (496. 13 ng/g)
HUBGEL L i AL ERNFEE, Jp
ANFEJRA P HBCD Mk W 3w T 25 R 52 B2 vh A
E) B ¥ BE (P<0.05), A &% HBCD Jp 28 % %% B B
JBC L W A B EE R K R HBCD B A i
h 278 ng/g, AHER A G Mk BEBAR, AT AE O N R K
FENAHE S dbst 5 R KR HBCD %

RS R 110~394 ng/g, PALECH 258 ng/g, H:
1 a-HBCD 5 y-HBCD Ay tb 6 A1 3T, {2 i & T 8-
HBCD'"™', W50, K22 b i) HBCD ¥R B 5 5
M ZR AR PUF (3R 008 1L VK 28 0} ) PR B i R 1k
LB Z A7 A IE AT Li &R 2016 4R
9 H—2017 4 8 A Xt K= IT K& = REL,
HBCD 25 S (KA +BURL AR ) 1934 1k B2 R 27. 07
pe/m’ , FLUR A (5 LR K (73. 4% ~96.8%) , Hirf a-
HBCD J& K3 25 S iy 2SR, xF F 500k:
FH,HBCD 7E4& 2= FIAk Z Uk B B i, B R RN A4 R ALAIR
X TASAH, HBCD 75 28 AL =40 i AE Bk 32 Rl 4 25
BAR, XM IR AN A ERRER, HEEX
FEA T HBCD ¥k h 22~133 pg/m™ ™ |5 T E k%
23S REA H HBCD W (15.47~43.57 pg/m’) "7,
22 + 3

HBCD A& HEEH T+ HRRS5 2
(] 7 7E 15 e W i 58 4, 25 <P 9 HBCD 23l i iT %
DR e HR A7 A £ R v ) ook
SRR AR 7= it e A 2 -3 b HBCD 1y £ 2k
PEET L R T AR T M X - SR A HBCD W
N 10~128 ng/gm] , e T RO (6] 4 A X
(BAEAEE Tl Bk | 28 FE AR b b X)) SR 4R 1 +
SEREAR B (0. 43 ~15.2 ng/g) ), W E i+
b HBCD Y S W4 0.30 ~ 249 ng/g dw, H 7 $
N 5.14 ng/g dw! ™ BRI =AU X BTN A
SPHFIVLTT 4 AT 5 i HBCD 5 0.99~18. 4
ng/g, WME R 5.77 ng/g™ o WG P TE S A 4 b
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HBCD ¥ N 0.37~4.52 ng/g, H{E N 1.31 ng/g,
HEE N T K >R RIX > % X2 Wang %0 %o
B 1L 7548 M D T — %8 HBCD i 3 ) &) el SR 4 1 4 38
BEAGEATAL I, HBCD 7EAH 4 4 58 b (1% 45 57 24k i 3
F| 5405 ng/g, B LR BB ok BE B, HOWK Bl
B FBE B N B R, B R
HBCD ¥ = T4 MK 2=, T 275 4 4k, HBCD
T A HE v 2 A7 B B AT AR AR Ak AR Ak TE AT
D] B XU )R A R B T B KU ], Zhang
SRR R A T b R KA HBCD B PRk 2z — 1Y)
JEL B A= 48, A I B T 4 BR VR B HBCD, & &R
4.20~ 11700 ng/g,y-HBCD 7¢ i A + 3k S b &
S A, B S T RE B A N, HBCD AKF SRR
W TERRWIEY 2 km PR B NI
2.3 RKARFeARY

AR HBCD 7E 7K H B ¥ il FE A, {H 7 Tl A
Al % 7K 1) SR K AA g HE T L 428 HBCD 19 fif
KSR TR UTRE, BT LK K 77 76 % HBCD
75 g, H Tk B 7K J2& Hb % 7K HBCD 5 4 i 8 2ok
WU UURL R R & R A HL A R, &R
HBCD W B 3 B i E% 4k, T LK 35 858 b (% HBCD
REWMWAEETTR Y b, T HBCD 1 & &
REGMF] (nd) B 4. 04 ng/g dw,FHIME N 0.45 ng/g
dw( EZH a-HBCD) , 15 Y 18 B2 AR XS 852 5 W] I 76 A
K E 35 AR TR 14 i i s oS AR O N I R R Tl X
(4 b s DORR W b B T 85 Wk B2 1) HBCD , 38 W JRy
SHEMCRE TR T HBCD W R STk E Y KT T
i HBCD ¥ FEAE 0.58 ~3.71 ng/L,F¥{H Ny 1.18
ng/L, " {H K 0.88 ng/L'>" 3k HERIT A LI 3l 11
92% F1 100% BT FE 5 HBCD 7K 74353 2 nd ~
1.02 ng/g dw[ (0.59+0.06) ng/g dw] 1 0.09~1.11
ng/g dw[ (0.34£0.06) ng/g dw]'™ . P EILIEHE &
T B = A YR Y O R P A A T HBCD ¥k A
IC T4 HBR 3] 20. 25 ng/g dw, FHIKFH 6.31 ng/g
dw" 7 E Kb AR X 8w 4 KO o A e T L b
T b T AT 3 T Y R 4R W DU W R AR R HBCD
10.3~43.5 ng/¢g dw , Yk E R 18. 2 ng/g dw!? S
FEAE XS 5 T LA 5T, AT BE A2 R A XA A i i T
SR, K2 HBCD A BB T 45 5 4 h 7 A ALk ot 35+
B Uiy b, R BT i )R] K AR B T AR
Rk I 2 i HBCD A9 -F- 3% 8% 4 <0. 50 ~ 130 ng/g
dw, ¥ ¥ X Bk HBCD B F 3% B ik B 9 <0.50 ~ 4.6

ng/g dw, 1 O X 4 2.9 ~ 130 ng/g dw'*’', Yang
SO 22 4 M Y 9 AN IR K W TP AT R AR K R
HBCD ) S 7E 45 ~ 890 pg/L, M MK H W A B
S PRI SR 4 Y K AR RE A ThoAG I B HBCD 1Y R B AE
0.04~9.9 ng/g dw, JLITFHI{E 4 0. 6 ng/g dw'™ K
TRRUNFE S 1 X, o [ — 5 KA HBCD 4 77 @l 75
IKHE TR T8 K HL 3% B2 1T 3 o HBCD 9 Bk 3,28 ~
5080 ng/L( AZe st ik HyKEE) ' FEA K R R
FHS EZ L HE) y-HBCD JF A (5 K47, 1Ml 2 a-
HBCD, iX A] fEJ& i T ¥~ 4% i y-HBCD [ a-HBCD 5
PR 7 Ak DA B IR A8 25 4 a-HBCD [ fif: 80 B 2 5
JEE 2
2.4 EHHEA

JK AR F0 4 HE H B HBCD AT 3T A% 2 AR Wy i
HBCD s A3 o B 4 W 0 | B Bk 42 fioh 25 3 42 i AN
PRPY SR 3 a1 A B RO B R AR R
H, HBCD fE/KAEABRGE T HA AW BN, 4K
ZRH T TP e K A sh Wy b BRIV = A i
e fa % A 0 R 1 R o 1 S 35 B 430 R 12, 8 ~
75.2,5.90~115,34.3~518 ng/g lw,a-HBCD J&fi A
f SRR B SRR A 3 4k R
KA Y £0 2H 40 b Y HBCD , ¥ /K B £ 4 21 vh HBCD
W ND ~0.35 ng/L, UL Y 4 0.04 ~35.4 ng/g
dw, H AR 60 f0 rb i) £ ) 2 BH o Bl A7 0% 19 38 < mi
BN, -HBCD {/} /7 3= S b7 . Zhang %577 )3k
TAL AT VAT TR AT R ORE DN A BT A A AR R A
HBCD MK FE N 3.45~461 ng/g dw, Hip | B tah iy
L T HALY R 5 H TR e E B A
X%, [FBESE a-HBCD & £ 5 HA, I Bl %5 8 57 K 1)
BET A YO AR BRI R LR FOR R E Y
HEFE A HBCD /K43 %A ND ~56.3,ND ~ 17.9
ng/g lw, [RIFEFE & p R BT B RMREE, lL H A B )
BEREA ol 45 B ¥k B M 2~ 200 %5700 7E B KA
VA5 FEL STV 7 e 0 e e %) fE P PR A fi ) f A b & R
T a-HBCD'™ | M ITH 6 MTELIX REM 114 15
HAFEA 30, 7% [ WF 5 AE A 4G I 2] HBCD , H
F 8N ND~2.216 ng/g ww, &b T2 K0 1 By
WU UV v X522 S W) HBCD W B K R R
60. 0% ,7KF} ND ~5.540 ng/g, a-HBCD & F % ()
JEXT e SRR, B2 ARy B Sk E > K FE >
A ZUT 0 Xia AU 3 A T A R A R
1k HBCD e 11) 80 HHG 1y 10 A~ H LU AT HURE | &
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PR kv ) HBCD Sk B b 25 T H A 4 40, Ok
JEh Sk, AT RE R R T xS 4L 2 B R 7 A B AR L
IR JUL PR 0 JEF A 2 250 e G 0 1) 7 K P 2 TP AR 1 R
it 0 AL 9 2H 23 e 0 e BE AR, AR B R R T
Ll b R Y 26 43 B % JDE A UL A AR A b R 50%
AT HBCD S 44 (R T 1 [, B 3 b S M 1A A
TRBEAR PV BE AR 24, 23 0. 200 pg/kg ™

Hi¥ o HBCD 2 Mr B FE M0 o i 4500
VYA R A SRR XCRE T W MR AR 25
WA ) REAS BT AR )RR AS T TR Y HBCD, Wk Dy
0.016~194 ng/g dw, # ZEFIrh HBCD [ ¥k
43 91°h 329,766,298 pe/g dw,y-HBCD 7E£L A Ak AR
WG S, T «-HBCD B #b | 20 41 (22 At )
) AR X B SR R 5 S At b DA L A
B R H SRR X 2D AR W h HBCD ¥ B2 AH X 45
% 78 A b 7 32 8 9 s 3% [0 e rb o 9T AR R SE
W B B A W) BE AR v B K HBCD, R R 3. 47 ~
23.4 ng/g"* M REA W BE (9 HBCD 3 28 i 3%
HE PR b 9 R R W Ab T 2 S 30 HBCD HE A B W)
IS R ORI AR TS Y E B, R
X E K HBCD B FHHE N 0.46 ng/g, HIKES
FLRT A b X A 35 56 &R HBCD 78 5ok 41 21 h (1) F
Yo ue B He il B > AR S ZE SR A R AR 45 A
TS L N RS A L, Kim 452 76 B %
o 22 BRI SR A 1 & 5 R K FEAS ) HBCD & R
0.63~960,0. 1~21. 1 pg/g dw,

XFF AN HBCD, 3k & 3 B 2 PP Al R A
BTG W) 2 B G 6l ik, AMPRRET R A
s FEIR VOB 2 1 A NRLEE | DL R AT B9 ) o 4F
LMY Sk R REA T # FE A R Y HBCD ¥R B2 ND ~
3.24 ng/g (YW E 0. 46 ng/g) AHJG HFEA R4
%] HBCD , 3X % B 3 5 A #2 fik HBCD 9 JLA &,
TE K M B BEAS vh | y-HBCD 7Bk fx Kk, Howk, B
FL | L3 F0 G B 20 2348 W] A S PP A AR P HBCD 3% B
AT I, Shi 21 M E 16 AN 4 0y 10 4 B 7 & 48
oK AR T A N BEZLAE A, BT AR AS o 2 K DU 2
HBCD, HK 5 H A 1.02~81. 1 ng/g lw, FH 7K
FIrR A7 %20 4 10.1,6. 83 ng/g lw, BT 180 4
B I BEZLREAS T HBCD AR E S 0. 103 ~15. 1 ng/g,
HOE KR 1.82 ng/g!™ 5 AL B 55 A1 L T v 4K
-, a-HBCD J2& F B [ BT WSt A 7k 37 17 db o B 5%
) 111 3L FEAR 1 HBCD H K ik 5 5. 67 ng/g

Iw,a-HBCD [F]£f & fi 8 1 A 4 . Rawn %51
a0 3 fn g R N I FEAS h HBCD kB2l 0.33~8.9
ng/g, NE R 25 S i HBCD B B &1, H a-
HBCD 7 52 Jik b i it 05 25 T y-HBCD |
3 NERBPIZHEMNERE

H A7 £ Xt HBCD (0 %2 £ 28 K & dh SR i
T, o WRORE €8 5 — BT 1 (LC-MS) 235 i >R ]
(% AR SIS T R [E A i HBCD #9305 7 vk o

o ST (0 T — = DU AR B 4 A R A R
B 5 1Y 0 7 0 IR DURR Y th ) HBCD, R
ORE S FH R G, T DA A 4 1 ORR ) R - B
A AT A IR A R D R B - M 3
KT LR D A AT B R R A R
O =, B M A, RGP R I - 4 rh
HBCD'™, SR Ak 3 4 4 s 5 370 44 %€ B ( SFE ) 1
SIS (GC) Bui (MS) B:xF -3 (1) HBCD # 4T
OYMT AR FE U R I PR IR R B Rk B
HBCD Y & (= £ HUAK #8098, 9%, 76 % i 1 1
HBCD 75 4 J7 1 & % 7 8= ZAE A . Zhao %" 5@
IR A R S8, TF R T — B BT s 55 L B AR 2 Y
75 ROHUAH (3% — 3% ( HPLC-MS-MS) J5 ¥, BiF 58 1
FE VT AR e 3 A HBCD 53 b 44 A4 9k J32 0 20 A 5
TE AR T a- B-F1 y-HBCD 544 14 (1 43 85 B AN
Wi B 58 R SR R i ROV A € - R 55 - T Y
(HPLC-ESI-MS) Jf-45 & & R I ( SIM) 88 X; | tho 7] 4
SN AR RE R B HBCD f % 5 1, Il R
ARG BR AR T 2 IR T A % 4K B ( DI-SPME )
SR (3 - B R BT (LC-MS/MS) AHZE &5 19 U5 vk,
DAL T A AE BT 2%, L 0T AR /b | PRk B
Il g % 5, B Zh R F K o HBCD A9 %2 Lara
SEPY R AR I T A (XB) R — AL
il , B = b A Ak A W TR - R UK A R AR K
T F 2% R 1 15 S 0 0 B A AR A R 1 R Ay T
(SUPRAS) #£ 8t HBCD, i i3 F 1 ¥ A €6 3% — 5 BE
TERE ], & 4% 0 Hr SUPRAS 2 B4 f i) HBCD X I
. FH XAD-2 B g & &8, I H 50 mL & b/
B (11, AR L) A YRR 5 min, SRS PEAT 5 8% A
o 15 — HR IR BT 5 A CAE €8 1 — A 2 T S A A R AR
OS5 0 43 B 7 1 RBORE e R, TR R T T
VK 35 X R

XFF K 77 i HBCD B9 4%, 2R A QuEChERS
PR RE S BEAT R AL B, C18 (AR AL 4 B OF R FH M
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o 00U R i — R BT o A O T i T R
RACRE . B R E, wl TR oK R R
HBCD"**"' | A —Fh Bt ik i) QuEChERS #% i il 4 77
2% pH(E R Y 43 BOR - W A B ( DLLME ) 5
18. 4 mol/L H,S0, {HLAHES &, AT LU Eh M B 25 42 iR
Wb T R 3 T I, O 45 A TR 8 — R B S
) 72 # A1 5) 3 RE 5L Y - B-F1 y-HBCD HE X e 54y
TRDY X T R &L HBCD MR, — Fh 5L T 4
58 700 [ G A ek L5 R 5T H €5 T — A K 5 % ( UPLC-
MS/MS) FHEE G B a7 BR =5 8500 43 1 AH A Bk 4R 15
TR B P AR R AE, UK AE 80.2% ~ 99.6% 7,
Yuan %1 #ES7 T —Fh 3 T JE 5 B A 43 HE(MSPD) #)
Zh¥ A HBCD PR 3 85 A0 I 2 7 3k , A% 43 M R
VRO 03 — H I B 0, R — R PR | S Y B
YR 2R R A AL Y W D T R B
FRAE TRCNAE: i o £ BN T, A TR A e M A VR AR
Jfeft FFBOAR €2 33 — H B T3 o T DA A2 AN TR b S Y
£ fhH s HBCD' '

it T AR €835 ¥ 5 D B 5T 335 2k i A R A U
A, I 2R B HBCD , X Ay ik M GC A
0 33k 17 9% b B HBCD |, AT b 338 3 23 B S8 BHEE &
HBCD' ™ S 3% — 5 % v b m A R 52 & o 3
A B TR LR IR h i) HBCD ¥R 2 1.0~
50.0 mg/L iy HBCD F5 T /E ¥ W 27 Hh R 4 0 28
PE 1207 B ] TESE B R R AR (EPS) FIEF S AR th (XPS)
() HBCD V5 Y J5 1 & 4% |2 AR, A WA %
WA T — Rl RO e B, 456 1 (o B BRUASCRD
S E B RO (FLEC) M9 £ A5, JF 328 & R0 A (o
T — = DU AR AT R R B AR AT A3 B, T LA ME A I
AR R AEA DY (SVOCs) B/ i R HH A T
KL ROR R AR h HBCD ) R
4 AEFR+ RS ENN
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