)
GS%DJ_\E_ 7 N VA W40 B3 2023 4E 3

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol.42,No.3  March 2023
Knowledge Web

DOI:10.7524/j.issn.0254-6108.2022101105

2R, 2R, THE, AF NI bt (HBCDs ) £ RIHRAR RPN 12 RIBTREA 15 49 304 (1. BRI5EAk2E, 2023, 42(3): 813-821.

LI Honghua, LI Yingming, WANG Pu, et al. Distribution of hexabromocyclododecanes (HBCDs) in Fildes Peninsula and Ardley Island,
Antarctica[J]. Environmental Chemistry, 2023, 42 (3): 813-821.

NIRINTZ8E ( HBCDs ) EERIERER I B0
PR BB

Zorde! ZEefl OB IR RoR4E'™ ImAEaR)

(L ERFEBE SRR G, R 5 SR I E R EASRE, JLat, 100085; 2. WLBUR IR SENYbE, T
A A T e I A F e g s, BN, 430056)

W E 20164F, NIk (HBCDs) FFUA7ERERES LM FG , FE I T A 7= 0 BELIA R bt i) 8 il
IR 2 HL T A 75 Gl SR TR AR S RO €6 3% - = T DU AR T B IS 1 3 BT 1 e R I SR A 2 5 R BT A A 5 11
A RAEY RS T a-, p-, »-HBCD. HBCDs 7 3 . F6+ (8835 +)2 ) MG TR b ik,
WREE R 7.10—792 pg-g™ dw ( TE ) . o, BEEAMHA DR ETERY 23.4—951 pg-g' dw, WBE
FHE bk B TG B <LOD (A8 HIBR ) —5977 pgrg™ dw, KR SRE ik B i <LOD—43.8 ng g ' lw (JI§
i ) . p-HBCD 1) Fb il N ERBERE S B BG 2B A K AAE) . /KA sh R B s 0. K A= sh R v o
HBCD ¥ 5 5 i U5 25 0 0 35 M G, o [ 30l BT 199 #8584 v HBCDs VR BE i, R IH ARG ST i
J& HBCDs (19 5 ZE .
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Distribution of hexabromocyclododecanes (HBCDs) in Fildes Peninsula
and Ardley Island, Antarctica

LI Honghua' LI Yingming' WANG Pu? REN Wengiang'
ZHANG Qinghua' ** JIANG Guibin'

(1. State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing, 100085, China; 2. Hubei Key Laboratory of Industrial Fume and Dust Pollution Control,
School of Environment and Health, Jianghan University, Wuhan, 430056, China)

Abstract The release from flame retardant materials containing hexabromocyclododecanes
(HBCDs) may be the important sources since HBCDs have been phased out globally in 2016. In this
study, a-, p-, y-HBCD in the environment and biota samples from Fildes Peninsula and Ardley
Island in Antarctica were investigated using a high performance liquid chromatography coupled to a
triple quadrupole mass spectrometer (HPLC-MSMS). Total HBCD concentrations were in ranges of
7.10—792 pg-g™' dw (dry weight) in soil, dropping-amended soil and sediment samples, 23.4 —
951 pg'g ' dw in moss and lichen samples, <LOD—5977 pg-g' dw in sea grass and brown seaweed
samples, and <LOD—43.8 ng-g"' Iw (lipid weight) in aquatic organism samples, respectively. A
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decreasing trend of y-HBCD contribution was observed from environment samples to terrestrial
vegetation samples, aquatic vegetation samples, and aquatic organism samples. The concentrations of
a-HBCD in aquatic organism samples were significantly correlated with the lipid contents. High
HBCD contamination was found in the moss sample collected from the site near the Chinese Great
Wall Station, which indicated that anthropogenic activities might be the important in of HBCDs in
the local environment.

Keywords HBCDs, Antarctica, soil, biota.

NI+ g (HBCDs) J&—Fl )32 fift FH A4 78 in L BELA SR . HBCDs 76 3k [ 3 22 H T AR I 2 SR )
RULR IR I8 (EPS) AT 88 K £ 475 (XPS) RIBHAR. B T HBCDs B AT R A A HLT5 449 (POPs) A ¢
fiE, B A A5 R0 (UNEP) 76 2013 454 H A G FRAPER PTG Y T S B R BEA 20 ), TE 4
BRI A A RO AL 2016 45, FRIE PRI ERZ IS K AT A4, A 2016 4F 12 H 26 HiE, 4%
1k HBCDs 48 7= |l A i 01, - F #5047k 9 EPS #l XPS ZEA AR HE oA, 1K & 2021 4F
12 7 25 H. %1 HBCDs (1) BB BHE HE A A= i Ji W 9 25 AR W B it HBCDs, i#F A BREEAY T, XF A {4
B 3t RS A5 i 25, HBCDs 457 18 2B 77 Al F S, ) 428 72 R A0 543 HBCDs BRI AR B | 2B 1 b4
B YU RN S TE AR XS K A I ] Y 8 HBCDs 1475 YK 8.

%l bt X b Al 36 | A S, Tl A R R0 B, HLER R Y POPs 2575 e ) () K IR AR XF
B — TEARIRAEBN I VE T, POPs DA I 9 AR 445 B 1l IX 28 5 K R 88 R ARAE A8 (LRAT) ), i
TURE | IS 7 1 25 15 A R 1A ol 757 G v 40 04 M 1K ik 182 e [X A0 VA 9 R 5% 7P ) POPs 23 Bl 45 1
TE A% 20 7 45 E H IX U0, K B (i FH ik POPs (A% 3 1l [X A4 BRBE A BRI A= MR N & BT POPs! 14, Sy ik 2
PSR AL TR R

UL LEAER, M b IX Bl S 4 A LA Tolb A 7= | BR2EBIEST 75 58 55 Jr 2UTF R, A28 M2 3 3 A
R L U AT R e i, AT Bl 2 A AR EREE A S A IR B AR SO T R AR SR R s
(Fildes Peninsula) 1] 8 F] & ( Ardley Island) i 34855 A1 A= P K i b HBCDs 915 4K - F1 25 8] 20 A, 45
TITHATREAR IS, B 76N POPs 1K M B A% iy S NI 3l %) B il P15 1) 5 i 2 L UE 5

1 #MRLE )7 (Materials and methods)

L1 FES R R 4

B A5 22 B & (South Shetland Islands ) v T R Al ¥ 11 Zx 09 B A 5 A9 AL EB. iR T & (King George
Island ) 2 B A5 22 FH B vh e K 1Y 5 M , 2 R AR} 2 25 5 i i 5 4 1) DXl SRR XSl 7 o ) g 0 A ik
D7 4 T e s B | B N B T S N ot | T 7S o B = T B T 12 SO E | A
2009—2010 FEFE M E 2, £ 9 MRS (A1—A9) RE T L1 . B 4% (Sanionia uncinata) . 4K (Usnea
aurantiaco-atra) . #5t | MEVEDIRRYIAE 5 B AL 24 A FRIERUVEY)RE Sl 25 418 2010—2011 4EE R
%, FERME L A9 SRAE T W (Fucus distichus) . ¥ 3 (Palmaria decipiens) . ¥iii /& ( Gammaridea) . i W 3G
( Laternula marilina) . 1} & ( Diplasterias brucei) . W8 Vl ( Nacella concinna) . 7 W % 11 ( Dissostichus
eleginoides) FI PSS 8 Fitt 43 AN LEWIRE L. S5 —HEAES, RS E TR O, 16-18 C THEH
WESCIRAT, B BRI E, AT R T WS | 3 16 HIE 5087, 55 R S 7 B AR R 3k v R 4
RIS TR CAiterh, %8 BOGTE-18 C MMAfE, s LR =g, e, of 16 B 5 534T.
1.2 FEAUE N AR o

VAR €035 - = 55 PUAR AT 52 56 3% { (HPLC-MSMS ) ( Alliance 2695, Waters; Micromass Quattro Premier
XE, Micromass) ; Il % 77 25 B (ASE 300, Dionex) ; 543 HLK (TOC) 43 #711X (OI Analytical ) ; & AH {4
#: (Zorbax ODS, 150 mmx3.0 mm, 5.0 um, Agilent).

R 5% G — F H %t (DCM) Al IE C B¢ W [ Fisher; HPLC 2% H B2 A 2 W F J. T. Baker; fif iK1 H
Merck; 53 A1 41 JG /K Na,SO,. ¥ H,SO, Fl NaOH Iy H 3t 54k T ;5 a-, B-, y-HBCD( 100 mg-L™", 4fi & >
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98% ) H AccuStandard; '*C,,-y-HBCD(50 mg-L™!, 4 &> 98%) £l d,g-y-HBCD(50 mg-L™", 4li &> 98%) iy
H Wellington Laboratories.
1.3 PRV BRRLES

FE b A BRASES  Ir 2R BT N7 A D7 vR 1S [ a2 sh, iR R, R4 64 DTRERE
W10 g, MK FHEEL 5 g, AKAEWIRE R EURE 20 0.5—1 g 5L 5 TE7K Na,SO,4 TR 21 JE i A ASE #£
B rh, in AR 10 ng BC,-p-HBCD, HIEC ke A Be(1:1, /) #2803 F+ | GUBU L
Je AR A B, FEARRE SO A RR M RE RS BRI . SR ORI S 2 2 mL 247, e A B A i AL, 1551
A BRI PEIR, e 4E P B S, INA 10 ng #EFE IR dig-p-HBCD J& 437

HPLC i 8 AH i 0.4 mL-min", B FEVEFE T R . OIE . KPR IR LR 3:3:4, 10 min 4
AR N 7:3:0, OR4F 13 min J5, 7E 0.1 min WAE W) 16 LB TR 4 6.9 min. BT R SR A2 e 1 U5
(APCI), B 1 WA =X Ky 22 52 7 W i (MRM) . a-, -, »-HBCD Wi il 55 1~ & 640.6—79.0 m/z, 81.0 m/z;
13C,,-p-HBCD Wil 851k 652.6—79.0 m/z, 81.0 m/z; d;g-y-HBCD Wiilll B 14 657.6—79.0 m/z, 81.0 m/z.
B FURIRIE: 120 °C, P HL: 3.0 pA, fiffERE R 11 eV.
1.4 B

TE T AR A 132§ 25 1 (JE7K NapSOy, 2 A4 FITE S50 % HE 47 i A 39 33 #2725 (1 (JE7K Na,SO0,, A
10 ANFE SRR — V) ¥ 4G ) HBCDs. # i i AT HPLC-MSMS 23k, & 10 A4 5 5 52 K60 — VR o
FERESL (10 ng-mL™ (9 a-, B-, p-HBCD IR WbR il ), 60 45 5 A AR X AR i i 22 (RSD) <20%(n = 7). &5
FIRER Y 3 5 L (S/N) 7 246 i BR (MDLs) , a-, -, y-HBCD (46 HBR 3514 0.2, 0.08. 0.08 ng-g™;
BN R 77% + 16%(n = 67).

2 ZER 54718 (Results and discussion)

2.1 HBCDs ff) s 47K

JE IR AT 2 53 0 B AR B 0 RAE AR B R ARG 45 SR L2 1. R 3 RN TR DO R A R 4
H A Y HBCDs, #% J& 30 [ 73 %1 24 7.10—792(F- ¥ 157) pg'g' dw. 113—181(F 1 151) pg-g™ dw
F 41 pgg dw. & S T HEACRE &t 4 R ok BE VS B4y oA 102—951(°F- 44 353) pgrg ! dw Al
23.4—106(F-1 44.8)pg-g ' dw. #6317 5 Hh HBCDs B9 4> B A<LOD—5977(3F-# 1732)pg-g ' dw
FI<LOD—4082(F-¥] 838)pg g dw, “F-HMH & T H &, Ak, 18 28 L A TR AL S KA 5
B b HBCDs #& B2 DA IS 7 35 31550, 08 DL A9 ke B R &, 10 RE S A O A TR E VI L O
<LOD—15.4(°F-#4 6.17)ng-g " lw; 80% FY 1 B # & & i T HBCDs, ¥ JiZ 3t [l y <LOD—43.3 (-1
15.0)ng g™ Iw; 60% 1 % /£ K 1 T HBCDs, ¥ & 1l Bl 5 <LOD—43.8(*F- ¥ 14.5)ng g™ Iw; 1 1 5 (1)
HBCDs #¢ & 35 Fil <LOD—37.8 (F-44 18.9)ng-g ™' Iw; ff Y FE iy HBCDs ¥ i i1 [l y<LOD—10.2 (3F-3
2.46)ng-g " w.

— SRS HCS T HBCDs A 7= T B . Tl X, ol DX Rk 7 45 AN [] X sk = 1€ v HBCDs 975 4%
ARBLOS =11 FE HBCDs A& 7= sl fiff FH A4 T Bk, 1338 vh HBCDs #¢ 3 18 4 1k 280 i 218 T ng g dws Ik
T R XA 2 XA BE 29 R L ngeg ! dws Al X B i 20 b DX 114 e J3E 7K S 3  eA0R . OG FA0 h is [XC
+ 4 rh HBCDs M58 5 40 A IR, — 30056 T 75 80 s [ 300 (i 5% v, R4 i HBCDs. ABF5E &
PR, T e A SR T 2 5 0 BT R 5 38 HBCDs (148 S W EE A 792 pgrg ™ dw, BG4 b Xl 3z 1
DX, 35905 Ye oK -5 8 1 5% B 0 i Al - 4920 1 G U 1] A8 1) - EE DA X (1) - ) B
JE VY. | BRI 2 45 [ 5% A %o IEIX 32U 475 YLk PR Y.

FREFN AR = Ll W S X A A T2, R R A R AR R A ALTE Y R s s W, B
I3z T A A Hh XK R 2 36 05 48 (PAHSs) - A HLSE A 25 (OCPs) | 2 G A =48 I W 4 7 ok i
(PCDD/Fs) . % S0 % (PCBs) . £ Wi — 2K BF (PBDEs) 45 POPs A4 #IF 58 2~ ), K 1fij , & ¢ Fl 4% rh
HBCDs (B 58 AE 4 /0 L. Zhu 55 P X0 75 80 ey J5E 00 2 6 R A A A 98 R 3, 62% 1 b AR i A 1 T
HBCDs, V¥ & 4 0.14 ng-g ' dm. Kim 45 I8 5¢ & B, m B2 45 22 B 5 (19 & &F b HBCDs ¥ & 0
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0.63—960 pg-g™' dw, HIA P HHKIE D 0.1—21.1 pg-g” dw. AHF5E E’J*Péﬁni{ﬁzz#unéiw‘m
HBCDs, #¢ B3 Fil 735129 102—951 pg-g ™' dw #123.4—106 pg g™ dw, - e DR TR T 24 B B K
SR EER
R RIRARRTET 1 0 BT P A 5 RAE S SRR i HBCDs e JEE
Table 1 The sampling details and concentrations of HBCDs in the samples from Fildes Peninsula and Ardley Island

b b K H Bk
REEE g&SE L. .
. . i Detect: 32/
4% Sampling Longitude | IOS eection  TOCAW  ypcD  fHBCD  -HBCD  SHBCDs e/
. . Species  number/Sample /% Recovery
No. sites and latitude
number
+4 /1 7.11 n.d. n.d. 7.10 7.10 71
6o137s  JEt 2/2 543+230 58.9+26.7 12.0+230 98.4+122 169+168 54+3
Al KT8 o
58°5537T"W 22 244+0.11 173+245 31.0+43.8 145+60.5 349+350 65+ 13
i /1 1.45 n.d. n.d. 27.1 27.1 97
B 1/1 34.0 29.6 n.d. 83.6 113 82
A2 Bl 02 1250°S g 1/1 6.85 443 20.0 108 173 62
58°55'13"W
B 11 243 188 77.0 142 407 83
_ 620134 LIE 1/1 0.48 n.d. n.d. 9.60 9.60 72
A3 R "
58°59'07"W  HE 1/1 271 92.5 n.d. 65.3 158 61
. 62°13'12"s i /1 0.33 n.d. 113 51.0 62.3 65
A4 Ikl .
58°57'48"W B A 11 1.68 407 97.3 447 951 55
+4 /1 20.0 15.8 n.d. 27.1 429 62
A5 A 62129 gy 11 2.40 46.4 922 254 343 64
58°56'26"W
AR 1/1 0.96 n.d. n.d. 36.9 36.9 71
62°13'45"s  TJE /1 245 347 78.4 367 792 98
A6 R
58°5920"W  HbAK /1 121 n.d. n.d. 23.4 23.4 91
+4% 1/1 0.40 nd. nd. 11.8 11.8 94
A7 pgy 62°1230"S /1 2.95 n.d. n.d. 30.7 30.7 57
58°59'59"W
B 11 1.47 72.4 17.0 54.8 144 66
) 62°12'19"s  HIAK 1/1 2.01 61.0 9.90 34.9 106 68
A8 ESufil] .
58°57'17"W A 1/1 1.34 70.0 n.d. 53.0 123 93
pRE Tt 1/1 1.32 n.d. n.d. 41.0 41.0 53
L 2/5 4.68+1.64 549+1229 154+343 135+246 838+1814 92+13
) 5/7 0.49+0.15 631+897 250+321 852+1394 1732+2277 85+13
ity 2 3/5 3414232 877+19.6 436+7.98 1.39+3.12 145+18.1 83 +11
A9 K 56;517223:; s 12 224+041 599+848 1.89+2.68 11.0+15.6 18.9+267 95+18
A 4/5 4.61+2.11 926+19.1 n.d. 572+11.2 15.0+189 82422
E 9/10 13.5+3.50 5.47+4.96 n.d. 0.70+1.63 6.17+433 71+15
fi A 3/8 8.17+2.99 0.58+1.63 0.56+1.59 1.32+2.14 246+3.85 83+5
fa 1/1 5.88 8.75 n.d. 3.19 11.9 82

TE: B3 ZE W TRITEW) . BEE. HhA VL AR BEAE R T HBCDsIY IR B A ypg-g ! dw, HAAE LR LA ng g Tws BREEL
> 1 R A SR A A P AR R 22 (SD); THBCDs Ma- . f-. p-HBCDHEE Z All; n.d., KA.

Note: The unit of HBCD concentration was pg-g ' dw in soil, dropping-amended soil, sediment moss, lichen, sea grass and brown
seaweed samples, and ng-g ™' Iw in other samples; Concentrations and recoveries were expressed as mean = SD when the sample number>1;
XHBCDs means the sum of a-. - and y-HBCD; n.d., not detected.

WEVEE YRS, R WSS W e AR B e A iR R DL iR HBCDs s (1946 5
68%, I ELE 2.46—18.9 ng- g™ Iw(0.17—0.82 ng- g™ dw) Z [f], £ 25kE 5 B 75 YLK F-AH T . Kim 2529
X5 R A% ELER 2 & (Barton Peninsula) 122 5 7= /R M1 (Maxwell Bay ) 19V A= Wik 53 & B8, iiE U1
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HBCDs AJHEEE K 0.15—20.7 ng-g ' Iw, %ii £ 4 0.291—0.449 ng-g ' Iw, Bt fd Ayt ky 3.73 ng-g ™' 1w,
5 AW 98 45 BRAE [R) — Wk B2 /KO- . Zhu 85 U3 56F 75 980 =5 T 0 TE R I A 28 A A S R B,
HBCDs (K %8 66%, “FHJW N 2.12 ng-g ™' lw, 5ATFSE A9 B2 /K F-AH L. Tomy 551 X bR g 7
B W 5T 2 B, SRR S R HBCDs SE3 M N 1.9 ng-g ' Iw, B AR K H 2 1.4 ng-g ! Iw, KT A
FEH B AR A AT DL 357K Bk B, Wb 7 s HBCDs 1975 e /K -5 — e i J 321 76 S5 A
TR A YA EL, AR 0 S A K AR A L AR T A s A DI D172 b R AR 7 2% Scheldt YA [
T rF [ R 7K FP A R OO =30 408 e 5 g £0 2587, R 2—3 ANECER S K AR R RE 4 RNV B A 3 BT 4
RAEBRLZ AN, RWFGE 67 AFE S, 1T 4 /4> v B 45 SR 10k B K AR R -3 A48 Bk (5977 pgrg™!
dw. 2977 pg-g ' dw. 2724 pg-g ™ dw) Fl 1 URE R i (4082 pg-g ™' dw) , a2 (] AT FOAE i =2 (B] 1)
W 22 SR 3 3 B G, H RTIE ANTE 28 1 B b 22 5 00 SRR, A LA 5& 1% STk .
2.2 HBCDs SA4 A iy 24 BRI AR & P43 H

HBCDs & —Fh A T4 B0 Tl & . 3 R % HBCDs H y-HBCD 42 £ 1k, 455 75%—89%, a-. f-
HBCD 9 LU I EARD. 3 Fh S A (A 0 285 48 AL AN /], ZE A7 I TR R iR A% rh 23 R AR b iR Ll 4
SV S P W S 2 e R, (5 A A A9 2% 2 78 Ak HBCDs A 85 i (4 SE BE-/K 43 it R (1gK,,,, = 5.6) P, 615
PESR, 25 5 WM TE RS A DL . & SRR AR IR T A b FEASCrh K E R IR R o 4 4, +
e R EEDIRW (n = 11) NIAREEAE AL, B EEMHA (n = 13) WA MDA, W5 F MG EE (n=7)
SJpAKAEARIZH, i . P ARG L TR L MR DL (n = 21) KA S . &R P a-. B-. y-HBCD [ 5%
Fay A e JBE WO Y94, 2 il 1] 1 B 7 B S 49 A 2 B T X 4 2R i HBCDs ¥ BE Fll TOC/lw i 47
Spearman AT, S5 RT3 2.

@ o-HBCD & B-HBCD  ©3-HBCD
100 s

90
80
70

60

50

40

30 |

Contribution to the concentration of HBCDs/%

Environment Terrestrial vegetation Aquatic vegetation ~Aquatic organism
samples samples samples samples

Sample species

1 FREERESL . AR . K AR RN K A B R v HBCDs 548 1 1) 2 i
Fig.1 The isomer profiles of HBCDs in the environment samples, terrestrial vegetation samples, aquatic vegetation samples,

and aquatic organism samples

HH & 1 AL, p-HBCD B B IR BT A i 2 i AR A9 L K AR A L K AR 3 3% i 03, 17 o-HBCD
WA 2, FRBEAE it v Ll ) S A1, Bifi 26 ABL A St R AR AR A B v L9520 T35, 7K A= Sl it v L 61
B . RS -1 a-. B-HBCD AR RS- A BN 57%. 35% Fl 8%, 58 A% HBCDs 1 L i i
FEE . B A S SHBCDs Y 2 5 p-HBCD ¥R JE2 i 35 A5G (r = 0.96, P<0.001) . 11 7K A= S W A 5 (1) °F- 1
215 HBCDs j” it 2 5K, 9-. a-. f-HBCD 433l i 27%. 65% F1 8%, THBCDs ¥ & 5 a-HBCD ¥k J&
W E A (r=0.63, P=0.002). fili 2E A4 FK A AEY) T p-HBCD W LL A JE v, 4300 R 48% F1 41%, 2 28
F i T SHBCDs ¥ £ 5 p-HBCD ¥k B2 1 ok i 3 AH 5 (= 0.92, P<0.001; = 0.86, P=0.014). iX —45 R 5
Eguchi”| Li"!, Braune®™, Haukas™®* 55 X #1358 A1 7K A= sh ¥ i F 57 435 S — 3K

2 4511 T HBCDs Wk 25 TOC/Iw FYAHICHE 4 L. S5 53R W1, IREEHE A L Bl 2B AR AE i L 7K A=
FE AR S B A LB M BE /i 10 1k BE 5 HBCDs 1 3 Fob S WA R f e B 10 A 0 25 M Sk, i /K 2B S e
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H o-HBCD ¥ i 5 i 105 & i 0 & AHOC (= 0.47, P = 0.033). 3X Ui BH, AT HILAs I B2 /0 10 ik 35 %k A S8
af Bl AR AL L K AR HBCDs 175 B K152 AN 251Xt oK A2 s i it g i 4 ) & 4
HBCDs, 154K n] RE 2. 3X— e 4 R -5 SO AR I b DL EE ) HBCDs!™ —*7 Y452
3

F2 AJFES D HBCD MR 5 TOC/Iw ) Spearman HH G143 #7

Table 2 Spearman correlation analysis between the concentrations of HBCD isomers and TOC/lw in the four sample species

Saffpitties Vﬁies TOC/lw a-HBCD S-HBCD y-HBCD HBCDs
TOC/lw 1 0.60 0.09 0.35 0.41
a-HBCD 1 0.75" 0.87" 0.93"
WS (n=11) SA-HBCD 1 0.84” 0.85™
y-HBCD 1 0.96"
HBCDs 1
TOC/lw 1 0.18 0.14 0.37 0.31
a-HBCD 1 0.77" 0.71" 0.92"
Pl A=A (n = 13) S-HBCD 1 0.74" 0.84™
y-HBCD 1 0.92"
THBCDs 1
TOC/Iw 1 0.45 0.59 0.39 0.39
a-HBCD 1 0.82" 0.60 0.81°
KAFEY (n=17) S-HBCD 1 0.82° 0.85°
»-HBCD 1 0.86
HBCDs 1
TOC/lw 1 0.47" -0.53" -0.22 0.35
a-HBCD 1 -0.42 -0.66" 0.63"
KAEDY (n=21) S-HBCD 1 0.30 —0.04
y-HBCD 1 -0.18
THBCDs 1

* B OO 2y 0.05 I, ARG * BAFLL OO A 0.01 I, AR
* Significant correlation at the 0.05 level (two-tailed); **Significant correlation at the 0.01 level (two-tailed).

2.3 HBCDs 7£3F /R f Hir 2 12 F1ST 1] 5 114 7347 FRT BE 9 R R

HBCDs £ JE /R F 172 15 FBr 1 5 7 2 8] 53 A LI 2. fh 1] 2 ) L, 5 Rk i v, 35 8 05 L /KT
B, R EE (951 pgrg ! dw) I T IR B VT 1Y A4 SRRE L, 2 5 09 HHA 3 5 A3. A7, A8 IYYREENE
ST BRI 5 1) 3 A RAE AR B X AR 5, JERAE I 5 B Ui 1 A6 SRAF SR (792 pgrg ! dw)

F 110 pg-g" dw.

A AU T 9 e 5 i 3G P A e b DX e 25 N 260 3y, RS POPs 4575 Je i) £ 2ok H KB B RS
1k 5 B A, R R K3 R BRSO AR SO RIS 45 R B, JE R A I 2 5 AN BT 48 A1 £ ) HBCDs %
TR5 Ge K HAR, SR, 7628 [l 434 EATSR A AE 4 W i i 22 5. SR f 5 DAL ) rg AR IR A ML)
MBI RE 2wl | R RE st R e K Ik A N T SR, S ST Sh A B XL 2R R AR
FE RS E SRR S rh, HBCDs Bk BE 22 S 30K, BRI R 36 (1 A4 SR A 5, HBCDs ¥ B2 Ab T4 7K
-, Ho A SUBAR . T HBCDs 76 Bl 782 41 & b 0 43 A 5 JE R B8 2 B N [\, 3 A4 RAE S0 & &£ FE
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