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FE: IR T8t (Hexabromocyclododecane, HBCD ) HAMEREA M . AW E EFEAETM, BRrCwiiEs /REA
AHLBNA “FrAMEEYIE )" 2GR Gl R = MANHLIX 14 Kis5/K) s RERS, FIHBAR-SUR TSRS T
ZIX G e HBCD 75 YK ISt A AR AR . AR5 i, BRVL = MINHLIX V5 HBCD W F-H i 4k 8.4
ng-gt TE, FEMEGERTE 1.1~29.3 ngg" THEZ ], HIERKFES575K AT 2 | 1598 A S A LR & & %00 05
Kbk SENANHEOIE KB, BRI =AU 5T HBCD Y&k 5 Bl . Jbate Hfl R ikl 2y, (A 53
RTBIR2E . 2% PEESRRNHLIX ; RE) ZAT50eH HBCD M SRl it A AHE] . st 14 M5k, A 13
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N — B ( Hexabromocyclododecane ,
HBCD ) J&—Fh I & s IR PR AR BRI, T
WA= HBCD FEEH 75%~89%f y SFAAA
11%~25%1 o F1 B SFAERLL A, 1E R s A BH I
FHTHE EPS F1 XPS 2 ST A R 1 9
PR, AR TR A5 (Law et al., 2005 ),
HATE A RN, 2ERVEEN (iEIUHR X )
BRI TR (5, KA DURWISE ) Ay
M CRLFE M) FEGIE] HBCD, FRIHE R T
IREE i A7 AR 0 — S A LIS e . FEERESY
WESE HBCD XK A: | i AR ) HA B i A K R Ay
P, DR A B EEYE ( Covac et al., 2006 ),
T, MfbAiE RS (ECHA ) E2% HBCD
SIA REACH 1845 —1It 156 M2 & EXEY R
(SVHC) 24 H.; Wirfliaf /RIE AN LHBE 4T 2013
A 5 R HUE TR AMEA LTS G b S ks il v
rh ( POPRC, 2010),

EETH: HEAAREIEETH (41120053)

HBCD L =i £ B AR SEE . HA, LIS
FURIfar 22, (i FHIN S EAERRIN . AR, MEERRSE
[ 52 % 22 IR IBE 2Rk ( Polybrominated diphenyl ethers,
PBDEs ) BHIAFIZE 450t , F8E HBCD ryAE =&
WG, #) 2007 4FA4E e ) E A 7500 t (2%
T, 2007), BN YHETHES - HBCD 1y 3224 7
H2Z—. AMRMEBIERE RN, fF—2 YR
(INER =M FRRPFbIX ) Bk BE & Em
HBCD 7£7E ( Gao et a., 2011), #Rifi, AHXS TH:
EoRRA 5, FREXF HBCD HIBFFE A1iA AL T
BB, BARIEH TR L RIS YK Y
B AL 328 S REPEMLERSE TS T — ik ( £
#ESE 0 2010; Yu et al., 2008a; He et al., 2013;
Hu et al., 2009) , HMITREREFK, %7
) A R FER A ST

T A3 V5 U TS Y R VR B K F BT AE— 2
FREE T R A ST X35 Y 15 YRl o 3 A 7E 34
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BeA B s e s s i K . R ik A
AT KANEE T, R VS PR SR | IR
FHEXT LEARAEY A k59" . BT
HBCD J& /KA fif ik 55 () s SR e tefb &4, Hom
W VEKEMBEATG KT G EEEETIHRS
I, W55 e HBCD 1975 YL /K- M 4 R R AIE
—J5 T AT LA A5 0 R A B 52 Xl o 1 9 e A
B, A—J5 i, WA BT B R AR R )
AR A SR i
1 MR ERE®
1.1 HmEE

15 ERENL T 2008 4F 1—3 H RETERIT =AM
HIX 14 Z2T5 KA ET AN KIS U8, A04E) M
DRI, BRI il ZRZE5F F 2 s U .
SRAERTS IFE M B TIUE T =, BT
J5-20 CURAFHEH Z T,
1.2 FEHRERKSENLH

BC FRICFARFFICH o-HBCD, A-HBCD Fi
y»-HBCD JlJ H Cambridge Isotope Laboratories
( Andover, MA, USA ), HBCD A7 5 [ E
Wi, ML mANIER PR EE . iR, &
B FE C e AT ai - S R E 2R
HPLC ¢y H i . 215 (acetonitrile ) I A 72 & 2K v
/v #] ( Merck Darmstadt, Germany ); it i %k
( Ammonium acetate ) W H JT.Barker 72\ )
( Phillipsburg, NJ, USA ),
1.3 HBCD RYIREN 541k

Ui B 7 ny 3R HBCD M9 s
P, BRGNS0 (Yuetal., 20080 ). #Ef
FREGEIRRER 1 g, IARBICRIERY °C FRiciy
a-HBCD. S-HBCD #il y-HBCD i b Flm, #
FH1 200 mL IECUBE-INER (V= v=1: 1) IRGFE
TR AL 48 h, LWL K £2) 1 mL,
BRI IEC RS, IMAE A RER AL, H 70
mL & - IECkE(V V=1 D)IRGIERIKGE .
IRV M 4 I TR R M e AR A Tk, 5B
15U HP R I R T o B R BT TR 28 e 28
WAREL) 1L mL, FIERN R, (00T Z 0T
A E = #5R( D L a-HBCD . f-HBCD #i1 y-HBCD
YE N HERE I PR
1.4 SWAHE

HBCD 11438 R H 5 S0 A 233 - — 5 DU AT
TSGR T T o o, AR (o 36 B b
& 1100 W AH A3 ( Agilent Technologies, PaloAlto,
CA ), —HDUMFFERES RS M E AP 4000
( Applied Biosystems, Foster City, CA ). Fii/#r
FHIES T-HIEE % ( electrospray ionization negative

ion mode, ESI ) FZ &+ 24 M A ( multiple
reaction monitoring, MRM ), fiff#< hEaia, ik
R 10 ul

HBCD S {A% ] Zorbax SB-C18 iz #H (4, +:
(4.6%x250 mmx5 um, Agilent) #4740 85, B 5h
FHAH A methanol (A ) /acetonitrile ( B ) /water with
10 mM ammonium acetate in water (C), Wik 0.5
mL-min™, WAL SN A:B: C=80:10:
10 (VIV), 7E 18 min NZZ1iH% R A : B : C=50 :
40 : 10( VIV ), 23 min J5 % A : B=30 : 70( VIV)
IR 7 min, RJGTE 8 min NFLR% N A : B :
C=80:10: 10 (VIV), it 4kZ-Ffi 10 min, H
S8 L SCHk (Yuetal., 20080 ).

1.5 BAEWR (TOC) NE

HERFRIOS JERE S 120 mg T-HER P, ] 5%k
PRI R LA LB TCLER ;. BEfS T 80 C/KIAHM AN
K 2h, FHZEBAK R EZ bk, BRI pH (E
b AMEES N 105 CHETRIE®E, RS
Hr{¥ ( LECOCELII C230, USA) iill%E TOC % ft,
1.6 REMRIEMREES (QA/QC)

TG RE S M R R S I AR, BTk
ZH . SEMPR . LTINS FIRE A TRE . RS
FRE i R R R A il g A v A ook A 77 ol 3 3
ar LA TR L . 258 AL TR 43 HBCD K i
A TAMBR . a-HBCD, p-HBCD 1 y-HBCD f
in A 1 5 B0 2% 43 0l R 79%45% | 73%+6% Fl
86%25% (n=6 ), (&AL HFRE LR 3 fi5(FME L,
Bl SIN=3. a-HBCD . g-HBCD #/l y-HBCD H#; R
43524 0.002, 0.001 A1 0.002 ng. ZrHras R Rs:
[ISCRALIE
2 #REIE
2.1 HBCD HIiREKFE

ARG H, 14 NEREMIEH T o p-H
y- 37 HBCD MM, Kt N 100%, W] HBCD
SEERVL = A7 U 1l D3 A7 AR TS Qe . 3R 191
Ti5R+E HBCD (YHBCD ) KH FH K o
HBCD. - HBCD il y- HBCD &K, sk 1
fiiR, 15eHYHBCD Wm0k R 8.4
ngg’ T, HEEMIEHTE 1.1~29.3ngg" TH
2, ARFFIEERTS TR A 11 A~ EERA
FAWEEK (1114) , JHA 3RS LT EK R
F. T HBCD EZAINT EPS I XPS a1 %
EAPRHRIZR G i, AR SE Fh s S B0 Tl %
Ak A AL ATE A= 5, Bt HBCD [ K
-5 F M A 1 T U T 22 5 o R B A AT R B
15 HBCD YT E0K-F- 515K 1) H b3
L SRR T2 SRS LR SR ERA
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F1 HI=fMitbXi5R+ HBCD MEEKF
Tablel HBCD concentrationsin the sludge samples from the Pearl River Delta
g kAL A wfﬁ/ J— w( HBCD)/(ng-g™ ) zHE,CD/
(t-d™h a-HBCD S-HBCD y-HBCD (ng-g™* T )
NHPZ 100%/E: 157K 50 000 BAF 9.8 36 15.9 29.3
ZHGD 90%LE i T57K 48000 SBR 1.4 0.2 038 24
LD 100%E: 157K 750 000 AB 42 0.4 132 17.8
M 100%E: 1 157K 40 000 UBAF 1.9 0.2 3.0 5.1
ZHGB 100%E: 15 7K 128 000 AIAIO 25 0.2 0.3 3.0
NH 100%/E: 1 157K 25000 oD 39 0.2 1.0 5.1
SZLF 75%E TG K 350 000 AB 2.8 0.2 05 35
SZBH 91.5%4: i 157K 300 000 oD 25 0.2 0.6 33
DTS 60%E: 1 157K 150 000 AIAIO 3.0 0.2 14 4.6
IMWC 100%E: 157K 200 000 AIAIO 5.2 0.6 23 8.1
FSD 90%E: G 15 7K 200 000 UNITANK 31 0.5 6.7 103
SGSC 100% Tk & 7k 100 000 AIAIO 33 0.8 9.0 131
KFQD 80% Tk &7k 25000 SBR 07 0.1 0.3 11
KFQ 75% Tl 7k 30 000 AS 4.2 11 4.9 10.20

FPEER A PE (n=3), ASTEMEIGIRE:; OD-Afbiank; SBRTHIMIBTE M5 e, AIA/O-RE-GhE-IF 2 Ts ; BAF-BE Ak ; AB-
W M AE IR s UBAR-THAL R B ;. UNITANK-SFSUAE TS K AR B

MR ARCE:, XRS5 T HBCD M54« 2Kk
H T b E SRS Y. Peng et al. (2009) Xf
TN VG et PBDES #E4T 75T, Z5RFIT5IR
i PBDES (P44 Fi /- ¥l 6586 ng-g" T, &
th HBCD WP 40l 3 M. %
(2010) FFE T ) 4% oL T B30 B A L X RN ER YT = £
P Tl i X 1338 PBDES F1l HBCD %75 YLk,
ZE L 0 PBDES 214 X i = E A 15 M Ik,
HAE e i) B S i iR it HBCD ik 2~3 M4k
W, IR, HBCD H iy AR BRI = M
DX Al FH B R R A REABR) .
22 S5HEHEXR. XAtk

FIHATM 1k, HEERE A X758 HBCD &
HAFRHGE AR, MNEARIREE, HBCD
FEVS I IZ AR . HATmF s Bdsde K 25k b
FEWC DX, 280 4 8 1 1 KO o R R 2
fap 2% gefE | X 5 e s HBCD AY~F-34 i & 43
Kormh 3322 nggt FE . 175 ng-g* T . 1401
ng-g" THEAM 175ng.g"* T# ( Covaci etd., 2006;
Morris et a., 2004); Ti%dLisieH HBCD -1+
5 2 43 50 0] S At U DX AH X A, Sl 45.0
ngg T8F; FKEGEIEIRS HBCD [TFFTAHA 4
/b, Xiangetal. (2015) X} {5 H HBCD [#Hf
R, HVEREEE (4749.4) ngg T,
AW A KT AY (8447.6) ngg? T
Zeng et a. (2014 ) Xf4=[E 62 M5 lertm s &
B, HBCD M F-¥ s 8rE 17.3 ngg' T8 (7%
HEE: 0.1~65.8 ng-gt T8 ), MG Y K54

TR EETAL F [ — & 2K

RRUHHBIX. HBCD At B & K 4 i vl fig =
XA A, PESCHiRIRIE, 2001 4F 4Bk
HBCD f a5k ik 16700 t, H (BRI #E
TR 9500 t, JtHE 2004 AERKEEAS |- fd F TR
WA > 5, 7SR Wi/ PBDEs 98
i T RS, SO AR A T 75
IR oA M X 25 ( Covaci et al., 2006), 7ENK
IHHL X FOEREE AT . A8 LA S A AREE & FpG i 2 40
XF S ) HBCD L 1E 45 SRR A8 $5 s A —
., mIRFKE HBCD pY4FA: =R 12l ik 7500t (3%
T, 2007), {HHEFEENH T2 . Bk
BRL, SRR R T | AR %17 PBDES,
DUV A (TBBPA ) A L, HEREE S AN AR,
XTI T B S i o A F
2.3 5ik® HBCD 491k By LE B 45HE

1 FR R ASHIESE X 3805 ek i H HBCD 544
IR AR, IS ENEAR . BRIT =AU
XU . +3E . KA HBCD SRR 1y 23 Ak,
AT T I (Covaci et d., 2006; Marvin et al.,
2006 ). WEl 1 FR , A5 ARG IR A & HBCD
B AR AR A AR, 78 14 N5 TRERS
B-HBCD HUARXS F e/, Hih 6.3%~12.8%; X T
y-HBCD 3Rit, B 1AM (74.4%) 5 E A ™
i (77%~80% ) BOMHEITAN, Higy 13 M5 UekE s
MR T 2280 SRR A=, H y-HBCD #H
X} JEAE 10.2%~68.7%2 8], 5 H A=A H
ZHE, Hod 8 MM -HBCD AyAER 238 i 1%
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(Gaoetd., 2011)

TEIABIF)
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X 1%

B 1 i5is HBCD RS MR SR AR A b3
Fig. 1 Diasterecisomer profiles of HBCD in sludge and air, soil, sedimentsin the Pearl River Delta

F a-HBCD. iX— AU S5 2R VT — i i X HAth
A BRI 45 SR BN — B N LR T LI
T5UerER T HBCD (4 A= 5 HAEER VT =AU
M DX AR 3 rp i o — 8, L HUE R
g PG R A AR S T Bl A HBCD
) SRR A AR

4 IR AT HBCD AR > Fi
R ARG A HiGE (Morriset al., 2004; Gao
etal., 2011; Marvin et al., 2006; Zhang et al., 2013 ),
P Marvinet al. (2006 ) i, 7EJbIEICFRALT R
AR TF IR AL S, A 23 FEMH) HBCD ik
PLy-HBCD b3, Mgk U3 AOFE s B T AT
e o-HBCD., Morriset al. (2004 ) tRiE T
LI M DX AT A LR A R TP 2wk B o b
) a-HBCD, {HJ&, 124 K1k, HBCD W) 54444y
AR A A AR ARG TR R o AT 2

MEA SR, 53 HBCD AR At
&AL JE RE F A = . (1) %74 HBCD
(7= i (AN R 20 ) e AR = sl B i
[t 160 CHY Al B S B AR 4L L 28k ( Heeb
et a., 2010); (2) HBCD ik ARRESJG ik i
SR W ARAE ] (Harrad et al., 2009); (3) 75
Je. Mg VTR T REAFAE AR YRR A . AT
TR IR R A AN FE A T2 itk
B, {50eH HBCD SR AR =i A8 b S5 A0 B T
WA A e . E R LA 2 E R
1“C-HBCD ( Daviset a., 2006; Gereckeet a., 2006 )

W55 T HBCD TETGAL A AL 5 U8 b i A f 15 1
T as R R SE8y5 R HBCD SRR/ it
Tt AR 1) 32 D R AN [ S A AR [ A TR g DL, I
H o-HBCD 19 % W] ¥ K T B-HBCD A
y-HBCD. M FAHFSE H it A A 2] HBCD 1 b4 fif
FEW S5 AR = A N IX HA PR A B A WF 5T 45
W ARKFFEIA NSRS HBCD SRR Ak = i
A Al R ER H TR FE AL SR R Y At
o B2 FoRMGBFIE R, Rl B S 5 i — 2 R
ANFE T LR MALBEH AR X HBCD A AR5 A A
FAYFZ
3 g

WX X 14 ZRT5 KRB R AMHER K
158+ HBCD HIBFZE A& 30«

(1)ERIT=fMMH X 758 HBCD BY-F3 &
Bk 8.4 nggt T#, HEREMGLENT
1.1~29.3 ng-g"* TH Z[ii] . HBCD &K 515K
IR H AR ST T 2 L V5 TR A HLT
P S TC A O, FRIE e HBCD 54 &
Bk AT S M AR SRS G

( 2)BRYT =AM X5 HBCD Ay /K
5 R, Jeo G A AR T A Y, BT &
IR s BEEERRNMIX, X ] AR H AR
X PR AMSE, 5 TBBPA, PBDES HMlt,
BRVL =N y598 d HBCD 1475 44K A% 458
i, FHH HBCD H-3REk = A Hiu X = Z 4l A9 PR AR
AR5
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(3)ARBFFTH AR K5 s HBCD 5344
R NS AR TETE 14 DMSREER S,
A 13 FEA T HBCD B AR L R 5 i AR =
A B EZES, SRS S BRI = A
X HAWEREE A B A o5 25 SR —3, %W HBCD
(ISR R I E 28 R A A o 25 A ERTT = b IX
A LRI SS SR, 15+ HBCD SAaik sy
A AR B ZE A TR R A L SR 44
YAkt i, (AR S A S K TR A ST o
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Concentration Levelsand Compositional Char acteristics of
Hexabromocyclododecane in Sludges from the Pear| River Delta Region

LU Yingzhuan® 2, WANG Jingzhi'?, GAO Shutao®, YU Zhigiang" , ZENG Xiangying',

SHENG Guoying, FU Jiamo*
1. State Key Laboratory of Organic Geochemistry, Guangzhou institute of Geochemistry, Chinese Academy of Science, Guangzhou 510640, Ching;
2. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Due to their environmental persistence, bioaccumulation, and potential toxicity, hexabromocyclododecane (HBCD) has
been placed into the list of prohibited chemicals by the Stockholm Convention. Therefore, it has been drawn high attention of
scientists recently. In this study, fourteen sludge samples were collected from the wastewater treatment plants in regions of the Pearl
River Delta The concentration levels and composition profiles of HBCD in the sludges were investigated using liquid
chromatography coupled to tandem mass spectrometry. The results indicated that, the mean concentration of HBCD was 8.4 ng-g*
dry weight, ranging from 1.1 to 29.3 ng-g™* dry weight. Thereiis no statistical correlation between the HBCD concentrations and total
organic contents of sludges. Compared with other reported data, the concentrations of HBCD in this study were similar to those in
the dludges from Beijing and Shanghai cities, whereas is significantly lower than those in Europe countries such as Ireland,
Netherland, and England. The compositional profiles of HBCD in this study exhibited various characteristic. And most of them were
significantly different with those in commercial technical products; however, they were similar to those observed in other
environmental media (such as air and soil) in the Pearl River Delta. This phenomenon showed that the compositional profiles of
HBCD in the sludges have been changed in the environmental process. Combined with other environmental HBCD observations in
the Pearl River Delta, we suggested that abiotic transformation such as thermal process and photo degradation might be the major
reasons for the transformation of compositional profiles.

Key words: sludge; hexabromocyclododecane; composition characteristic; liquid chromatography- tandem mass spectrometry



