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Abstract; In the present study, the concentrations and compositions of several halogenated flame retardants (HFRs)
in aquatic animal (catfish) and terrestrial animal (pigeon) were investigated. Short chain chlorinated paraffins (SC-
CPs) was the predominant HFR in catfish with a mean concentration of 30 800 ng-g™', lipid weight (Iw), followed
by polybrominated diphenyl ethers (PBDEs) (2 300 ng-g"' lw), tetrabromobisphenol A (TBBPA) (37 ng-g" Iw),
hexabromocyclododecanes (HBCDs) (21 ng-g™ Iw), dechlorane plus (DP) (14 ng-g™ lw), decabromodiphenyl eth-
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ane (DBDPE) (7.1 ng-g"' Iw) and hexabromobenzene (HBB) (6.2 ng-g™ Iw). However, PBDEs was found to be
the most abundant HFR in pigeons with an average concentration of 17 000 ng-g™' lw. The concentrations of SC-
CPs, DP and DBDPE were 7 600, 1 600, and 14 ng-g™ Iw, respectively. HBB, TBBPA and HBCDs were not detec-

ted in pigeons. Lower contributions of lower brominated PBDE congeners and lower f,

values in catfish were

anti

found compared to those of pigeons. Our results indicated that aquatic animals were more prone to accumulate

higher proportions of less lipophilic compounds than terrestrial animals. The different HFR distribution patterns be-

tween aquatic and terrestrial biotas might be due to the different environmental behaviors of these compounds influ-

enced by their physicochemical properties.

Keywords: halogenated flame retardants; aquatic biotas; terrestrial biotas; bioaccumulation

AT L4 DR H A s SRR 15 e P T | ke
IS ) A7 ) T Bl RIFEE O . 1 Z B
(HFRs)EH AP iy — 2K FH E 5 44" HFRs T8 A
IRAMARKE, IR (PBDEs)j& — 288
DL IR 2 BHAER ), E 2009 4F, H Tl & T 78 A\
TRIBE R Fik R LA 358 A 3 1 9 5 A T B R EE A 24
B3 A HLTS Y (POPs)TE B2 2013 4R, TR
i+ —LE(HBCD) S A POPs /A%y, 2017 4F | ik
S B (SCCPs) Fl - IR 2K ik Jin A POPs A 44,
B2 H A 80Ok 8 £ 1Y HFRs % K & b 78 i 7E 4
Fofr F, - FEL 2 7 AL TR AR S PR R R R
Z. %t (DBDPE) , U % X A (TBBPA) il /< I 2K
(HBB) ; 5 7 25 BH A 1) U fb A7 5 (CPs) Fl {8 5 [ (DP)
%, B, BRI e RS Y HFRs 2 H A
IEERE A AW AT & AR O A W A AR T
D,

K WFFE & L HFRs 194 Y 5 46 A7 A6 Fi ] 22 57
PES )l H X R 22 344 T HFRs AR 8] F 1
BRI R AE AR, (EUR A MRS 6] A 8 BR B3 4
JERZI HFRs AEYIEEN— P EHZEF K, SR Hav
A RAFING S EFREE 0 AE PR v HFRs (920 il 22 7 1
WFFEHGEAR D T ARAE S BRI v [ R fl X — A~
LAY B YR AR PR 57 b SR B LXK, i H X 80% 1Y
JiE BN H - 3 1 TR i 3 R e B A
77 2 A5 9% i X B o T — > HFRs &5 75 4 19 M
X7 A, % T HFRs BV AE R, 6 T i Bk
Hu X A= RE L HFRs 7558800 T 24 B 0 55 19
— N

fty £ 2 S 214 i K PR v ) — ol £l 2K T
KRG MR TR — 2 W R E . FILAAI G A Bt
U5 b X £ (7 A A ) 0 SR (i A A ) SR i 9 %o
G, K AR R AR A S HFRs Bk B A2 AR
S3HT, T #% HFRs 76 [R) i 8 PR 45 28 MR o o i 22

SRR,

1 SEI§ERSY ( Experimental section)
1.1 FESCRAE ST R

2013 4F 12 H 78 53 5 B~ 57 3 RS IX (N 23°
19" 38", E 116°21'39")R4E T iz fh 6 55(246 g + 49
g)FIZAG 4 H (451 g + 51 g), XF T HLFB % M
X, HL 457 PO 1% M X HFRs 19 322275 YL U5,
R T AR AR W 0 25 M R AT R, AR S (R
BFRAR TizHbIX 4 DIRARE AT IR, AR
FEREZ G LA A SRR, R Z 5
SEZR I SEG 5 2 R TR L A A L AR B 5 IR
ZRHRE B RSO T T T AR PR AT

FE b A3 . JLPRRE St 2 VR T 18 F T S R IR
JRARFE SOV R TR L 0 SR 5 R B ot T EE R
(B5f0 1.0 g; 505 0.5 g; KB 0.3 g), Bhn NSRS/~
¥ (" C,,-trans-chlordane, BDE77, BDE181, BDE205,
“C,,-BDE-209, “C,,-a-, B-, y-HBCD A" C-labeled
TBBPA)J5 , IS Hl/IE O e i & 3 7 (1:1, V/V)200
mL R ICHI$E 24 b, LA FTR A FE i il B2 T 4
AR R E C e, ILAFE M E A 2 10 mL, LA
FEA TR mL A S T RE & e (R k),
A% 9 mL LA BE 5 AR 2 RE 5 20 35 43 B 43
55— LN Sk 364 T CPs, PBDEs, DBDPE, DP il
HBB 5 Akl &+ e 4i 2 1~2 mL,
RGP RS B A HE(.d. = 1.0 em) (W F1E
b BEE L (20 em), FPERERS (2 em), BRPEAE IR
(8 cm, 44% H,SO,, w/w), TL/KFRFRANQ cm))i& g5
forsE Ebrfb A Y., EA M58 80 mL IF & ke dk
53545 PBDEs, DBDPE, DP #ll HBB 45—/, 8k 5
FH 60 mL S etk vk 4R 45 CPs 25 443, BE
Wk Jo 2 & 300 wL, 5 — 241 20 il N bR (4-F-
BDE67 .3-F-BDE153 Fll BDE128)] GC/MS iillizt , 55
TSI BR (e-HCH) F GC/MS 3K, A= 4 Ak
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RS T B4 S R 54T TBBPA A HBCDs () 43
BEREIN 2B A3 i JE e AR 700k 1E O b, B A 5
PR AR BR AL P | SR J5 A i 2 A e A O A -
PERERE(12 em), TEKBRERBH(2 cm)), 56/ 13 mL 1E
CEM 5 mL ik b/ & P EIR SRV : v=1:
DREE, 12453, SRIEH 45 mL 1E & e/ — & b
RAEWA(V: v=1: 1)#EEIF &S TBBPA il
HBCD 473, AW #r (" d-a-HBCD, "* d-B-HBCD
F1'*d-y-HBCD)Jf H H B 45 5 GC/MS Azl

1.2 AR5 BT K T 4 i 5 Rk

YA B o AR B 7R E AR Ak A 0 L4 . SC-
CPs, PBDEs (BDE28 .47 .66 .85.100.99 138 154,
153,183,196, 197,203,208 . 207,206 F1 209), DP
(syn-DP F1 anti-DP), DBDPE, HBB, TBBPA i HB-
CDs, SCCPs fif# SR FH 22 5 48 S AH € 3% - T 33 B
FHAY (Agilent 6890GC-5975MS) T 1k 2% 55 - (NCI),
TR B A (SIM)RR ZAS |, (4 3% 44 DB-SHT(15
mx0.25 mmx0.10 pm), F: R 7 S E G 581077k W
2730 Hk[10], PBDEs(BDE28 .47 .66 .85.100.,99
138 154 153) J¢ HBB I & 5% H 2 52 S AH (4 35-
FREIE FH AL (6890N GC-5975B MS), i1k 2% 85 1
(NCI), SIM # M=, 3% 42 DB-XLB(30 mx
0.25 mmx0.25 pm), PBDEs(BDE 183,196, 197,
203 208 207 .206 F1 209), DP #1 DBDPE il & %
FH 5 8 AOAE 8 3507 35 156 A 42 (Shimadzu GCMS-
QP2010), i fb2ABFIRINCI), B 88 25 1R I (SIM)AR
A 43554 A DB-5HT(15 mx0.25 mmx0.10 pm).,
syn-DP, anti-DP, BDE209 1" C-BDE209 i) 52 & 46 ]
BTN 651.8 .653.8 .486.7 114947, HAE S
FIE 8 79, FEIR AR UL 52 SCHik[11], TBBPA
H1 HBCDs AR FH A2 HE (S IB0ORE 61 — B DU AT T
JEBC I AY (Agilent 1200LC- Agilent 6410MS), i3 41
A1 A XDB-C 4(50 mmx4.6 mm i.d., 1.8 wm, Agilent,
CA), [ B 437 7 WL 22 SCHRT12],

A SRR T IR 48 MLTE 450 °C R befs
MU e 33 A 70 PR ] — SR H B N IE O BE T U
Jo 5 AR UE LG 1 A5 B R S AS n Tfi
TR EAE G, k2 AP AR PBDE HRK:
L AR TR S AR A B R 1%, T H:
HPR AW IR, BICRERY CPs (P C)p-
trans-chlordane), PBDEs (BDE77, BDE181, BDE205,
3C,,-BDE209), TBBPA (" C-TBBPA), HBCDs (" C-a-,
B-, y-HBCD)1 [EN 33 H 5351 R 63% ~98% \72% ~

117% 50% ~ 108% F11 66% ~ 107% . TEFESH BT,
JH EL R BE ARG A S ) R AU AR e

2 ZR 5178 (Results and discussion)
2.1 ENUERSiilies v e

5 R BRI AR AR P RE P A 1 T
TNo AR, KA SR FRE S SCCPs MR JE B8 I 5 T
RifiA= 2885 4 SCCPs Wk FE . 5 SCBRIF 9% L, A g
SCCPs Ve J 178 15 T AR 15 5 v AH 1 v B (315 Ly 95
~880 ng- g JEI T (Iw), ¥I{H N 345 ng-g” Iw)™¥ {2
S X B 5 SCCPs ¥ (4 000~ 17 000 ng
~g Iw)A S R4 Fh SCCPs 6 EE(11 400 ~70 400
ng-g' lw,810~4 400 ng- g ¥ 5 (ww)) B i it & T
SCHRARE Hofth 0 2B i SCCPs 7 =, AR (100
~1 700 ng-g" 1w)" KK (28 ~ 140 ng-g” Iw)"*IFN
WP RGE(23~842 ng- g’ ww)!' |

17 Bk () PBDE R ZERE & i (4G H R
H100% , 5 SCHRBF ST HL#R, Z A% H PBDEs ¥R
T 2RI 32 fL T 7 3% mT i b X Bt A= = 2 o PBDES
B (530~ 15 000 ng-g™ Iw)!'", i i o PBDEs
Fr WL A N L Bz 3K RIS X 4 28 b PBDES
S (702~12 600 ng-g™ Iw)FH 1S A fn b E vk
/) SCCPs, 1M Z¢ a5 A =5 ¥k £ (1) PBDEs HY B4 Al
fE5 SCCPs il PBDEs A [a] (Y ¥ 547 0 F &, SC-
CPs 5 PBDEs 4%, SCCPs 135 /K Pk 558 | ] DL
TR EL A b 43 BE A 7K PR 5% T OK O A B SCCPs
049~1 260 pg-L"';PBDEs H<1 ~ 13 ug-LH"?>,
DR K AR S £ ) T 5 B2 A5 3 Vi B2 1) SCCPs; T 5% i
LA ) PBDEs(LogK,,,, : PBDEs }j 5.53~9.97, SC-
CPs b 4.8~7.6)*" 2 LEAEIEF IR, KRG E
i L fl M AR () B R R IR AR

DP 71 DBDPE 1 A 7R B ik Tl i i 85 AR BH
WA, IR BIA YRR DP & =5 5T DBDPE
(¥ &, AT S DBDPE AU A= Wy el A HI A O, 4
BRI TS5 FAEL IR K %%, 55 PBDEs & 414
HUAR{LL, DP 1 DBDPE 7EZ< A% H 1) & & B o i Thig
AR AL AP, LB S5 T RE S DP . DBDPE #il
PBDEs HH{UUHIBRAL 2514 T A S (LogK gy : DP 4 9.3,
DBDPE 4y 11.1,deca-BDE 41 997)°',

TBBPA .HBCDs F11 HBB 7£ Z RS EE i v A4
MAEES i 100% K, SAHTSE A9 HoAl HAnfb &
Yy Es , # f b TBBPA .HBCDs #l HBB 1Y & i 5
DP #il DBDPE % & fH 4, {H i i {ik T PBDEs Al
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CPs, HHEIX T MK a5 DBDPE (1) B id /b
VLAGE . ZASFNES tah TBBPA HBCDs #l HBB 2%
SRR N A T Z R
2.2 X FR BHARF R 2 R

N T I ST HFRs B9 4= 4 & SR 4511, AT
GEIFIIE ST 1 A ) it SR B b DX 1) JK 2B v HFRs 1Y
MR, WE 1 Frs, A YR S HFRs (19 41 08 5 36
BebE IR AR H AN ], RS A (R HFRs
AYLH L B S AR, 2B A b HFRs %2 1) PB-
DEs(67.7%) A 3, M 52 HoAth 7 22 BEL A 741) (187 Bk
OHFRs, f33% DP, DBDPE, TBBPA, HBCDs #1 HBB;
3£26.0% )1 SCCPs(6.3%), fit i 32275 YL 4y 2
SCCPs(89.4%), H: ¥k /& PBDEs (10.3% ) il OHFRs
(03%), TMiZAY T PBDEs(52.5% )Hl SCCPs(44.4% )
() A 24, OHFRs(3.2% ) I 75 f e 2>, AR SCH)
W & B, SCCPs /K i1 e PBDEs 5, A It SCCPs
(A 4] R e PBDESs i, FTLL, S EREERE S HE
B, AW RE R SCCPs H 43 & i FH i 1fii PBDEs B
Iy PR AT fE S SCCPs 4883 4 28 1y vl 1) A
Ko MRPEHTSCAHT, YRS R 2 ALA Y SCCPs
1 PBDESs A 7320 Ji 1) 22 7 5 i 400 R 58 85 AN [R] A4
BIEA G, BoKA b T 25 5 & SR8 2 0K B 1
SR AIE A W0 (A0 SCCPs), 1 bl A= 4% W B %5 5 &
SRR Zn K P B G %) (40 PBDEs), it , A~
[ A 6 PR BT A B AR [R) ) SR B R ) (45 5 RS
Fifd to G Yy i 2 A AE 22 51

i 40 5 K 2 SCCPs ZH IR A HHRL , B 43 5 B
kK C,-CPs > C,,-CPs > C,,-CPs > C,,-CPs, &
B RMGFE M SCCPs 2L C,;-CPs 1 C,,-CPs iy

F(65.8% = 5.6%),(HREZK G H SCCPs 4 ALK IK Ky
C,,-CPs > C,,-CPs > C,,-CPs > C,,-CPs, L I-4%
FA LR T 22 1 5 SR AL 2 1) SCCPs, T 1% 1L
%5 =B SCCPs A B i ) Koy A X, AHE
FEH SCCPs (2 BUAFFAE IF AR K A i f rp B S A 2
AIAREL SCCPs i fili 4 58 7% rh & F2 458 22 11 8 e K
SCCPs, Al g 5 SCCPs % i 1) A= 4y ml F| FH M A7 5%
(LogKoy H 4.8~7.6)1 {H K pS Fnli o A [ SC-
CPs 21 % 3B SCCPs /LW & SEAFAE Y P 22 S
FLSAOK A R A=A b SCCPs 4l AN ],
A AR SCCPs 21t AN [R] , 491 G Sk 41 i
W B U A S P SCCP Y 4L LA C,-CPs H
F2PY AR Ma P EE rf AR B e R
YILL C,,-F1 C,,-CPs H

KA Dust fi 1 Catfish
26%  89.4%
67.79 03%
0.3%
6.3% %
S22 Pio
Z15 Pigeon 52 45%
[ ]sccps
[ PBDES
I oHirRs

1 IREFEY RS HFRs BB
7 : OHFRs fJ4% DP, DBDPE, TBBPA, HBCDs 4l HBB,
Fig. 1 Relative contributions of HFRs in dust and biotas
Note: OHFRs includes DP, DBDPE, TBBPA, HBCDs and HBB.

F1 EREMF (HFRs) EEYHRPHEE (ng-g" Iw)

Table 1 The concentration of halogenated flame retardants (HFRs) in biological samples (ng-g™ Iw)
K1 Pigeon fiffi Catfish
JL I Range SEHI{E Mean Ju i Range SEHI{E Mean
SCCPs 4 700~11 000 7 600 11 400~70 400 30 800
PBDEs 2 900~47 000 17 000 810~8 000 2 300
DP 60~6 200 1600 10~23 14
DBDPE 7~21 14 34~14 7.1
TBBPA At Not detected 5.6~ 101 372
HBCDs A Not detected 8.6~55 21.2
HBB F A H Not detected 4.6~9.7 6.2

13 : SCCPs 455 A 1% , PBDEs £ IR BK K §% , DP 4% 53 [% , DBDPE 5 11 — 3 Z 4%, TBBPA A I XL A, HBCDs A 75 IR+ — 4%,

HBB J/SiRa,

Note: SCCPs stands for short chain chlorinated paraffins; PBDEs stands for polybrominated diphenyl ethers; DP stands for dechlorane plus; DBDPE

stands for decabromodiphenyl ethane; TBBPA stands for tetrabromobisphenol A; HBCDs stands for hexabromocyclododecane; HBB stands for hexabro-

mo-benzene.
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5 SCCPs 2511, ¥ & PBDE 41 i, th A ] (18
2), ‘4R, BDE209 J& JK 20 #F i i B 3 1Y iR
(78.8%), H HH 7 & # 17F K 1Y (34. 5% ) Fl i fa
(4.8% YFE i v I8 2 PR AR, 45 S5 7R BDE209 2 1IK A9
EYRT RN, KA e b, RAGHE & TR
FREAIR (LR ~ B AR B 43 5 1t e TR £ P
I BT A3 T AR AR B AR (R ~ SR
R A S TR T NG E S =
(# 2), 45 R FWKAE YRR 5 & FE IR PB-
DEs, Ifii fifi A= A= 90 T DA% £ M & 42 v 1R AX PBDESs, i%
g4 PBDESs B & 1 s - R B s 1
IR G SR B AV A2

, V) %2 Dust l
80% -%Qua Pigeon
-@Aﬁﬁ( atfish
£ 60%
g
ay
)
41 40%+
&
fm
20%+
0%-
0 Ll Nel (=3 N v <t [34] 0 o [ g o O 0 [ g O (o))
JEEEREZRZZSRERREG
R RN N NN NN NN 0 -
2 IRA&FEYERT PBDE BKH 5 HK
Fig. 2 PBDE profiles in dust and biotas
1.0
0.8 g
_ 0.6
lﬂ_‘g $
0.4+
0.2

JKZR Dust it Catfish

i Pigeon

3 ReMmEMERSD L E
¥ £, = anti-DP/(anti-DP + syn-DP)),
Fig. 3 Boxplot of the £ . values in dust and biotas

anti

Note: f,,;= anti-DP/(anti-DP + syn-DP)).

WA 3 JoR B GRS HE 5 DP 2L, =
anti-DP/(anti-DP + syn-DP)) A [Al, FK4Y £,,(0.70 +
0.03) T K4 £,,(0.72 = 0.06), MikdtaH £,,(0.56
+ 0.0 ZE B EFMT R £,(ANOVA: P<0.001), &
BERN £ FIRE L AR EE2E 5, T RE 5
i/ DA, (HEVARN 5 anti-DP FLEE, AR WA
i S 20 syn-DP | G fa A L A9 ) w ALK
L] % syn-DP, 4R H AR WA & T anti-DP Fl
syn-DP ¥ i FE g S A 4, (HOR AR I A5 W 7E
DB-XLB B4 (i kE 1 A3 Y, w] DL 25 4
Wi syn-DP(SEI ) /KIETE L ant-DP(J5 i ) K % T
K, UL, DP 7EAYIFE & h A4 s 5 PBDESs 28
oL, RUAH LR RS T 5, B £ 45 22 1) B S K I R R
(B Koy BUMIIALED)

Zi LTk R MRS b HFRs 195 £ RL0R
I i AR A R MR FEE (1) SCCPs T % At Hh 3 A 4K
1= W B2 1Y) PBDESs, & BH /K A A ) 55 22 i 4 o K bk
S P75 Gy i ol A AR DA ) B SRR LU Y 2R g
PRI EY) . SHIEREG (KA PBDEs % it fie i
Fed, A ke b b SCCPs 44 B E 43 4 2 B SC-
CPs Lt PBDEs A ¥ ] FI| P58 . B8 0 F1 5855 oA
[y PBDEs #il DP P42 sl itk — 2 B, K A=
Wi 2 s SR KT PR R (B0 Ko B/ S
Yy, Bl A b W7 oy B K MEBGR AL S )
T LA b7k A R A A= A v s ey i 22 Sk s AR B
SRR 540 A W AN R 4 B AL 2 5 3 B0 AR R 3A

BRIEBITNA X,

BIEEE N 3401985, %, SR3EAFH L B AR
R, B 5 &) H BREL T A AT Je 6y A B AR TR,
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