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Abstract; Polybrominated diphenyl ethers (PBDEs) and dechlorane plus (DPs) are two typical classes of halogena-
ted organic pollutants (HOPs) that are widely detected in the environment. Understanding the tissue specific bioac-

cumulation of HOPs is helpful to scientifically understand their bioaccumulation sources and exposure risks. There-
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fore, the concentrations and compositions of PBDEs and DPs in chyme and 11 types of tissue samples from two
fish species (mud carp and northern snakehead) were investigated. Significantly higher levels of contaminants were
observed in tissues with high lipid content (such as liver, fat, and roe) than in tissues or organs with low lipid con-
tent (such as muscle and scale), indicating that the distribution process of PBDEs and DPs in fish tissues could be
mainly a passive diffusion process affected by lipid content. The composition of PBDEs in tissues of mud carp can
be mainly divided into three types: chyme (dominated by BDE209), fish skin, heart and liver (dominated by
BDE28), and the other tissues (dominated by BDE47), whereas for the northern snakehead which can be divided
into two types: the fish skin (dominated by BDE28) and the other tissues (dominated by BDE47). These results in-
dicated that the bioaccumulation of PBDEs and DPs in fish tissue is not only affected by food exposure, some tis-

sues such as fish skin may also have external exposure sources in the water environment. Additionally, the signifi-

cant positive correlation between DP concentration and the composition (£,

might be influenced by the levels of DPs.

..) indicated that the £, in fish tissues

Keywords: polybrominated diphenyl ethers; dechlorane plus; tissues; bioaccumulation
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RELIA M 718 B4 A Sy BELAEK 350 4 R RSS2 77 i 12
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TFHYA LK 4 | PBDEs & #41 A (R4 & T 15
AT Je Wy W P 5 JR EE A 24) | i DPs A, 8%
FINT CBA B T3 A A HLTS Y9 0 307 BT /R
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) ] T

PBDEs #l DPs [ H m g v, ol AR AE Wik N
w4, L TAELOK, & T PBDEs 1 DPs 7 fafk
()5 SRR AR 52 2 )92 TR, AU B R X 22 A HLT5
Yo 25 % IRl i 0] BB AL K AR B Y sk
it X B IR A A E A, AT
F R I 1A 5 45 PBDEs Hll DPs f77E i 2 (1) ¥ Fh 22
SR 2E 5 38 F X PP 22 F- R 1044 T HOPs (134
AEPE BT RAS R S AE AR, s BF R R K
PRI A2 fh 2 Rt R K A AR ) SRS e ) — S E
AR UNK A A=W 09 B Tk AU 2 8%, IR BsF X T 500
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SHEE, KB AE XD JL AP A 4L Can Al

PR JFERE ARG , 177 XoF = jg A 0 45 37 7K IR B 5% i) 1)
HE T HOPs A3 A R AE e M 2, PR, X F kA=
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(R A R AE QAT 2 X BB 57 /K B3 I B 5 I A 4 41
A N A% B A 414 PBDEs Fll DPs 1431 j&
AT 2 5

figg £ 1 % i) 7 T ] i 7 I o b IX R LY 2 2
1 A, H R i J T L ) 1 RS G 1 25T 2
R —FP P 2 BT X DL R, AR Y 5k B
TE R — % LT LRSI ST 0075 % ) 7K SR B v 6 £ A1)
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1 ##57 % (Materials and methods)
1.1 FEACREE STTAb

T ZRIEIE(N 23.42° ,E 113.01°)—3 HL FE 7
W5 Yeth SR AE TR 11 (044 mud carp, $7 T (A
Cirrhinus molitorella)5 %5((417+60) g,(30.3£1.2) cm)
I (55 SC 44 northern snakehead , $ii T (44 Channa
argus)s 55((109+13) g,(23.1+1.5) cm), RIEAAEN
ML E , KRR AE T 2 Fi a2
% K LD CIF LD O B SR A | £
5P A i A fa B )R A MR s 48 HOPs iy 2ok
U5, 8 T S b LA 2 20 25 e AT R AR
FEIRIE AT T f AR B Bk i, e 2B P fa S L AL
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PS5 IS ORI o SRS FRIEBGE T BT i A S (LA
o R A BERE S FRIZ 2.0 g A4l SRR e RS
R 0T it AR A T HT AR BE A AT, R E R 11 A
—A~ 25 [ HEE, In A BHICR 38 78 ¥ (BDET7
BDEI181 .BDE205 #1"C,,-BDE209) /5 , FHI N Ei/1E &
FEIRGERI:1, V2 V)150 mL R ICHIEE 24 h,
oot AT TR R 2P 728 K TR 440 i e 45 VS R0 R TE b, A i
FEARZE 10 mL JFHC T mL FH TR0 IR & =00
(FEHIEL), A 9 mL FE A MRBL AR F AL 2B 5 15
2 RN 3 mL WRERRR , BRARS MRS 3 mL
FEFRAERL 2 WK, RV W s e e ek
TRER BB . FESRAEE 1 ~2 mL, SR 5 3 iR M vk
EAEG.d.=1.0 em)(WFAE L PR om),
FRIERER(S cm, 44% H,SO,, m : m), /KRN (2
em)fAL B HbRLEY) . A H56H] 35 mL ik
Cbe/ A M EE 1, V: V)IEBZKTS PBDEs #l DPs,
AWK E 25 J5 N FR (4-F-BDE67 |, 3-F-BDE153 Fil
BDEI128), F§ GC/MS 3 #rillis
1.2 AR5 BT Ko s 4 il 5 ARk

AU A Y HOPs 4 : PBDEs(BDE28 47 .66
85.100.99 138 154 (153 183,196,197 .203 208 .
207,206 F1209)#1 DPs(syn-DP #1 anti-DP), {IK{RAL
PBDEs(BDE28 .47 .66 .85 .100 .99 138 154 #1 153)
J DPs 7€ 1 53 B 2R FH 22 B4R SOAH 03 - o 135 256
I (6890N GC-5975B MS), i fk 2% 8 T JH (NCI), 1%
PR T H B (SIM) R AL =, ik AR
DB-XLB(30 mx0.25 mmx025 wm, Agilent), iRt
PBDEs(BDE183 196 ,197 203 208 ,207 .206 Fl1 209)
N 7 SR P 25 SR 33 - 15 166 X (Shimadzu: GC-
MS-QP2010), Tt Ak 2% B U, 1845 15 4 DU AR A
M 354 DB-5HT(15 mx0.25 mmx0.10 pwm, Agi-
lent), syn-DP ., anti-DP . BDE209 FI"°C-BDE209 Y i&
FRG IS 72059 A 651.8 653.8 .486.7 F1494.7, HiAy
EYIRERE TR 79 MRS R[],

FEAR AL BT R BT 28 LR AL T e R
AR A R BRI IE CbEvE vE, SCR R
H QA/QC 5 it ) 3= A0 455 7 B4~ it v R o [l )i
FAERY)  TER S AT (B 11 ) ISRy =5
FRR S S BRE A AT e e P A AT S 2R Y
AT R R —A [ Ve B Y H A IEARAE B IR
ERE T, ik A R & PBDE HL ik
(BDE28 ,BDE47 . BDE99 #il BDE100) £ i}, H ixX £&
PBDE AR AR H MR VS BN 0.5 ~11.8 ng-g ™', H

i E R TREM P PBDEs &, [ISCR A Y
BDE77 . BDE181, BDE205 F1"C,,-BDE209 [ [1] g
KI5 88% ~123% 86% ~ 119% 74% ~
117% F1 54% ~129% , J5iEk i BRE SO0 25 F i
FI 10 F5{E W H, 115545 i PBDEs & DPs 19 J5 %
K BRFEFE R 0.7 ~1.75 ng-g ' (VAR IT).

2 ZR 51718 (Results and discussion)
2.1 faikZH41h PBDEs 1 DPs &1 /K F

i 0 A1 15 il 44 2 21 rp PBDEs Al DPs i i 12 I
— AL (ng - g ) AN 1) FE 1(b) TR, [6l—4)
FIANFEHA IR Y S EERR(TEZER A2
~3 MY, X T PBDEs ik, 8% 45 41 4L el £
B 1 PBDEs P-4 & KU IE (9 960 ng-g™)>1h
(2 940 ng-g " )>E( 720 ng-g " )>JE(600 ng-
g " )>HFIEGS95 ng-g ' )>1 7 (503 ng- g™ )>11 5l (390
ng-g ' )>fiE330 ng- g™ )>IE 300 ng- g )> LA
(110 ng-g " )>faf(13 ng-g™"), LUK HA B FE h
PBDEs & 4 W K UCH I I (28 160 ng- g™ )> T I
(7 400 ng-g " )>fBI(5 570 ng-g " )>#IAE 3 800 ng-
g >3 720 ng- g™ )>MHE3 510 ng- g™ )>EFE
(3360 ng-g ' )>f (400 ng-g ' )>.HEQR40 ng-g™)
>LA(120 ng-g " )>1fi %28 ng-g™'), ALt PBDEs,
R Z DPs & & [ PBDEs K 1 ~3 4>
B g, FLLH 2 R) 43 A [F)RE R 30 B 7 e 1Y
LA FRE AR D5 a5 o DPs Wk B (5 f1 . 1.3 ~
188 ng-g ™', .10 ~20 ng-g ) B Em TN &
HEARAY 2 US4 B (U LA A £ ) Hh DPs R
(81,01 ~04 ng-g™', 5fi#.0.1 ~1.0 ng-g™"), U
VS 2] G ) 22 S e AR A R TR T
JETS Y ) AR 0B LLE R, A W X A [
AV LL, RIS, A L PR 22 v s G ) 7 B vk
Coape =115 ng- g™ #l G, =104.50 ng-g™", H3CHRIR
T8, E AR R RO AR R 61.75 kg™ (A A
FECH 1 318, i B B R 2 2 i 38.
50 g-d™'(LA 365 d-a” i150)™ YR w1414 PBDESs
1 DPs & HAEAR5M 71.70x107° mg-kg™ -d ™' Al
65.15x107° mg-kg™' -d”' . AMWF5E+ PBDEs 1 H A
R E T HEMEA RN KF1 mg-kg™ -d™")™,
ifii DPs FH 5= AR KU AL v S , H AT e
HAATEAE R, 41777 FE ] PBDEs H1 DPs 1)
W AE RO A KU K B R DL
I Ol ] B S BB AR (R XU
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Fig. 1

Polybrominated diphenyl ethers (PBDEs) concentration (a) and dechlorane plus (DPs) concentration (b) in different

tissues of mud carp and northern snakehead
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Relationship between fat ratios and PBDEs concentration (a) and DPs concentration (b) in mud carp and northern snakehead

KIEBSYRA G 22 5 v A FERRIE A 6 R ik —
fig £ 1 L B8 AL 5 B DPs 4 (£, = anti-DP/(anti-
DP+syn-DP)) U] 4 Fir7 5 0 () £ ) 5% s Fl gy i
() DPs 20 J8.( £, 15)(0.77 F1 0.68)5 E 2 ¥4 Jii (1)
£, AHA T (DU 0.72, 7K 0.66 & 77 ik 9
0.84)% (Hig & T S8 W skl Mip i b £,
{H(0.52 F10.54), LA 25 PRk R W] 5 £ 0 12 £l
SRR E YRR, H 5 0 A N DU SRR A T
BRI RIRE, BREE R YR FimiE s,
HABAL A £, A6 0 Z LT Tolk g DPs 415%(0.65
~0.80)", AT R S B WAk T Y anti-DPs %t
T WS E AR N2 H A B 2, anti-DPs A 38¢
T syn-DPs AR P, [F] B 65 £ 1) £ ) SR U5 3 8 2 77
TR RNTE I h ) 45 | T oK 26 A W AR G TR 25 5 ' 4
syn-DPs i 5250 25 L 5 SCHR T Hi 8 45 A — 305,
Pl £0 0% 5 2 B R [R) 21 28] DPs 20 A% % 30
(¥l 4),DPs 41 BUTE 2 Ff i1 A4 ZH 4[] TG I 351k 22 5 (P
>0.05), A8 fig i FN 2 0l fn b £ (88 £7.0.35+
0.06, il .0.36+0.07) % K T HAth 20 21 (85 111 .0.50
+0.06, 1%1i%.052+0.04), EA W FEW, anti-DP Fl
syn-DP & w ALK HT, £, H IR S — 2 1R
228 2 BB AT a4 21 ant-DP F1 syn-DP
(A BE AR At BR (81 1), PR 3R Y £, (B TT
5 anti-DP Hl syn-DP BARM W EA &, A2
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Fig. 3 Concentration ratios of PBDEs in different tissues of mud carp (a) and northern snakehead (b)
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Fig. 5 Relationship between f,
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