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4 HE P 37 8 T, Ak 39 452 0 5 A e ) % b 3
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HAE KA & W GE 44> . PBDEs E/K T
(A5 e B — M 5 0L A B0 ¢, i L 1R AR
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AE DR S HE X T VR BRI (R S AT A . 2 1
T T 316 M T R Ve VA ke It S it T 7% B X g K A
PBDEs K75 Je 1t 6t 7 i v e I 350 57 4 X B 3T
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ZE L Chen Fl Luo 2575 2R VT 1745 1) e 5 B2 vy 231,
H:rh PBDEs [l &%) BDE-47 TE B FAEE ks H R85
Ho BN XA, Guan ZE7E 8 RERIT A YR
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BDE-99 /& BFRs ' #. R — K ik(PeBDE) it 77 i + &
Ay, X5 BRI A /K4 1 PBDES 11 5% 7 K2
], X5 X 4k 2L PBDEs M4, ALk
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T PBDEs fEfili b #E4T — RINWER G, SAEWR
N THE R IR, e a oE A B AN I PR R B .
SR, i AR A X K 1A PBDES Y & 8 K F
AL, LA i Gk ) FT i R Sk SR R A2 AR
TG Y B0 K OR FER m, CPIZh 30.5+
13.5 ng-L™'(+ BDE-209)%, &5 IXBAE 2015 4F
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DL X 5 PBDEs 1Y% &t id &AL T3 K,
Pan ZEPVERTAIBEFEMI L, SEM IS X8 PBDEs ¥k
JE R TR

Tab.1 Content of PBDEs in Bohai Sea water
X dk SRAE R[] WL /(ng L) i 27 3Ok
I 2015-04 0.01~0.11
S 5 A4 BDE-209 [15]
2015-11 0.07~0.28
it T 2015-06 15.4~65.5 ¥ BDE-209 [22]
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7 5 R A TR AL B ) (BFRs) A 77 3L i, DRIt it X
SUTUBU T PBDEs A 13 450 18 i 125 H Al 1X 35k 55 12,
i PR SR A [] X8 99T 1 Ab %6 A PBDEs 1Y) 3 45 A A ],
T LAY PR DU h PBDESs Y & B /K- & I F5T
DX IR AN [ AR 25 5

% 2 I B LR T TR b PBDES 1Y
HKSF, Lin 0P 5 WS T M 32 B A
F X 31 2 2 DU % 3 PBDEs %14 BDE-209

¥, S PBDEs(A{ BDE-209) 1 &8/ HArM 2%
SEK . RS X B PBDESs (& R L | T
B R DX I 3 DR T R A S L A AN [ T AR fb AR
[R] A7 316 M V25 BRF 3 1) 35 1Ml el X 3% [ i K ) BFRs
I RIS SRR, oA &L A BFRs Azl 4R
SRR LR R R AR T, i m T AR KA T
o B R —A 2 A R I, O A K 3
FREER/IN, B2 1t 20 0% Pl A Vel & e, KR o 15
Y23 DAl bl st v o 1Y, ol v DX ) ¥ e £
e, i X TR TR I ) PBDEs FEi]
A 5 v B, o M A SR 1 X A T R
AN AR W2 R TR T PBDEs & & i 3222
N, AR L, e v o BDE-209 A4 Bk =
FHAth PBDEs fy#k P!, A2 BDE-209 J& DBDE KJ
F 24 H DBDE J& B Hif# i) 1Z ) BFRs,
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Tab. 2 Levels of PBDEs in the sediments of the Bohai Sea and its adjacent waters [Unit: ng:(g dw)™]

X35 SRAE T ] > PBDEs BDE-209 Z:7% 3k
2006 0.07~5.24 0.30~2 776 [30]
2006 0.22~0.90 1.75~15.1 [32]
WhitE 2008 0.016~1.33 3.94~103 [33]
2011—2013 0.046~2.16 0.35~24.6 [17]
2013—2014 ND~0.27 ND~1.77 [14]
e 2015-04 5.54~7.6 24.27~36.79 [15]
2015-11 6.64~9.90 26.93~36.8
i AR 2015 0.105~0.164 1.461~3.695
FHEML G ) 2015 0.156~0.322 4.577~6.438 [18]
L G R) 2015 0.100~0.126 4.365~4.717
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FRFIAA R Y PBDESs Ok BE I T AN i, X A RE A=A
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K f A ARV 1 PBDES, SR 5 52 BTRE VR 15 it 1452 Tl [ R
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Tab. 3 Content of PBDEs in different benthos from
different regions of the Bohai Sea (Unit: ng-g™")

Paven - SR M A, _
KiE BEO I #HELR BEE
FHEEIRT 0016 0.071 0.158 0.094  0.022
R 0.222 0.144 0.725 0.141 0377
FREA 0.048 0.018 0.152 0.013 0.047
g 0.074 0.072 0.235 A&l 0.089
DU 1 iy ) 0.022 0.180 0.205 0.047 0.032

BDE-209 H AR I AF K AR 5L 2L fh/ DL S rh g G i
FIRS e B A L Tt 340, (B L AE AR W A b (9 4G 1
X R ULIR SRR, X AVUIERY) T PBDEs 4341y
XOANFE, FEZAMW e R, —&RKN BDE-209
TEffiA PBDEs [Al &Y iy s>+ i K, IR XEZE o 4
J RS, 55—y v AT R R A A P S 2 o e IR
PBDEs & 17— R FIFE AL AE T, BT LAR

Marine Sciences / Vol. 45, No. 4 /2021

ME B AR = IR ALY PBDEsM 4", BDE-47/BDE-99 i [t
(B AT AR G A B2 et 2B 4 R [ fif PBDEs 1918 1114,
X Wl PBDEs [R] 28 A TR — 2R RS b ™ b Y 32
B4y, BDE-47/BDE-99 Ay H 51244 0.8 2 1.0,
ToHHESh Y o BDE-47/99 By L3R 0.5 & 2.5,
k2.4 % 22 2 [6], BDE-99 T o b1 408 2 ] A H:
TE A WA DY W%l BDE-47 3K R0, a5 g —
P AR & T IR E HEsh ke As, W] s iy i Ge
J1E 2 % ik . BDE-47/BDE-99 ) FAE 16 ] 578 2 4%
FHCER, JFAA B9 S B — LU {F Bl 75 75 438 i i 338
Y, He APk BULE ) F A 1A o P E 4L 2L rp
Ain) PBDEs B = THLNZ4 2y PBDEs, X5
LYU %5 UOe i i 725 ) £2 /K N Y PBDEs 7 LA 41 21
(6.81~20.00 ng-g™") iy £ /N T N 4121 (8.10~
35.50 ng'g LR —E, Zheng &k Y i+
V0 I M B HT R B 4K P 9 PBDEs 45 pi AU L& Wik 25
TE PRI b A BE A AL ) B v

193



RE5:T
EVIEWS

3 ¥#¥# PBDEs Y £ X3/ L4 N @
9
3.1 PBDEs E#K ¥ &£ SXNEFH
I KUK B (EL(RQ) R X /K #& h i) PBDEs
F3 A 25 RS BTAA B4 XU, 7 (3 T 95 I IR B (R 0 3
A R SE RV A5 7K A A 3 B2 B0, R s AR
ANTA] BFRs 7 i 19 JC &4 0 #& B (MSNOEC) 43 4l J&
0.053 pgL ' (LA 0.017 pg L '(\IRIKRE),
VR R Y R R BSOS E AT R Y KA R R
J& (measured environmental concentration, MEC) A &
A, AT
RQ=MEC/MSNOEC, (1)
MORQ=1(E MK, 0.1 <RQ<1(H4EXE), 0.01<
RQ<0.1(fiR AU ), RQ<0.01(JC X&)
3.2 PBDEs ERBRY T 6 £ 5 K& M
X H A AT RLoR RS R E (RQ) ok X ) ¥ 1
PBDEs UL 7T A SR PF i, AN T
RQ=t, @)

C, VLB PBDEs iYW P, C, /& PBDEs Y51
e FEAE T, s o v B A4 Jin B R IR B 30 (EC) B e
MR R EN Y, Gy % 1%TOC 1H—1k
(xR
3.3 EHEAHRAERRE TN
3.3.1 PBDEs EBHAY P EEME

PBDEs il % HAT 25 f5 FIMERE i 0 1k, 24 5 A
b2 I3 ) A ) 8 5 7 (BCF)>5 000 i, fEIA Jgi%
L AP e R & £ 2E, 4T PBDEs, Il
Tk 4 B B RE &Y i PBDEs A= ) B AL A B
K2, 1 H &% PBDEs HL K7 PBDEs 78 IV £ W%
T A= ) BRI A= Wi B B 4E [N T (BSAF)
A LA SR PAL P o PBDEs HAE Y & SR 40N, T
WA Y% PBDESs (WIS s 4R B 1 B K/ H & A
PRI AF I IR B A IO AR AU, TS A6 3 4 %t
PBDEs A i H & 45 i 11 FIBURE, B Sk 6 /R 1
PEIG Y B RE RO IR b A S AR RE ) — I L
A e Y m, FERE A TR
MU TR, eI X, 2R LUK’ PBDEs
(BDE-28/47/99) % 15",
332 AYHBRYEERTF

YUY PBDEs W& A HE AT LA TR X

TR
BSAF=C,,/C,, (3)
C, AWk PBDEs MIfgIIH—fLHE; C, J2UL
b PBDEs 1Y TOC JH—fkifk g,
3.3.3 BHRAEEXRIEH R
1) H H KSR A R
[X - PBDEs ] G684 BURPER R, el aef Ik
Fom e KRS, B, PR XU AR T ZE T T, 98
FE FR AR AP HLI (U.S. EPAYZS M T 45 H fo i 1 77
B KA A AT 51005,
BW x ARL

"3 G, *CSF,
BW
CRijm = ——(— c (5)
m=IRFD,,

CRyim s (4): FE BRI &7 5 b PBDEs RY%L
S PEAERR XU . 2(5): 4 S A &f = 5 v PBDEs
(18 A 00 T kR XU T A5 10 e v VA B 7 o 110 4
A, Hfi: gd !y BW JRIKRE (kg), BB LIREN T
P 58.55 kg!®l; ARL J& A 1] 7 32 15 I N 2 e 1) 350088
KU, — B 107 (BRI K =1/109); C,, S 7= i
PBDEs Y, BAfii: pg-g'; CSF,, /&7 i PBDEs
HREREF T, B0.007 (mgkg bw -d ) ') RD,, &
SEFE, A mgkg d

2) HRHEE

X5 YL AT N A T 5 DA S (gt B XU A 17
BEE 5, AR EEEALH H A AR RN . 761X
B A] LUK PBDEs (¥ 2 >k #E 17 PE M, EDIA K
PBDEs #f A AR5 &4k li, W H Z& & & EDI
FIE T LA A0 5E

-, (6)

EDI J& A Rf Rl & =, NRET o R4
AR, B per(kg bw) d ! IR EEYHEA
RN gd!, REMEHXCRM G X: K
D) B N g R T £ A [R] 0 6 7= it B AR Al Ry - S
94g. Wd36g. KBEHKT75gMINKTSg B
i 77 5 B SP-AA4 A R 45.0 g% BW [RIF(5); €, &
A=Yk PBDEs RUME, 84 pgg s

3.4 #1i5 PBDEs ¥4 SR B 22 RE kA

Mou ZEUSIXT S M 75 X dsk E K () PBDEs(%: 1
TR IR B AN A SRS T R HE 0.01<RQ<0.1, H
2 A Z5 XU . Wang 252740 g s R 2 DU Y

194 HEERLA: 2021 4/ 55 45 45 /4R 4 10



() PBDESs [ 4= 25 XU PEH s IR 488 (RQ>0.1)
IR 2R (RQ>0.1) AT BEXT A A )4 V7 1Y &
W o TSNS AR K IR = L, S AR
TOREER RQ<0.01, JCAEZS KU, iR — IR 0.1<
RQ<1, g &A= 25 KUY, DR i v 2 AR ] X 3N
[F] 5t 1 PBDEs T 7= (14 A4 25 KB A B B 1) 22 57
Wang 4:POLA % BAE R B IRF T /3 A2 M0 b PBDESs f
TR E I T (BSAR)E S5 ETH 1gKy, %)
M o Yao %5 IE SRR T 2 T 1143 PBDES 1) BSAF
18 g FE 1R 22 83 11 (0.43~4.06)> %5 14 11 (0.34~2.86)> 1Y
FA AR (0.17~1.95)>FK 85 (0.13~2.33)>41 15 (0.09~120),
e 4t J 4 Wang 25 POV (4 25 S A I o #08 X 38 CR iy
ffe/ME R 15.82 kg-d "7, 8 H 2 EERBE AR AL
Freh i B9ME0.142 kg-d N2 2 MECREYL, FrLle i
Vi JE i A e S8 A AT TR o I Liu S5 5E,
T %) JA TR T (LA S 4], 0t DX Sl R Ao A [
FERL I 2R TR ALY MeO-PBDEs [0.8 ng-(kg bw) -d ']
Ml PBDEs[0.8 ng-(kg bw) '-d']#Z& OH-PBDEs
[0.4 ng-(kg-bw) -d '] AR 2 £5 . th T Frdk B v
PR ANTE], Yao SF7E K BT INAS () PBDEs A4 it
J9 5 ng-(kg bw)d”'. Eguchi %70 A & PRI 5 E 0
7% FF Y OH-PBDEs il MeO-PBDEs ¥ i % = T A b
() L - 3 T TR, WA T I ] BRI IR 1R
&N OH-PBDEs #{ MeO-PBDEs fyF & ki, hT
ik = O T N HERR 2R L &2 PBDEs, OH-PBDESs
H1 MeO-PBDESs 1 {2 IXURS PEAf A o, PR I e LA ot
1 v f o2 R PEASG PBDEs M HAG A M7 A\ M i) 2 2
AU

4 HEpfEE

ARG HLER T i X 38 PBDEs 7E LAY,
IR AAR B A R v T e BOBR B A 25 R B IRV 1A
Jr=, B HAT ST PBDEs WA O 4 HUE T —&
(f)E e, {HJ& PBDEs 1E K —F 15 Yy F 5%
OERES =4 P PNE R fr ISP e8] 7 S THE N
H il PBDEs 7E A [l B A Jot v i) i 15 B e A o ik ¥
AR, PR — S A K E R PBDEs ¥
JERRIE. T PBDEs fE ARG ER B PFAL, KEHUE
BT H W RRE YR AT A, BRI %18 PBDEs
3 3 N B R R RTIE  48 GX BAad FR U, e
J& PBDEs 75 A PN (Wl 73 PR T B A T 4
TS, S0 H HHEA, PRRRD R AR il 3 F g 5%
AR UL B NAR DY W3R 5 8 AR N T HL,

R HREGR @
EVIEWS

TAE SEBR R PE R PBDEs 235244 R IR K AR
M), PBDEs 23 &4 4 1, 41 PBDEs f#% 4k (5% 2k
b B s FAb A5 . HR g = A ) SRR ) B = ] A7
TE WP 26 3% 5 1 T (15 DUVE D S o [ 4 T 4%, X T
PBDEs ()33 S R 85547 Ay I 75 BHAE 0N 8 7 B — 4
BT

S Z ik

[1] DARNERUD P O, ERIKSEN G S, JOHANNESSON T,
et al. Polybrominated diphenyl ethers: occurrence, die-
tary exposure, and toxicology[J]. Environmental Health
Perspectives, 2001, 109 (S1): 49-68.

[2] LA GUARDIA M J, HALE R C, HARVEY E. Detailed
polybrominated diphenyl ether (PBDE) congener com-
position of the widely used Penta-, Octa-, and Deca-
PBDE technical flame-retardant mixtures[J]. Environ-
mental Science & Technology, 2006, 40(20): 6247-6254.

[3] DECARLO V J. Studies on brominated chemicals in
the environment[J]. Annals of the New York Academy
of Sciences, 1979, 320: 678-681.

[4] WIT C A D, ALAEE M, MUIR D C G. Levels and
trends of brominated flame retardants in the Arctic[J].
Chemosphere, 2006, 64(2): 209-233.

[S] BOERJ D, WESTER P G, HORST A V D, et al. Poly-
brominated diphenyl ethers in influents, suspended par-
ticulate matter, sediments, sewage treatment plant and
effluents and biota from the Netherlands[J]. Environ-
mental Pollution, 2003, 122(1): 63-74.

[6] SELLSTROM U, KIERKEGAARD A, WIT C D. Poly-
brominated diphenyl ethers and hexabromocyclodo-
decane in sediment and fish from a Swedish River[J].
Environmental Toxicology and Chemistry, 1998, 17(6):
1065-1072.

[71 TAKASUGA T, SENTHILKUMAR K, TAKEMORI H,
et al. Impact of fermented brown rice with Aspergillus
oryzae (FEBRA) intake and concentrations of polybro-
minated diphenylethers (PBDEs) in blood of humans
from Japan[J]. Chemosphere, 2004, 57(8): 795-811.

[8] XIZsué, RRENE, B IEME, 5. FRGErh 2 KR ik

(PBDEs) A AL 5T E RE[J]. 3B R, 2007, 38(6):
1227-1233.
LIU Zongfeng, LANG Yinhai, CAO Zhengmei, et al.
Advance of the distribution of polybrominated diphenyl
ethers (PBDESs) in the environment[J]. Chinese Journal
of Soil Science, 2007, 38(6): 1227-1233.

[9]1 DeffE, Esese. ZUWBRBERBTTE R HH0E
24, 2012(2): 27-28.

PANG Jiajia, WANG Liangliang. Research progress of
polybrominated biphenyl ethers[J]. Capital Medicine,
2012(2): 27-28.

Marine Sciences / Vol. 45, No. 4 / 2021 195



LTiDESSUN
R EVIEWS
1 B, B, X3, 45 PBDEs HORIEAHIE 3R 58

[13] X

[15]

[16]

[17]

[18]

196

Gy A Bis G A
3025-3041.

WEI Chaohai, LIAO Jianbo, LIU Xun, et al. Source,
characteristics, environmental distribution and pollu-

1. FRBERE 224, 2015, 35(10):

tion control of PBDEs[J]. Acta Scientiae Circumstan-

tiae, 2015, 35(10): 3025-3041.

ESCH G J V. Flame retardants: a general introduction[J].

Oms Environmental Health Criteria, 1997, 192(192):

XI-56.

MACIAS-ZAMORA J V, RAMIREZ-ALVAREZ N,

HERNANDEZ-GUZMAN F A, et al. On the sources of

PBDEs in coastal marine sediments off Baja California,

Mexico[J].

571: 59-66.
XUDGTE. it g R PE AT X BRI A 5 DA 5T [ D

KifE: KiEMFH K, 2010.

LIU Xingliang. Study on Bohai sea marine dumping

Science of The Total Environment, 2016,

area investigation and assessment[D]. Daliang, Liaon-
ing Province: Dalian Maritime University, 2010.
ZHEN X, TANG J, XIE Z, et al. Polybrominated di-
phenyl ethers (PBDEs) and alternative brominated
flame retardants (aBFRs) in sediments from four bays
of the Yellow Sea, North China[J]. Environmental Pol-
lution, 2016, 213: 386-394.
RR, EAanr, sk, 55 SRMI AR Rk
AR A T e RRIE B A S R A (D], SRBE A2, 2019,
38(1): 131-141.
MOU Yanan, WANG Jinye, ZHANG Yan, et al. Con-
tamination characteristics and ecological risk assess-
ment of polybrominated diphenyl ethers in the eastern
region of Laizhou Bay[J]. Environmental Chemistry,
2019, 38(1): 131-141.
Btp, BT, ER, LW X TR
R A b 22 TR T 1 K- 5 0 A (0], PR IS
514, 2007, 29(9): 652-655.
LV Yang, WANG Lining, HUANG Jun, et al. PBDEs in
sediments and cruwians of Haihe River and Bohai
Bay[J]. Environmental Pollution & Control, 2007,
29(9): 652-655.
WESCR, BESCF, E3C, 55 B R e hﬁ%‘%):m
T KRG A 4 vh PBDEs B4 F K & 8247 M [
EBTFHIAIR, 2016, 11(2): 413-420.
YAO Wenjun, XUE Wengping, GUO Wen, et al. Oc-
currence and bioaccumulation of polybrominated di-
phenyl ethers (PBDEs) in surficial sediment and ben-
thic organism in the Bohai Sea[J]. Asian Journal of
Ecotoxicology, 2016, 11(2): 413-420.
EEDE, KKME, P, S5 B A A -
AH T - L 4l AC I 0 2 TR DU b 8 Fh 2 1R
IEARHE[T]. (03, 2015, 33(8): 885-891.

[20]

(21]

[22]

[24]

[25]

[26]

(28]

Chr

WANG Guoguang, ZHANG Dahai, YANG Dandan, et
al. Determination of eight polybrominated diphenyl
ethers in marine sediments by ultrasonically assisted
alkaline degradation extraction and gas chromatogra-
phy-electron capture detection[J]. Chinese Journal of
Chromatography, 2015, 33(8): 885-891.

STREETS S S, HENDERSON S A, SRONER A D, et al.
Partitioning and bioaccumulation of PBDEs and PCBs
in Lake Michigan[J]. Environmental
Technology, 2006, 40(23): 7263-7269.
LI L, XIE S, CAI H, et al. Quantitative structure—
property relationships for octanol-water partition coef-

Science and

ficients of polybrominated diphenyl ethers[J]. Chemo-
sphere, 2008, 72(10): 1602-1606.

LIY, LIN T, CHEN Y, et al. Polybrominated diphenyl
ethers (PBDESs) in sediments of the coastal East China
Sea: Occurrence, distribution and mass inventory[J].
Environmental Pollution, 2012, 171: 155-161.

WANG Y, WU X, ZHAO H, et al. Characterization of
PBDEs and novel brominated flame retardants in sea-
water near a coastal mariculture area of the Bohai Sea,
China[J]. Science of The Total Environment, 2017, 580:
1446-1452.

CHEN M, YU M, LUO X, et al. The factor controlling
the partioning of polybrominated diphenyl ethers and
polychlorinated biphenyls in the water-column of the
Pearl River Estuary in South China[J]. Marine Pollu-
tion Bulletin, 2011, 62(1): 29-35.

GUAN Y, WANG J, NI H, et al. Riverine inputs of
polybrominated diphenyl ethers from the Pearl River
Delta (China) to the coastal ocean[J]. Environmental
Science and Technology, 2007, 41(17): 6007-6013.

VK, gk, FAEI. b EDE TR R o AR A R
75 G SR S FE kSR [J]. S dAb2%, 2017, 36(11):
2408-2423.

ZHU Bingqing, SHI Wei, HU Guanjiu, The pollution
status and research progress on halogenated flame re-
tardants in China marine environment[J]. Environ-
mental Chemistry, 2017, 36(11): 2408-2423 .

PAN X, TANG J, L1 J, et al. Polybrominated diphenyl
ethers (PBDESs) in the riverine and marine sediments of
the Laizhou Bay area, North China[J]. Journal of En-
Vironmental Monitoring, 2011, 13(4): 886-893.

DA, Bk, PR, L EROK RS L

hﬁx @ﬁm/ﬁ%&%(mps) {1475 B BUAR 5 70 A AL [I]
AL 2F, 2013, 32(11): 2072-2081.
YUAN Xiaoyan, YANG Yuyi, LI Qingxiao, et al. Pre-
sent situation and distribution characteristics of persis-
tent organic pollutants in freshwater in China[J]. Envi-
ronmental Chemistry, 2013, 32(11): 2072-2081.

MBHE, R, SRR, SE. PREEETURR Y 2

TWEHERL /2021 4F /25 45 45/ 26 4 3



[30]

[31]

[38]

HRLzik
R EVIEWS

25Tk (PBDEs) IMF5E [1]. MR EERL 5, 2008, 27(S2):
24-27.

LIN Zhongsheng, MA Xindong, ZHANG Qinghua, et al.

Study on polybraminated diphenyl ethers (PBDEs) in
sediment surround Bohai Sea[J]. Marine Environmental
Science, 2008, 27(S2): 24-27.

LI H, ZHANG Q, WANG P, et al. Levels and distribution
of hexabromocyclododecane (HBCD) in environmental
samples near manufacturing facilities in Laizhou Bay
area, East China[J]. Journal of Environmental Moni-
toring, 2012, 14(10): 2591-2597.

WANG Z, MA X, LIN Z, et al. Congener specific dis-
tributions of polybrominated diphenyl ethers (PBDEs)
in sediment and mussel (Mytilus edulis) of the Bo Sea,
China[J]. Chemosphere, 2009, 74(7): 896-901.

MALI B, CHEN S, LUO X, et al. Distribution of poly-
brominated diphenyl ethers in sediments of the Pearl
River Delta and adjacent South China Sea[J]. Envi-
ronmental Science and Technology, 2005, 39(10):
3521-3527.

PAN X, TANG J, L1 J, et al. Levels and distributions of
PBDEs and PCBs in sediments of the Bohai Sea, North
China[J]. Journal of Environmental Monitoring, 2010,
12(6): 1234-1241.

WANG D, ALAEE M, SVERKO E, et al. Analysis and
occurrence of emerging chlorinated and brominated
flame retardants in surficial sediment of the Dalian
coastal area in China[J]. Journal of Environmental
Monitoring, 2011, 13(11): 3104-3110.

LI Y, ZHEN X, LIU L, et al. Halogenated flame retar-
dants in the sediments of the Chinese Yellow Sea and
East China Sea[J]. Chemosphere, 2019, 234: 365-372.
BRI PR X R 2 OB v FRBHRA TR 1Y 43
AR IE O IERESE [D]. M6 v B2 B Al 65 1
WHEFEHT, 2016.

ZHEN Xiaomei. The distribution and the source of the
halogenated flame retardant in the surface sediments
from Yellow Sea and Bohai Sea.North China[D]. Yan-
tai, Shandong Province: Yantai Institute of Coastal
Zone Research Chinese Academy of Sciences, 2016.
HONG S H, Environmental occurrence and bioac-
cumulation of organochlorines in Korean coastal wa-
ters[D]. Ewha Womens University, Korea, 2002.
WANG Y, JIANG G, LAM P K S, et al. Polybrominated
diphenyl ether in the East Asian environment: A critical
review[J]. Environment International, 2007, 33(7):
963-973.

KLOSTERHAUS S L, STAPLETON H M, GUARDIA
M J L, et al. Brominated and chlorinated flame retar-
dants in San Francisco Bay sediments and wildlife[J].
Environment International, 2012, 47: 56-65.

Marine Sciences / Vol. 45, No. 4 /2021

[39]

[40]

[41]

[42]

[44]

[45]

[47]

[48]

[49]

Chr

FUL, PEI J, ZHANGYY, et al. Polybrominated diphenyl
ethers and alternative halogenated flame retardants in
mollusks from the Chinese Bohai Sea: Levels and in-
terspecific differences[J]. Marine Pollution Bulletin,
2019, 142: 551-558.

LIU Y, LIU J, YU M, Et al. Hydroxylated and meth-
oxylated polybrominated diphenyl ethers in a marine
food web of Chinese Bohai Sea and their human dietary
exposure[J]. Environmental Pollution, 2018, 233: 604-
611.

MA X, ZHANG H, WANG Z, et al. Bioaccumulation
and trophic transfer of short chain chlorinated paraffins
in a marine food web from Liaodong Bay, North
China[J]. Environmental Science & Technology, 2014,
48(10): 5964-5971.

ZHANG Y, ZHAO H, ZHAI W, et al. Enhanced meth-
ane emissions from oil and gas exploration areas to the
atmosphere-The central Bohai Sea[J]. Marine Pollution
Bulletin, 2014, 81(1): 157-165.

WSO . B 7 A W A N 20 R B 0 A R AR
Rt A XU PEM (D], R K% Tl K%, 2016.
YAO Wenjun. The distribution and consumption of
health risk assessment of PBDEs in organisms collected
from the coastal of Bohai Sea[D]. Dalian, Liaoning
Province: Dalian Polytechnic University, 2016.

FEIY, KRR, P EEEIEX /0120 PBDES
REEAKFHUR L RRAEFIR R H(T]. B4, 2020,
39(1): 138-147.

LI Yufang, SONG Shuling. Current status, characteris-
tics and development trend of PBDEs levels in fish/
shellfish from major coastal areas of China[J]. Envi-
ronmental Chemistry. 2020, 39 (1): 138-147.

LUO Q, CAI Z, WONG M. Polybrominated diphenyl
ethers in fish and sediment from river polluted by elec-
tronic waste[J]. Science of the Total Environment, 2007,
383(1-3): 115-127.

XU J, GAO Z, XIAN Q, et al. Levels and distribution
of polybrominated diphenyl ethers (PBDEs) in the
freshwater environment surrounding a PBDE manufac-
turing plant in China[J]. Environmental Pollution, 2009,
157(6): 1911-1916.

e, FRULE, AR, 55 Z TR EELE AL K
WIS [I]. FREERLE:, 2007, 28(12): 2806-2810.
GUO Ying, TANG Honglei, MENG Xiangzhou, et al.
Tissue distribution of PBDEs in mandarin fish[J]. En-
vironmental Science, 2007, 28(12): 2806-2810.

LAW R J, ALAEE M, ALLCHIN C R, et al. Levels and
trends of polybrominated diphenylethers and other
brominated flame retardants in wildlife[J]. Environ-
ment International, 2004, 29(6): 757-770.

BEKELE T G, ZHAO H, WANG Q, et al. Bioaccumu-

197



[51]

[52]

[53]

[55]

[56]

[58]

[59]

198

HRLzik
R EVIEWS

lation and Trophic Transfer of Emerging Organophos-
phate Flame Retardants in the Marine Food Webs of
Laizhou Bay, North China[J]. Environmental Science &
Technology, 2019, 53(22): 3417-13426.
KIERKEGAARD A, BALK L, TIARNLUND U, et al.
Dietary uptake and biological effects of decabromodi-
phenyl ether in rainbow trout (Oncorhynchus mykiss)[J].
Environmental Science & Technology, 1999, 33(10):
1612-1617.

WAN Y, HU J, ZHANG K, et al. Trophodynamics of
polybrominated diphenyl ethers in the marine food web
of Bohai Bay, North China[J]. Environmental Science
and Technology, 2008, 42(4): 1078-1083.

HE M, LUO X, CHEN M, et al. Bioaccumulation of
polybrominated diphenyl ethers and decabromodi-
phenyl ethane in fish from a river system in a highly
industrialized area, South China[J]. Science of the Total
Environment, 2012, 419(3): 109-115.

ZHENG S, WANG P, SUN H, et al. Tissue distribution
and maternal transfer of persistent organic pollutants in
Kentish Plovers (Charadrius alexandrines) from Cang-
zhou Wetland, Bohai Bay, China[J]. Science of the To-
tal Environment, 2018, 612: 1105-1113.

TN, BOCE, BN L BRVL KRS th 2 RO
R S UL AT ). PRBE ORI, 2010, 36(4): 65-68.
WANG Zhizeng, ZHAO Wenjin, MA Xiaofan. Ecologi-
cal risk analysis on PBDEs in the water environment of
Pearl River Estuary[J]. Environmental Protection Sci-
ence. 2010, 36(4): 65-68.

BXIE, AR, R, S BTS2 g K £
TRBCRE A9 2R SRS PEM [T, F8E1k2E, 2012, 31(5):
573-579.

ZHAO Heng, MENG Xiangzhou, XIANG Nan, et al.
Ecological risk assessment of polybrominated diphenyl
ethers in river receiving wastewater in Shanghai[J].
Environmental Chemistry, 2012, 31(5): 573-579.
WANG X, CHEN L, WANG X, et al. Occurrence, pro-
files and ecological risks of polybrominated diphenyl
ethers (PBDESs) in river sediments of Shanghai, China[J].
Chemosphere, 2015, 133: 22-30.

LIU J, LU G, XIE Z, et al. Occurrence, bioaccumula-
tion and risk assessment of lipophilic pharmaceutically
active compounds in the downstream rivers of sewage
treatment plants[J]. Science of the Total Environment,
2015, 511: 54-62.

Environment Canada. Federal Environmental Quality
Guidelines Polybrominated Diphenyl Ethers (PBDEs)[R].
Gatineau, Environment Canada, February 2013.
Environment Canada. Guidance manual for the catego-
rization of organic and inorganic substances on Can-

ada's Domestic Substances List: Determining persis-

[61]

[63]

[64]

[65]

[67]

[68]

Chr

tence, bioaccumulation potential and inherent toxicity
to non-human organisms existing substances branch[EB/
OL]. [2017-3-5]. http://www.ec.gc.ca/substances/ese/eng/
dsl/cat_index/cfm.

BURREAU S, AXELMAN J, BROMAN D, et al. Die-
tary uptake in pike (Esox lucius) of some polychlori-
nated biphenyls, polychlorinated naphthalenes and
polybrominated diphenyl ethers administered in natural
diet[J]. Environmental Toxicology and Chemistry, 1997,
16(12): 2508-2513.

WU, T, ZIRBORBETE AR Y i AR KR
PERLS VIR ], B IR, 2010, 29(5): 1-9.
MENG Fanping, YU Teng. Review on bioaccumulation
and toxicity of polybrominated diphenyl ethers in ma-
rine organisms[J]. Journal of Tropical Oceanography,
2010, 29(5): 1-9.

RAMU K, KAJIWARA N, SUDARYANTO A, et al.
Asian mussel watch program: contamination status of
polybrominated diphenyl ethers and organochlorines in
coastal waters of Asian countries[J]. Environmental
science & technology, 2007, 41(13): 4580-4586.
KEUM Y S, LI Q X. Reductive debromination of poly-
brominated diphenyl ethers by zerovalent iron[J]. En-
vironmental Science & Technology, 2005, 39(7): 2280-
2286.

MENG X Z, YU L, GUO Y, et al. Congener-specific
distribution of polybrominated diphenyl ethers in fish
of China: Implication for input sources[J]. Environ-
mental Toxicology and Chemistry: An International
Journal, 2008, 27(1): 67-72.

United States Environmental Protection Agency Office
of Water. Guidance for Assessing Chemical Contami-
nant Data for Use in Fish Advisories. Volume 1: Fish
Sampling and Analysis[M]. Office of Science and
Technology Office of Water, U.S. Environmental Pro-
tection Agency, Washington, DC, 2000.

B/, A, EDLDL, A5 [ SRR e e XU AT
H R EE SRR ]. FRET S EEALE, 2012, 29(2):
114-117.

DUAN Xiaoli, HUANG Nan, WANG Beibei, et al.
Development of exposure factors research methods in
environmental health risk assessment[J]. Environmental
Health, 2012, 29(2): 114-117.

JA A, 2, KA, SR R PR TS Y 2 RIOR
Fit e RS TEAR (], R85 TR 22455, 2014, 4(3): 272-275.
ZHOU Shengsheng, LI Lei, ZHANG lJie, et al. Risk
assessment of polybrominated diphenyl ethers(PBDEs)
in food in chinese urban area[J]. Journal of Environ-
mental Hygiene, 2014, 4(3): 272-275.

BoSCiE, kg, AR, KT SRR A TG B R AR
PHERIERTFE[T]. £ A TR, 2012, 33(3): 305-308.

TEPERLF /2021 4F /5 45 45/ 46 4 3]



[70]

[71]

HRLzik
R EVIEWS

DUAN Wenjia, ZHANG Xiaoyan, ZHOU Deqing.
Primary study on exposure assessment of formaldehyde
in fishery products[J]. Science and Technology of Food
Industry, 2012, 33(3): 305-308.

ZHANG L, YIN S, ZHAO Y, et al. Polybrominated
diphenyl ethers and indicator polychlorinated biphenyls
in human milk from China under the Stockholm Con-
vention[J]. Chemosphere, 2017, 189: 32-38.

LIU X, BING H, CHEN Y, et al. Brominated flame re-
tardants and dechlorane plus on a remote high mountain
of the eastern Tibetan Plateau: implications for regional
sources and environmental behaviors[J]. Environmental
geochemistry and health, 2018, 40(5): 1887-1897.

LIAO W, WANG G, LI K, et al. Change of arsenic
speciation in shellfish after cooking and gastrointestinal
digestion[J]. Journal of agricultural and food chemistry,
2018, 66(29): 7805-7814.

YU Y, ZHAO Z, CHONG D, et al. Novel in vitro
method for measuring the mass fraction of bioaccessi-
ble atmospheric polycyclic aromatic hydrocarbons us-
ing simulated human lung fluids[J]. Environmental
pollution, 2018, 242: 1633-1641.

Marine Sciences / Vol. 45, No. 4 /2021

[73]

[75]

[76]

Chr

LI C, ZHAO Z, LEI B, et al. Polybrominated diphenyl
ethers in the air and comparison of the daily intake and
uptake through inhalation by Shanghai residents with
those through other matrices and routes[J]. Environ-
mental Science and Pollution Research, 2015, 22(3):
1750-1759.

WANG G, PENG J, YANG D, et al. Current levels,
composition profiles, source identification and poten-
tially ecological risks of polychlorinated biphenyls
(PCBs) and polybrominated diphenyl ethers (PBDEs)
in the surface sediments from Bohai Sea[J]. Marine
pollution bulletin, 2015, 101(2): 834-844.

LIU Y, LIU J, YU M, et al. Hydroxylated and methoxy-
lated polybrominated diphenyl ethers in a marine food
web of Chinese Bohai Sea and their human dietary ex-
posure[J]. Environmental Pollution, 2018, 233: 604-611.
EGUCHI A, NOMIYAMA K, DEVANATHAN G, et al.
Different profiles of anthropogenic and naturally pro-
duced organohalogen compounds in serum from resi-
dents living near a coastal area and e-waste recycling
workers in India[J]. Environment international, 2012,
47: 8-16.

199



R HREGR @
EVIEWS

Distribution and risk assessment of polybrominated diphenyl
ethers in the Bohai Sea

WANG Rui, LIN Kun, WANG Jiang-tao, TAN Li-ju

(Key Laboratory of Marine Chemistry Theory and Technology/Ministry of Education, Ocean University of
China, Qingdao 266100, China)

Received: Jul. 17, 2020
Key words: polybrominated diphenyl ethers; Bohai Sea; concentration; distribution; eco-environmental risk

Abstract: In the past few decades polybrominated diphenyl ethers (PBDEs) have emerged as a new class of persis-
tent organic pollutants (POPs) owing to their accumulation in the marine environments all across the globe. PBDEs
are widely used as a flame-retardant and are fount to exist is in a variety of industrial products including textiles,
paints, rugs, automobiles, and airplanes. The characteristics of persistence, bioaccumulation, and long-range trans-
portation make PBDEs a serious threat to marine ecosystems and human health. The Bohai Sea is the only
semi-enclosed inland sea in China. Its poor ability of self-purification and exchange water with the outside of Bohai
Sea has been found to be associated with the high pollution load present in this waterbody. Evaluation of PBDEs
accumulation in the Bohai Sea region has received a significant attention in the recent decades. The current study
aimed to provide an overview of the pollution status of the Bohai Sea and evaluate the harmful effects of the accu-
mulated PBDEs. With a view to provide an overview of the pollution status of the Bohai Sea and the harmful effects
of the accumulated PBDEs, the present work describes in detail the pollution characteristics and concentration lev-
els of PBDEs in sea water, sediments and biological media of the Bohai Sea, methods used for ecological and envi-
ronmental risk assessment, and distributions of PBDEs in water and sediment. The information thus obtained will
be helpful in the prevention and control of pollution arising due to PBDEs accumulation which will further maintain

the ecological and environmental serenity/balance of the Bohai Sea in the near future.
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