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Abstract: Halogenated aromatic compounds (HACs) exhibit environmental ubiquity, persistence, bioaccumulation,
and diverse toxic effects, prompting widespread concern about their pollution and potential risks. This study investi-
gated four categories of typical HACs in fish samples from five common species in South China. Results showed
that the mean+standard deviation (range) of toxic equivalent quantity (TEQ) of polychlorinated dibenzo-p-dioxins/
furans (PCDD/Fs), dioxins-like polychlorinated biphenyls (DL-PCBs), polybrominated dibenzo-p-dioxins/furans
(PBDD/Fs), and total dioxins (dioxins) were (0.0680+0.3230) pg-g ' (0 ~2.21 pg-g™'), (0.118+0.124) pg-g*
(0.000451 ~0.528 pg-g™'), (0.139+0.164) pg-g~'(0.00882 ~0.917 pg-g™"), and (0.325+0.366) pg-g~'(0.0409 ~
230 pg-g') (based on wet weight), respectively. All values were below the specified TEQ limit set by the European
Union (EU) for dioxins in fish. Among the five fish species, mandarin fish exhibited the highest total TEQ and
intake risk, followed by eel and catfish, while perch had the lowest. However, no statistical differences were
observed in the TEQ among these five fish species. In comparison to global data, the concentrations of polybromo-
diphenyl ethers (PBDEs) in these fish samples (0.347+0.297) ng-g '(0.0191 ~1.40 ng-g™") (based on wet weight)
were at moderate or low levels with a changing trend among species: salmon>eel>perch>mandarin fish>catfish.
The PCDD/Fs in these fish samples were predominantly high-chlorinated, possibly originating from PCDD/Fs-
polluted feed and the use of pentachlorophenol/pentachlorophenol sodium. PCB-118 and PCB-105 were the
dominant congeners of DL-PCBs in these samples, primarily sourced from commercial PCB products and various
metal smelting processes. The sources of PBDEs in these fishes included commercial PBDE mixtures and the
debromination of high-brominated PBDEs. PBDD/Fs showed dominance in high-brominated PBDFs, and their
pollution was closely associated with PBDEs. The intake carcinogenic and non-carcinogenic risk values of these
four HACs via fish consumption ranged from 6.56x107° to 2.87x107° and 0.0314 to 0.114, respectively, for the
residents from South China, with higher values for children compared to teenagers and adults. PBDD/Fs contribu-
ted significantly higher total TEQ and intake risks (45.6% on average) than the other HACs, emphasizing the on-
going need for continuous attention to their pollution in biota and associated risks.

Keywords: halogenated aromatic compounds (HACSs); persistent organic pollutants (POPs); dioxins/furans;

polychlorinated biphenyls (PCBs); polybrominated diphenyl ethers (PBDEs); carcinogenic risk
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IR /0 I (polybrominated dibenzo-p-dioxins/furans,
PBDD/Fs)/& PCDD/Fs 45 #2540 (1), itk
JAEEYES PCDD/Fs AR, T HL, 4R R A HLIR
A = (45 2R 5% f PBDD/Fs U FE &2
PRI AR s Y R UG i 37 2 F A
[k 4 2% HACs "', PCBs Hll PBDEs % 1F 4 T.
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Fig. 1 Chemical structures of the four representative groups of halogenated aromatic compounds (HACs)
Note: PCDDs/PBDDs represents chloride/bromine dibenzo-p-dioxins, PCDFs/PBDFs represents chloride/bromine

dibenzofurans, PCBs represents polychlorinated biphenyls, and PBDEs represents polybrominated diphenyl ethers.
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1 ##57 % (Materials and methods)
| = 3 71

PCDD/Fs .PCBs #1 PBDEs ) 1 i ] £& 1 i &
Ak FHE R AR W B N5 K Wellington 55 55
% ;PBDD/Fs HrifEI I B 26 [ S [F] 67 R L e &
(CIL Inc.); fo /4 R 4 1 1F O e, — S H ot L FR R
PRTR A0 B S0 H 5 [ Merck 2 B B3 [# J.T. Baker
N 70 ~230 H AT 60 ~ 100 H 38 % BEE 44
S0 A 75 Merck 23 & A1 SE [ Fluka 23 &), { FH i
3 5F 180 °C(5 h)F1 135 °C(24 h)ififk ; W HiAR i
R | SR AN A o = R 2l

Trace GC Ultra/DFS %55 43 B S AH (35 /15 53 B¢
0 Ji 3% 1% (high resolution gas chromatograph/high
resolution mass spectrometer, HRGC/HRMS)I H 3¢ [
Thermo Fisher Scientific 23 &] ; HL F 4381 K4 B Hi
-+ METTLER TOLEDO /2 &} ; LGJ-12 ¥ VR T4
A b T A R AR 24 BB kR A R 2 F 5 Biichi
B-811 &K BRI R-300 Jig % 2% & AW H Fi +
Biichi A FR/\ 7] ; DC12H-RT B &Mk 461U [ H [
RS SIS A A BR AT
1.2 FESLCRARFIRTALHE

BEALEHE R H X 23 A~ K AT S/ T 472K
B HCRER S Fpeads(ifa kb b 686 =
SCH) Y 46 SRR, Horh = 30 10 A4, Hogv sk
M 9 A, R AN SR AR T B AR IR VK £
24 h Wiz M5 2 IR AFE T -20 °C PKA

B Ak 385 1% R B 2 B 36 [ EPAL613%Y
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BREERCHE B2 BLAE - AE HEAT VA (8 UL SCHR[29]) 5
VR AR 2 ~20 pL, 23 31in A 4525 HACs fY
HEFENARTEST

1.3 ALEs T

4 2K HACs 212k H A3 2 i B-HRGC/HRMS
AT M, AES A BT PR (IR . 280 °C), HE#F
B, S HER>10 000 ; S WA, Ao ie
1 pL, ¥EEEOR B 280 °C ;17 # PCDD/Fs £l 12 2%
T IEHE PCBs(dioxin-like PCBs, DL-PCBs)% /H 60 m
) DB-5MS B4 45(025 mm id., 025 pm)# T4
25,13 Fh PBDD/Fs #l 26 i PBDEs % ] 15 m #Y
DB-5MS #£(025 mm i.d., 0.1 pm)iF470 5, FHE
J I 85— UL SCRR9,27 -291,

1.4 FE AR/ i (QA/QC)

JIFAFE G A I B AR 85 C L -2 A DA A
TREM BUAL BT T 4 28 HACs B CH) 1058 24 fin b
[ 50 BITE 66.1% ~ 90.9% (PCDD/Fs).70.7% ~
1059% (DL-PCBs). 67.2% ~ 83.3% (PBDD/Fs) #ll
57 4% ~105.4% (PBDEs){l FEl N , 15 f& AH N 434 5 s
PR R SOR AR AL BRI A rh s R RN S A
F AT AR 25 /2 00 A S8 6 S AT B g, BR
BDE-209 4M#4 HACs BRI ¥IARAEZS ARG R
tH, BDE-209 A7 £ th H v B 3 AR T FLAEAE S P i
WEE TR 25 U IE . ~PATHE AL 4 28 HACs 43 4T
45 SR A X AR U IR 22 24 <30% 23 /2 T I AR AR
a1 425 HACs H AR B nds LR A 45.1% ~
130.8% JuHE N,

1.5 Hdaba

PCDD/Fs fl DL-PCBs [ #31£ X & (toxic equiva-
lent quantity, TEQ)>f HI i %t 1142 41 41(World Health
Organization, WHO)2005 4F 2 45 (1) 8 14 24 & K+
(toxic equivalency factor, TEF) i1 %4, PBDD/Fs ]
TEQ {i % HAH )% PCDD/Fs () TEF i385 4
TCHEF R UL A BIFSE h HACs (¥ A TEQ Hy3E T
171 [N 10 5T 5 (wet weight, ww) T3, o A FH{E +
Frifefi 25 (standard deviation, SD)(7 [E), PCDD/Fs,
DL-PCBs . PBDD/Fs #ll PBDEs HY 75 246 i FR 4351 g
0.03 ~020.0.02 ~0.05.0.01 ~0.04 10.04 ~1.3 pg-

g MBI AR T H Bt IREE A 0, AR,
Sk (5 Sk A W R VR B sl pg g
o ng-g ',

BG4 B AR 2 % SPSS 25.0 Fil
OriginPro 2023 , 15 YLy ik B AH O RN 22 5 46 95 43 )
K H Spearman F1HLE ZE ANOVA 4387,

1.6 fdERE XU PEA
1.6.1 HEEARE

AR AREOLE DA RSN ) i & 0 R
X} 4 25 HACs ) H 48 A5 i (daily intake dose, DID)
FHRHTIHHE

DID= ¥ CXIR XCF; M

BW

Ao, ¢ St R R TS 2 L A W) (dioxins , £ 55
PCDD/Fs .DL-PCBs £l PBDD/Fs)iY TEQ(pg-g~")(LA
AN TR, 5% PBDEs fOHkEE (ng - g~ (LA BRI
Fiarit); IR, KL /DA A AT A Y H A
(g d ™ )(DAA R B ), AR TR A A K
2020 4EEE ARG DI E N 8.7 155 Fi23.8
g-d ' (VA RTR T IT) ; CF, AW IGECR A E N 1);
BW AR BE TR T i L 17.8 kg; 75 /D 4F
415 kg; A 60.1 kg)* |
1.6.2  faFEXE

ANTR] R 3 1 £l R 4 25 HACs T 7E
{8 B XU 38 1< H: 0% JXURS: (carcinogenic risks, CRs)Fl
A0 RS E A7 PFA, Je R XU 7 {E (hazard
quotients, HQs)#EATAE .

DIDI.><EF1.><ED><

CR=Y CSF Q)

HO— > DID, )
RD

A EF N EYIM R EKB65 d-a™); AT - F1
HAr(70 2,25 550 ) ED A [ ABE ) 5 5 35 48
B (=35 5 iy 70— 394518, LB 75 048 FU
N30 68 .65 F1 53 aP*!; CSF hy BUJE # 5 A 7
(dioxins: 1.3%10° kg-d-mg™' ; PBDEs: 7x10™* kg-d-
mg )" RID 2% 8 A fE (dioxins: 2 pg-kg™ -
d™'; PBDEs({{ % [& BDE-209): 7 pg-kg™ -d™")™,

2 ZR 541118 (Results and discussion)
2.1 REIKF
2.1.1 PCDD/Fs
WK 2 fizs , k4L a T PCDD/Fs Y- 230 5
W BT T A 26 p R i (143 £419) pg-g 7' (0 ~ 1 260
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pg-g), Hik 288 111(3.89+3.82) pg-g ' (0.663 ~10.6
pg-g™) B (3.21+2.86) pg-g ' (0444 ~8.60 pg-g™')
A= 3C41(1.51+1.65) pg-g ' (0 ~4.98 pg-g™), fififhr
H1fY PCDD/Fs ¥R & Feflk(1.17+1.41) pg-g~'(0 ~3.88
pg-g ), (HAN R Bl 2 Z 0] JF O W 2 1 22 55 (P =
0.121), 5 Fhtarh PCDD/Fs 1Y TEQ Z8fb i 5 Hivk
JE AR — 5 BIVEEE471(0.278 £0.724) pg-g™'(0 ~2.21
pg-g)>#81(0.0215+0.0322) pg- g~ (0.000199 ~
0.0979 pg-g™'). = X 1(0.0229+0.0339) pg-g™'(0 ~
0.0934 pg - g™") Ml iy f1(0.0159 £ 0.0185) pg - g
(0.00139 ~0.0554 pg-g™")>Hif1(0.00700 +0.00916)

pg-g ' (0 ~0.0236 pg-g '), KK'¥ (European Union,
EU)#LE 1. [ H PCDD/Fs )t = BR1E N 3.5 pg-g™'
(EU-12592011 3L BT 5 R A ) TEQ
PR T%FR A

2 AN[R R B 19T 75 52 W, PCDD/Fs fii Jo1 Jox i
Ve JBE (10 2R A I e 55 LT I i T S ], Ry R A
13 030+8 290) pg-g ' (0 ~25 100 pg- g™ )>M o
(78.5+112.0) pg-g'(3.73 ~368 pg-g ' )>fififfi(48.1+
60.5) pg-g ' (0 ~171 pg-g™')>= 1 (29.0+404) pg-
g7'(0 ~118 pg-g " )FIfE#1(28.0+31.8) pg-g ' (6.18 ~
103 pg-g™),

DL-PCB
Bl PCDD/Fs o s
[ *
o _
3 el &=
WS *
& g E
w5
=
S 1EHOf
1E~1
PBDD/Fs PBDEs
1E+3} . .
*
~ bn 1E+21
0
g
va g IE+l}
: ==
O 1E+O}
1E~1
i fa fiyi £ tBfa  HAEf 3 A i 4 wgf b T3
Catfish Perch Eel Mandarin fish Salmon  Catfish Perch Eel Mandarin fish Salmon

E2 %EittRsHERLESERT 43 HACs HiRE

1 : DL-PCBs /828 IR L&A,

Fig. 2 Concentrations of the four HACs in five common dietary fish species of South China

Note: DL-PCBs represents dioxin-like polychlorinated biphenyls.

G, A ) 3t XA [] Fh 2 £ 4R B %) PCDD/
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&4 PCDD/Fs® , AR 3¢ 5 Fhfa 2584 A& (5
H. PCDD/Fs W FEAAFATE I 35 22 5, HYREE 5 A i
Ui & BTG S A e ME (P=0.883>0.05) , F st 4 by HLifk
JF A2 A S A5 A PCDD/Fs 285 8155200

Stk A TRl b X A7 44 o PCDD/Fs () HF 58 55 4
AHEL(TEQ: 0.001 ~200 pg-g™", ARAN IR it iT), %
1 AXIR 5AHESE 5 Fhta 240 X AR, At 58
FEAE 0 0 F- 35 TEQ {5 9 A& Mk 551 1z 3 i TR Y11 b
XA A BRI (0.19 pg-g™), THEREAE AL,
AT i X A 2 TEQ /K- H4 1%, Herb i a1
SEH) TEQ i fik FHEE B (3.1 pg-g ) 35 AR
WIS JE . Msimbazi ] i a1 /4 ) PCDD/Fs 117~
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TEQ H 041 pg-g ' Fl161.2 pg-g™ 53 35| 2 A
FEIS A KR Y 26 %1 3 850 4% 5 755 A 0L 2k Y.
fi8 £t/ PCDD/Fs Y TEQ(0.6 pg-g ' I 1.15 pg-g™")
A3 SR AT 5 68 £0 B H ) 28 5 RN 53 £55Y 16
i X8 32 %) = 3c i Fp PCDD/Fs Y TEQ SE-4{E i
R FRIBELET. (3.8 pg-g )™ I >4 (1.09 ~2.22 pg-
g O B 043 pg-g )™ BEE (0.1 pgegTH),

2.1.2 DL-PCBs

5 PCDD/Fs 5 FiAN[A] 5 #fa2s i DL-PCBs
JE R AR AR I Sl = SC 171 (491 £594) pg-g ' (36.4 ~
1450 pg-g ' )>H81(215+119) pg-g~'(66.7 ~367 pg-
g " )>H:E111(80.2+93.4) pg-g '(15.1 ~314 pg-g™)>
fififf1(61.2+41.2) pg-g ' (20.1 ~ 135 pg-g ' )>Hafh
(20.1£16.5) pg-g ' (502 ~60.5 pg-g™) (K 2). B4

*1 ERITFEREXERF 42 HACs HEHFELS(TEQ) SKELLE
Table 1 A comparison between the mean toxic equivalent quantity (TEQ) or concentrations of the four
HAG: in different fish samples from different regions around the world
- el g™
e HEPE i (pg-g ") e ‘
S BN REEAREAY TEQ(pg-g™) Concentration B I3k
Species Countries/Regions Sampling year beg /ng-g™") Reference
PCDD/Fs DL-PCBs  PBDD/Fs PBDEs
JHZJE W Tanzania 2017 612 - - - [18]
% [H USA 2008 - - - 0.541 [48]
il i 2% The Netherlands 2009—2014 - - - 0.107 [49]
Catfish rh[E & # Hong Kong, China 2009 - - - 530 [46]
W5
41 South China 2020 0.0159 0.0278 0287 0254 z'g o
This study
¥ [E UK - 3.1 05 - 110 37]
b e EN S
Perch o 2020 0.00700 0.0767 0.0845 0311 o
South China This study
BEAA Italy - 06 114 - 668 34]
5 £y P 4E W Latvia 2013—2014 1.15 349 0.05 - [39]
Eel 1k 5T
S ) 2020 0.0215 0.186 0.148 0388 z'g e
South China This study
f1[E China - 0.19 0.88 - - [6]
H:iEfa HE & # Hong Kong, China 2009 - - - 140 [46]
Mandarin fish 14 2
i ) 2020 0278 0.109 0.0774 0306 7@%
South China This study
PIRE4E T Latvia 2012 38 544 0074 - [40]
%% Poland 2010—2011 222 425 - - [41]
%% Poland 2013—2020 198 359 - - [19]
%% Poland 2019—2021 1.09 2.02 - - [21]
M, Norway 2017 043 0.52 - - [42]
=gl
¥E[E UK - 0.1 0.167 - - 35]
Salmon
LA AT Belgium 2005 - - - 1.57 [47]
% [H USA 2008 - - - 0220 [48]
i 2% The Netherlands 2009—2014 - - - 0.681 [49]
1k ﬁﬂ";‘v
s ) 2020 0.0229 0.185 0.102 0462 z'g o
South China This study
JEE UK 2012 - - 0.0105 - [45]
1A -
, JefE UK — - - 0.02 - [44]
Fish
HiE UK - - - 0034 - (37
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o B, A KRB OK L DLRL) P R Fn A B S
LA (QURERIEN TN SN 1R T R 1 B2
i £ 28560 PCBs 1A= ¥ & 4 . 5 Fhfpy rf DL-PCBs
[ i JB Jo o Yk B AR ARG Sk . — SC £ (4 8305 800)
pg g '(389 ~ 16 600 pg-g " )>H: {1 (4 490 £6 060)
pg-g ' (385 ~ 18 200 pg-g ' )>fFifa(1 440+516) pg-
g7'(524 ~2 040 pg-g™")>BE 10 (1 270+692) pg-g~' (657
~2 440 pg-g " )>i21(460+618) pg-g'(52.7 ~1 980
pg-g ), MR T LSRR, f0 A H DL-PCBs fY
T v S R i 3 IE A 56(P=0.010), 1L
NG 2 5% i f5 [ P PCBs & 19 35 3 IR K
Mikolajezyk 45" HIESE T AH L FARBR I .25, =3C
1055 = g Wi 10,25 T8 5 & 4E PCBs,,

5 M sh DL-PCBs (1) TEQ A4k I J37 55 Hiyfk
JEFEAFA AN A 22 5 W BRI 88 1 TEQ fie /=
(0.186+0.098) pg-g '(0.0544 ~0354 pg-g™'), HHeE
B Y = 3010 ) TEQ A 24(0.185+0.197) pg- g™
(0.000451 ~0.528 pg~g™), H U2 H: A £ il b £
(0.109+0.091) pg- g™ (0.0303 ~0.283 pg-g") A
(0.0767+0.0489) pg-g'(0.0286 ~0.185 pg-g™"), it
1 {.(0.0278 £0.0103) pg- g™ (0.00937 ~0.0416 pg-
g "), BREEE AL Hofufo 4 of DL-PCBs £ TEQ 3
. PCDD/Fs & — 4%, 5 Fpfa A h PCDD/Fs
1 DL-PCBs f#) TEQ JFI7E 0.0438 ~0387 pg-g ' 1
B A, Sz I R B ) PR P P 3 L TEQ FRAE
65 pg-g )™,

H i [ 4 2 e fafk H PCBs 19 TEQ 7E
0.001 ~940 pg-g (LAFRAIR B TH)IEEIN, % 1 51
T AT 5 Ff €25 h DL-PCBs #Y [ Y ZMiF 5%
el BRIPY PB4 P 68 fo rh DL-PCBs (197
Y1 TEQ 435} 114 pg-g ' F1349 pg-g™', & T
WF5E Hh g £ 1 TEQ ; AT 5% = SC A0 i 48 50 E =
SCAL ISR A5 5(0.167 pg - g VA 24P AR 0 K
(052 pg-g )™ AL T Hr B 4EW.(5.44 pg-g H™HN
W 22(2.02 ~4.25 pg-g )" B E B 41(0.5 pg -
g OFVRIFR EAYIEE 17088 pg-g ) A AT 4G
A 53 ) e T AR S fiy e R A6 A RS . R L,
A5 A DL-PCBs A9 ¥ B 5 4k F A8 X #4105
YK, X T g PCBs 7646 B L X 37 58 Hh & 1k 75
e B A e
2.1.3 PBDD/Fs

5 At A H Y PBDD/Fs ¢ B JEAR 23T |, R ATAE
BEERP=0251), M THALMO.76+1.17) pg-

270269 ~3.70 pg-g )M (1.92+1.19) pg- g™
0339 ~4.01 pg-g™"), #011(3.81£2.79) pg-g '(1.19 ~
908 pg-g') AB1(2.61+094) pg-g'(1.27 ~3.58 pg-
g I =Cf(228+123) pg-g (0551 ~423 pg-g™")
H1(%) PBDD/Fs ¥ B W% 55 (1] 2), #11 DL-PCBs #H1{l,
fi ¥ PBDD/Fs 9k B 5 i 15 7 it 22 90 3
IEAHSC (P=0.002), 6 BTG 7 & & J2 5% ) £ 4
PBDD/Fs WY F 2K R, BT =iHH G
(%) PBDD/Fs ¥ B2 A ALY Ay A AE £1.(91.1 £64.9) pg
+g7'(21.7 ~199 pg-g ' )>MFiff(75.0+62.6) pg-g ' (23.8
~178 pg-g " )>f1(60.3+533) pg-g”'(22.6 ~190 pg
cg > f(254+13.5) pgeg'(13.1 ~48.4 pg-g)
>BE(20.5+11.0) pg-g '(4.67 ~423 pg-g™').

%2 A PBDD/Fs 1) TEQ AR fb i Jy 15 Hivk
AT, RS £4(0.287+0.308) pg-g'(0.0752 ~0.917
pg-g )81 (0.148+0.072) pg-g '(0.0261 ~0.233 pg-
g™ )>=31(0.102+0.086) pg-g~'(0.0162 ~0.308 pg-
g™ )>#181(0.0845 +0.0680) pg - g (0.00882 ~0.179
pg-g " )>H AL £1.(0.0774 £0.0691) pg-g ' (0.0105 ~
0216 pg-g™').

H |17 [ P 48 %) 4K o PBDD/Fs (98T 58 AE % A
FR, 2B e [ B0 4 3 55 A B R [ 5K, ik
FEAERAH ~037 pg-g” (VAR E A,
UESE PBDD/Fs A # i {4 W i & A5, A ik
PBDD/Fs M FE 5 HIE ] K S8A M, At
FE A PBDD/Fs -1~ X TEQ it = T3¢ [ 1)
£ A] A R R OK BT AR I A5 R (4
0.0105.0.001 ~0.04 £10.034 pg-g™"), {H 550 2 W
= 3L RN £ ) B 230 (0.05 pg g F10.074 pg-
g—l)[39—40](%§ 1)0
2.1.4 PBDEs

5 Fhfarh  PBDEs #£ — SCH P - Yk B e =
(0462+0413) ng-g™'(0.116 ~140 ng-g™"), H k218
1(0.388+0.185) ng-g'(0.111 ~0.601 ng-g™") #ifh
(0311+0331) ng-g '(0.0398 ~1.13 ng-g " )HkE{E 10
(0306+0.330) ng-g '(0.0191 ~1.05 ng-g™"), i fa i
(0254 +£0.145) ng- g ' (0.0712 ~ 0.476 ng- g™ )(Kl
2) fH45 vk B B R B O, O D B E M 22 R/ (P=
0.602>0.05), Ik, PBDD/Fs #¢ & 5 10 P g i &
I IEAH X (P=0.004<0.05), BB IR & & W25
A PBDD/Fs {594k, &R Bl &8 ik,
PBDEs ¥ J& () Flt 2 A5 4k i 5 S A A6 401 (13.9 £12.3)
ng-g '(2.63 ~35.7 ng-g > (12.8+15.7) ng-g”'
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(1.80 ~50.2 ng-g™)>—3Cf(5.12+4.15) ng- g~ '(1.29
~13.5 ng-g " )>#5 11 (4.32+3.03) ng-g'(0.808 ~9.18
ng-g ' )>HE{1(2.80+1.82) ng-g ' (131 ~7.08 ng-g '),

RGO A BT, iRl 28 IR K A5 24 AT 52 e
PBDEs 7 ffi {4 14 5 424! & 6 PBDEs 1k
JEE i R K e oo 34 om B s R A s R AR A h
PBDEs A ¥ & & 3 i T 1% M [X i) oAl £ 2600 4
H Aij = A0 E 48 (Y # {4 v PBDEs ¥R B 78 AR A
~66.8 ng-g  (LAFAAR BT ih)fu I, & 1 51l T
ARG 5 T2 0 [E N AMF TR A . e [
(11 ng-g )™ v [ 7 s 5 £ FIEE 4K 471 (5.30 ng- g
1140 ng-g™)* FRF| 6810668 ng-g™ )™ | HLF
B = 3157 ng-g )R L, AW SE A R A PR Y
PBDEs AR 1 ~2 it g, B 36 [F A 2= (9 B2
(0.541 ng-g™' #10.107 ng-g " )FI =3 1(0.220 ng-
g ' F10.681 ng-g " )* R EAE 5 AW I AR Y, 16
AERE X % UL T 85 62 PBDEs 175 YL ik T 4
TR
2.1.5 435 HACs IRk i 25 5 I OCHEk

WA f kLT 7, PCDD/Fs . DL-PCBs .PBDD/Fs
M1 PBDEs (1) - 1 ¥ & + SD (Y& ) 43 %1 4 (29.9 =
185.0) pg-g™'(0 ~1 260 pg-g™').(180+326) pg-g’
(502 ~1 450 pg-g™').(247+1.69) pg-g™'(0.269 ~9.08
pg-g )FI(347+297) pg-g '(19.1 ~1 400 pg-g™'), H
Hh PBDEs (3 Ji i 2 75 T HiAth HACs(P=0.000), 3%
FIREYR T PBDEs 7E 1T ANt 40 (% R i A= 7 A
5 ; DL-PCBs 1E ) Tl i, Fovfe i th 2 3 85 T 0
A [ ) PCDD/Fs il PBDD/Fs(P=0.000 £ 0.000);
PBDD/Fs #¢FE 5%, {H 5 PCDD/Fs JC b # 1 22 5 (P=
0883), H:4X PBDD/Fs ¥ i ¥, DL-PCBs #il PCDD/Fs
&1 ~2 NGRS, H TEQ {E(0.139+0.164) pg- g™
(0.00882 ~0.917 pg-g™")J 3 2 doxins Hidx =1 1Y, ik
5T PCDD/Fs(0.0680+0.3230) pg-g~'(0 ~221 pg-
g ") (P=0.000), 5 DL-PCBs (0.118+0.124) pg-g™
(0.000451 ~0.528 pg-g ' )AH M (P=0.635), {H fitx fa
PBDD/Fs i) TEQ {5 %)} DL-PCBs (1) 10 1%, Hiit
Al UL, F SR H T PBDD/Fs () 3R 5 He FE AR X 45 IR
A TEQ 7K-F-EiA 25 2k PCDD/Fs il DL-PCBs,
TEL R R EM, A, AT AT doxins Y
&L TEQ 4(0.325+0.366) pg- g '(0.0409 ~2.30) pg-
g ! AR T KA LA A £ ALY TEQ FRAEL,

faFE 4 28 HACs AOVR BEAH G M A 46 SR 3%
] ,PBDEs 43 %] 5 DL-PCBs il PBDD/Fs & ¥ i} 3

TEAHE X 2 (FH 6 2 %K. 0.399 1 0.581; P=0.006 Fl
0.000), i B A< #F 5% f6.# 11 ) PBDEs , DL-PCBs Fil
PBDD/Fs EATHHURY V5 Lok I 5l 2 7 ik 42, JLHE
PBDEs £l PBDD/Fs, iX &5 PBDEs J& PBDD/Fs #x
BLRRIAR Y A CBH ) R P Y PCDD/Fs 5 HoAth
HACs ¥17C . 25 I ik B AH M (P=0.295 ~0.653), Ui
W1 PCDD/Fs HAG MR 15 Gk IR B 2 B iR 12 .
2.2 SRR YLk U
2.2.1 PCDD/Fs

WK 3 fros, e L IX 5 i A H A9 PCDD/Fs
H A SE A E AR 1 DL 40 PCDD 28 5 A
3, Bl OCDD #i11.2,34,6,7.8-HpCDD, H:H' OCDD
Y FE 1T 43 H oM (59 3+35.0)% (0 ~100%), BRIz
G, i o g £ b R Y — 2 LAY 1,2,3,4,6,7,8-
HpCDF (3.8+6.7)% (0 ~20.7%)F1(4.4+62)% (0 ~
13.5% ), = 3¢ A Ay f rp ) 52 9 rp 55 LU A9 A 2,378 -
TCDF (22.1+41.6)% (0 ~100% )#1(17.0+35.0)% (0
~100%),3% 2 Pk APt fa b i EBiAE 24 4.1 =
37)% (0 ~9.8%)H1(6.5£13.6)% (0 ~37.5%).

fa R PCDD/Fs A4 AL 5 HAE K IR 1915 L 72
& TG YRR K 2s [ B AETE > M X PCDD/Fs 11y
W A AR 35 AR AiE 285 D) AH SCIS ORI fa A
PCDD/Fs M4 BURFIEAEAE B B 25 5 520 e e
W g PCDD/Fs LA 1,2,3,7,8-PeCDD (1,2,3,4,6,
7,8-HpCDD #11,2,3,4,7,8,9-HpCDF 2k %, Hii5 4L &
B [ T 5 KRB Wy Fn A= U i B it =
fh fEfn St LG H 6 b YRR PCDD/Fs
ikl 2.3,7,8-TCDF H12,3,4,7,8-PeCDF"; 1 42 Kk
T2 KW I e £ F1 i £ 23,7, 8-TCDD = B i e 2,

H A 4238 (19 PCDD/Fs 5 e HE i I8 v, 105 1
(pentachlorophenol, PCP)/11. & M3 4/ (PCP-Na) 3 113 1/
WA IR R B R YRR BSR4 L OCDD
ZEE SR PCDDs S 31 JE H & PCP/PCP-NaP'! |
3 s b B AR R B T8 391 ok e 1) R H T A A e L X
I i, EA TR = M IX K R ES T PCDDY/
Fs M REORIED, sLoh, B2 Fpo a2k F 2
W N TR RS, BRAKAARS iR 0 28 e 222
15 YRR IR . Wang S 34T T B S e kL K
T4k 43 71 9 PCDD/Fs, & B OCDD J& H e = &
(PR X AR ST A SRAR L, 25 L FRATHERT,
e b IXE UL T B £ R R Y PCDD/Fs = 22 T
PCDD/Fs {594k}, LK Iy 5 b R &Ad H PCP/PCP-Na
XPIKIABE 5 YL



55 3 1) SR R4S - 4 p 3t X LR B ] 0 4 28 (X057 B AL B W5 BRI AR A XU

267

it fa iy £ fig A =3
333 Catfish ] Perch . Eel = Mandarin fish == Salmon
100 PCDD/Fs
- L
S soF
3 !
HE gl
i 2
= ® -
>~ o
=2 do-
<
s L
= ? T T + 3 T
W
A (P (FFF S F D P P P P P P (O
AP AT A8 e e W oW T g AF AT e e oW oW
’L;’JH\’L?)” B ’BP"’ - ’X)P"’ - "l_),b’ B bh6” B ,,)'\-; N &,6:\5 b‘:\fba ’L:Bﬁ "L?)’ B ’BP‘:\H "1_),6:\7 ’_b:\fbﬂ Dﬁb:\ﬂ
RN N P NP RN N
100
o L DL-PCBs
\o?é 80}
S t
P("U
%5 60
< i)
TE dop o | B
& - of [ [
20 e ; 5
o [ o1 | B
Il M = o] = =
oMl =z “ mrme MM ETEh o HIE  orrem o .
A R 5
| PBDD/Fs
N
S 8ob
X E
=
SE er
x5 40
g
20
0 L T T T T
) O ) O O )
Q@O . :‘Q,O < Y ,‘6’&0 ,\X‘&O ,\XQ?’O 0?’0
b N RV R ARPY ST e
AP AT ) 3
N (N
100
80 PBDEs
X 60 L
\o § — m&—
L s T 18
o H
SE oo :
PR
Ee 15L
T E
SL
0 Mg NI &5 44 =4 111H A6 | b [{155 1
A A5 AV W9 oA AN 25 9O QD A9 160 D (8D ek (40 @D @X O 190 T AQ0 AT A
N ?;\ ?;\ Q)ﬂ/ Q)A &) 6 g 2697 A AN A0 DD 452 5% A5 AB2 AB% 192 \92 19! 100 10! 40
%Oeo %0 Q,O Q,O g,o?’%o?ﬂao Q,O Q,O %9%0 %0960@%0960@%06%06%0@%06%0@%0?/%0@%06%0@%0@

3 EERAEMEE R 4 2 HACs BB HRFHE
Fig. 3 Congener profiles of the four HACs in fish of different species from South China
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2.2.2 DL-PCBs

5 4 A ) DL-PCBs 41 % 5L 4~ — 3, ¥ L)
PCB-118 il PCB-105 4 (& 3), Hk 5 i 43 L 43 5]
F(54.8£6.6)% (44.8% ~ 68.7%)F1(18.8+1.6)%
(16.6% ~22.6%), ZHM S WP MR 5 Fhiffa
(=t fEfn filEfa b H B )" YR 2RI
1 2 VAT ) foys £ 0 20 AR A0 5 R 2 R W 1) fi
i ffiE £ 2 i DL-PCBs RY4H R — 3, B A Hfif %
B, PCBs F4 1 Ml & 1 Aroclor 1254 | Aroclor 1262
AP G £ S B R B PCB-118 1 PCB-105, 1t
Hb, TSR R AN ™ Be 2 S HE RO < iy
PCBs 15 Bl 4% 5 3 £ () PCB-118 il PCB-105
I, A8 R b DR UL T £6 8 ) DL-PCBs i 1% 3 %
U PCBs b b 9, A SN B/ 42 i S v ek
TR SHER
2.2.3 PBDD/Fs

5 PCDD/Fs L= 5t PCDDs & AR A9 )2,
PBDFs 7 5 Ffiffr P v o 28 %5 A S5 (FH A 3 B2 . 88.3%
~94.5%), F R YA 1,2,3.4,6,7,8-HpBDF (51.5+
174)% (9.8% ~100% ), UK I 2,4,6,8-TBDF(28.1 +
16.0)% (0 ~73.1%), ifii PBDDs 7£ 5 Fhfa P iy
JE A Hh 2R AR (18] 3), Hid 1,2,3.4,6,7,8-HpBDD
165 A Py b B R AR B E 4 b AU (6.4 =
12.9)% (0 ~472%),0BDD {UFEA:AE A (7.5 +
22.6)% (0 ~67.7%),2,3,7,8-TBDD {X {E % 1 vk Hy
(24£52)% (0 ~149%), X —HWFESEDHEE
AP PBDD/Fs 1Y B0 4345 FEAIF AH Ll (PBDFs
SERIXT FEBE R 79% )57, Roszko 2565 4% 3 1 ik
{143 i85 £ JHF JIF v i) PBDD/Fs s L PBDFs K 32, {H
J2112,3,78-TBDF .1,2,3,7,8-PeBDF 2,3.4,7,8-PeBDF
GfIK7R PBDFs S &, {H Falandysz 55% & Bk 2 (1)
Y% £ T E Sk P 9 PBDD/Fs L 2,3,7,8-TBDD 1,23,
7,8-PeBDD %[k PBDDs H 3=,

WIHTFTiA , PBDD/Fs A 764 ALIR AL ¥ i A5 7=
FHIT R B 45 B A AE T 1y R A v A P8 8
Z FH#K 5 (brominated flame retardants, BFRs), Ji H. /2
PBDEs, #% IiF 5% /& PBDD/Fs 4= i % T % (19 §ij 14
W0 Rt BFRs B HAR G b i A= AR Ll
W 7 BB AT RS PR 8% b PBDD/Fs 1Y e 1 %
RPEEO K MFSTUESE , PBDESs AF N A& A 1K
i) PBDD/Fs X PBDFs & £ 7£ & Deca-BDE
A7 it B2 ) (R B3 T ARSI 21 2596 £ 7 PBDFs,
JUHJE &Rt PBDFs"™ ) 1,2,3,4,6,7,8-HpBDF I

2.4,6,8-TeBDF £k 17 457 3¢ 58 46 M0 3 il v B 15 LE
AIIK 37.5% M124.7% " FRATTHATIABE G IESE T Bk
= fA7KFA 5 ) PBDD/Fs i L PBDFs Huik k3,
H EZH5F PBDEs M HAH I M = Y it
HNABIFSE # A T ) PBDD/Fs #¢ J¥ 55 PBDEs 3% IF
FHOC (2.1.5 749), Hi UL #EI H PBDD/Fs F 25 T
PBDEs M HAH 7™ S i A 7=
2.2.4 PBDEs

i1l 3 A1, BDE-209 J& 5 i A H 448 X6 41 34
i) PBDEs Hff | -2 = + SDE ) M (52.0 £20.8)%
(9% ~86.7%), HUK /& BDE-47 (12.7£98)% (10% ~
345%) .BDE-154 (6.1+6.5)% (0.4% ~ 37.7%).BDE-
100 34+25)% (0.1% ~10.0% ) .BDE-153 (1.8+1.7)%
02% ~10.9%)F1 BDE-9 (1.7+1.8)% (0 ~6.7%).
BDE-209 J& Deca-BDE Rl i 1) #c 32 2 Al 435
FH 30 5E Deca-BDE 4 2E ™ (i F 2 AT 5% 45 Bl 11 A
H PBDEs i EER U

X T N A PBDESs, Al fiEA 2 DRI,
(1) Penta-BDE F1/§, Octa-BDE R Ml i () A= 7= {d FH
Hrf Penta-BDE 1 [ 32 %2 .73 & BDE-47 , BDE-99
F1 BDE-100, L X2 /b & f) BDE-153 #il BDE-154, LA
B BOCHRAGE T fikH PBDEs 1) BDE-47 4
I, I HR R Ul Penta-BDE (1 ki FES
Octa-BDE H' 1 & £ — 5 &t 1) BDE-153 #1 BDE-
154 (B HAEFR E LT84 A= FH ST ) [ £ A
1 PBDEs BTHk T REMEAR /N, (2) #57R PBDESs 4 i 75
W, WRIEIESE, A= ¥k i) BDE-47 Rl RER H T
BDE-99 1[4 %5 ; BDE-209 L 7 lig 1 B4 it £E il £
% BDE-47 . BDE-99 . BDE-153 % 75 N i 4% Rl K 1R
PBDEs"; Zacs %™ FE Il B 0 = Sc bRt T
BDE-209, {H £ EEUH 6% , /E#H N hiX 5 BDE-
209 FH L TR PBDEs %8l 9 Wik H 25 5 & HE i
TR C,
2.3 HELAG AR
2.3.1 A=

M 2 AT, SRR ML IX L /D4R AN £
A doxins Y-F- 44 DID(VE )73 1 24 0.159(0.0822
~0.277).0.122(0.0628 ~ 0.173)F1 0.129 (0.0666 ~
0.184) pg-kg™' -d™, ¥{KF WHO #& ) DID FR{E
(1 ~4 pg-kg™ -d™"), Hop JL# AR =i 5, 5
farp AL X4 ABE doxins Y DID ik iz K (CF
¥ 28.5% ), H S o i £, f5 £ TR AR 38
103%), #t4% doxins Ifi 7 , PBDD/Fs %f % A DID
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Table 2 DIDs, CRs, and HQs of the four groups of HACs via dietary fish consumption for
different populations of South China
, , kefefn
B3 PN i fith f iy 1 il fy o =3 PIME
. . Mandarin
Categories Population Catfish Perch Eel fish Salmon Mean
1S
JL# Toddlers 000777 000342  0.0105 0.136 00112 0.0338
PCDD/Fs #H/4FE Teenagers 000594 000261 000803  0.104 000855 00258
A Adults 000630 0.00277 000851  0.110 000907  0.0273
JL# Toddlers 0.0136 0.0375 0.0909  0.0533 0.0904  0.0571
— K DL-PCBs /M 4E Teenagers 00104 00286 00695 00407 00691  0.0437
fpg-kg™ -d™) A Adults 00110 00304 00737 00432 00733  0.0463
H 8 A4 (DID) Dioxins JLE Toddlers 0140 00413 00723 00378 00499 00683
Daily intake dose  /(Pg-kg™'+d™") PBDD/Fs  #5/°4F Teemagers 0170 00316 00553 00289 00381 00522
(DID) AN Adults 0.114 00335 0058 00307 00404 00554
) ) JL# Toddlers 0.162 0.0822 0.174 0227 0.151 0.159
BmERE
T % /4E Teenagers 0.124 0.0628 0.133 0.173 0.116 0.122
Total dioxins
N Adults 0.131 0.0666 0.141 0.184 0.123 0.129
JL# Toddlers 0.124 0.152 0.190 0.150 0226 0.168
PBDEs/ -
(ng-kg-1-d) % /L 4F Teenagers 0.0949 0.116 0.145 0.114 0.173 0.129
ng-kg™' -
B Adults 0.101 0.123 0.154 0.121 0.183 0.136
o JL# Toddlers 204E-05 1.04E-05 2.19E-05 2.87E-05 191E-05 201E-05
209 XU (CR)

Carcinogenic risk (CR)

T /D4E Teenagers

N Adults

149E-05 7.58E-06 1.60E-05 2.09E-05 140E-05 147E-05
129E-05 6.56E-06 139E-05 181E-05 121E-05 127E-05

JRUBS: B (HQ)
Hazard quotient (HQ)

JLE Toddlers
T /D4 Teenagers

S Adults

0.0808 0.0411 0.0869 0.114 0.0758 0.0796
0.0618 00314 0.0664 0.0867 0.0579 0.0608
0.0655 0.0333 0.0704 0.0920 00614 0.0645

() TR B s (CF- 2 45.6% , Y51l 16.7% ~ 86.8%), H:
K& DL-PCBs(*F-) 37.9% , il 8.41% ~59.7% )0
PCDD/Fs(*F-¥J16.5% , il 4.16% ~59.9%), % T
PBDD/Fs 7 ff1 A H 3 46 3 H. TEQ (B &, LA K &=
BORUE T8 K A= 7 i (19 PBDEs, 75 44 F XU
(S A AR T

ER L IX LEE | 75 /D AE X R ' PBDEs
()57~ DIDGE 4394 0.168(0.124 ~0.226).0.129
(0.0949 ~0.173).0.136(0.101 ~0.183) ng-kg™' -d™",
SR EMARE B 240.619 ng-kg™ -d™)Y,
BARTIFE &9 R A8 (3.35 ~9.38 ng-kg™' -
dH A XS4 A PBDEs 19 DID Bk 5 3
WL NP — 2, WD = SO > 08 i > £ > A fl >
2.3.2  faBRERUS:

H 2 AT, AR R ML IX LEE |5 /D 4F A F
¥ HQGEFE 43 %1 4 0.0796(0.0411 ~0.114),0.0608

(0.0314 ~0.0867)F1 0.0645(0.0333 ~0.0920), ¥1/hF
1, Ui WIAE R IX 3 28 AHFiE o i 38 A 4 28 HACs
MRS KBS K, 3 B AHERY T3 CR {H G )
43R ILEE 2.01x1075(1.04x107° ~2.87x107%), />
A 147%107°(7.58%107° ~2.09x107%), i A\ 1.27x107°
(6.56x10™° ~1.81x107), #4J7E WHO 441 1.0x
10° ~1.0x10™* JEFHEIM, JLEA) HQ M CR HIH
TN AR 5 Pl UL A 25 rhoRE L A ) AR
W fe e, i f R 1K

ZE FRTR 4 25 M8 HACs 7648 5 L IX % 0 i
R A K, Hod PBDEs B B e, Hk
J& DL-PCBs #ll PCDD/Fs, PBDD/Fs I ¢ & f: A%, {0
PBDD/Fs ) TEQ 7E 3 2 doxins H i, H A 4 2
HACs S0H5 AR 19 BT ik L 1) e K, (5 51 R Hp 2k
KE, 4HA N T4 HACs F AR ZH RUARAE K H:
15 Y IR HEBCRE 237, 6. A Y PCDD/Fs 3225 T
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