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AR RS . 753 R 40 FF M 3% -5 43 B 1% 7 (high resolution gas chromatography-high
resolution mass spectrometry, HRGC-HRMS){l & T ¥4 R TR 7K 7= FR %) 29 Filf —RESORN —RESE 2k S H IR 2R Y i,
FET 2005 AE A AR 40 2l 24 48 X T (toxic equivalence factors, WHO,gos-TEFs)iHEFEA th IR Fi 1Y
M 21 (toxic equivalent, WHO49s-TEQs), TEAf ™ S P A “REISEY R iR RS 8 R 4 Fh2RAEIR
T I B 5 iy o B E 2 U s A L R B S R S, T A REAS ARSI B 3,37,4,47- DU SR |
2,3,3° 4, 4- TR 2,3° 4,4 ,5- T GIK, Hirh 2,3°,4,4° 5- AR I S i . Mt IF BRI DL
FEAZ IR VBN 2 GUOR I I 5 VB2 2 SR T3 H R ARy 0.062~0.356 pg TEQ/(kg-d),
Y FAEAR L 2BER 1.549%~8.911%. 453€  AHEE LD ™ S A IES0R RS2 2 GUBR I KU 5
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Health risk assessment of dioxins and dioxin-like polychlorinated biphenyls
in commercially available imported frozen deep-sea seafood products
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ABSTRACT: Objective To investigate he concentrations of 29 kinds of dioxins and dioxin-like polychlorinated
biphenyls congeners in 4 kinds of commercially available frozen deep-sea seafood products and assess the
associated health risks. Methods Twenty-nine kinds of dioxins and dioxin-like polychlorinated biphenyls in
frozen deep-sea aquatic products were determined by high resolution gas chromatography-high resolution mass
spectrometry (HRGC-HRMS). The toxic equivalence factors (WHO,gs-TEFs) were used to calculate the toxic
equivalence (WHO,s-TEQs) of these substances in the samples based on the WHO,(0s-TEFs to assess the health risk
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of dioxins and dioxin-like polychlorinated biphenyls from seafood. The health risk of dioxins and dioxin-like

polychlorinated biphenyls from seafood was assessed. Results

The results showed that dioxin-like polychlorinated

biphenyls in 4 types of deep-sea seafood products showed significant differences from each other. The

3,3°,4,4’-TeteaCB, 2,3,3°,4,4-PentaCB, and 2,3°,4,4’,5-PentaCB were detected in all samples. The highest

concentration was found for 2,3°,4,4°,5-PentaCB. The average daily dietary intake of polychlorinated

dibenzo-dioxins and polychlorinated dibenzo-furan and dioxin-like polychlorinated biphenyls from fish, shrimps,

crabs and bivalves was 0.062—0.356 pg TEQ/(kg-d), which corresponded to 1.549%—8.911% the safety threshold for

intake. Conclusion The risk of human intake of these chemicals through seafood is low. This study highlights the

potential health risks of consuming frozen deep-sea seafood and the need for continuous monitoring.

KEY WORDS: deep-sea seafood products; dioxin; dioxin-like polychlorinated biphenyls; toxic equivalent value;

health risks
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polychlorinated dibenzo-furan, PCDD/Fs)Lk & dI-PCBs [f] £
YIRE AR LIRS . X T8 K™ i (4 I 2 7 58 AU 1T
it 3 B R A AR SR IS TR 7 A U0 ARG B A A
R VR IR f, UF . BEAIOGE DL 17 ff PCDD/Fs Al 12
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=1 17 # 2,3,7,8-B4X PCDD/Fs #1 12 # dI-PCBs Zfk. CAS &

Table 1 Names and CAS Numbers of 17 types of 2,3,7,8-substituted PCDD/Fs and 12 types of dI-PCBs

EY) AR YL LR TR PR CAS &
2,3,7,8- M EAARIR I - ZESE 2,3,7,8-tetrachlorodibenzo-p-dioxin 2,3,7,8-TCDD 1746-01-6
2,3,7, 8- AR A I uk g 2,3,7,8-tetrachlorodibenzofuran 2,3,7,8-TCDF 51207-31-9
1,2,3,7,8- AR X - g 1,2,3,7,8-pentachlorodibenzo-p-dioxin 1,2,3,7,8-PeCDD 40321-76-4
1,2,3,7,8-F AR I kg 1,2,3,7,8-pentachlorodibenzofuran 1,2,3,7,8-PeCDF 57117-41-6
2,3,4,7,8- AR I Enk g 2,3,4,7,8-pentachlorodibenzofuran 2,3,4,7,8-PeCDF 57117-31-4
1,2,3,4,7,8- 75 A M A0 xf - S 1,2,3,4,7,8-hexachlorodibenzo-p-dioxin ~ 1,2,3,4,7,8-HxCDD 39227-28-6
PCDD/Es 1,2,3,6,7,8- 7S E AR R IR Xf - g 1,2,3,6,7,8-hexachlorodibenzo-p-dioxin ~ 1,2,3,6,7,8-HxCDD 57653-85-7
1,2,3,7,8,9- 7N AR IR IR %t - R 1,2,3,7,8,9-hexachlorodibenzo-p-dioxin ~ 1,2,3,7,8,9-HxCDD 19408-74-3
1,2,3,4,7,8- 7N A I wkm 1,2,3,4,7,8-hexachlorodibenzofuran 1,2,3,4,7,8-HxCDF 70648-26-9
1,2,3,6,7,8- 75 &M 2RI Fkmg 1,2,3,6,7,8-hexachlorodibenzofuran 1,2,3,6,7,8-HXCDF 57117-44-9
1,2,3,7,8,9- 7 @A A FH kg 1,2,3,7,8,9-hexachlorodibenzofuran 1,2,3,7,8,9-HxCDF 72918-21-9
2,3,4,6,7,8-7S A I wm 2,3,4,6,7,8-hexachlorodibenzofuran 2,3,4,6,7,8-HXCDF 60851-34-5
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sty HCAA R P AR fRIFR CAS 5
1,2,3,4,6,7.8- L EMR I ZHEIE  1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin ~ 1,2,3,4,6,7,8-HpCDD  35822-46-9
1,2,3,4,6,7,8--E S AL 2 Ik ing 1,2,3,4,6,7,8-heptachlorodibenzofuran 1,2,3,4,6,7,8-HpCDF  67562-39-4
1,2,3,4,7,8,9-L A F I wkmg 1,2,3,4,7,8,9-heptachlorodibenzofuran 1,2,3,4,7,8,9-HpCDF  55673-89-7
NG FI-x - octachlorodibenzo-p-dioxin 0CDD 3268-87-9
SR IRk g octachlorodibenzofuran OCDF 39001-02-0
3,3°,4,4° - DU 3,3’,4,4’-TeteaCB PCB 77 32598-13-3
3,4,4°5- UG R 3,4,4’,5-TeteaCB PCB_81 70362-50-4
2,33 4,4- HAMR 2,3,3’,4,4-PentaCB PCB_105 32598-14-4
2,3,4,4°,5- HAMR 2,3,4,4’,5-PentaCB PCB_114 74472-37-0
2,344, 5- H AR 2,3°,4,4’,5-PentaCB PCB 118 31508-00-6
2’344 5- AR 2°,3,4,4’,5-PentaCB PCB 123 65510-44-3
dI-PCDs 3,37.4.4°5- AR 3,3°,4,4’,5-PentaCB PCB_126 57465-28-8
2,3,3°,4,4° 5 N AP 2,3,3°,4,4°,5-HexaCB PCB_156 38380-08-4
2,3,3,44,5 NGB 2,3,3,4,4’,5-HexaCB PCB_157 69782-90-7
2,3°,4,4°5,5 NABEIE 2,3’,4,4°,5,5°-HexaCB PCB 167 52663-72-6
3,3°,4,4°.5,5 - NEHHE 3,3,4,4",5,5"-HexaCB PCB_169 32774-16-6
2,3,3°,4,4°,55 L EIHE 2,3,3°,4,4°,5,5"-HeptaCB PCB_189 39635-31-9
1 MRERE
1.1 ;s
2023 4£ 1 A& 8 JIHEIMASE T I 4 Rl ki
T 24 PSR L 17 (PR . MRS Rl
41%

WRIE 4 yREAR), MBS FhRAUESL 4 (hRRA)FIRGE DL 2k
(2 PRI DI 4 (RFEAS), B—RIFEAR B RAE 3 1 PATHE
PRAEREH . RSO TT R, e geiia sl
B S b, ROt T 1 6 A Y 7 i SR A D B e, R
AN, XL B AT A R R VRIS
TR =30t | RIS | LB R, IR
STARAIENE, SR TSR, SO0 2R iR )
F 0L FEABOR A WL 1 FR o FRGh AR5 Tk UE

Ja, RBCEBAFEA R DLA (T & R4 IR 7 3 BT, SR )5
7 BRI AR Ay B A R UR T, T A .
1.2 RFI5EE

ECke, FZE, &Pk, WEE, Thi(fnta, £H
TEDIA A l); FToAKBREREN(GHT4E) . $hR . Wi . 254
TR8 | TSIRAR (gl (H 25 42 Bk 24 A BR A DD 17 F
PCDD/Fs [ 5 /M R BUARETR S (CS1~CSS)(LA T
TR, ISR RS AR A ).

XPE205 BUHLFRP-(&EH 0.001 g, Fi ARG
F 2225 Fl); ASE350 TR I 945 37 A% BUAS (35 1 3 22 2 WD)
Thermo DFS B 55 43 ##STI FHAX (36 I FE IR CHH/RBHE 2
H]); KA RVS8 BUBER 75 & (T2 E IKA 2 F]); MD 200 B4
WRASL (B BN 7)) o

Fig.1
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Sample type and quantity distribution

17 % PCDD/Fs [ 5 MK RIIBRIEIR G (CS1-CS5):

5 NFEFh 2,3,7,8-TCDD. 2,3,7,8-TCDF Btk 451K
0.5.2.0.10.0.40.0.200.0 ng/mL, 5 %4171 1,2,3,7,8-PeCDD .
1,2,3,7.8-PeCDF . 2,34,7,8-PeCDF . 1,2,3,4,7,8-HxCDD .
1,2,3,6,7,8-HxCDD ., 1,2,3,7,8,9-HXxCDD, 1,2,3,4,7,8-HXxCDF ,
1,2,3,6,7,8-HXCDF . 1,2,3,7,8,9-HxCDF . 2,3,4,6,7,8-HxCDF .
1,2,3,4,6,7,8-HpCDD . 1,2,3,4,6,7,8-HpCDF . 172,3.4,7,89-
HpCDF A5 435124 2.5.10.0.50.0.,200.0 ,1000.0 ng/mL,
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5 /%%1# OCDD. OCDF ik B 44 5.0, 20.0.
100.0. 400.0. 2000.0 ng/mL.

12 v PCBs 4 5 MU RINE AR UER S WK
(CS1~CSS5), LATLe iR, Bimuk 4 31#Eh 1.0, 5.0,
50.0, 400.0. 2000.0 ng/mL

RAWKRIER: PC Frichy 17 Fh PCDD/Fs #1 12 Fif
PCBs, Fiia¥kE 4 100 ng/mL.

[N AR 1°C-1,2,3,4-TCDD F1 °C-1,2,3,7,8,9-
HxCDD JEH W E YR 200 ng/mL; *C-2,2°,5,5’-TetraCB,
13C-2,2°,4,5,5"-PentaCB il '°C-2,2",3,4,4",5-HexaCB JF -k
BEF4°4 100 ng/mL.

14 ZIERMIIERALZEBHERNESKRN

W2 )5 4K GB 5009.205—2013 (£ e 2 E &%
e B T R R R S e ), R L
FRETR T @~5 g), RIEIMAZ 10 g BERE I MR
o TEHBOBIRTE 1 A4 R B mA B iEE 1,
R FR A B SR RO AZEBCH A A SRR
¥ IE R R B, B R F AR IE ATR A AR IR IR
(10 uL)FN 1 F PR RS, FREEElohskis L. 5
P H B AT ZEBAL A, DR GEIECRE 1:1 (V)RR
BIAHMEA TR . IB AT, ARSI e E O 4, 101,
VVERFIEFREAY 500 mL SRR, RERELET,
FREE, TRBENI & & . R RIEIRAE 2~3 mL e 1E
Ckt 111 (VYRR T, R e FARRHE E| IR
I, A 20 uL FREA 5 oL EDRCRNFRIEW, TR
A, FEI G AR THRAR P E Q1 : 140 °CHR-EF 1 min, FFLA
20 °C/min FHEZ 200 °C, #J5LL 5 °C/min FHEZE 220 °C,
45 16 min, SR/FLL 5 °C/min FHEZE 235 °C, 445 7 min,
$%J5 5 °C/min FHRZ 310 °C, {83% 10 min, FE— B E
BRSPS, LIS R DU ) 2 B (RO R ) o B 7 AN
fn— MW AR E S M, 5 AREMEE s
o MLHERREEZE LS5 644/2017 SR BAE T 29 Fib
] R WA A s R PR,

1.5 RERIEFRELT

PCDD/Fs #1 dI-PCBs SR Z: D1 2355 644/2017 5
PHLAIRAE, 7T ET A UE R P A AT E A 2
G2 AT A B A U S 56 = HEA T AT
1.6 SRS B SE A X TR S

AU PPl — 3 2005 45 {H 5 1044 4 2 a1 24 2 R

“F(World Health Organization 2005-toxic equivalence factors,
WHO,005-TEFs) 71538 14 24 & (World Health Organization
2005-toxic equivalent, WHO,0s-TEQs), #3475 M 24 5 (toxic
equivalent, TEQ), ¥/~ i[RI RZYIES (17 A PCDD/Fs
12 Fh d1-PCBs) Y 5B PH A2 E 4 i [w) 22 90 00 A I 3 22 {1
ek WHO,005-TEFs 15311, Z5 5L R AT BRAN R R,
TETBRFN ERR v, G A — W R W S5 5N T e A
TR, DU153-591 O e fEAG I B A AR (A ) ARG E b
FRMOANTE, B L 7 R 2 R IR X e
(polychlorinated dibenzo-dioxins, PCDDs)fl 10 fi 2 & 7K
J Wk I (polychlorinated dibenzo-furan, PCDFs) [ &L Fl
(WHO,00s-PCDD/Fs-TEQ). 12 Fl dI-PCB [ 3 FI(WHO505-
PCBs TEQ) &% 4 & 29 Fh [ & ¥ A &L F1 (WHO,005-
PCDD/Fs-dI-PCBs-TEQ B WHO,0s-TEQ)ZE/RP, AR 4EAE
Al P K RS B L) pg WHOL005-TEQ/(IE T @) /R -

A TR BN FI L EE (9 15 B R0 AT oA, SR
P A B H UG W) T Y A] 4 2 AR A
(tolerable intake, TDI) (4 pg TEQ/kg {&KF/F)*, %t &4EH
B B AT IEAN o B 2023 AERR b B R R R R
g ) POVER £ P 2% BB R 77 5 b PCDD/Fs A
dl-PCBs #J TEQ R IFAli i)™ it % A PCDD/Fs Fl
dI-PCBs I XU .

1.7 HiELE

BAFEAT LI E 3K, FrA IR 95%1 & 15
XA, A S SPSS 19.0 #k47, FIZE NI
OriginLab 2021b £,

2 HER5HH

21 AFEERPINRSZRREAZEHERYR
HaE

# 2 WORABSE T AT A PCDDs/PCDFs #il
dI-PCBs M 1 . SR, FTA M4 dI-PCBs SR
Y& T PCDDs/PCDFs A1, fa, #F ., BEAIGE 50
PCDDs/PCDFs & NFAEREZES, 5390 (1.86:1.02),
(1.15+0.04) . (0.89+0.15)F/1(6.50+5.82) ng/(kg dw). . HF.
TEFIRGE 2K dI-PCBs & 451 4(357.67+36.91)
(16.3120.03) . (1.44+0.01)F1(9.260.02) ng/(kg dw). Fit4>
WrEsRE /NG 2), 4 =M d-PCBs SEER B F
(P<0.05), FrA it h dI-PCBs [ X & Eng/(kg dw)]

%2 TEMAE~REFEF PCDD/PCDFs 1 dI-PCBs & 2
Table 2 PCDD/PCDFs and dI-PCBs content in meat of different seafood species

#J(n=17) IR (n=4) 1 (n=4) WE D12 (n=4)
PCDD/PCDF 7% #it/[ng/(kg dw)] 1.86+1.02° 1.15£0.04° 0.89+0.15° 6.50+5.82°
dI-PCBs & &#/[ng/(kg dw)] 357.67+36.91° 16.31+0.03° 1.44+0.01¢ 9.26+0.02°

e AEVNG TR R 0] 25 5 1 3 (P<0.05).
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43514: PCB_118 (150.88)>PCB_105 (43.66)>PCB_56 (13.08)>
PCB_167 (10.16)>PCB_157 (4.41)>PCB 123 (4.08)>PCB_123
(4.08)>PCB 114 (2.98)>PCB 169 (2.38)>PCB 189 (1.34)>
PCB 77 (1.28)>PCB_126 (1.17)>PCB_81 (0.20).

22 EMIERSZIERALZIABREVRERIE
HESH

FPIE 7T S RE A FR £ Ffi 257 PCDD/Fs il dI-PCBs AIK:
R, 425 PCDDs/PCDFs F1 dI-PCBs Y46 H -
ASEHMFEE 3). FERMZE]R 7 Ff PCDDs H, 5 F B3
(2,3,7,8-TeCDD . 1,2,3,7,8-PeCDD ., 1,2,3,6,7,8-HXxCDD .
1,2,3,7,8,9-HxCDD #1 1,2,3,4,6,7,8-HpCDD)7E fIr F £ i v
B & AR TR AL RS PR, 11 1,2,3,4,7,8-HxCDD F1 OCDD
AL H SR 500 R 46% 1 4%, FERZINE B 10 A~k H bR
W, B OCDF FE#F &b H AN B (fIKFHE A i FR)Sb, F
£ 9 HERYEIEINR], SEAE 0.20~150.88 ng/(kg dw)Z
(&), ZEREINE Y dI-PCBs BRI, 7ETAFEA T 100%K:
% PCB_77. PCB_105 il PCB_118,

# 3 £33 PCDD/Fs and dI-PCBs 8948 Hi &
Table 3 Detection rates of PCDD/Fs and dlI-PCBs

EEX7/ PN K 2/%
2,3,7,8-TCDD n.d
1,2,3,7,8-PeCDD n.d.
1,2,3,4,7,8-HxCDD 46
1,2,3,6,7.8- HxCDD n.d.
1,2,3,7,8,9- HxCDD n.d.
1,2,3,4,6,7,8-HpCDD n.d.
0CDD 4
2,3,7,8-TCDF 23
1,2,3,7,8-PeCDF 58
2,3,4,7,8- PeCDF 54
1,2,3,4,7,8-HxCDF 35
1,2,3,6,7,8- HXCDF 4
2,3,4,6,7,8- HxCDF 31
1,2,3,7,8,9- HXCDF 8
1,2,3,4,6,7,8-HpCDF 35
1,2,3,4,7,8.9- HpCDF 12
OCDF n.d.
PCB_77 100
PCB_81 7
PCB_105 100
PCB_114 89
PCB_118 100
PCB_123 89
PCB_126 59
PCB_156 98
PCB_157 78
PCB_167 78
PCB_169 33
PCB_189 70

T n.d R BT T AR A R

23 HmPIHEREZRELXZSERYRNSM

Hi# 7 #h PCDDs . 10 7 PCDFs. 12 #f dI-PCBs [#J TEF
B3R LA A5 7] 22 1 100 vk B A, 745 B AN TR R B9 2 )
JE TEQ (I 2). 29 Fi[F R ML L5 R 4 Fiifg ™ 5
WL H TEQ DTk Y . W 2 iR, s, dF2s, &
HAGE 25 L) PCDD/Fs #il dI-PCBs # TEQ {84351k
0.445. 0.277. 0.204 1 0.724 pg TEQ/(g dw). L\ PCDD/Fs
T4 TEQ{E A AL FHR A 12 3L EC1881/2006 H41] Hi i) FRAE
7K WHO-TEQ & 3.5 pg TEQ/(g dw), Ll PCDD/Fs i
dI-PCB i1 #J WHO-TEQ 4 6.5 pg TEQ/(g dw)*"\. 1Efir 45 2
IR 7= i R, dI-PCBs [ ¥k & 22 & T PCDD/Fs.
PCB_118.PCB_105 H1 PCB_156 IR iaHe Ji 2 |5 [ & 4
B 88%. TEATA R A Y ., PCB-118 MM E R s, 295
W 64% . MR A BE MY E R, 2,3,7,8-TCDD |
1,2,3,7,8-PeCDD . 1,2,3,7,8,9-HxCDD ., 2,3,4,7,8-PeCDF .
PCB_126 fil PCB_169 £ /5 8 1: it S At 1) 90%, X 5 22 Hif
TE I £ R 7 b G 2 I — 8 7R A X e o
PCB_126 F1 PCB_169 % TEQ MEH 42%., BRTEFTA
YR RN E A9 PCDD/Fs (94 BERBARAE, [H 75X SE 27 1Y)
177 5, PCDD/Fs f [] 22 4 6 A B 4 B s

]0.445

(RS 0.168
i]o.m

0.277
R 170.016
0.261

0.204 0 WHO,5-TEQ (PAPCDD/FS+dI-PCBsit)
S [0 WHO.05- TEQ (LAdI-PCBsit)
[ ]0.204 [ WHOus-TEQ (WIPCDD/Fsit)

AN [ it

]0.724
]0.721

W5E D12 [0.002

1 1 I

1 1 1 1 1
0 01 02 03 04 05 06 07 08
MR TEQ -1/ [pg TEQ/(kg-d)]

K2 AFbie™ i PR R Y TEQs /Al
Fig.2 Distribution of toxic equivalents TEQs of congeners in
4 kinds of seafood species

24 BFEGPIRERS DIERAXSSHERYIRAE
BB TG

R T RIS AR 3% R TR TS  W  EE,
2 [E P14 R (United States Environmental Protection Agency,
EPA) ML E TR MEZ 2 HMME, Wt SEs%H
TDI'. TDI BE T8 KA TR rh e dE 1 2 h,
H A s 0K 382 /N F 4 pg TEQ/(kg-d), fir % FIfl
AN 1 pg TEQ/kg/day, M KIEZEN 10 pg TEQ/ (kg d).
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H 55 0 P b X A [ A BEAR L, ASBFse RA T H
A FE E Y 4 pg TEQ/(kg-d)AY TDI{EAE NS EM, i
FE B FLE W -3 E 43518 80 kg il 15 kg(£ 4). K
N FLE B RN f | BF L B F0 X5 D2 G v B A
PCDD/Fs # dI-PCBs ¥ & F & o8 0.062~0.356 pg
TEQ/(kg'd), MM FHARLLEBER 1.549%~8.911%(F
5)o HLARGH A A 4 T rp ) E R AR L, VAR
ACrb ) RS FEARXT R, (HE T R AR LT
BYRTEA, B E S SR A X A=Y
JRUBS A1 o

*4 ATHERRES-RERNBRERNEHRESY
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