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Abstract: In this study, gas chromatography-triple quadrupole tandem mass spectrometry was used to study the
distribution characteristics of polyhalogenated carbazoles (PHCZs) in seafood. A total of 389 samples belonging to 24 species
collected from the coastal areas of Zhejiang Province were investigated to examine their PHCZs concentration, o and a
preliminary dietary exposure risk assessment was carried out in combination with the consumption of aquatic products by the
residents in Zhejiang Province c. The results showed that the detection rates of PHCZs in all the seafood samples were 100%,
with the content ranging from 0.43 to 18.44 pg/kg (Wet Weight; ww). The contents of PHCZs varied among the different
kinds of sea food products, that is, the mean value of ) ,PHCZs in fish samples, shellfish samples, and molluscs samples
were 5.58 ng/kg ww, 3.35 ng/kg ww, and 4.56 pg/kg ww, respectively. In addition, 3,6-bromocarbazole was the monomer
with the highest detection rate and concentration in seafood. The risk assessment revealed that the toxic equivalent was lower
than the maximum limit set by the European Food Safety Commission, and the dietary exposure values were lower than the
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acceptable monthly intake set by the Food Additives Commission. Taken together, the toxicity of PHCZs in seafood from the

coastal areas of Zhejiang province is relatively low, the risk of dietary exposure is small, and the leve; of PHCZs is generally

at a safe level.
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Table 1 Basic information of 9 kinds of polyhalogenated carbazoles

et F L AR %5 CAS & F 5T X
R 3-Chloro-9H-carbazole 3-CCZ 2732-25-4 C,,H;,CIN
3- el 3-Bromocarbazole 3-BCZ 1592-95-6 C,,HBrN
3,6- =& 3,6-Dichlorocarbazole 3,6-CCZ 5599-71-3 C,,H,CLLN
1,3,6,8- W H Fek 1,3,6,8-Tetrachloro-carbazole 1,3,6,8-CCZ 58910-96-6 C,,H;CI,N
1,8 -3,6- & Frd 1-Bromo-3,6-dichloro-9H-carbazole 1-B-3,6-CCZ / C,,HBrCL,N
3,6- —ifkrfed 3,6-Dibromocarbazole 3,6-BCZ 6825-20-3 C,,H,Br,N
1,878 -3,6- —&F»  1,8-Dibromo-3,6-dichloro-9H-carbazole 1,8-B-3,6-CCZ / C,,H,Br,CLLN
2,7- —igefed 2,7-Dibromocarbazole 2,7-BCZ 136630-39-2  C,,H,Br,N
1,3,6,8- w98 vfud 1,3,6,8-Tetrabromo-9H-carbazole 1,3,6,8-BCZ 55119-09-0 C,,H;Br,N
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0.10 pg/kg. ERFRN 0.20 pg/ke-
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Table 2 Information of 24 kinds of seafood

£A aa At =T
BRKME & Collichthyslucidus
i 31 Larimichthys polyactis
G} Trichiurus haumela
6 4R 83 Pampus argenteus
Rk & Harpadon nehereus
X¥&k & Larimichthys crocea
o Setipinna tenuifilis
o ione: ] Thunnus
o5 KAF AT Parapenaeopsis hardwickii
LB Mo dF  Solenocera crassicornis
ZRARFHRE  Portunus trituberculatus
. FE AR Solenocera melantho
e ) & & x4 Penaeus vanmamei
=E48 Oratosquilla oratoria
5 Scylla olivacea
B AR Charybdis japonica
% Sinonovacula constricta
b Cyclina sinensis
K495 Crassostrea gigas
JB e N Mytilus coruscus
HRARE
DA Bullacta exarata
MLk Loligo chinensis
BN Chlamys farreri
Kb Pitarina sulfureum

1.33.2 X514

Wi 1% 4% . Bio-Beads S-X3 (470 mm*40 mm) ;
WENM: O OB - ke (11, V/V) 5 il
4 5mL/min ; ISATAF(A]: 35min ; UCEERSIA]: 3~13 min.

SAREIE . FHERT . BIGEREZ N 50 C, HR
£ 3 min, FLL 10 °C /min HIEEEZFHE S 300 'C, If
PR¥F 10 min ;s AR, HAE 1.0 mL/min 5 i
FECREE : 280 C, #EFfRE 1 pL s RN A

TR
Btk HTREENTOV: HANAS: B

TURURSE - 280 °C 5 PURRATUR L : 280 C 5 WFHIAE

IR [A] : 5 min ;

Bo¥E R AR AR XN 22 S B T A
. D8- M M. 175.1/147.1%, 175.1/122.1 ;

e

167.1/139.1%, 167.1/115.1 ; 3- & M M. 201.0/166.1%,
201.0/140.1 ; 3- JHE M. 244.9/166.1%, 244.9/139.1 ; 3.6
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Table 3 Relative toxicity of halogenated carbazoles

a4 AT Ak
2,3,7,8- WA =R —rE 3k 1.0

3- ArFrk 2.7%10°

3- oo 1.8x10°

3,6- ZRIF 1.1x10"

1,3,6,8- v9 o 6.6x10™

1,8 -3,6- —Fr 6.0x 107

3,6- =i 1.7 %107

1,8 & -3,6- —& Frk 3.2x10*

2,7- Zifefuk 1.3x10°

1,3,6,8- 7938 rfod 3.1x10*

b b 3d & & H i 32 3 A& (Tolerable Daily
Intake, TDD) 1E N TEAl A 22 44 filh 28 — W& L) Joit
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BYFERATIZHERNTIOR . S mAE il R
MR EHmI, TS Tm, wNENSER.
e, AR A BB PHCZs & B2 & T H
fih £ 28 FLI e DU A A PHCZs
& BN S . — 7T, PHCZs £ ITAAY)
Wz AR E A A B 140.45 ng/g dwP, THE R
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F 4 BEEFRPPHCZsHIR ERMEBE (ng/kg ww)

Table 4 Detection frequencies and levels of ) ;JPHCZs in
various types of seafood (ng/kg ww)

e BB

fj saft HE EH4HK ﬁ/ﬂj S, PHCZs )14
= 1% % ’

wkMEEE 17 510 100  1.27~11.75 6.37

hEs 18 492 100 1.12~9.77 3.66

Ha 12 281 100 0.95~9.76 3.86

& e 15 530 100 1.84~15.71 7.44

X Kk 16 224 100 1.31~7.09 3.91

XEH 14 771 100 3.54~13.28 6.38

+ o 13 213 100 1.50~10.41 4.28

g o] 11 1012 100 3.92~18.44 8.76

BEAAHT 13 082 100 043-729 340

FAEEYRIT 12 065 100 0.97~7.37 3.17

ZHMTE 21 140 100 091~8.42 3.66

‘f Rigasr 18 073 100 137-8.83 3.74

i BEAITF 14 076 100 1.03~9.12 3.24

o 3 $ 14 084 100 0.50~2.79 2.06

Fig 12 078 100 1.44~723 4.80

2N 10 054 100 1.13~544 276

it 23 110 100 069-641 397

Fb 21 080 100 231~7.28 3.88

KALd5 200 130 100 1.58~7.76 436

KogEBR 19 069 100 1.60~10.92 4.72

ij; DA 15 073 100 1.47~10.76 5.02

og=p 18 137 100 0.83~6.72 4.34

BN 21 067 100 3.84~8.19 5.88

E& 22 082 100 1.86~9.85 433

AL RIS, AR PHCZs IKE 5 1L
Kbt . FIRfH PHCZs & E#HTEHLE. (R 5),

R R L i b [X P R AR P 7= i 52 PHCZs 5 Y4 tE
FEE A A
#5 TEISEE~RPPHCZSHI R EXTEE (ng/kg ww)

Table 5 Comparison of PHCZs in seafood from different sea

areas (ng/kg ww)
iy MR S RER AFRE AEIHK
2004~2016 A XK#H #é. giRR&  6.8~28 25
b BEL TR ;
AN L -
2022 AT % pkx 043~1844 AL

2.3 g & PHCZs SR 1y 77 4 AR AE AT
WL i 1 X = 5 PHCZs & BRGS0
EEIKCFRAG R WL 6. 9 Fh PHCZs 7E#77
P AN FRERE A, Hod 3-CCZ.3-BCZ. 3,6-CCZ.
3,6-BCZ. 2,7-BCZ 1 1,8-B-3,6-CCZ iX 6 # PHCZs
IR H 23K T 50%. 7= i 1 % PHCZs 1 2H B
REAEWE 1 BT, Bl LA [ 72 o 1 3 R oA
It 2259, 3X A] B8 VA PR B A AN AR S S R R P
H fh 3-BCZ. 3,6-BCZ. 1,8-B-3,6-CCZ F1 2,7-BCZ
XPUANH AT E 9 Fh PHCZs H (5 85 1 AR5 e A B ik
R, X ] RE S VLI X O AR A RIS Bl R
FAZK AL it FH B 257 S N Rad sl 572,
Il 3-CCZ ]1,3,68-CCZ [11,8-B-3,6-CCZ

[ 3-BCZ [ J1-B-3,6-CCZ [EH2,7-BCZ
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Fig.1 Compositional profile of individual PHCZs in
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seafood products
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% 6 B RPPHCZs & BRI 20

REREIKFE (ng/kg ww)
Table 6 Detection frequencies and levels of individual PHCZs

congener in seafood (ng/kg ww)

A L2 IR RS T VR4l . A DAL S0 s A Ak
Xf THESLRY) ) TDI L FRA 4 pg/(d- kg bw), £
mn S N FRBR G 23 2 e N AR T it 52 4K g
PERFE A H 2 e AN EN 70 pg/( H- kg bw)" s
MR, RIEM 24 Flg = g & R EHEBKT
70 pg/( H - kg bw), i i TDI LMK T 1% (3 8).
al L, H BT LA R B R PHCZs RS &
TN, Ak, ELSR PHCZs (2R R SR
AUHEGE I GRS e B3, (H 2 R R 5
Al REAEAE 2 AL e AR M5 3, S EEER N,
PR 75 5 L E A

Table 7 Toxic equivalents of PHCZs in seafood from coastal
area of Zhejiang province (pg/g ww)

e wHEY  HE SFLE
3-CCZ 59.13 0.61 ND~1.88
3-BCZ 65.55 0.78 ND~2.67
3,6-CCZ 63.50 0.70 ND~2.11
13,6,8-CCZ  31.36 0.35 ND~0.74
1-B-3,6-CCZ  24.68 0.30 ND~0.49
3,6-BCZ 76.32 0.87 ND~1.21
1,8-B-3,6-CCZ  70.67 0.51 ND~1.08
2,7-BCZ 75.06 0.68 ND~1.32
13,6,8-BCZ  30.85 0.28 ND~0.59

E: ND AT B ARMLAH S AUEIR T 7 2 SR,
24 FELEIWH

TR, A ST T R B 1 24 Bl T
PHCZs 1) 8 Mk M & W3R 7 Fron. A [FHg = &
PHCZs [ # 1 24 & 7F 0.01~2.68 pg/g ww, HIKT
DR B it 22 A2 % L S I = i v 1) RS SR I
T H5E B B e PR B (3.5 pg/g ww)P o %45 B
FARTIH&E LT (2.5~35 pg/g ww) Fldb3E T AT
(5.0~35 pg/g ww) HIZEY)FE 5 o PHCZs B #E1E4
B AW, WIVLHTHEEHL X i R PHCZs () W0
B AL T AR AR AT o 24 Flifg 7 it v i Sk e 25 £
AR St f AR R R Y B AR, AT kAT
&Y IE .

25 Be Nt

PHCZs T BR 2% o3 5 SO RA R g De s
YA B . £ EREBRY RV AAEEN LT
DABE i —WEHEIY 22 AaKSP 7, AT AR R R 0 B Al R
Sprd— e RN AEEN . AR R
JG, BASEIZIFAER AR RN, (R BT B R
PSR REPERIRR E P, TR METE A Y AR, B[R] B R
JE AW NEF A faE . BERARNERET
PHCZs [ EZRIE, 7Lk 90%",

ZH (BRRTPESEBEHI), WiLEER
IKFA S T R BOR LN 99.73 g, HRIHE M K BLFF
R A, SR BRK 5 5 2N
53:43:4P0, [HL, ASCE R, FR kK
F H K ZITHFE 52.86. 42.88. 3.99 g K it B & 2
Fft. tbAh, T EPr B8 PHCZs % #E bniE R 1E,

374

A St FHYFRE  HM
wkMFESE 0.18~1.35 0.67
& 0.15~0.62 0.34
W 0.08~1.23 0.53
. LA 0.21~2.12 0.68
B k@ 0.17~0.75 0.44
X& & 0.20~1.32 0.63
o 0.21~1.15 0.57
Eagiog 0.34~2.68 0.72
%\Mﬂﬁroo 1~1.21 0.45
FAEHIF 0.01~0.71 0.16
ZHRMTE  0.03~038 0.12
Ry 0.02~1.52 0.35

LGRS
BEAMIT  0.12~0.42 0.25
=R48 27 0.05~0.73 0.31
Hh 0.12~0.71 0.36
BN 0.12~0.53 0.23
wHE 002079 0.36
o 0.11~0.63 0.45
K495 0.17~0.89 0.51
B0 N 0.30~1.43 0.47

B
DAA 0.13~1.38 0.63
FEALK  0.02~0.80 0.36
BN 0.10~1.59 0.47
EES 0.15~1.17 0.52
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* 8 BrFEAMILBERPHCZSKEIBHEREREKTE
Table 8 Long-term chronic dietary exposure levels to
halocarbazole through seafood for Zhejiang residents

%7 A [I}E“ /ﬁiﬁ%] & TDI 1 4/%
MkME S 0.17 0.57
hEE 0.11 0.35
Wa 0.12 0.38
o 488 0.23 0.76
fok & 0.11 0.38
Xk & 0.17 0.57
3 0.12 0.41
i 0.27 0.89
o K A7 x4 0.10 0.34
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