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& E REZEIAY (bromophenols, BrPs) AT LATEHE AW A Y h AARAER, Rl HERERY R, 75
WA R Z R . [, —28 BrPs &7 8 A A9 TR AR B R s R AR B 09 A AT L B,
AAEA AW HLRE S 200 K EE . DUTRAUEY A, 32 2R ORI e M 2 R ORIk e S
FEPEA HLTG YW & A A E AL, ASBF5E R ] HPLC-MS/MS 4387 7 T EVL 54 1% = ds i i 37 b i s
B DL | BRI E (% 3 ), 19 Bl BrPs B & KA A0, IR AT, HE AL 3RA i 4 BrPs,
39 & 4-— R B (4-monobromophenol, 4-mBrP), 2,4- R f} (2,4-dibromophenol, 2,4-diBrP), 2,6- R i}
(2,6-dibromophenol, 2,6-diBrP) Fl 2,4,6-= i i (2,4,6-tribromophenol, 2,4,6-triBrP), H. "' 2,4,6-triBrP 7 1=
AT FRE R AR, AR 9 R S [ A 4 i VR R LR 0.512—56.0 ngrg ! dw (T E)CEHIE
(14.1£13.8) ng-g ' dw). WA, Y,BrPs 1975 [l 0.806—56.1 ng-g™' dw(F ¥ {H (18.2+15.5) ng-g™
dw). 1§75 BrPs (& R A AU i Z Sy F Rk, Hid, 3R 2R d Yy, BrPs “F 3 & &
((16.8+12.6) ng-g ™" dw) & T 3 I ((15.0+8.60) ng-g ™' dw) 2 ((10.142.17) ng-g " dw). A [ml Ffr 2183 7
Sy, BrPs B3 Al B, WS & & ((18.4+14.0) ngrg ' dw) /& T8 ((13.5+8.68) ng-g ' dw) FIAME
B ((11.548.71) ng-g™ dw), 2RSS & ((21.7£12.6) ng'g” dw) L THE A ((3.37£2.41) ng-g” dw), fal
JEFNEE S, BrPs SE 445 B ((36.9+4.22) Fl (36.5+13.9)ng-g ' dw) 1 T LA ((3.46x1.32) ng g™ dw).
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Concentrations and tissue distributions of bromophenols in nine
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Abstract As the seafood flavor components, bromophenols (BrPs) are naturally produced and
widely found in marine organisms (e.g. algae). Some of the BrP congeners are also the widely used
as flame retardants or the precursors of some flame retardants. BrPs not only have relatively high
biological toxicity but also transformed reciprocally with some highly toxic organic pollutant (e.g.
polybrominated diphenyl ethers, tetrabromobisphenol A, polybrominated dibenzo-p-dioxins and
polybrominated dibenzofurans). The concentrations and tissue distributions of 19 BrPs in 9 seafood
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(i.e. the shellfish, snail, and fish samples) with the high sales in Chinese market were explored by
HPLC-MS/MS in this study. Concentrations and tissue distributions of BrPs in different seafood were
specially focused. Four BrPs, including 4-monobromophenol (4-mBrP), 2,4-dibromophenol (2,4-
diBrP), 2,6-dibromophenol (2,6-diBrP), and 2,4,6-tribromophenol (2,4,6-triBrP), were found in
different tissues of 9 seafood and Y ,BrPs ranged from 0.806 to 56.1 ng-g”' dw with mean
concentration of (18.2+15.5) ng'g' dw. The concentration and detection frequency of 2,4,6-triBrP
was highest with the concentration ranging from 0.512 to 56.0 ng-g™' dw (Mean: (14.1+13.8) ng-g™' dw).
Species dependent accumulation and tissues dependent distribution of BrPs were found in seafood.
The mean concentration in whole shellfish ((16.8+12.6) ng'g' dw) was higher than that in snails
((15.0+£8.60) ng'g™' dw) and fish ((10.1+2.17) ng-g”"' dw). Y, BrPs in the shell meat ((18.4+
14.0)ng-g"' dw) was higher than that in gill ((13.5+8.68) ng*g "' dw) and mantle ((11.5+8.71) ng-g"' dw).
For three snails, Y 4BrPs in viscus ((21.7+12.6) ng-g"' dw) was higher than that in conch ((3.37+
2.41) ng'g' dw). For three fish, >,BrPs in viscus ((36.944.22) ng-g”' dw) and gill ((36.5%
13.9) ng-g' dw) was higher than that in flesh ((3.46+1.32) ng-g ' dw).

Keywords bromophenols, tissue distribution, seafood.
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(An DU | F ) o BrPs BYWRAT 1 AN T I DR, ASAT ST I 9 i B ELIH 9 R AT 7= i, O R T
A E W TG ah 19 Bl BrPs B2 2R 00 A K f 8] 22 5 RO BE ST, D9 BrPs (149 A5 25 B XUBS: AR iy 22
AR P S

1 MBLE 7 (Material and methods)

L1 FEA R 5

T 2021 4 7 AFETLIRE E @R AT R E T AN 28 BRI — 24, 4
FER TR Yy CHEWs 2800 DUAIR DL) | SRR (BKZLHR | i B ARANAERR) | A a2 Gl fyi iy | /N B AL £
IG5 £01) 2 O Fobvify £ B0 BEF A 00 7 i AR 7 it BRSSO/ AT BB S A o, TV SRS 1 T iz [l
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3—4 ZRAARI SR A Tl . BEAAE WAL SURIR SR A I REAT T VR 9 B AR i, RS 2 0.01 g S
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Table 1 Numbers, weights, and the moisture content for the 9 tested seafood samples.

GiES HT 4 e AL /g /e FKAY%

Species Latin name Quantities Tissues Wet weight Dry weight Moisture content

A Crassostrea gigas n=20 fi 17.0 3.09 81.8

HMERR 20.6 4.49 78.2

" 91.0 21.0 76.9

J L Patinopecten yessoensis n=30 fi 23.9 5.96 75.1

HMERR 25.3 6.72 73.4

rﬁl 157 37.7 75.9

e Mytilus edulis n=35 fi 17.4 3.42 80.3

HMERR 438 12.0 72.6

rﬁl 105 22.1 79.0

JokET 15 Rapana venosa n=20 P 46.5 14.5 68.9

] 113 27.4 75.7

IS Babylonia areolata n=35 A IE 55.7 18.2 67.2

] 113 274 75.7

JoES Glossaulax didyma n=35 PIE 99.5 324 67.4

] 200 55.0 72.5

INEEAE Larimichthys crocea n=4 i1 18.5 6.42 65.3

P 67.1 29.2 56.6

A 553 210 61.9
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g1
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Species Latin name Quantities Tissues Wet weight Dry weight Moisture content
&lRfn Trachinotus ovatus n=3 il 17.8 6.08 65.8

P 57.3 35.6 37.8

LA 487 210 57.0
Y Lateolabrax _ i
Wit o n=3 i 384 13.1 66.0

Jjaponicus
PE 88.8 58.7 33.9
N 621 180 70.9

W B, TE . KR E T MR GRS T
Note: The wet weight, dry weight, and the moisture content were based on the mixed samples of individualities.

1.2 AR

19 Ff BrPs 45 EY) i, €055 2-— IR [ ( 2-monobromophenol, 2-mBrP) . 3-— & [} ( 3-bromophenol, 3-
mBrP) . 4-— R W} (4-bromophenol, 4-mBrP) | 2,3- 7R ¥} (2,3-dibromophenol, 2,3-diBrP) | 2,4- "7} (2,4-
dibromophenol, 2,4-diBrP) . 2,5- % B} ( 2,5-dibromophenol, 2,5-diBrP) . 2,6- & I} ( 2,6-dibromophenol,
2,6-diBrP) | 3,4- 1R} (3,4-dibromophenol, 3,4-diBrP) . 3,5- 7} (3,5-dibromophenol, 3,5-diBrP) | 2,3,4-
= VR (2,3,4-tribromophenol, 2,3,4-triBrP) | 2,3,5-=JR i} (2,3,5-tribromophenol, 2,3,5- triBrP) | 2,3,6- = 7R
3 ( 2,3,6-tribromophenol, 2,3,6-triBrP) | 2,4,5-= % By ( 2,4,5-tribromophenol, 2.4,5-triBrP) | 2.4,6-triBrP
3,4,5-= 1] Wy ( 3,4,5-tribromophenol, 3,4,5-triBrP) . 2,3.4,5-PU {& B ( 2,3,4,5-tetrabromophenol, 2,3,4,5-
tetraBrP) | 2,3.4,6-00 ¥ W ( 2,3,4,6-tetrabromophenol, 2,3,4,6-tetraBrP) | 2.4.5,6-00 3 By ( 2,4,5,6-
tetrabromophenol, 2,4,5,6-tetraBrP) . pBrP, ¥ [ i1 5= K Wellington Laboratories. [7]{i 2 P 454 Jii *C-4-
mBrP, ©Cg-2,4-diBrP, Cg-2,4,6-triBrP, 3C4-2,3,4,6-tetraBrP £l *Cq-pBrP ) [ 3% [E Cambridge Isotope
Laboratories. LA FAREY) TS EE B KT 95% . i A bR e 3 - A TAZ (O B A, JFCT 4°C kAR
PRAE. s I . O . AW e S A ML R F J.T. Baker /A ). Poly-Sery WAX(500 mg/6 mL,
CNW Technologies GmbH) FIS R 2 W 7 r [ 1522 35 52 56 B IR A FR 2 A, $hie W [ [ 25 5 A1k
2R FR A .
1.3 FEAh AL 3

HALBEJ7 22 B C AT SCHR [13], FFAR AR G P BT EAT 1 30 HERR PR i 2.00 g AR B T 50 mL &
DT, A 20 mL SN & e (1:1, AR EL) A1 20 pL [ 7 2 R A W5 (PCe-4-mBrP, °Ce-2,4-
diBrP. “Cy-2,4,6-triBrP, 1 & 4> 114 (500 ng-mL™"). 43 B 25 75 (53 kHz, 20 min) FI¥E % (275 ¥K -min”,
20 min) AP ZEEL, Lk 3500 r-min”' A ESC 10 min BUH RIS R A3 K, AIFMFEBOR AR i
T, AW B i 0.22 pm R VU H 2 M (PTFE) 38, Bl 5 FH AR AR I 5 FE & pH {H % 2.0+0.01. Ffi /5
Poly-Sery WAX [& #HZ£ B (500 mg/6 mL) #E47# 46 F1igefb, ZE B2 1 6 mL H B AT 6 mL 68 21 /K i b
M, FAEEH 3 mL M2k pE 224 5. B 15 mL H B AT e, O BE I & T AR /N R, AR
FEZEZE 500 pL.
1.4 (A% 5 5%

A5 R FH o R A 5,385 - = F DU A AT A3 1B 5T % X (HPLC-MS/MS) (Ultimate 3000, Thermo Fisher
Science, U.S.; Triple-Quad 5500, AB SCIEX, U.S.) #:1ill 19 F BrPs.

WA 1035 25 03543 B HE 4 Inertsil ODS-4(150 mm=3.0 mmx2 pm, GL Science, Japan) , #FFE &4
5 uL, AR FEHITE 40 °C, WAIAH N 1 mmol L' BE IR B 1Y 7K (A) FI 5 0.1% LR 1 LM (B) BYIR A
F, Wik A 0.3 mL-min'. 3 31 A BSE N . 0 min, 45%B/55%A; 15 min, 70%B/30%A; 20 —23 min,
80%B/20%A; 27 min, 60%B/40%A; 27.5—30 min, 45%B/55%A. Jit 1% 4% 4 75 01 8+ 2 Sy Wi =R
X BrPs FEA A, 25 U5 A B I 55 B U, MR R 500°C, B L HL R R -4500 V, AT SR S5 SR I
A E A 38 psi Fl 50 psi. AN [FFP BrPs Al 04RF 25 B | RliAE R A 2 F R L 2.
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R 2 AIF BrPs (R E T E R R T REEAE R L R

Table 2 The precursor and quantitative ion, collision energy, and declustering potential for different BrP congeners.

(xst’] BT (m/z) FE I (m/z) Rl fE/eV LR E/eV
Compounds Precursor ion Quantitative ion Collision energy Declustering potential

mBrPs 170.8 78.8 -22 -85
172.8 80.8 -22 -85
diBrPs 250.8 78.8 =30 -110
80.8 -30 -110
triBrPs 328.8 78.8 =70 -120
80.8 =70 -120
tetraBrPs 408.6 78.8 -85 —130
80.8 -85 —130
pBrP 488.6 78.8 —82 —130
80.8 —82 —130
“Cg~4-mBrP 176.8 78.8 -22 -85
178.8 80.8 -22 -85
"Cs-2,4-diBrP 256.8 78.8 -30 -110
80.8 -30 -110
"Cs~2,4,6-triBrP 334.9 78.8 -70 -120
80.8 =70 —120
"Cs2,3,4,6-tetraBrP 414.6 78.8 -85 -130
80.8 -85 —130
“Cs—PBrP 494.6 78.8 -82 -130
80.8 —82 —130

1.5 W= AR BrPs SE XA B A O s
ST = SR TRV 2R A RE S ) i 5 6 N 4120 T BrPs YR, TR B AR AN I A O TR AR 2
BrPs 23 BrPs I35 5 &, AU F

AL mIXC1+m2XC2+m3XC3+...

W g AT =

my+m,+ms...

Horf, my, my, myy O BMREARRI AL G FER AT (), Cpn Coy Csa .. 43 RN B A A ] 21 21
RAFEMH BrPs &% & (ng-g' dw).
1.6 Jor i 4 o A BT i ORIk

10 S FE S 20 B — 41 9 S bR vfE #h 28 (0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0. 20.0. 50.0 ng'mL",
R>0.995). H 2.00 g o35 4l ik 5 A5 0 28 FIRE S 24T AH R i 4 i RS U A, 2R 7 28 TR 25 1
SEES R BrPs. BRI LA 10.0 ng [R5 2 PR T (20 pL, 500 ng-mL™"), DAAZ IE FITH BR AR
ol AL L ASCER U0 Bh A R T Bk 2,3,4,5-tetraBrPs [H1{C 3y 58.8% A, M 77 iy rp Hi Al 18 Ff BrPs [ fir %
0 [ R 77.1% —105%. BrPs 0 ¥k B UL+ B 3F &, Jr ek b IR (3 A% M A ) i [l O 0.0248—
32.1ng'g" dw. N T T 5 SCERECHE ST X L, SCHR Y BrPs & it 40 2R DAV H Bl s T T, D0 ) SCiEk
255 8 B 7K R G SOk HP TG B KRB U 42 R DL | ML (1 15 7K (80% ) 1150 ) i g s 5 e 4 3 R DA
1A BrPs & &

2 ZEE 54718 (Results and discussion)

2.1 AR5 BrPs
RSS2 . DRI FRE e, JERG I T 4 i BrPs, S) 51y 4-mBrP, 2,4-diBrP. 2.6-diBrP il 2.4.6-
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triBrP, 78 I A W 7 i 2 LA R R 285300 R 87.5%. 54.2%. 50.0% F1 100%, HoAt 15 Flt BrPs 7
P R AG A BFSE R B9, 4-mBrP. 2,6-diBrP. 2,4-diBrP il 2,4,6-triBrP 2 . 2 Rk
Y. Woe o e A Y b Iz ) BrPs, Hi DA 2,4,6-triBrP 5 Ho i, SANFGR 45 R — 2. 78
LA S A 2 B BF S A A T 2-mBrP., 2,3,4-triBrP., 2,3,5-triBrP. 2,3,6-triBrP. 2.4,5-triBrP. 2.4.6-
triBrP, 3,4,5-triBrP. 2,3,4,5-tetraBrP. 2,3,4,6-tetraBrP. 2,3,5,6-tetraBrP, pBrP 55 HAth £ Fh BrPs!™ ~ 17, {H X
46 BrPs 7EASHIEFE H 4 RS Y, X AT E 5 A [ Fl BrPs AR U8 . BRBE SR G fe i . BRI LA Kt 7 i
KHK.

L8 7= S AR BrPs & EEHESE, AW . BE DL SRR DL, BRLTER | AEER | W AR NE AR A it
Sty BrPs MAF A58 33.0, 15.2, 225, 23.2, 18.7, 3.11, 7.85, 9.52, 13.0 ng-g™ dw([& 2).
FbHE AN [ 78 7 il 1) 5 F 3, 3 b DL 26 Y, BrPs. 2,4-diBrP., 2,4,6-triBrP N A 1 & ((16.8+12.6) |
(0.304+0.272) | (14.4+£10.7) ng'g" dw) =T 3 FRE((15.0£8.60) . (0.284+0.112) . (10.0+8.43) ng-g™' dw)
A2 ((10.1£2.17) . (0.0136+0.0193) , (7.10+0.654) ng-g ' dw), 4-mBrP Fl 2,6-diBrP M| 7E #2255 ((0.863+
0.785) ng'g” dw F1(3.82+4.76) ng-g™' dw) i T DL R0 25, BrPs 7EY) R IH] A0 25 5, 5 AE W09 > P A0
AR PR AT OC, AR E R p VR . EACVEAE XIS R, BrPs ZEMEVEDTRRY itk B i Tk 1,
PRI, DU i, AR ) S A 0 R st DL e B 26 BrPs BRAC ) 5 iz i TR AN 028, T g 5 HA I AE TR
Wy e B SR AT A T ) AR OC.

2212 .4,6-triBrP
2.3-diBrP
d2,4-diBrP
4-mBrP

0oan

concentration/(ng-g~' dw)

2 9 Rl S BrPs K3 ,BrPs i MAE & & (ng g™ dw)
Fig.2 The individual mean levels of BrPs and Y ,BrPs in 9 seafood (ng-g' dw)

16 3 FhL 2, HWE Y, BrPs. 2,6-diBrP. 2.4,6-triBrP MA-H4 & i 55 (33.0., 4.70. 28.0 ng g dw),
FET R ZER (152, 0774, 134 ng-g' dw), —F ¥ im e TR D1 (2.24, <MDL, 1.88 ng-g™' dw). fii I
) 4-mBrP 1 2,4-diBrP & £ (0.343, 0.677 ng-g™' dw) &= T 4 W5 (0.221, 0.0352 ng-g™ dw) 1 £ 15 1
(0.161, 0.200 ng-g ™' dw) . ASHFFT 4T 1 A IR B4R 4-mBrP, 2,4,6-triBrP [)MASE- 35 5 i 5 T b B A it
Hi X 405 H %k Y BrPs 8 75  (<MDL., “F-2{H (8.98+6.82) ng-g ' dw, JL[H 1.37-18.1 ng-g ™' dw) " FiI1 &
] AR A0 XD P 37 R T VA 5 0 AR BB PR AR A W it R X . BrPs 1% 1 (<MD, 10.0., 6.00 ng-g ™" dw)!™;
2,6-diBrP &b 75 o 25 K-, T E A S b X4 (OF 38 {8 (0.858+0.616) ng-g' dw, i [l 0.345—
2.18 ng-g dw) "KL T 3& [ Ak 80 K] N M S7 K A i v B Ol Y 7R D 4 W (i 5.00 ngrg ! dw Al
6.00 ng-g™" dw) ") {H R W FRLAA 2,4-diBrP /9 7 it I8 F i B B i 4 W5 (- 3948 (30.6+18.5) ng-g ™ dw, i
[l 9.8—52.9 ng-g ™" dw) " FITE 3 = A4 XM A 4175 (6.00 ng-g ™" dw F116.00 ng-g ™' dw) ™. A5 3 Fft L
2 rh 2,4,6-triBrP f K & i SE 2 1H ((14.4£10.7) ng-g™' dw) i i T 7E BRI 3 KO0 R 3
TR VI F S E RN B R AE AR S W/ 52 s ) T 2,4,6-riBrP (1 & i (YL 0.316—
3.73 ng g dw, Bl 2 SCHR T IR 7 5 E 4 ) PO

TE 3 PR, 3 BrPs Fll 2,4,6-triBrP (1) % S #c MK 21 88 (23.2 ng g™ dw Fl1 21.8 ng-g ™' dw) . fEIR
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(18.7ng-g' dw 1 5.85 ng-g' dw) . Ji M2 (3.11 ng-g' dw 1 2.41 ng-g"' dw) HK Ik k. 4612 h 4-mBrP
F12,6-diBrP 5 & (1.97 ng-g™' dw 1 10.5 ng-g' dw) 5 T K182 (0.337 ng-g™' dw F1 0.935 ng'g™" dw) . Jd
F12(0.278 ng'g™ dw FI<MDL). 5 5 5 3 Ff BrPs A [A], 2,4-diBrP 7F i F SR 1 i 54 0.419 ng-g ™' dw, #2
TR AR (0.288 ng-g ™' dw) FIFKZLIZ(0.144 ng-g ' dw).

¥ 3 Fhfa s, 74 B8 Y BrPs, 2,6-diBrP & & (13.0, 6.70 ng-g ' dw) fe 1, $5 F AAK IR g it fifs
0(9.52, 1.51 ng-g™ dw) Fll/N i 4E 111 (7.85, 0.713 ng-g™ dw) . ¥ i o 71 2,4,6-triBrP 1 4-mBrP & &+
(791 ng-g" dw 1 0.0854 ng-g"' dw) /= T /N 1L £ (7.07 ng-g” dw Fl 0.0244 ng-g™' dw) Fl 4 fF fa
(6.31 ng-g ' dw 1 0.0332 ng-g ' dw). 4 85 0 F1/N R A6 A0 35 Ry SRk i, I RRTE I rh A 3, T Vg 5 €0 77 Vi
IREIRA Y REAE I, PR G B £ 38 A ] BE 32 BITR K A2 16 R85 1 5% ), 17T 2,4,6-triBrP £ i A A2 7= 1Y
TR BEL AR TR, A A3 5% 0 8 30k T AR N 2 A 1 XA TR 7K K A 52 ) B K, 3l T R U2 Vi i AT (A 1 2,4,6-
triBrP 7 i 5 1 i A
2.2 =FhDI2&rh BrPs B9 4150 A0

XF TSR DU, BR 2,6-diBrP & Kzt A, Kt 9 BrPs( 4-mBrP. 2,4-diBrP. 2,4,6-triBrP) J Y ,BrPs
(0.197. 0.262., 4.00, 4.46 ng-g' dw) ¥ F=Z RZFLEARN (K] 3), & F ILA(0.187, 0.188. 1.81,2.19ng-g™" dw)
FISNERRL(0.102, 0.204, 1.42, 1.73 ng'g" dw) 1 XJ 1 BrPs 1475 . Ji DUEEH 4-mBrP(0.663 ng-g ™' dw) Fl
2,4-diBrP(1.20 ng-g" dw) W & T #F & I (0.326 ng-g dw 1 0.681 ng-g™ dw) F1 Il A (0.295 ng-g™ dw
1 0.594 ng-g™' dw) . X 15 B B A, J2 D1 2E BrPs 2% 58 S 43 A (1) 85 5 20 2. 41 05 0 B DL iy DL IR v 2,4,6-
triBrP(31.0 ng-g™' dw F1 159 ng-g™ dw) . Y,BrPs 115 i (36.3 ng-g™' dw 1 16.8 ng'g™' dw) i T HE RIS
JIES. 55 A1, 05 5 0 D1 H 2,6-diBrP £E AN E B (6.04 ng-g ! dw 55 4.00 ng-g ! dw) = TR DL A A A
X} 3 A DL rp BrPs 19 2H S50 A AT HU 8, e IS I DL A& 2H 2 rp 1Y, BrPs 17 e {1 1415 F1 DL, BrPs
FE 3 DL AL 200 A 22 52 5 3 P DLOAS ) A A6 3 7 U AE RORR A O, 40 . B DL 22 A6 355 A 1 )
AW A AR ISR TSR G DL 22 A TR TR XS A B, DA BrPs R B2 AN AR Y i K rh
UEE, AR N BrPs 15 B AR 005 R0 bp DUEAIE. 1T S5 0 DL A SRS S 7 AR 1Y 32.0%, A% i TR
(15.7%) F g3 D1 (13.3%). 2200 D1 | 4105 . B DUAMEE B b Y BrPs & it 43 i) i % g D1 284K BrPs % 5 (1)
24.6%. 10.9%. 8.79%. AT UL, AN (Rl Fh 1SS ) AR [) A8 20 A AR EE v iy o Lt 52 1 BrPs AR 2
Iy A BEAR |, D2 Y, BrPs( (18.4£14.0) ng-g™ dw) & T8l 1 ((13.5£8.68) ng-g™' dw) I &h £ i
((11.5£8.71) ng-g™" dw).

[ Crassostrea gigas Patinopecten Mytilus edulis
35+ yessoensis

| [£212.4,6-triBrP
30 [?2,6-diBrP
£J2,4-diBrP
25 4-mBrP

\

Concentration/(ng-g”' dw)

3 UG, R DL IR DURTRI 40 BrPs & i M43 A (ng-g ' dw)
Fig.3 Levels and tissue distributions of BrPs in Crassostrea gigas, Patinopecten yessoensis, and Mytilus edulis (ng-g™" dw)
2.3 =PRSS BrPs (AL M
3 il i b & B BrPs K2 Y, BrPs 7E A JIE TRy B AT TR Y b R i (I 4) L 3 BRI N JIE b
YuBrPs V-3 E i ((21.7£12.6) ng g ' dw) i 5 FHR R ((3.3742.41) ng-g ' dw). XJ T AL 5, fEIRER )
W1y, BrPs fiz 15 (6.59 ng-g' dw) (& 4), 23 BIJE PR LR (2.71 ng-g™' dw) Fl i E 42 (0.806 ng-g™' dw)
243 f5 1 8.18 fifF. FEUE K 42 3 1N BIE Hh 4-mBrP . 2,6-diBrP. 2,4,6-triBrP 1Y 75 i 375 T Ik I8 | i T 42
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(4 X6 o AV . 2,4-diBrP (1) e i Vi B HH A i T B8 A R IR R P R AT P (IRT 4) . 3 i 8 R Y Y BrPs 1)
S5 B ((3.3742.41) ngrg™! dw, Tl 0.806—6.59 ng-g™' dw) ik T 3 b U1 N B9 44 & 2 ((18.4+
14.0) ng'g™" dw, Ju [ 2.19—36.3 ng g™ dw), (HAEIRFNPKLLIRIE A > BrPs 9 2 2 0 w55 T 55 5 D1 DL A

[ 2,4,6-6iBrP [ 2,6-ciBrP 2,4-diBrP 4-mBrP

= Rapana Babylonia Glossaulax 60 pm Larimichthys Trachinotus Lateolabrax
35 venosa areolate didyma croced ovatus Japonicus
30 50
~ 25 40
2
'sp 20
g 0
E 15
g 0
E L
5 10
15)
8
£l ; /
» /
1 Z |

B4 JReri2, eI, i TR () FU/NEE B M W0t | S8R0 (b) AR SR BrPs 17 i Ko A AR
Fig.4 Levels and tissue distributions of BrPs
a. Rapana venosa, Babylonia areolate, and Glossaulax didyma ; b. Larimichthys crocea, Trachinotus ovatus, and Lateolabrax
Japonicus
2.4 Zfpfaikeh BrPs B4 LA

NP 4 7R, /B AR AR | 9 B 10 0 G B8 40 Y PP A9 Y, BrPs 15 4 (2.21, 5.29, 2.87 ng-g ! dw) SR T
PAE (37.8, 31.3, 41.5 ng-g' dw) FI 8 1 () & 2 (56.1. 28.0, 25.4 ng-g' dw) . K tH 5 & A9 2,4.,6-
triBrP 7F fi A i d v v B 24 MR TR 3 R R Y £ 6 (56.0., 28.0, 25.3 ngrg ! dw) H. X 150 BH A A R R 2
2,4,6-triBrP 255 5 /0 A1 ) B 4H 41, 4-mBrP H1 2,6-diBrP 75 IR A1 i & 4 v T Py R s b (151 4)
v g B8 40N JIE P B 2,6-diBrP(26.4 ng-g ' dw) 5 Y,BrPs(41.5 ng-g ™! dw) i 63.6%, s 1A Hh F fx g
[ 2,4,6-triBrP(15.0 ng-g ™' dw, 4 kb 36.1%) , iX — H it a2 i /N B 48 £ FN g & £ vp 2,6-diBrP Jr 5t
B (15.9% F1 31.9%) LA K SCHik 4 78 9 10257 B T 2,6-diBrP AF &7 59 HE 4911 (0—16.9%) 1121, 2,4-diBrP [
TE/INE G A P I RS 1 (0.344 ng-g ™! dw) Ak, TE/INET A 0 LA 20 2 g fs 00 R 4 R £ (%) i 21 21
PIAR A BR. 3 b b I 21 () BrPs 143 BrPs - Y47 fAE N IE & i i o (36.9+4.22) ngeg ! dw, = T
#8((36.5+13.9) ng g dw) Flfa [N ((3.46£1.32) ng-g' dw), S5 HABM R P RN IE S &S TR S &
YIRS — ).

AW ST Y i i 40 £0 Y P DL 2,4,6-triBrP iy 328 BrPs BAAA, 5 SCk b [ Rb £ il G 0 45 SR — 2, 5
2,4,6-triBrP [ £ (5.20 ng-g " dw) /& TR KR8 bR AR 09 B A 5 FR G Jem) s £ £ P vp i 5 5 (OF
111 (0.0857+0.0481) ng g™ dw, i FEI<MDL—0.800 ng g™ dw, 2575 /K3 80% 144 ) 2, % T 7 Hit e Hyy 1
FF R EE B 5 1 Namdo & J8 ] SR 48 09 i £o fo R 1 3 & (COF- 3718 (6.59+43.15) ng-g™ dw, Ju [l: (1.45—
10.0) ng-g"' dw, £ 7K % 80% 5 ) 1?2 4-mBrP & 2 ((0.0900) ng g dw) K 18 K F] A W) 57 5 i 1
o N H S R ((0.250) ngrg™! dw, LU P& KR 80% 111 ) 21 ASHIFT i 6t 40 £ N 2,4-diBrP il 2,6-
diBrP PR, (HAE R S Wy i A= o o v 3404 G

5 HAb AR AR L, ABFSE 3 Rl fa N T 2,4,6-triBrP & ME ((3.17+1.44) ng g dw) K T1E
] s T 3 R AR Y TR] 2T 9T K S5 BE A BE A AP COF- 3B (15.629.91) ngrg ' dw, {1 [l
(2.43-39.2) ng-g™" dw) " FI DA I [l T hr 3 . 25 R A L gl T e B M) A6 b R B A i £ | i £ A £ PR oh
2,4,6-triBrP (1) 7 2 ((18.5—166) ng-g™' dw) "L M 5% 3 Fp i N IE  2,4,6-triBrP % 57 Y {H ((22.5+
6.72) ng g™ dw) WLIAIK T H [ B v 10 90T K 548 B A BRE £ (OF- 3941 (49.1+50.2) ng-g ' dw, JE [l (2.18—
155) ng-g™" dw) " 18R I VBT R JEk R MR AR 1 2 FP IR A B R PR S 2y B bR £ 2 O 94 (203+
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3

2%

264) ng'g "' dw, {5 FE<MDL—850 ng-g ' dw, & I & 7K % 80% 1754 ) > Nk 2,4,6-triBrP 19 7 & . ASHif
5% 3 Pt 2 0 R L I IIE D BrPs & I8 T ILAA Y 1—2 DRI, Bk F A E AR AK T

3 4518 (Conclusion)

FEULZE | BESCRN SR AN NI, SRR TR AL U Lk 4 F BrPs, 4-mBrP. 2,4-diBrP.
2,6-diBrP. 2,4,6-triBrP, .1 2,4,6-triBrP 7 5 7K V- FK: 1 2R B A X8 g, 76 9 g 7= i Bir A7 1 4 g ik
JE Y5 N 0.512—56.0(F # 1 : (14.1+13.8) ng'g” dw), Y,BrPs ¥ 75 [l & 0.806 —56.1( F ) 1
(18.2+15.5) ng'g ' dw). 3 F D12 rpry BrPs ANV 24 & i & T 3 MRS RN 628 3 b DI 26 8 rp Y BrPs
e TAMERERN DU, 3 i i Y AR Y BrPs 7 i V-S4 (E0E & TR A g & i, 3 A N Y, BrPs
A A T T R AN AT P B SE IESE T BrPs B AN [R)IEE P S 9 IE A R R, 55 AN R I 7
BrPs 255 M oA i B EEH 2.
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