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FOK2F WEEFAE, T 78 BT 530004; 4. MNIBEHERES TR AELRE( M), T 511458)

& O WSS AR R A AU R R (OPEs) 1Y) & SRR i A& FH XU , 76 5 2R 4 2 6
T I SN 1 DX HEORAE T 6 Bl 65 A~ ML K ™ i, SR B AR €8 1% T i 306 ASGI 2 1 7K™ i Fh ) 11 v U OPEs
PR R A AR AE o &5 SR R, 11 b OPEs 76 4 25 FIL K 25K 7= i v A e A iy, LA 4 3K i v (1 e
[(127+101)ng/g dw ] .35 55 T H Z=[ (38.5+28.6)ng/g dw ], A[RZET 2 S, OPEs 75 44K AR T e 3h
W K7™ S OPEs Y2 BURRAE — B, ol — (2-50N 55 ) K (TCIPPs) FIBETR — (2-%( 235 & (TCEP) 1y
FERYI, AW 4 RS R F W] B AR K™ %] & OPEs(CL-OPEs) (1 & 45 15 1 i T4t Jik
OPEs(Alkyl-OPEs) , H.#§i2 = (1,3- & 52N 3E) [is (TDCIPP) Mg AR = 1K (THP ) 76 B 2= FI & 223043 /K 7=
LA I AR P A AR RE T A A R R R B XU DA R AN AT i
AR RN 0 A HEE 2 B LIS [ AR IR B K ™ & 22 8% T OPEs HEEFE XU I (L (0,) ¥ IK T M 1, R H
B EAR o AT AL A5 T RGBS B SR R 457K™ i v OPEs 15 YL BUIR AT I, 0 32 DX Sl iy A A PR B 1R

PORVE 22 A PR AL T BB

KEIF . A VLBERREG ; A™ s U s AE 5 & AU PEA

RESES: S912; X 592 SMERARERD : A
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e R XU TAt 32 1) [ PN A0 2 35 B 3 i DG 3 o
LR, AN [ 1L X K 7 i v OPEs (1975 e 7K 747
FEWI S 25 5 o I, A me VR TR b DX AR S A v 8
it OPEs [ °F- 33715 42 7K V- K[ 295 ng/g T & T &
(dw) 1, fH 3 MER A (2~5 % 6~18 % F1>18 %)
55 VRN L P 3 s B FH K i 2 R 1 Al B0 AN B
9 RS AR 0 AE I ST, 39 R R 552k |
i 25 FER AR B b (11 Fh OPEs) 1Y B ¥k
2.04~28.6 ng/g dw, H 9 MEIEH AR (2~3 % 3~
4% 4~5% 5~6% 6~9% 9~12% [12~15% |
15~18 % FIALAE N ) 38 3k £ HH 326 SE 7K 7 i 7 fi B
DB BEAR o D3 A, A it HL3EE 52 35 0 DL (Mytilus
edulis)[16.23 ng/g M T it (ww) |2 FEPEA L
il & WG DU (Mytilus — edulis F1 Mytilus
galloprovincialis) (16.30 ng/g ww) " F1 3¢ [ 1H 4>
L5 B9 XL 5E 28 (Mytilus californianus) (0.80 ng/g
ww) AR e 2% B OPEs | IZ AR AE . AR
i1, B AT 547 K 7™ dh Hh OPEs i B 52 475 84
A A B, — 7 T8, BF 5 DX SRR ™ i Fh 2 7
AFR 5 53— J7 T, BF X K™ T 22 8 T OPEs
B KB B =
RO T HE PG ACER , S v [ 3 24 i 2 d A
VS B AR N TR PR IR X &
AR = RIERSE, TN 1.3x10° km?, 3230 Bh 16 17 AR
A, P-4 K IR 38 m, iR 2 200 km, Z X
B T A 8 HA R A W B AR K
H kil sy K ALY Sog g At fifidl
PV A v i A Y i B — R TR A A
MRz — . JAlih JE R 32 =T K 57 58 FN
WP, S8R B BB A XTUR 4t
W5 A0 RS R B UM AT K . R
117, 1 2008 45 [F L i) PH AL AT 28 9% IX K J&
FRAND I, Tl Ak AR Ak 1 P Sl 4 2 o) b S T
TFSCH R T B R RIS R ), W e A A PR o i
ANFE IR K™ B 2 A TG VR AR XU o A%
VAT BA 85 S%oF A 3 T 30 2 VAT 3 L VK L DU RR ) R 5
Yy X E 0% 8 A4 5 Hh OPEs 1975 YRR AiE A 3R 45
17 G Yy Bk A 2 o R R R A FNE Y . 45
IRK W], OPEs 7 AU ERE A i T 2 Vi Bl R
A YE K TR 7z o A, B AR B E T E
T8 A1 DL S 4 ) OPEs i V& J3 55 7K AR Rt B 40 AH
L Z N RGBS TR T HRAHEIX
HRKI A Z RS TR & AV

REWERTS , A SRPREE 7K™ i 22 e vk 2 ALK
B AT BRI I SR, HATE T AL i Al
SR BRBE LAY 5K 7 5 OPEs 1Y & 4 R AR BIF 98 4%
b HLE I 6 SR IR e 1 XU R A AT S AT
18 o PR, AT 5 16 AL B 5 3 % 9 e T )
Z oA LRI G B £ T I AR A
WG X5, 43 B H o OPEs 1Y & SE4FAIE , I PPAl
FA N . B AR 8 R8O IR 7
AUTHR I AT R U A, O HUR A 5
KBEFE KB, RO A
SRIREE BRI 7= i v OPEs & 2R IE LA K £3 FI AL
I 4 L RLACER T AR5 AT g A Al B R A 2
IBE ORI SR AR 2 UG, TR N DAy Tl R A5 3
PRI AHTTS R B R I 2%

RS

1.1 HRRE

F 201748 H(HZ)M20174 12 H (&%)
P R 1 RV M VA5 0 e 8 3 R T T X e R 4
T 65 FESL  CREEX I LI 1. B R ICRAE S Fh
A3FEN S P AR AR R A
W s A& 2 HORAE SR 22 AR R P M0 T
B A IR ARG . RESCRAESE L E IR e SR
FLR B 58 B RN S S5 A W) S8, T HE AT M b 4
FE o K AR TEAE B 1. RS B TE AR
HEFEHTROER T, IFE T -20 °CUKARH
R ZE T -
1.2 Bi¥irER UFRFEHR

11 Ffr H #5 OPEs i 4 H U REL AN IA] | F2 2257
32, I EMRA VLR (C1-OPEs) , 12
FEWEIR — (2-50 235 iR (TCEP) (B R — (2-A 5
JE) B (TCIPPs, 3 R SR TR 54 ) R iR — (1,
3- A -2- SN ELEE(TDCIPP) . 45 — 28 Mbe sy
ML % 2 [ (Alkyl-OPEs) , fu 4f # ik = 5 T 3&
(TiBP) Wik =1F T 3£ (TnBP) Wiz = (2- T A &
F5) R (TBOEP) (W2 — ik (TPTP) (BR — O 5
fii (THP) (R — 5F Mg (TEHP) . 28 =2 N5 FK
H A HLBE 2 IS (Aryl-OPEs) , £ 5 # iz = 78 fig
(TPHP) F 2 = H 2K 1E (TMPPs, 3 Fp A A 1R
B o SALEYIRIEALPER WL 2, RIKCRIE R
FIFREE TnBP-d27 #1 TPHP-d15 L) K AR 7S F
(HMB, Hexamethylbenzene) ]Il H Accustandards
(USA)AF].
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35 %

AW gE WA LR F B 35 9t
(HPLC) , fu i . — & HF ke IE ke . LR TR
PSR, P06 [V 28 35 S0 56 % 5 R A BR 2

(Millipore, Bedford, Massachusetts, USA) il £ .
[i A 2€ BUH: [ Envi-Florisil £ (500 mg, 3 mL) ]I
H SUPELCO.,

(CNW) . # 4l /K B Milli-Q K % 1k & 4t
F1 AMERBAFRHERER
Tab.1 Basic information of typical aquatic products from the Beibu Gulf
A~ 327
Fofr 1= o e g K
AR g ok s SR it
Species name Number Length/cm  Width/cm Feeding habits
content/%
K Z Summer
}Eﬂjﬁ,#@ , 26.50£4.65  11.00£1.47 74.80£7.39  A¢Eik, LI sh AR LS Y b I
1 Oreochromis niloticus
Fish 4 i P FmEp AN
.L Al 26.80+1.30  11.40+0.82 71.30+1.52 Wﬁﬁ,EEU/J\@\/J\TFﬂ],JL/J\i@(i’}:
Trachinotus ovatus ke
==
it 16 12.00:1.90  4.81+2.68 81.60+4.09
e Portunus trituberculatus N e s
et i Aot LUUK UG IS
enthic o . 6 10204272  3.86£0.74 81.50+4.58
organisms Penaeus vannamei
$LWF Crassostrea gigas 11 14.50£1.88  5.45+0.92 83.00+2.43 UEEYE, LUREHY JFE s &
425 Winter
3% ER}]%E.@ . 3 23.80+7.15  9.67+2.52 76.90+5.98  ZRErfE, FELATHIF SN A LS N £
Fish Oreochromis niloticus
i 4 9.63+0
. . 75 7.38+0.48 81.10+4.83
Portunus trituberculatus
Ve o FefrbE LIVR W Y R o Lt
. it )
Benthic Portunus pelagicus 6 12.1041.46  6.60£0.94 75.50+5.71  ML—SEiiprE e
organisms
XTUF Penaeus vannamei 4 10.20£2.32  1.45+£0.44 80.50+8.11
$LWG Crassostrea gigas 5 11.80£5.40  7.49+3.89 82.80+10.30 JEETE, FELIVRIFHEY TRIE B &
N BRI 23
Qin River PATE
E2CIR QLS
22°00" Maoling River
RAEI
3 Dafeng River
z F R
= e aowei-Sea
g Wil )
= 21945+ Fangcheng River
i O : R
® BRI ,f Nanliu River
Qinzhou Bay (\ /
20 At
Beibu Gulf
KFEIX I Sampling area 0 125 25km
[ S
108° 00’ 108° 15’ 108° 30’ 108° 45’ 109° 00’ 109° 15’ 109°30" E

2% Longitude

1 deERiE BB K 7= G i SR A X 35

Fig.1 The sampling area of aquatic products in the Beibu Gulf
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%®2 117 OPEs LR
Tab.2 Physicochemical properties of 11 OPEs

TR Sy Fa’ K
&y YESCEFR (FRIFR) CAS & Molecular Molecular Water Log
Compounds Full title in English (abbreviation) formula weight/ solubility/ Kuw*
(g/mol) (g/L)
N Tris(2-chloroethyl
WA = (-4 2 3 Pf:jiphcate"g&?)) 115-96-8  CH,CLOP 28549 7 1.44
i B = (1- 4 -2- A Tris(2-chloroisopropyl)
TS Phosphate (TCIPPs) 13674-84-5  C,H,,C1,0,P 327.57 12 2.59
W2 =(1,3-— &SN Tri(1,3-dichloro-2-isopropyl) .
it i Phospinte (TDCIFP) propy 13674-87-8  C,H,.CLOP 43091 7x10°  3.65
WL =5 T 1R Tri-iso-butyl phosphate (TiBP) 126-71-6 C,H,,0P 266.31 6x10"  3.60
WlE =1 T Eg Tri-n-butyl phosphate (TnBP) 126-73-8 C,H,,0,P 266.31 0.28 4.00
R = T g Tripentyl phosphate (TPTP) 2528-38-3 C,H,,0, 308.40 33x10% 529
Wiz =g Trihexyl phosphate (THP) 2528-39-4 C,;H,,0,P 350.48 1 x107° 6.76
7 L H:
ﬁ)gf;* (TREL Tris(2-butoxyethyl) phosphate (TBOEP) 78-51-3 C,H,,0,P 398.48 1.1 3.75
WR = SF-EHR Tris(2-ethylhexyl) phosphate (TEHP) 78-42-2 C,,H,,0,P 434.65 6x10™ 9.49
WERR =21 Triphenyl phosphate (TPHP) 115-86-6 C,:H,,0,P 285.49 1.9x107° 459
TR = B TG Tris(methylphenyl) phosphate (TMPPs) 1330-78-5 C,H,0,P 368.36 3.6x107* 5.11

T Bk B US. EPA™Y s KRR RE-K M R AL

Notes: *data from US. EPA[”]; K, means octanol-water partition coefficient.

1.3 M2

FIF A A W R AR A PR T SR AT A0 5 L R S
FHHR 2 7K e it 2 1 LA 25 Bk A HIR AT AL A % 5
IR ) T 5L 22 Bt SRR A= 0 1) 2 e 3Rk
WL RE S o A ) B AR s 2 A 4K
AT, LIRS I AT5 9 . T AR L RLARE v VR T A5
Je RIS SR A, I B S AL, i A7 T 20 °CIK
N Rkl e L LRI

H ARk G W i S B S 5 RS BB A 776
EAPRUTT G PRI A U5 1.00 g,
FHUEAR B 5 A R IR . 120 mL [V
(FCEE) V(R =1: 1]IRAHRBOE, 5T
150 mL [5 JiS B, A TR R 45 7 751 TnBP-
d27 F1 TPHP-d15 4% 20 ng, 7£ 65 °CHH i /K 75 rhh
PE 48 h, FEBUR A e 78 R e 235 T, InA
1E O b B e S R, B 3 UG W 4 O 5% 5 |
4 mL BRI 45 2 1 mL. Bl )5 il
JH Envi-Florisil [& AH % B #F (500 mg, 3 mL,
SUPELCO) il — & 4lifb HArfb &9 A7l
AT 5 6 mL 4R 4B, 6 mL [ V(4 AE) -
VOEC ) =1: 1 TR G WM 6 mL iF Lk .
R T 53 HARE A A HLITS Y (POPs) Fil H A5
OPEs, e HA 15 mL [ V( —EF %) : VOEC &%) =
8: 2 IR A VA M BE L SPE A1 , 15 3] POPs 41 43 , 1

FHARRWATR R LR LR HEA B, 75 31 OPEs 447 .
W5 OPEs 1Y% —ZH /AWK AR %2 0.5 mL , 5%
J& A 200 ng 75 B 3L (HMB) bR iy, 47 )5 28
X537

14 FEHH

FIFH 248 7890B AR (A3 HH HX 7000C —H
DY B AT 5 35 AL (GC-MS/MS) % RE i 347 43 A il
IR, SRR R HP-SMS A 3B AN HE (30 mx
250 um, 0.25 pm, Agilent Technologies Inc) . %%
SCONA/S, W 1.5 mL/min. $ERE DR EE R
250 °C, FEREARF N 1 pL, R F A TR RERE =
% FHERR T AR < W) 4R T B I E O 90 °C IR
£F 1 min, LA 16 °C/min (3 %2 170 °C; i)
PA'S °C/min {93 £ FHii 2 200 °C, F- LA 10 °C/min
)3 B T 28 250 °CHEAREF 2 min; )7 LA 10 °C/
min 1935 )5 7R 2 300 °CH% 55 9 min, & T I7
MEE R 230 °C, BN L2558 (ED) , BTk
FHZ2 50 W (MRM) B R T 8008 R 4
1.5 REEHSRERIE(QA/QC)

FEAN S 1 R AR R QA/QC R IRE T
SIS E AR A L MR EE R A AT RE R BT
AR ) R AT B A . SR N R i
53 1 H #5 OPEs Wk 2 o An fE T 4 i 7 4> A (1~
200 ng/mL) #4 # , AHC R B KT 0.99, it

http://www.shhydxxb.com



134 SR C S N S SO 35 %

(L I R (VR = I D NS M e i Rl = |
20 ng/mL FRIE ORI A T8, B A F
SEPE. [ R4S R F) TnBP-d27 #il TPHP-d15 1
[0 531000 (89.5+9.5) % Fl (83.4+8.1) %, FEfh
H OPEs 19k 3 oK 28 [l R 48 7 FIAL IE , 0Bk
25 R B S AR AR S R AR . Dy vE R
PR (MDL) F1 & H BR (MQL) 43 %15 XA 3 4% F1 10
547 W8 LU BT XE N AR B . 11 Ff OPEs ) MDL Fil
MQL MR WL 3. eah, i KBRTE =i gy, L5
o AR e B A BEES SR IIL, AP ISP bR R
[ 2% L 0y PR IS A URE SRR A 45, 1
FEHT I RBS PR 20 °CHE 7538 Uk, Bt J5 FH A Kk
FEE LK AR U BT, 1T 450 °CH b 6 he
ST A A ot AR 3 B gk LA P 7 34 P A0 9 8 o, DA
B o N IRARTG Y o i) T B (i) I 1 R Bk
T RGY JI A ) B AN AN B, R 53 00
] HH R IE e MR UGEE 75 2SS mine T
BERYACIR A YRR S (R U 4K, 7 158 FH i 0 3
A G e R AN 48 h, I E TR P T
E IR ARAT
1.6 EYEESH

W E % I F (Bioaccumulation factors
(BAFs, L/Kg) ) H1 743 #t OPEs 7E /K A= A=W b (1)
AYrE SRS, HatE AR,

F, =% x 1000 (1)

X Fy B W) & SE I F BAFs; C,o o AW
OPEs M) ¥ £ , ng/g ww; C,, A ¥ 7K " OPEs 1) ¥k
¥ ng/L. AHFFEH, 7K H OPEs (4 B B [ A
VAL BN [7] B 39 7 Az ) R A SR AR ) L vl sl R ] 3 v
R W T KB 2. A= 4 20 h OPEs AY T B8 1k AR
P AR P 2 20 5 K it ik (3R 1) o AR K
UL B R A W e SR VA R L F,25 000 L/
kg(logF23.7) Rn b G B A AV s EHE",
2 000 L/kg<F,<5 000 L/kg(3.3<logF,<3.7) # /R 1k
HEYEA A E B
1.7 ‘ARG

AHFE A BT 3 AR A (2~5 .6~
17 2 Fi>18 %) A#fil i 7K ™= fh#E A OPEs 1y 4f H

http://www.shhydxxb.com

WAE[I,ng/(kg-d) | AKX T .
=3¢ xnw, (2)

K. oA Y OPEs IR IE  ng/g, BUR 14
Z A A2 ) OPEs 8 95% 7K SF- e J3 A 26 i3 XU
W ; D, oRK = B AE H AR, g/day, % [ 1E
T VT b DX R B R A IS o AR
kg, AT MR 2L M43 ) R 65.6 kg F1 56.5 kg, 7
A VR AL MRS ) R 41.7 kg F139.0 kg, 55 1L
AL LS 16.8 kg f116.0 kg ',

AT I E AL ORI PN AR e, R
FH RS 6 (Q,) K PEAL 7K 7 i H OPEs £ XU
B iR AT

Q,=1,D, (3)
Hrp:D, 2l OPEs Y H IR 2% | it , ng/(kg-d) , &
% {HABSCER " 2 021 B, KR & AL
K= i R % T OPEs Ay {at e XU 45 /s, 22, 3%
INANTEAEAEE AR o K 555 OPEs 1 O, A ED Ky
OPEs 1 S2FE R HE 0 (1,) "
1,=30, (4)

1.8 St SERL

T 56 % Ji Shapiro-Wilk K6 56 55405 6 1F 251
2B RN T 285 43 A B, 2 ) 2 5 A S 43 i)
KA SEAEAS ¢ 4656 F Pearson A & PEAG 56 , 75 )
K HAE 2 B0k 56 F Spearman & AH K 56 . P<
0.05 F/R 22 T sl G HE I 35, P<0.01 /R 2= 5
PESOR OCHEN .35 . B o BT AR R 25 i 24
Microsoft Office 2016, Origin 2024b FI Arcgis 10.2
SRR T AR B

2 45

2.1 REKFE

OPEs 7£ b RV ML 7K 7= i v 18 e 7K SF- il
ZH R AR PR WL 3 F1IK 2. 11 F OPEs 7 JiF 5 7K
P B AR R RO 26%~100%, 3% B
OPEs 7E A ERE A ™ it v il A 76 o K™ i 11
il OPEs [ B¢ i (3, OPEs) 77l & 7.28~363 ng/
g dw, F-H{H 7 (68.9+74.9) ng/g dw , 74> Bk [H]
WAL FHARAKT- (R 4).
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3 dLEREERIK = OPEs F& 2714 H IR
Tab.3 Concentrations and detection limits of OPEs in typical aquatic products from the Beibu Gulf
H 2 Summer(n=43) 42 Winter(n=22) B K= All
MDLY MQLY
OPEs (ng/g  (ng/g
LTHIES i SRS NS AR J HfEetiE KR R dw) dw)
DFs/% Range Mean+SD DFs/% Range Mean+SD DFs/%  Mean+SD

TCEP 100 1.21~38.20 8.86+9.30 100 0.95~156.00  24.90+36.20 100 14.20+£23.30  1.12 3.73
TCIPPs 100 5.61~67.60  22.30+14.70 100 2.92~172.00 51.90+43.60 100 32.50+31.00  0.63 2.11
TDCIPP 98 nd~13.00 1.74+£2.74 100 0.08~301.00  27.60+65.20 99 10.70£39.40  0.61 2.03
TEHP 19 nd~3.25 0.22+40.65 100 0.19~3.45 1.44+0.83 49 0.69+0.96 0.10 0.35
TiBP 7 nd~0.78 0.02+0.12 87 nd~2.60 0.94+0.83 37 0.34+0.65 0.05 0.17
TnBP 63 nd~18.90 0.70+2.88 52 nd~2.88 0.57+0.86 59 0.64+2.34 0.24 0.81
TPTP 33 nd~17.00 1.22+3.58 17 nd~2.93 0.28+0.75 26 0.87+2.90 0.34 1.15
THP 100 0.02~13.90 0.82+2.07 100 0.05~180.00 8.03+37.39 100 3.24+21.80  0.11 0.37
TBOEP 63 nd~2.84 0.94+1.01 100 5.33~6.44 5.56+0.30 76 2.64+2.38 3.06 10.20
TPHP 7 nd~30.10 1.35+6.09 100 0.17~19.50 2.02+4.13 41 1.56+5.38 0.19 0.64
TMPPs 16 nd~5.31 0.27+1.11 100 0.05~33.60 4.00+6.88 47 1.57+4.41 2.42 8.06
CI-OPEs 6.97~104.00 32.90+22.00 7.90~344.00 104.00+£92.40 57.40+65.30
Alkyl-OPEs 0.02~39.30 3.93+6.84 5.65~188.00 16.80+37.30 8.41+£22.90
Aryl-OPEs nd~30.30 1.62+6.20 0.30~53.20 6.02+£10.80 3.13+8.18
>,,OPEs 7.28~149.00 38.50+28.60 13.90~363.00 127.00+101.00 68.90+74.90

LE: MDL*HIMQL® 435l 7 it th BRI i B s nd ARRTCARR I, RIMIR TO7 i i1 B

Notes: MDL® and MQL" represent the method detection limit and method quantification limit, respectively; nd represents no detection, i.e.,

below the MDL.

OPEs 7£ & Z7K 77 il H (4t 8 (7%~100% )
e K T 28 = (17%~100%) o & Z5 K 72 i o
>,OPEs [ (127+101) ng/g dw] . % & T H %
[ (38.5+28.6) ng/g dw] (¢ £ % , P<0.05) , KR T
TnBP 1 TPTP 4, HAth OPEs - 34 & H £ 4 %
K= R TR (R 3) . WHEBRY R 25
SRS XEAS [F] 240 AR R R AT T LR
SERAE R Y, OPEsfEA-Z i T H 2, % 4k
i (47 50.7 ng/g dw> K 7 34.0 ng/g dw) , 5
(%478 102 ng/g dw>X 7% 39.9 ng/g dw) , XJ #F (4
7= 86.6 ng/g dw>H Z= 47.9 ng/g dw) , H W5 (& Z
182 ng/g dw>X 2% 40.8 ng/g dw) . iX—Z= 154340
FRIE 5 LIU 52 RV Vg R A VIl i A
K R B R A — B B S TR Y — 3, Tl
fig 2 A 2 OPEs 784 W4t i A A A ot v g A
R 5 ) PR 2R [R) s

TER —Z= A5 A R, 25 5L S, OPEs
4755 Gl 7K T30 1 I T A K R TS A A Bl i (1A
2), fEEZE2 T, S OPEs [P Bk BEAK I A
B Ak A [ (34.0£31.0) ng/g dw | >4 5 [ (22.0+
19.5) ng/g dw | (IESEK K, P>0.05) . X FRA

ToHHESh W, B AL S X, OPEs (1) ¥k Ji 4 3T
(39.4~47.9 ng/g dw) , Ifii & 2= 41 W5 b 1) ¥k &
(182 ng/g dw) W B 5 /=5 T X HF 75 8 (L1 (86.6.
102 #1159 ng/g dw) (ANOVA, P>0.05) (K 2),
2.2 ZHRRHHME

OPEs 1y [a] & Y 4 i X e 7, CI-OPEs /&2t
TV K 7 R A SR G R R W, ROk Alkyl-
OPEs #il Aryl-OPEs, X > OPEs /9 51 #ik 43 5l &
83.3%.12.2% F14.54% (& 2) . X} F HL{A OPEs,
CI-OPEs fu f TCIPPs (47.1%) . TCEP (20.7%) I
TDCIPP (15.5% ) 727K 7 i v i) 35 22 4 i o
JEHRTE H SR IRBEK ™ i v OPEs 41 R ik 5 Ik &
VS IR K 3% B IXOMR | R 0 b A 2 R E —
. CI-OPESTEAK ™ i 5 E A A 5
LR e W A A s A R A B R g
T3 MR e 1 B DI O . FU S8 35 H | A b
Hi X A= 4 v C1-OPEs 78 A= P44 P9 v B 958 v, S PRl
FL45 (1) J& Fl 2R 85 v C1-OPEs 11 F )% 5 (2) ClI-
OPEs # It AE 4418 OPEs (4 Wi Ak 8% .
T H A By K P, CI-OPEs & 9 iA S X 7k 2k 4
W B
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F4 EHIEREEK=RT OPEs 5k F b

Tab.4 Global comparison of OPEs concentrations in aquatic products in nearshore aquatic products

WFFE X AR (RE i) OPEs B\ JiE FER LG Z:7% 3Lk
Research Area Aquatic products SOPEs/(ng/g) Main detected compounds ~ References
111 Fish(n=17) 34.4%, 8.62°
WR Shrimp(n=12) 64.5%, 35.0° 5
L3455 Beibu Gulf P TCIPPs TCEPFITDCIPP DI
f# Crab(n=27) 81.3%, 34.5° This study
H:07 Oyster(n=13) 86.2¢, 34.2°
HWi Oyster(n=3) 309°
TEIYH 5 Weizhou Island % Crab(n=2) 225° TCIPPs Al TBOEP [45]
i Fish(n=34) 58.2°
M Laizhou Bay 1 Fish(n=6) 26.9° TEHP . TBOEP #11 TPHP [46]
#1475 Oyster(n=4) 8.9°
Xy :ﬂ%.‘ XA
jl:%ﬁ{ 7SI 1 Crab(n=7) 20.4° TCIPPs FIl TCEP [26]
Beibu Gulf aquaculture area
R Shrimp (n=8) 12.5°
. TCEP . TBOEP ,TCIPPs
LTV s . _ a N N N
213374 Red Bay 1fi Fish(n=12) 55.8 TPHP 1 TaBP [47]
B RV Coastal areas of Vietnam #4854 Pampus argenteus(n=172) 16.4° TEHP \T_E;) é?;i,TCEP A [48]
s
WIBRG Coastal areas of North 0 e 1 e i a1 moltusks(n=50) 409° TCIPPs 1l TBOEP [49]

Korea

T :* OPEs Wk B LASAA T B it 37K, ng/g dw ;3 OPEs #é B A BRIV it 960 ng/g wwo
Notes: *OPEs concentration is expressed in units of dry mass, ng/g dw; ® OPEs concentration is expressed in units of wet mass, ng/g ww.

- 100 80 - 100
= =) © 11FHOPEs ¥, OPEs
2 80 | » g 80 1250 0 py g HORES TMPPs
= 160 2 % 2 W i S TPHP
15 = 15 4200 S W @R = (T AIEZ5E)RE TBOEP
Z 60r £ 2 60} 5 mamocmTP
g wE & 1150 & T o
E 40} 1902 E 40t 100 5 5% T TiBP
o g O 1 2 -ﬁzﬁmr %@E%EHP
=N S = S |3~ 4USH ) TDCIPP
S 0} 5= 20t 150 & 47 3085 TCIPPs
= 120 % = % -W& (2-5 L) TCEP
E{l 0 A fﬁ 0 4 0 >
gz g9 #E 57 50 gz g9 #h 57 59
#0O EFE £ B FHU #0O BFE & 75 FU
EN 4H EN
(a) % Summer (b) 47 Winter
O.N.T.O.P.T.P. VHIC. G5l R Pt R0 T8 XTIRFIHLLG .

O.N, T.O, P.T, P. V, and C. G represent Oreochromis niloticus, Trachinotus ovatus, Portunus trituberculatus, Penaeus vannamei, and
Crassostrea gigas, respectively.
2 EEBEEFMEFARKRP OPEs WARBFIER S, OPEsH&E
Fig.2 Composition profiles of OPEs and concentration of >, OPEs in aquatic products from the Beibu Gulf during
summer and winter

SR R Z 4RI R 2 ] OPEs M EAZAE b THP 9 95 Bt it 5 . LK % TCIPPs, 5 3 %4

25 (HHH SRR B AR AL, 7E 2 2=, TCIPPs S, OPEs [ 5THik A 44.1% F127.5%, %fiFrh TCEP
TE T AT 7K 7 i R B 5 1 24 B & 5 T HAth OPEs, [ 25 1 U B &8 &5 F TCIPPs, Mfij 41 475 7 TCEP W =

H.%F S, OPEs I 57 #ik & 24.8%~85.8% [ - Y11 :
(64.0£18.5)% | . TE4ZE, TCIPPs 7£ % £ FI X
IR R A B B, HoxE S, OPEs 1Y 51 ik ik %)
49.0%~70.5%, -1 4 (59.9£6.1)% . SRl , 75 &
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(F,) KAl B 22 A 2ok Hh R I 50% 1 6 F
OPEs (TCEP, TCIPPs, TDCIPP, TnBP, THP,
TBOEP) 7 dt & 15 LR 7K 7 5 v (8 A4 ) & 4R 1
T3 AT 1.6 195,

WA 3 s , K OPEs 75 J 2= fI& 22 K 7 i
Y logF, (B 5351 4 0.05~5.83 F110.10~6.11, {EE
7=, 33.2% MK 72 i logF (H K F 3.3, Wi fE4 2,
25 15.2% MK 7= i logF, (K T 3.3, F AL &6
KLBOUKF T OPEs A E4& AW a4k,
3a flf 7~ , 2= TDCIPP fil THP 7£ /K 7= iy /P ) SF- 35
logF, {43 24 3.93+0.66 Fl 3.86+0.52, 7 58.1%
R S P A logF, R T 3.7, R B I W i A= )
M. 7EAZE VA THP B logF, 6 K T
3.3, H.17.4% B7K = dh o logFL (K T 3.7, % 4L

O B — (- L %5)lE TCEP
m %‘é@ﬁ = (2-5N %)l TCIPPs
[ ]

[ W2 =1 T fiE TnBP
W #i = THP

TS K 7 AR A ZE R THP 28 9 H 0 S ) 2R 0
W T1 . WE 36 A 3c Uin, [/l —Z 1, AEF
JK 7% & % C1-OPEs il Alkyl-OPEs % it — &Y
B, HoK 7 it C1-OPEs 1Y & 453 1 3%
# T Alkyl-OPEs (¢ 45, P<0.01) .

AW IEERE KL R UK, R A
HLT5 Y Py A K AH AT HUAH Can 2k Pl 20fn + 396
BLI %) 2 8] 43 L RE 1 (1 s S 80, T oe 20,
K,, 4 F 1~7 Z [ i) OPEs H- 4 /£ ¥ & 4 W%
30 AR BRUL = A T B T Fn L
PSR K, 5 F Z A AN TE 1 35 A0 G
plesost s e i AR MR AL B bE RS A
Y1280 (N5 K3 AL KRS 26 R R 3 nT g e
OPEs /4= YR B3 B v 4 B LA 0

W SARA LR CI-OPES
W LA HUBERRME Alkyl-OPEs

R =(1,3- &5 N3L) s TDCIPP W R = (T %3 2. 3%) i TBOEP M 11##OPEs 3,,0PEs

S
=)

r &7 Summer

4
N e 3 ——————————

4 &7 Winter

<45 ) 33— - - - - - - - - - SRy IR S
237 _ ;___ IR = 3f @ S 3t i
Rl I, B S #___ i i
NN ¢ '
ﬂf‘%ls é ii ET* ﬂi% i e
Lt 1 o B =] B .
+ o é i % &l = = [l = S ? -
1 1 0 1 1 1 1 1 1 1 1
% Z g0 #HE £z BO Z g0 #HE K> KO
anfer Wiir %Ed =E iﬁ&g“* Fode i—%o iicj %H ﬁﬂz{m %m éo

(a)

(b) (©)

O.N.T.O.P.T.P. VHIC. G/l ER D S50 58 XFIFFIER5

O.N, T.O, P.T, P. V, and C. G represent Oreochromis niloticus, Trachinotus ovatus, Portunus trituberculatus, Penaeus vannamei, and

Crassostrea gigas, respectively.

3 OPEsBEFFRERYEILMEEFTMEFARKFRPHEYEEET (logF,)
Fig.3 ThelogF, of OPEs in the typical auqtic products from the Beibu Gulf

#45 OPEs 19 logK,, (ELFl log FF, (EL#EA T AH 4%
Oy, 45 B R B 2 A ZE K 7 OPEs Y
logF, ffi 5 logK,, ¥ 5 A i 3 IE A1 & (P>0.05) , 13
B K, (B A 2 %2 OPEs 7E U RIS 7K 7= i b & 42
M F BN, (A5 E B A, TnBP 78 B K7™
il A ZE K7 S A Y log o, Y B (181 4) , X Al fig
5 WX A 1 0 I A A R BE 0 09 25 S A OGS
iff 5% 45 i, CI-OPEs 7£ /K 7= it 71 38 # [ Alkyl-
OPEs # X% 4k | H TnBP 7 fa1 T fokr 74 i
140 min J5 7T 9 P FE B | N 7E T B Rk F
3.1 uL/(min-mg) & )5, K, TnBP 7EA= 9

9 Y T AR AL K o
UM E . BN AT LI A
1 (U BERVHLE7) T S, OPEs 1 logF, 7 5L
KT By T KT 1Y logF, i, FLE 5 5 % 2%
5H( i 50, P<0.05) , 3% P g 552 M PRI 4
SREEAT 7, AT, ErbE s TG
WA £ P A b ORI 2 B, T RE 7
AR 1R OPES 95 E . BAh ., %
I T o LR T A MU I B
4% K U o OPES i UK 9, 6 I i 23 1 3¢
9 IR OPEs UKL
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L3t
N
=
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i
=
R Lr w BZ Summer 4 &2 Winter
$=0.32x+1.72 TnBP  3=0.11x+2.22
0} R=0.46,P>0.05 R=0.24, P>0.05
2 4 6 8
SRR AT BL R AN logK,,
B4 JLEBiE#R k7= & OPEs B logk,, 5 logF, 2 id]
oEEE S

Fig.4 The relationships between logK_  and logF, of
individual OPEs in typical aquatic products from the
Beibu Gulf

24 RRAXKITES

FEFATAR A (L7 97) ARG 3R 4
(2~5% ,6~18  F1>18 %) BAE A L PEH &t
TSV K P T B 5% T OPEs (1945 H Bt A (1) #F
770l . 3A4EIR 4R S, OPEs /) I (E L& T
5,70 M 17.75~26.48 ng/(kg-d) . Hrh, H4E
(6~18 % ) 1Y) EDI A f5 iy , HLURJE L (2~5 % ) Fl
N (>18 %) . FEPE N 22 7 071, B ILE M B FH
AR L AR Y T Aot AR 5 1 D I
Tt (F£5) . XFFHR OPEs, AR A B i 4%

K77 A OPEs i it STk 22 5, Ak b
TCIPPs #l TCEP () #8 A & AH % ¢ &5 (&l Sa) ,
OPEs 4 A1 73.8%. X T ASEFIEIK =6,
0 2 FIH G A R AR LA B STk i, —H 2
A By LE vk )LE B AE ME AR
AR B T HU AR 22 F OPEs S5 A 19 [ 151 43 1)
7 80.1% ., 82.4% . 78.7% . 80.9% . 84.2% #il 83.7%
(FEsb), AR S , JLE R R R 5 0 28
FIH W I 52 5% T OPEs i I{H & T 4E

OPEs 1) % i WU 45 B &1 6 fir s o BRIk =
D& , TiBP . TPTP I THP Y XU 18 (Q,) A A1t
B LRI K OPEs %A ARERY O, 18
5.60x10°~8.43x10*, H:th1 3 Ff CI-OPEs 19 XU #H
Xf i FAE SR OPEs, B C1-OPEs 9 £ FH AU 45
Bro BMA L, PR OPEs /) O, fH il 8 F OPEs /Y 1,
{38 8 A0 T 42 4 BRAE 1.0, 35 WA Fir A 45 i B A T
YR IE A G ER S K 7 Il & % T OPEs A XL
W ARG, SR, B % OPEs fiff Fi 2 Ay R 1 fin , 1
FEIR IR A RN K 7™ i v i 5% BE K7 Rl RE SR
TH#a$, TRk £ %k OPEs LA %5 & K ke
B2 FH5EAREAD, MRS K™ &l & &
TR E A, B IR R T RS 5 T i XK
(e HI2 2 3% 7028 ) o OPEs 5% B3 7K KX HvBs 1
F14) I 0 2 i RS

N0 - 100
35 E = B B B B iR~ g TMPPs % a B A B B B #15 Oyster
= L T T T T [ |mwmeokes TPHP S L 1 Crab
; 80 R (T %%L%WETBOEP ; U B #F% Shrimp
g W O THP 5 v /2 4 4 ¥V / |maxFs
s 60r Wi = U TPTP Z 60k
3 W 5 IF T TnBP 2 < 7 7 // ‘.
= Wi = 5 Tl TiBP = / - || . .
g 40t W T = R TEHP g 40r .
O BR (1, 3-SR TDCIPP O [ | - || ||
N L W R = (2-5A PN )i TCIPPs |
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S EHS &3 82 b2 S EHe EHS &3 S b3 b2
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Rg X< Rg X< £= && Rg ¥< Rg XS &= Fa
£7s 3 s=iEg £75 3 s=ies
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(a) H4KOPEs Individual OPEs

(b) A[FIFZ54:4) Different species of aquatic products

BEl5 H{kOPEsFIARRMAELEY AR F R ABELTRAILEERRK R OPEs 5 BENBHREHE
Fig. 5 Contribution rates of individual OPEs, and different species of aquatic products to estimated daily intake (7,)
by various age groups in different populations of the Beibu Gulf

http://www.shhydxxb.com



13 FEME T, 25 7 P LR LR 4™ ity Hh AT B PR I 1) £ 0 o AR R A R KU PPA 139

®5 LHERRERAFETRAKTRTOPEsHEBHEBENE (L) FORSEFE(D,)

Tab.5 Estimated daily intake (Z,) and oral reference dose (D,) of OPEs from aquatic products across different age

groups in the Beibu Gulf ng/(kg-d)
JL# Children(2~5 %) F4E Youth(6~18 %) WA Adults(>18 %) St
OPEs Reference
B Male 4 Female H Male 4 Female H Male 4 Female dose 354
TCEP 6.75 5.50 7.61 6.18 5.11 5.30 22 000
TCIPPs 10.57 8.62 11.93 9.68 8.01 8.31 80 000
TDCIPP 2.66 2.17 3.00 2.43 2.01 2.09 15 000
TEHP 0.35 0.29 0.40 0.32 0.27 0.28 35000
TiBP 0.24 0.19 0.27 0.22 0.18 0.19 na
TnBP 0.18 0.14 0.20 0.16 0.13 0.14 24 000
TPTP 0.55 0.44 0.62 0.50 0.41 0.43 na
THP 0.12 0.10 0.14 0.11 0.09 0.10 na
TBOEP 0.75 0.62 0.85 0.69 0.57 0.59 15 000
TPHP 0.57 0.47 0.65 0.53 0.43 0.45 70 000
TMPPs 0.71 0.58 0.81 0.65 0.54 0.56 13 000
EHOPES 23.45 19.12 26.48 21.47 17.75 18.44
I na R EA AW S H 1T
Notes: na indicates that no reference dose was found.
1.2x10-3 1 ® Y JLE Children male T, PR A2 OPEs 1Y ¥ Ji 2738 3k K T RS 4l 7K
o 77 J,# Children female =1 = = > 401G
-3 F - )
LOXI0S | o v e ’ 77 flo Cl-OPBs JZ /K™ fiy H ) 2 Z AR o
S 8.0x10 ¢ éig;@th female . (2) C1-OPEs 7E /K 7™ fifs 1 1) ‘5 42 15 7 385 3 /=5
1 Lo BAES - Adult male
§ 6.0X10° I | w4k 7 F Adult female ¢ T Alkyl-OPEs. X F i {& OPEs, & TDCIPP Al
& 4.0x10 : THP Z4b , K& 4> OPEs 76 /K 7= i Fh A HAT 2E 4y
2.0x104 [ 3 - » .y
. (I . . AN, K75 OPEs AR fE 1 £ 1 Fi A
L [ [ ] [ ]
e BB &5 00 OPEs 7EIL ARV 7K 7 it v ' £ 1)
0o @ o e =
SEZEEZES BHE.
@) N —
- F = - (3) A B 5 I8 A B 499, AS ) 4 2 0 3] A N

TCEP. W2 = (2-50 & 3 ) B ; TCIPPs. R — (2- 5 I 3 ) ik ;
TDCIPP. MR = (1,3- 4% 5 NI lE; TEHP. #ff2 = 5,
TnBP. BFR = 1E T Fig; TBOEP. W2 — (T 43 L 45 )R ; TPHP.
WEIR =415 ; TMPPs. W52 =W 480 1,. RBVGRAE%L.

TCEP. Tris (2-chloroethyl) Phosphate; TCIPPs. Tris (2-
chloroisopropyl) Phosphate; TDCIPP. Tri (1, 3-dichloro-2-
isopropyl) Phosphate (TDCIPP) ; TEHP. Tris (2-ethylhexyl)
phosphate; TnBP. Tri-n-butyl phosphate; TBOEP. Tris (2-
butoxyethyl) phosphate; TPHP. Triphenyl phosphate; TMPPs.
Tris(methylphenyl) phosphate; /,. Hazard index.

Be6 ARAREIERILHEARKRMEET
OPEs KX K51E (Q,)
Fig. 6 Hazard quotients (Q,) for different populations
exposed to OPEs through the ingestion of typical
aquatic products from the Beibu Gulf
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38 2o ARV MR K ™= 5 1T 22 5 T OPEs 1)
it B JRURS: {4211 , {H Bifi %5 OPEs 75 YL A AN , A< ok
Ty RE R G T AL FR S 7K 7 it v OPEs 1Y 5% B 7K 1
FIE £ 2 58 AU

(4) PP B 7K 7= i 4 4, D00 45 A DG
I 15 OPEs 49 A AU &R T 3 W I V5 e )7 o1, o
WX RK ™ S b A i . [RIBs, A 3d a2 AR
W2 205 | 0 2 AL B A5 4, LA v
it B ARG

VEB BRI A HF T,

SE Ak
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Accumulation and dietary risk assessment of organophosphate esters in
typical aquatic products of the Beibu Gulf

KANG Yaru'*?, ZHANG Ruijie"*?*, YU Kefu"***, ZENG Weibin"**, WANG Ruixuan'?**

(1. Guangxi Laboratory on the Study of Coral Reefs in the South China Sea, Nanning 530004, Guangxi, China; 2.Coral
Reef Research Center of China, Nanning 530004, Guangxi, China; 3.School of Marine Sciences, Guangxi University,
Nanning 530004, Guangxi, China; 4.Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou) ,
Guangzhou 511458, Guangdong, China)

Abstract: This study aims to investigate the bioaccumulation characteristics and dietary risks of
organophosphate esters (OPEs) in aquatic products from the natural environment of the Beibu Gulf. A total
of 65 samples from six species were collected from nearshore and estuarine areas during summer and
winter. The concentrations of OPEs were quantified using gas chromatography-tandem triple quadrupole
mass spectrometry (GC-MS/MS). The results revealed the presence of 11 OPEs in aquatic products, with
concentrations significantly higher in winter [ (127+101) ng/g dw ] compared to summer [ (38.5+28.6) ng/g
dw ]. Fish exhibited lower concentration of OPEs than benthic organisms across both seasons. Seasonal
compositional patterns were consistent, dominated by tris (2-chloroisopropyl) phosphates (TCIPPs) and
tris (2-chloroethyl) phosphate (TCEP). Chlorinated OPEs (CI1-OPEs) exhibited higher bioaccumulation
potential than Alkyl-OPEs, with tris(1, 3-dichloroisopropyl) phosphate (TDCIPP) and trihexyl phosphate
(THP) obviously bioaccumulated in all aquatic products. Key factors influencing bioaccumulation included
metabolic capacity, feeding habits, and habitat conditions. Dietary risk assessment showed hazard
quotients (Q,) below 1 for all age and gender groups, indicating low dietary risk. This study advances the
understanding of OPEs contamination in the Beibu Gulf aquatic products and provides a scientific basis for
ecological protection and food safety management.

Key words: organophosphate esters; aquatic products; Beibu Gulf; bioaccumulation; dietary risk

assessment
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