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Organophosphate esters (OPEs) in sediment of the Liaodong Bay: occurrence,

distribution and risk assessment
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Abstract: Organophosphate esters (OPEs) are widely used as flame retardant, defoamer and plasticizer
additives with low cost in many industrial production procedures. OPEs may penetrate into the environment via
their production, usage and waste disposal. The sea is a sink of pollutants, and the occurrence, distribution
characteristics and ecological risks of OPEs in the marine environment require particular attentions. In this
study, 29 kinds of OPEs including 15 emerging OPEs (¢OPEs) in sediments from Liaodong Bay were

determined by ultra-high performance liquid chromatography combined with triple quadrupole mass
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spectrometry. Total concentration of OPEs in Liaodong Bay sediments ranges from 4.76 to 24.88 ng/g, of

which eOPEs exhibited small contributions with concentrations of 0.020-2.605 ng/g. A preliminary risk

assessment was conducted using the OPE concentrations in the sediment samples and reported toxicological

thresholds. The risk quotient (RQ) of tris(2-chloroethyl) phosphate (TCEP) was relatively high with maximum

value of 0.52, indicating medium risk to benthos. The RQ values for. tris(1-chloro-2-propyl) phosphate
(TCIPP), tri-p-cresyl phosphate (TAMPP), tri-n-butyl phosphate (TNBP), triethyl phosphate (TEP), tri-m-cresyl
phosphate (T3MPP) and cresyl diphenyl phosphate (CDPP) in all or part of sediment samples were higher than

0.01, which were the low risk. According to source analysis, the potential sources of OPEs are mainly nearby

Industrial discharge nearby, surface runoff and atmospheric deposition were indicated to be the potential

sources of OPEs according to correlation analysis and principal component analysis.
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Tab.l Physical and chemical properties of typical OPEs
2k TR 95 CAS logBCF* logK,,* #E
B2 = 1K (trimethyl phosphate ) TMP 512-56-1 0.500 —0.65 ¢OPEs
iR = £ B (triethy] phosphate) TEP 78-40-0 0.500 0.87
iR = S LR (tri-isopropyl phosphate) TIPP 513-02-0 0.156 2.12 eOPEs
W2 — K (tri-propyl phosphate) TPRP 513-08-6 —0.040 1.87
- W2 = 5 TS (tri-isobutyl phosphate) TIBP 126-71-6 1.290 3.60
ek B2 = 1F T (tri-n-butyl phosphate) TNBP 126-73-8 1.600 4.00
R — Ik (tri-pentyl phosphate) TPTP 2528-38-3 1.595 5.29 ¢OPEs
B2 = ik tris(2-ethylhexyl) phosphate] TEHP 78-42-2 0.500 9.49
R = (T 5 5 £ 55 TR [ tris(2-butoxyethyl) phosphate] TBOEP 78-51-3 1.408 3.00
T(2-Z.F L EL) BEBRTR [bis(2-ethylhexyl) hydrogen phosphate] BHEHP 298-07-7 1.694 6.07 ¢OPEs
W2 = (2-5 235 ) i [tris(2-chloroethyl) phosphate] TCEP 115-96-8 -0.371 1.44
it R = (2- N H) [ tris(1-chloro-2-propyl) phosphate] TCIPP  13674-84-5 0.500 0.45
WL = (35 %% ik [tris(3-chloropropyl) phosphate] T3CPP 1067-98-7 0.912 3.11
AR = (1,3- & F M) B [tris(1,3-dichloro-2-propyl) phosphate] TDCP 13674-87-8 1.331 3.65
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Wil = J 15 (triphenyl phosphate) TPHP 115-86-6  2.054  4.70
2-2 30 3 IR SLWR AR (2-ethylhexyl diphenyl phosphate) EHDPP  1241-94-7 2932 573
=LA AL (triphenylphosphine oxide) TPPO 791-28-6 1479  2.83
TR F 4 — 2K (cresyl diphenyl phosphate) CDPP  26444-49-5 2561 525 eOPEs
p TR =41 F KR (tri-o-cresyl phosphate) T2MPP 78-30-8  3.570  6.34 eOPEs
TR = il FP 158 (tri-m-cresyl phosphate) T3MPP  563-04-2 3.404 634 eOPEs
TR =X} Y 5188 (tri-p-cresyl phosphate ) T4MPP 78-32-0 3404 634 eOPEs
= SRR LR [ tris(isopropylphenyl)phosphate] T2IPP  64532-95-2 1.196  9.07 eOPEs
TR 5728 5 %K1 (isodecyl diphenyl phosphate) IDDP  29761-21-5 2.147  7.28 eOPEs
BER = (2,3- IR P 3% ) fii [ tris(2,3-dibromopropyl) phosphate] TDBPP  126-72-7 3201  4.19 eOPEs
BAR TAFRAL(2,3- IR ) i [bis(2,3-dibromopropyl)phosphate] BDBPP  5412-25-9 0471  2.53 eOPEs
Z(E IR IR B R B [tris(tribromoneopentyl) phosphate] TTBNPP  19186-97-1 6.000  8.05 eOPEs
WU AR — A HE AR [bisphenol a bis(diphenyl phosphate)] BPA-BDPP 5945-33-5 5.844  6.83 ¢OPEs
IR IE]AE By (R HEBERRIR ) [resorcinol bis(diphenyl phosphate)] RDP  57583-54-7 4.192  7.41 eOPEs
FH A7V 6[2,2-bis(chloromethyl)-1,3-propanediyl bis(bis(2-chloroethyl)) phosphate] BCMP-BCEP 38051-10-4 2.158  3.31
TMP-d9
TEP-d15
TPRP-d21
PRI
TNBP-d27
TBOEP-d27
TEHP-d51
R [ 2 E MR

Milli-Q 1k % 48 (Millipore, 36 [6 ) kb B4 2= 25 1
7K (18.2 MQ-cm) ., Oasis HLB [ #H A BUH: I [
Waters(EH) .
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REE,
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R 25 BRI W P AR R K o, AR EIE T, A
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HA 0.3 mL/min, #1440 C. WBIAHA 0.1%
() H R 7K VA W (A) AT B2 (B, i sl A i
A 0 min 50% i shAH A, 0~ 10 min 50%~ 25%
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25 FRE S AE R AR A B TR BE L T R R
(MDL) 375 F R EE I | 3 555 i 2=,
JLA ) OPEs 1) MDL i Fl A 0.005 ~ 1.0 ng/g.
K 0.005 ~ 100 pL 1) 2 51 IR bk 22 il bs 1 il 22,
FEZE ) IIAE 0.997 L) 1. #4T 14+ 19 OPEs
B b B 25 AR § e, OPEs AR [B1 ISR Sy
90.1% ~ 117.4%. FEHHIFR A ISR 40T . TMP-
d9 41 80%+8.3%, TEP-d15 4 82%+3.1%, TPRP-d21
J 87%%3.3%, TBOEP-d27 }j 89%+7.1%, TNBP-
d27 5 93%+5.5%, TEHP-d51 7 94%+11.7%.
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2.1 OPEs Ry & KF-

A FE AL T 29 Fh OPEs 7E 1L 78 145 Ui FY
Y s [ A ol . o, 6 #f OPEs(TIPP,
TPRP, TDBPP, BDBPP, TTBNPP, BCMP-BCEP)
TEFTA AR YK, HoAh 23 Ff OPEs ARG H
K 4.00% ~ 100%, HeH UL 9 Fi OPEs, Ef TMP,
TEP. TIBP. TNBP. TEHP. TCEP. TCIPP, T3CPP
H1 TPPO, TE 1L A3 V5 UT R4 Hh A A4 H 3R 459 3 31
100%. A~[7] OPEs Ay B3 [ . ~F- 24318 S fir
HAE R ILF 2. K E W OPEs O 24746 TiL
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Tab.2 Statistical characteristics of OPEs concentrations in sediment samples from the Liaodong Bay and their frequency of detection

MELHmgg ' dw

OPEs# i K th=/(%) M S T - Bt 5 /(%)
TMP 100 0.003 0.283 0.020 0.006 0.05
TEP 100 0.113 1.662 0.722 0.737 5.27
TIPP 0 n.d.

TPRP 0 n.d.
TIBP 100 0.047 0.386 0.156 0.141 1.01
TNBP 100 0.025 0.727 0.272 0.268 1.92
TPTP 4.00 n.d. 0.021 0.021 0.021 0.15
TEHP 100 0.006 0.343 0.122 0.092 0.66
TBOEP 92.00 <LOD 0.882 0.297 0.269 1.92
BHEHP 12.00 n.d. 0.024 0.014 0.017 0.12
T Alkyl-OPEs 100 0.282 2.761 1.568 1.648 11.64
TCEP 100 0.849 10.774 4.546 4.558 32.57
TCIPP 100 0.883 13.747 4.668 4.403 31.47
T3CPP 100 0.554 8.571 2916 2.734 19.54
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OPEs 4 Ko iti2/(%) Mgy dv el 5 L/ (%)
M Skl Tyl il
TDCP 72.00 n.d. 0.066 0.038 0.034 0.24
X CI-OPEs 100 2.952 22.797 11.295 11.253 83.84
TPHP 96.00 <LOD 0.203 0.083 0.076 0.54
EHDPP 96.00 <LOD 0.206 0.056 0.043 0.31
TPPO 100 0.008 0.106 0.051 0.049 0.35
CDPP 64.00 n.d. 0.524 0.091 0.058 0.41
T2MPP 4.00 n.d. 0.024 0.024 0.024 0.17
T3MPP 80.00 n.d. 0.943 0.156 0.078 0.56
T4MPP 88.00 n.d. 1.447 0.203 0.100 0.71
T2IPP 44.00 n.d. 0.024 0.008 0.006 0.04
IDDP 96.00 <LOD 0.131 0.041 0.034 0.24
X Aryl-OPEs 100 0.048 2.797 0.590 0.371 4.38
TDBPP 0 n.d.
BDBPP 0 n.d.
TTBNPP 0 n.d.
X Br-OPEs 0 n.d.
BPA-BDPP 92.00 <LOD 0.050 0.012 0.008 0.06
RDP 56.00 n.d. 0.030 0.014 0.013 0.09
BCMP-BCEP 0 n.d.
X 0OPEs 92.00 <LOD 0.073 0.019 0.011 0.14
Y eOPEs 100 0.020 2.605 0.447 0.253 3.32
X OPEs 100 4.764 24.883 13.471 13.993 100
e n.d o K s <LODFRIE T B
ILARTE DI 29 FF OPEs 1Y a1 i v il 2.

(ZOPEs) N 4.76 ~ 24.88 ng/g, “F- Il K (13.47+
5.02) ng/g. 52020 4 3 H —4 H iz XIBUIH

HiiY 7 Ff OPEs ¥ 8 /K - (OF- ¥ {E 40.97 ng/g) HH
FEAT ARG 7, 2 WA 40T 4F S 31 4R 5 1) OPEs ¥k Ji
BT AR5+ OPEs 1Y 81k 5 1 DI
£ (7.09~20.5 ng/g) . HFEL (13 ~49 ng/g) ., IH
4107 (9.5 ~ 33 ng/g) &5 3T 1 X e 4k F [/] — %

9%, {H L #7F (0.08 ~ 1.86 ng/g) . AL 7K (0.32 ~
4.66 ng/g) 45 IT i M Hb IX i — D Foek g,

OPEs ¢ B 7K -5 25 3 [X. Tl 7K S A 2815 B
B YIAHC, I ARV R A R A Tl
Sodh, JE ARG Z QX JE S QLR AR Z .
] ) P30 AR V8 0T i ) o8 e 3 1) 2 B A
55 T8 FEIKAR (R 38 e 95 2%, W45 5 1 J OPEs 11

mE 2 Fros, #fi IR A [, C1-OPEs J&
OPEs fit f% = % 40 43, SCI-OPEs ) ¥¢ J& 35 [l Jy
2.95 ~ 22.797 ng/g, F-¥I{H J (11.30+4.63 ) ng/g,
15 OPEs 43¢ Ji 1) 83.84%, 15 0045 #a 4 o),
HR K Alkyl-OPEs, HkJE) 0.28 ~2.76 ng/g, *F-
YHEH(1.57+0.63 )ng/g, 15 OPEs SHREH 11.64%.,
T Aryl-OPEs ¢ B il iy 0.05 ~ 2.80 ng/g, -1
H 4 (0.59+0.63) ng/g, 5 & B 1) 4.38%. Zo-
OPEs 7£ UL B W v iy e B8 e AIG, Wik B 3 [l Ry
<LOD % 0.07 ng/g, i OPEs B EH 0.14%, X
Br-OPEs W 7E Fr A HE i rh B3R A

AR P2 OPEs Yk B 7K F- 4n 51 3 BT/ o
TCIPP, TCEP, T3CPP Fil TEP J&iT 4% /&5 T fL
Hyk RS ) ) LR OPE, 439l 5 ZOPEs 14 32.57%.
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sediment samples from the Liaodong Bay
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