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Abstract: Organophosphate esters ( OPEs) are ubiquitous in the environment and pose potential risks to ecosystems in that they
produce cytotoxicity, genetic toxicity, developmental toxicity, neurotoxicity, and the endocrine disrupting effect. This study aimed to

investigate the distribution, sources, and ecological risk of thirteen OPEs in industrial wastewater, influents and effluents of wastewater
treatment plants, and the surface waters of key areas ( Changzhou City) in Taihu Lake. The results showed that z OPEs in industrial

wastewater ranged from 91.70-840.52 ng-L™'. The profiles varied from different industries; however, tris ( 1-chloro-2-propyl)
phosphate (TCPP) , triethyl phosphate (TEP), and tris (2-chloroethyl) phosphate ( TCEP) were the dominant compounds. The

Z OPEs from the wastewater treatment plants were relatively higher, ranging from 1 859.59-2778.57 ng:L™'. They are rather

resistant to traditional wastewater treatment techniques. The removal rate of Z OPEs, aryl OPEs, and chlorinated OPEs was 14. 97%,

97.91%, and 4.37% (for W1) and 17.32%, 90.83%, and 5.40% (for W2 ), respectively. The concentration of OPEs in the
surface water was in the range of 219.47-689. 85 ng-L~", which was lower than that in wastewater. In addition, TEP, TCPP and
TCEP predominated in the surface water samples. A principle component analysis (PCA) indicated that the industrial wastewater,

emissions of vehicles, and the release of building materials may be the main sources of OPEs in the study area. A risk quotient was

s HEA: 2020-05-28; 1T HEA: 2020-07-02
EETE  [H5OKHT Jed bl 5 74 B RHE T K491 (20177X07301005-003 ) 5 6% F AR RH 35 &0 H (51208482 3 [ 5 T 40 BF 2 -4 591 H
(2019YFC1803401-004 )
EE R BAEN(1990 ~ ), 2o ML, BB ST 5, 20587 0] 915 W) 31355474 , E-mail : lvip@ craes. org. cn
# WIFVEH , E-mail ; guocs@ craes. org. cn
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used to assess the ecological risk of OPEs to aquatic organisms in the surface water. Most of the OPEs showed low ecological risk, but

2-ethylhexyl diphenyl phosphate (EHDPP) posed a moderate risk in some sites, and the possible ecological effects caused by the OPEs

should not be ignored in the key areas of Taihu Lake.

Key words : organophosphate esters( OPEs) ; industrial wastewater; wastewater treatment plant; surface water; source identification
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Table 3 Linear range, correlation coefficient (R?) , detection limit, and recovery rate of the method
e éﬁfﬁk?ﬁ[fll AHGREL _ JFRIEICR £ SD (n=3)/% _ FEK R /ng-L~!
/pgL” (R*) i ik HuFEok 15K LOD LOQ
TMP 0.1 ~200 0. 998 96.4 +3.2 92.6+4.2 93.6 5.5 0.3 0.9
TEP 0.1 ~200 0.9999 95.1+4.3 107.9 3.6 112.7 £9.9 0.3 1.0
TPrP 0.1~200 0.997 95.9+2.5 98.4 1.7 95.3+3.9 0.1 0.3
TCEP 0.2 ~200 0.993 4 102.2 +6.3 96.5 7.1 116.1 5.5 0.7 2.5
TiBP 0.1 ~200 0.997 8 89.7£6.0 91.3+3.4 94.9 +2.4 0.3 0.9
TPhP 0.1 ~200 0.9913 92.9+5.2 91.9+2.6 88.5+4.3 0.2 0.7
TCPP 0.1 ~200 0.9972 92.5+8.2 95.8 +8.5 107.2 +4.3 0.5 1.5
CDPP 0.1 ~200 0.997 8 90.4 +3.9 91.3+7.3 90.6 £3.6 0.2 0.7
EHDPP 0.1 ~200 0.992 1 91.2+4.8 90.33 +2.5 89.55£6.7 0.4 1.1
TCrP 0.1 ~200 0.999 2 91.3+4.3 89.7+5.6 88.4 3.1 0.5 1.5
TBEP 0.1 ~200 0.9997 98.9 +4.4 97.5+3.7 93.5+6.1 0.1 0.4
TDCP 0.1 ~200 0.9935 98.0+2.1 95.3+3.2 92.3+4.4 0.1 0.3
TEHP 0.5 ~200 0.999 1 101.7 2.6 105.4 +3.9 98.5+5.2 0.2 0.5
D) JPIEK R S/N =35 Pk IR S/N =10
- o fx_.-.:- -
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Fig. 2 Concentration and composition of the OPEs in industrial wastewater
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(), Gk = 1 b DX b DX B i) R B A 75 7K A 3 1 7K
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ML IX 25840000 R A H ToBP, TPhP Al TCPP, Bk
JEIK 361 ng- L™, 5A SO 8l 241 g A 2 5
XA RE S Al A T2 55 KA T 2447 K.
BARE A5 K B OPEs #e BE A4 i 4% A5 22
S AH B UL A A OPEs o 3 3 2 Ko AT
OPEs HA BRI EREE, gk T 958,
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J kK R OPEs ¢ B2 8 T4 1 40l 75 /K HOPEs
VI R g OPEs 7R 7 i i o 78 AR 2 50 R it
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Fig. 4 Concentratlon and composition of the OPEs in thd! surface water i [ 1
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Fig. 5 Loading and score plot of the PCA
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Table 4  Correlation analysis among the OPEs in surface water

TMP  TEP  TCEP  TiBP  TPhP  TCPP  CDPP  EHDPP TGP  TBEP  TDCP TEHP

TMP  1.000

TEP  0.837°  1.000

TCEP  -0.411  -0.569"  1.000

TiBP  -0.473  -0.618° 0.446  1.000

TPhP  -0.315 -0.502  0.466  0.200  1.000

TCPP -0.323 -0.648" 0.859 " 0.552* 0.651* 1.000 -

CDPP  0.349 -0.033  0.415  0.103  0.207  0.481  1.000 . o
EHDPP  0.174  0.293 -0.046 -0.260  0.311 -0.073  0.134  1.000 ” =/ ¢
TGP 0.194  0.115 -0.110  0.143 -0.083  0.042  0.309  0.478== 1.000 ol o
TBEP  -0.508 -0.833" 0.741" 0.626° 0691 0.930" 0.292 -0/161 -0.011; " 1.000 & i
TDCP  -0.253  -0.464  0.8337 0473 0.620% 0916 0.385 -0.033 -0.049' | 0.789* 1L.0d0 & /7
TEHP  0.200  0.200 -0.297  /0.011 405020 -0.191  0.007 0.425 ./ 0.710% —0.112  -0.160 000"

1)+ # 7 0,05 /k%f‘%summm%wa‘e,**é%/%ﬁo. of ML ERX [ gy

2. & Arkstgis e 204
Fﬁﬂﬁiﬁ(nsk quotient, RQ) H:ﬁ\ OPEj E’j(ﬁ

fﬂfﬁﬂh ﬁ%:llﬂ—t(l)*ﬂ—tﬂ)%ﬂ‘

% V1, RQ #MEC/PNEC ' (4 _(,.1»)1},
7 " PNEC = L(E)Cy,/AF =€7)
serfr MEC 75 Yy 57358 520 v i mg-L~"; PNEC
Ry Y ) TN JC RN ¥R B, me - L7 L(E)ijﬁi

513 50% E@Lﬁti%é’ﬂ%ﬁxﬁw‘@ké@%ﬁt%?ﬁ&
JE , mg- L7l it SCHK[ 24 ~ 261 345 AF SBIFA A
¥, R R K RESE4E 2 W HERE(E 10 ~ 1 000. RQ=
1. 00 7 KU 885 ,0. 10 < RQ < 1. 00 i b 4%

KU, RQ <0 1 i%/j*mj;wﬁ{fﬁ
OPES AR APV 4 (6% ok 3 0
2PETEMEWREE (LC,, ) SR BUM N W B (ECy, ) W
%‘%5 JIE . DR O Y i M 1 e v O
FHAR R 893 K 7 #E 5 PNEC 8, 8 i K
OPEs ) RQ . & 6 fl LLFE 1, 16 K 2 50kE b
1 OPEs 19 RQ fH/NT 0. 1, Fm KA Y) BA
AR A AU . (E A5 7 B &, S48 EHDPP 757K 36
55 b A RS H e B A AR, E IR SRy ok A A e LA R
U FET 43 500 (S2 A1 S14) 4 EHDPP & 8t o

R5 HBHBERERFHMMNIRE L(E) Cy 1 PNECs "
Table 5 Half effect concentration L(E) C5, and PNEC values of OPEs

L(E) Cg ¥t /mg-1.7!

Hind e K& e PNEC /ng-L"! RQs 7L [H

T™MP 7010 — — 7 010 000 1.88 x10 7% ~6.76 x 107
TEP 2140 350 900 350 000 7.89 x107° ~1.54 x10 3
TCEP 90 330 51 51 000 6.02x107%~2.43 x10 73
TiBP 20 11 34 11000 9.54 x107* ~5.01 x10 3
TPhP 0.7 1 0.5 500 2.18 x107% ~6.08 x 10 73
TCPP 30 91 45 30 000 1.37x107% ~1.20 x 10 2
CDPP — — 0.6 600 9.33x107° ~1.30 x10 73
EHDPP — 0.018 — 18 9.66 x107% ~1.47 x10 !
TCrP 0.11 0.27 0.29 110 2.37x107% ~1.15 x 10 72
TBEP 13 75 — 13 000 1.40 x10 7% ~2.40 x 10 73
TDCP 5.1 4.2 39 4200 7.85x107* ~7.68 x10 3
TEHP — 0.74 — 740 1.51 x107% ~4. 14 x10 3

1) —FR7R AR L
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