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Abstract | Aiming’ 1o explode the spatiotemporal oceurtneg of, brg@nopho hatg esters (OPEs) in the aqualic eny r‘ﬂmmenl of Talhlli Laké and to assess the rele\:im ecologrl_ejll rlsk
meno‘merlc and oligomeric O OPE% in the surface water and sgﬂlme‘nl of |Td2)u ' Lake wete determined using sohd phase extractlon and ultra-high performance liquid chromatography-
'land?l mass’ spectrometrv“ [ The target monomeric OPEs mcluded chlormd%ed OPE allgl OPEs, and aryl dPEs There was no signifiéant difference in the spatial distribution of
OPEslm wlter, antl sﬂlmem between the pollutdm 1mpacted and les§rﬁnpaeﬁed' 70 he average concentrations of OPEs in summer and winter were, respectively, 752.7 and
498. 5 ng: Iﬂ i waler and 124.0 and 54.5 ng’ g in sedlment indicating dirobvious seasonal difference, especially for the monomeric OPEs. The OPEs levels in both the water and
sediment,yvele ranked in the order of chlorinated OPEs > alkyl OPEs > aryl OPEs=oligomeric OPEs. The pseudo-partitioning coefficients (K,) of OPEs hetween the sediment and
surface Water of Taihu Lake were much higher in summer (0. 05-4. 17 L+g") compared to those in winter (0. 02-3.47 L+g") and were significantly positively correlated with the lg
K, values of OPEs. Based on the median concentrations of OPEs in the water of Taihu Lake, the ecological risk of OPEs was assessed by risk quotient (RQ) values, which indicated a
medium risk at an RQ level of 0.34 during winter and 0.35 during summer. The assessment results showed that the risk ranking of OPEs was consistent with that of their
concentrations, and the monomeric OPEs posed a higher ecological risk in summer compared to that in winter. Although the ecological risk of oligomeric OPEs in this study was not
serious and was lower than that of monomeric OPEs, it is an urgent requirement to conduct ecotoxicology studies on oligomeric OPEs in the future since available data is highly limited
at present.

Key words: organophosphate esters (OPEs) ; Taihu Lake; surface water; sediment; ecological risk
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wm). €3 48 1 6 DY 40°C 3t #ﬁj},{m YE
mmol- L' 2B R 0 . L2 it 4 e 20
AH R j‘inu4mL amnrh! *E%E/Jfﬁﬁ %Hﬁffiﬁﬁﬁﬂ? 0
~0.25 mm, 'To% Bs 0425~ 3 min, 10% 790%B; 3 ,ﬁ
min, 90% B f 4. 01 mtn ,90% ~ 10% B 4301 ~6 mm,
10% B. Jﬁ éj\ff)?E’J PR B T R 1500

7 Ik r“sdoc HEFL T R S 50 L. IV R 7

900 L-h™', filf i < i & 0. 15 mL-min™". ff A HF5
OPEs 7 HL W% 55 1F 25 18N 43 87, 4 5C 19 85 1 X
F B4 B[] R AR A5 B AN 3 R
*3 B OPEsHIRIZEER
Table 3 Mass spectrometry conditions for the target OPEs
CBWER BT (i) ff/f v i m/tivﬁﬁ
TEP 182.9 98.79 0.027 18
TPrP 225.28 98.85 0.022 16
TBP 267.32 98.84 0.22 18
TCEP 285.18 98.90 0.027 24
TCPP 329.00 99.00 0.022 30
TPhP 327.29 215.05 0.022 28
EHDPP 362.90 250.86 0.058 20
TMPP 368.90 164.96 0.029 48
TCrP 368.97 164.99 0.029 50
TBEP 399.40 299.33 0.029 12
TDCP 430.83 98.82 0.022 24
TEHP 435.17 98.78 0.022 14
RDP 574.84 151.74 0.029 66
Vo6 582.65 360.77 0.022 20
BDP 693.40 367.19 0.078 34
DTETHERTET
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1.5 Jraddl 5 R R (QA/QC)

OPEs 11 % #4387 75 1 R A i, A5 280 52 80 o
S AR R, R A R K NS TR A RE S ) A
H #% OPEs M) 4 #E 75 W LA e 3 5T 200 . AR Jr ik
N+ T SR R R S A T AL R R (1. 35 ) X R K A
2 HUUB AT WAL B, SR S5 e AR E TR 5 1
CE SR INA 15 FlH AR OPESs B AR v 5, e i e
J91.5,10, 50, 100 F1200 wg L AR HEE W . 25 A
BE A B R 4G Y OPEs, 15 R OPESs A b i il £ 26 41
KA R KT 0.99. /KHE OPEs £ i FR (LOD, S/N =
3)0 0.01 ~0.34 ng- L™, Jy & 5 R (LOQ, S/N = 10)

9 0.03 ~ 1. 14 ng-L™; FUAH) OPEs £ i FR (LOD, S/
N=3)#0.09 ~0.25ng-g", k& mfR(LOQ,S/N =
10)24 0. 12 ~ 0. 68 ng+ ™. 7ERFHLFE i 23 B B, [] B A
T — Ak A Ot = WA D), 40 i,
AR B A I B . KRR Y 0 AR (81ROl 64. 8% ~
100. 3% , GO (4 I [FTCE Ry 61. 0% ~ 99. 7%. 5%
o o 7 B A TG B I A AR S 4k B kK RITRE 4liK
TH R 300, g S 7 LT DL e PR B T
1.6 A3 AU PTA

SR FH AU 7 {H (risk quotient, RQ) 32 X K W] 7K 4
T OPEs i AU HEA T PFAR 71504 3 F frs =
MEC,

RQuecwnee =
QVILC/}NEL Z miH(ECSO

A, MEC%‘%/?i(?ﬁ)M(ﬁWPBﬁOPEsE’JSEﬁ?‘YZU“
(g L") s PNEC by T JC 3500 ¥ B (g 1) , 3 1o A
A5 SRR R K AR AR ) ) 1 BBOPE R B P IR
B AR B MEC, R R KD 1 n IR S Y 05 i 4
2H 43 B S B B R IR Bk 5 ECS0, )2 18 n%{wu%q}'
55 HL A P B R B (L Eﬁm%‘&ﬁ'?é
w2 BRI ) ; RQM,C,PW%%/TJ@E? MEC/PNEC pEgil]
) RS T AF}]I?%‘I? mﬁ%ﬂ(éﬂ(ﬁ”“? 21
HE 720 10 ~ 1,000, 4 RQ < 0. 1 , iﬁmﬁﬁw :
0. 1<BQ<1 oaﬁ @*FLPAEP%; é‘RQ ;1'; "j‘ :
jtﬂlhm " ; \:, - .n.' 'illun,;j?"
1.7 Kepham = TEYJi

{ @ *Fﬁ Orlgln&bZl ﬂ:‘ﬂ Excel 2020 @\ﬁ:&}fﬁiﬁl*ﬁﬂ%

R’ ﬁéﬁ 1BM SPSY Statistics 25 4Kk [l ﬁmg&/

Eﬁéﬂ%#ﬁbf&m IR R DX i g 22 Sk i a7 B
AT

2 HZR5TiE

2.1 KKK T OPEs i i 25 53 A 4 E

TEAC 2, I K A4 i OPEs 78 45 SR Bf 1 1 e
JE A 2 fras . B 2 0T, 15 B H AR OPEs B
RDP 76358 53 R K 5 K6 A1 (4 246 1 %R 35. 3%, &L
FR N 41.2%) , Hi A OPEs 78 & 5 2 A 6 H R
Y oh 100%. 5 2014 411 2019 4E2 K 7K K
OPEs [ £ H 241t , AWF 52 & 34 6 Ff OPEs(TBEP .
TEHP. EHDPP, TMPP. BDP Fl RDP) {9 ¥ Hi K45 45
B S 388 I, T 25 KT A 321 OPEs A9 fiff I K H il 1= 7
BAEKE %

W B 52 4 R 7 AE 5 B0 X p () OPEs )
il 4 390. 5 ~ 624. 4 ng- L' (%) F1 662. 81 ~ 1 002. 20
ng- LR s E IR X p (S OPES )#5 % 388. 10

~679. 18 ng*L'(4)M1315.79 ~ 1 161.39 ng- L' (& ).

X AF

LEC50, ... EC50,,,)

Zﬂiﬁﬂ‘T*J%\ﬁ*ﬁﬁﬂl e 2 W %,
z OPEs 78 P4 A X 38 2 [ B B0 W 35 Mk 22 5% (P >

0.05). 5K SCHEAE B 52 S B, K W1 94 Ib 38 OPEs )¢
F7k%ﬁﬁm,4ﬂyx%”\iwﬁﬂﬂéﬁopﬁsf"k ?IUP"E’J(Z%
Fﬁ%ﬂ%#,ﬁjﬁﬁﬁﬁﬁqkﬂd%** R EI’J
e & Wi, k{fﬁmﬁﬁtﬁﬁﬁ OPESH#TE%;&%%
e, aﬁcvlﬂuéﬂﬂ(*ﬁktiﬂ OPEs EI'JEIG/J?B@TAJ/%ENT
iRk it g [ p*"'l -

ﬁtﬁiﬁwﬂﬂiﬁiqﬂOPﬁé [F] 43 113 2% 54 wlmﬁ%,
AT B /l\;k?gﬂéﬁﬁaf“éz\ﬁ?T?KHﬁopﬁé
@k;wﬁéﬁ;ﬁﬁmﬁ(@n 164 R Kk
s,aﬁkmﬁmpmﬂmw“mm,jcﬁ TCEP(99/71 ~
181. 00 ng* L") Al TCPP (161. 42 ~ 231.02 ng-L™") ; %%
5L OPEs "1 (1) TBP F1 TEP 1 ¥ J th 55 iy, H vk B i
Iy 5 R 28.85 ~ 124.29 ng-L™' Fl 5.49 ~ 138.95
ng* L7 55 7 3 OPEs AL E OPEs it ¥ B AH X #2041 , B
i Wk BB I T 50 ng- L, A ovk B AR Y O A A
OPEs A EHDPP(0. 70 ~ 33.40 ng-L™) il TPhP(1. 76 ~
24.05 ng- L") , ¥ 45 5 (9 I 2R OPEs 24 BDP(0. 30 ~
19. 44 ng-L7"). #E B 25, AN[A 25 OPEs 19 ¥ B HE 7 Al
KT AR —F . FAACE I OPEs > B3k OPEs > 75 7 3
OPEs~{ % OPEs. {H2 , fHAF LI ZE %D OPEs
(Vi FE W i T4 2 B OPEs R 1 05 7 Ak
OPEs 2 #h , Hi A4y B f& OPEs (10 bt 3 OPEs il g 3
OPEs) ik FETEH & W 3 i T4 2=, 53 b, BRI 2R
OPEs [ BE 76 W A4~ 25 15 Z [0 AN FA7E 1 35 22 7 (HAE
HBN BT & (R 4). B FWE RN OPEs {4
TCEP (66.33 ~ 436.00 ng-L") . TCPP (102.98 ~
496.75 ng-L") . TBP(84. 13 ~ 207.71 ng-L™") . TEP
(31.45 ~ 229.25 ng-L™") . #1 BDP (0.60 ~ 21.92
ng'L’l).

ik SCHESE PR T R T b 13 R LA OPES,
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7 L R N VR H AR ZR v ) R S B A AR ot Bk
OPEs [k & fie sy . LR R0, SR e 5L OPEs 1]
fiE 2 H Ay K R B KB OPEs, X 1] fig 5 &
AR5 5 1) 7= i KRR, FH 32 A 6, i 22 A AR e S A
B K (8.6 ~ 21,3 d), H A 5 9l %
fiff 0, DT 5 0T AR B OPEs 78 /K 4 b 11 3 It A7
B4 . OPEs 16 5 75 KW K 1A ey g v B2 Wl 28 v T4 2%
X — G TE 2 MR A5 RN Shi 55 i BF ST el A 25
BRI, ZIL e SR A BV XR . A¥EER
TR ' IR 725 3 5 5 4 OPEs 7 i 2 Kb, ki 7
[ N YT 3R (2 I S SR T I 7 B & L R N
T Ak I AR 1l IX, B 2ol ISR B K R T, OPESs
BT NI B P gl B i = R AR b Iin 2 5 2
A TR, OPEs S 3 4o B W 4 FH B2 M 2= 42 3t (sl AL i)
T #EA A e R B BE S BT B 2R IK
At OPEs Y & A7 .
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¢ " £ 5 v
¥ )
W5t l@;fg OPEs ) & %ﬁrgj—;ég ; T4 AMAKS EAETEES OPEs t REME RS
)
b Table 4  Significant difference analysis for the concentrations of OPE
%% T S T R 14 20 UK OPEs

in the water of Taihu Lake between the winter and summer

ZRWY) HRWETY

H /g1 /g1 PE

,OPEs 498.54 752.74 0.000

ik OPEs 492,61 743.51 0.000

Jii 5 OPEs 135.86 246.54 0.000

FAACKE L OPEs 345.49 488.06 0.001

75 % 3 OPEs 11.27 8.91 0.525

fiL 3R OPEs 5.93 9.23 0.570

DPIE < 0.05 £RAFTE L E M2 5

2.2 KUTRAI T OPEs B 25 43 7 FRAIE

AN 279 R DB Hh OPEs 76 % R B A1 7
O ANE 4 TR A ZERBR Ve R K A, A 14 B
OPEs ¥4 # i, Hth TPrP . TEHP F1 RDP YK ) A%
F100%, 50 59 °H 17.7% . 76. 5% F1 52. 9% , H: 43 11 Fif
OPEs [y A H R 5 0 100%. B Z= U0 h OPEs 2 4%
ity B 7 TPeP. RDP Fl V6 2 &b (K M R 43 %1 N
23.5%. 94. 1% F15.9%) , H. 4% 12 Fl OPEs 1 A3 1 %
B R 100%. 5 SCHR e 1E F s A e, DU W) Hh OPEs
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6970 5 227.40 ng-¢' (K1) , 1 (R 47, 80 ~

104 SQ':.f.lg"g’lgg'T%ﬂ 80,50 ~ 176. 40 ng$ g = 5 Xﬂiﬁfll__,

DX 5 Ol 2 15 0 1 22 53 40 oot 7 1 ORRE.

7 DI R 7771 522 5% (P > 0. 05) I LR il 2670
OPES 7 75 . E5E W01 X 2 ] th 3% 45 2% S HE (P > 0. 05)
X5 KA I R B A — . N R R SO Y
W 5% 45 A 3 W R DU AW i OPEs A 7 76 1 35 X 4k
Oy AR 5 AT I 45 R — 3

KT OPEs 19 I 77 B 55 /K (R S AR —
0, B AR BE S OPEs > i % OPEs > 75 7 % OPEs~
iK% OPEs, E ARG BN 5 Bis . & 2, A0 ke 5t
OPEs ' TCEP 1 TCPP & & 8¢ i , ¥ Bl 43 1 4 5. 10 ~
46.40 ng-g" 1 19.20 ~ 36.50 ng-g'; %t 3 OPEs
TBP & 545, 0 7. 10 ~ 18.30 ng* g3 75 7 4L OPEs il
fIK 2R OPEs 48 8% K & & 35 B IK (A (A5 1 = 2
(BDP) 15 KAH 7T 35 50. 10 ng- g™, 7EH &=, KB UL
B> OPEs &7 it i 3 % T4 % J b Hu Ak OPEs
JeM R . 54, AR R OPEs 7E VT ALY h i) &
AEFEW B ZET 2253 (P=0. 074) (H HAE H 1 &
wH (RS, EEHEK ST OPEs f4f TBP(2. 30
~49.30ng*g") . TCEP(1.80 ~ 119. 10 ng*g') . TCPP

(19. 80 ~(84..80'ng- %)  TPHP(7. 00 ~ 16.70 vy ] ) i
BDP(1. 107520 e 9. a2 K FR552 110 BT L B
Ve e s o 165
it B T 4 0 5k 4 0 K
SRS R . AT S W K o pH 74 5
W5 2 53 ) 7.90 Fil 9. 03, 7K I 7E 4 55 % 4 5y
10. 38°CF1 30. 64°C [K] 1 HE I K W DL FR 4 Hh OPEs 75 &
2 114 15 R AE T g 5 7K AR 19 pH DL ROK IR A G

BT R ULF Y v 45 OPEs B9 p A7 7% & o] A1,
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Fig. 5 Concentrations of OPEs in the sediment of Taihu Lake in winter and summer
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Table 5 Significant difference analysis for the concentrations of OPE

in the sediment of Taihu Lake between the winter and summer

H A PHE

OPEs 54.53 124.01 0.000

HL{K OPEs 49.23 110.26 0.000

%t 3k OPEs 15.42 48.71 0.000

SARLEHE OPEs 29.86 46.50 0.000

35 % OPEs 3.95 15.04 0.000

fit23K OPEs 5.30 13.76 0.074

DPE < 0.05 RIRAFTE B E V2 =

partitioning coefficient, K, = JL ¥ i5 e ) % &
(ng-g " )R 5 Ye WUk & (ng- L) 12 64T T 20 br

(#£6). HF6MH,0PEs fAEAZEM K A (L-g", FIH))
24 0. 02(TEP) ~ 3. 47(BDP) , 7£ & 2= 1 K, {H i [H]
0. 05(TEP) ~ 4. 17(TEHP) ,BDP Il TEHP /) K, {8 7%
IAE 4 H W ZE 1Y T A OPEs ik i, 26 W1 53X W F OPEs
AR 5 BT R W B X 5 AR OB o L A 1
DUARAE () 5). FE4 E P2, 15 F H AR OPEs AY fE A
lg K, B 52 B3 I IE AR G OC AR (3R6) R lg K, i
i ¥ OPEs 3 25 Z 9 i 1
BDP?FDTEHPT“m%H%KPEEIMHﬁ
i OPEsE’JfFZIf»ﬂQ“ Tﬁ?%%ﬁﬂﬂﬁ@kf %ﬂaﬁé@
zwﬂﬁﬁaﬂﬁzﬁ[ﬁl?—%za wys 4

'y
ﬁMFngmfﬁémmﬁwSH%ﬂ%é

l.l’

. ,u;.:r TP
Taﬂb]e 6 Pseudo partitioning coefficients of OPEs between
! the sediment and surface water of Taihu Lake and their

correlations with lg K
ow

. K/L-g" Y1g K, ARG M
TBP 0.20 0.27
TEP 0.02 0.05
TPrP 0.06 0.34
TBEP 0.13 0.39
TEHP 0.80 4.17
TCEP 0.08 0.10
TCPP 0.12 0.12
Tbep 0.16 012 p=0.000 P =0.000
EHDPP 0.18 0.45 R*=10.36 R*=0.72
TCrP 0.53 1.04
TMPP 0.41 1.00
TPhP 0.72 1.45
BDP 3.47 2.60
RDP 0.19 0.90
V6 — 0.11
s OPEs 0.50 0.87
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Fig. 6  Risk quotient values of OPEs in the water environment

of Taihu Lake in different seasons
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