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Pollutlon Characterlstlcs and Bﬂsk ‘Assessment df Organophosphate Esters Ill
Rivers and Water Body Around Taihu Lake J A ‘

ZHANG Wen-plng * . ZHANG Zhen-lfm ,‘ GUQ Chang-sheng'?, LU Jia-pei'”, DENG Yang-hui', ZH'A'NG
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(1. Center for En#lronmental Health Risk Asséssment and 'Resea‘rch Chinese Research Academy of Environmental Sciences, Beijing
100012, Chlnd 2. State Environmental Protection Key Ldbordtory of Ecological Effect and Risk Assessment of Chemicals, Chinese
Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: To explore the pollution characteristics, potential sources, and ecological and health risk of organophosphate eaters ( OPEs)
in the surface water of Taihu Lake, water samples from 18 surrounding rivers were collected, as well as 11 water samples from Taihu
Lake. The concentrations of 13 OPEs in the water were determined using UPLC-MS/MS, and the spatial distribution of the OPEs in
surface water of Taihu Lake basin was further analyzed. The results indicate that, in addition to tripropyl phosphate ( TPrP), 2-
ethylhexyl diphenyl phosphate (EHDPP) , and tricresyl phosphate (TCrP) , ten OPEs were detected in all the water samples, the total
concentration ( Z OPEs ) ranged from 152.5 ng+L™" t0 2524 ng-L™", and the concentration median value was 519.2 ng-L~". Tri
(chloropropyl) phosphate (TCPP) and tri(2-chloroethyl) phosphate (TCEP) were the dominant OPEs, with the concentration ranges
of 73.7-1753.9 ng:L™" (medium value: 204. 6 ng-1.”") and 43.9-313.5 ng:L™" (medium value: 131.3 ng+-L™"), respectively.
The Z OPEs decreased from the northwest region to the southeast, which corresponds to the economic and industrial development. The
results of the source identification reveal that the wastewater discharge from electronics and textile enterprises, construction materials,
and vehicular and marine traffic emissions may be the principal sources of the OPEs in Taihu Lake. The ecological risk assessment
results indicate that only TCPP, tri( dichloropropyl) phosphate (TDCP), and triphenyl phosphate (TPhP) in some sites had a low
risk. The health risk assessment reveals that there were no risks based on water intake, but the long-term risk of OPEs to the aquatic

ecosystem and surrounding residents still need attention.

Key words ; organophosphate esters( OPEs) ; Taihu Lake; pollution characteristics; source identification; risk assessment
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R KEEEEETT 10 min, A 10 mL #H4EK K5,
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Table 1 Name and physicochemical properties of OPEs
. e 25°C I Vs fige s
Es 45 AR AR it Ig K, g1, .
TMP  Trimethyl phosphate IR = W lig C3H,0,P -0.65 3.00 x 10°
TEP  Triethyl phosphate WifiR = .l CeH,s0,P 0. 80 5.00 x 10°
Jo L B TPrP Tripropyl phosphate @??@ZWQE CoH,10,P 2.67 827
TiBP Tri-iso-butyl phosphate R =5 T C, Hy,0,P 3. 60 3.72
TBEP  Tributoxyethyl phosphate R =T H LR CigHy0, P 3.65 1.2 x103
TEHP  Tri(2-ethylhexyl) phosphate R = (2-Z 304 ) R CyyHs5,0,P 4.22 2.0x10°¢
TCEP  Tri(2-chloroethyl) phosphate Wil = (2-F L HE) R CeH L0, P 1.44 7 x 103
AREEBEARBE  TCPP  Tri( chloropropyl) phosphate WERR = (1-58-2- 3% ) IR CoHyCs0, P 2.59 1.6 x10°
TDCP  Tri( dichloropropyl) phosphate W = (1,3-5-2-1A %) Bk CoH, €0, P 3.8 1.50
TPhP Triphenyl phosphate e = K CgH,0,P 4.59 1.9
412 Pl TCrP  Tricresyl phosphate WL = W 2K iR C, H,0,P 6.34 1.84 1072
CDPP  Cresydiphenyl phosphate i N CoH,,0,P 5.25 0.233
EHDPP  2-Ethylhexyl diphenyl phosphate 2-Z 3O H RS TR TR CyHpy0,P 6. 64 1.9
31°40" |y wM
NTA
E
31730 L | L.
R L, M RO g
= Lz i = L0 L, gy
YO wis it
N Y e Ll
31020 o, | e il - A8 n
w I.l R: L
s,
31ren R 1] i
P {5
w L
RS y i 1 000 ng-L™!
31°00° |- s L = R AEILOPES
¥ FHEOPES
0 36 km m;!&‘ L mm L2 3EOPEs
! ! L ""‘--—-J..”’ﬂl ) 1 1 !
119°40" 119°50° 120700 120°10° 120°20° 120°30" 120°40° 120°50" E
E1 X#EEKEEINBBRENZE IS/ RE
Fig. 1 Spatial distribution of OPEs in Taihu Lake
1.3 KR L4 g5 mow frik

ot FH 8 = S5OROR (7 - H S 55 B - R HR B —
DUBAT 352 ( Xevo T-QS, Waters, MA , USA ) & 243
BrKFEH ) OPEs WA (B354 ACQUITY UPLC®
BEH CI8 (1.7 pm, 50 x 2.1 mm, Waters, MA,
USA). % H £ & N W M ( multiple reaction
monitoring, MRM ) 5 HL I 55 1F 2§ i ( ESI + ) B
PERERFLN 5 wL, % 0. 4 mL-min ™", A 40°C,
TLBIAHN 0. 1% BYHERAK (A) NG (B) 6 BE VI
FEF R0 ~1 min 2% B, 1.1 min 30% B, 2.5 min
55% B, 6.5 min65% B, 7.2 ~8.9 min98% B, 9 ~
10 min 2% B. BEE R AL SR B, WA R
FES T JEIR JE 43 591 54 150°C F1 400°C |, il 48 < 9 42
L, BAERER 0.5 kV.

KN AR 8 &, KR E Y 0.1 ~ 200
pg L7 B YFEARE LR R* >0. 99, FF 5 AT ALB]
Ao AT 2k A v BT FH B 3 4 TIL 33 A B R K i
B K gk I B 4 AT PR R £ T T 3
WIF R E TR AR E 2 [, #h &K 13
it OPEs 14 il A 111 45 #8305 [l hy 89. 7% ~ 107. 9% .
Fi A K ARE A TnBP-d27 . TCPP-d18 #il TPrP-
d21 2 1E HARA A P i ISR RS RN, 3 Fl N
Frf) 1m0 e 22 40 90 (95.3 £9.9)%., (101.6 +
5.9)% F(67.4 +23.1)% . % OPEs 7F # £ /K p
(A B (LOD,S/N =3) 7 0.1 ~0.7 ng: L' 2Z
/B, 77 ¥ B R (LOQ,S/N =10) f£ 0.3 ~2.5
ng- L' Z[H].
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1.5 Jﬂl«ﬁﬁ‘ﬁ
1.5.1 SRS

*ﬁ%&dl‘lﬁﬁ?’é‘ﬁ‘j( European technical guidance
document, TGD) , >k FH 7 {6 7% (hazard quotient, HQ)
PEA W KAR K 3R OPEs 1 A2 25 KUK, T 55
7AW/

EC
19 = pakc

PNEC = L(E)C50/AF

', EC(environmental concentration ) i ¥h35 H175 4
YRy 4 B, mg-L™"; PNEC ( predicted no effect
concentration) i XF . H 5 AL & W) 04 T TG RN He
B, mg-L~"; L(E)C50 ik A= 9 i 21 BOR0AE (3
7)) e RE, A R A M O BIF 9T 3R A5 AR
(assessment factor) A PEUT KT, M 48 KR K AE 48 45
4> AF B 1000. HQ <0. 01 B BA oA 25 KUK, 0. 01
<HQ <0. I FFAEMRAMASKE, 0. 1<HQ=1,#
WA R AR SR, 2 HQ =1, A S AU A e
1.5.2 (@RS IFAL 3

ORI Ay 2B ER FH 7KK T

H'ﬁﬂﬂ[_/\ﬁ?ﬁiﬂ% OPEs [y 7] B iR A8 2 £

AmmﬁAﬁmombﬁﬂmEaméﬁn&

,ﬁﬁﬁﬁgix AP AT S
ADD. = ¢ x IR x AP/BY |

tnlrr ADD %%/T AFFJ7J<EP OPEs a@%ﬂxﬁ H fﬁ/\j"_‘_
s e ST K e

[Ubwfr ‘ng (kg+d) -
OPEs AU (ng-L7") ; IR Fn H Bk A &
(L-d™'); AP FRHOKIICR 5 HLEL 100% ; BW
ﬂffﬁgi(kg)

SRARBA, 5
L

U 152.5 ~2524 ng-L™' ¥

K FH R AR PEAG AR 7K A A~ YLy 5 R 1Y) 2

WU, A
H(Q = ADD/R{D

HQ <1 R W55 KBNS Z AT 2 HQ
> 1 B, DU B ELA T A 11 25 A XL
1.6 Zdabi

¥ HSPSS 22.0 i 47 48 it 2= 43, R H
OriginPro 2016 YERA. ﬁﬂ(ﬁ@éﬁﬂ"ﬁﬁ%k AT LOQ
) OPEs AR L %E A 1/2 LOQ, i i Shapiro-Wilk £
I6 1 B B AT 5 1IE A4 i, Mann- Whitney 56
BIE OPEs 78 A W 7K U F0 BRI o 3 o A1 22 S 1, R
H Spearman #H JC 43 M F1 3 5 43 43 A ( PCA) #R 15
OPEs A1 . ArcGIS 10.2 F T 41| OPEs )45 7]
I3,

2 BEREE - ~a F

21 Wk ERM T OPEs oYk TR
KK P RN OPEs 1 el %J.LH/
FANFE 2 B Bk APP | EHDPP Fl TCxP Slvhtt’. 4K,
Hi4x 10 A OPES T%?&M@ﬁ A5 KB AT AR )
r“ KK WP “TEHB, TPhP Fil CDPP HO R H A
1% 48. 28% . 20. 69%\ 44. 83% il 13. 79%,1@24&6’
Flt OPEs Eﬁ@"iﬂiﬁ 100%, % 1] OPEs 75 Jei¥i K Ik
ST 3L 7z A AE. _Z OPEs 1 ¥k Ji 3 [l 4y
JEH{E N 519.2 ng- L', #%
2016 AFAGI 45 57 (100 ~ 1700 ng-L™") , KK
& > OPEs T, 3006 B3 45k K JE 41 OPEs 1y
A R R HE T TR A1 i

2 13 % OPEs M#&iMIR (LOD) (2R (LOQ) i H 3 IR By 2= LU 4 illl iR B

Table 2 Detection limits( LOD) , quantitative limits( LOQ) , detection rates, recoveries, and concentrations of 13 OPEs

b LOD LOQ o AR A ?ﬁ)ﬁ/ng-yl A A
/ngeL”! /ng-L”! /% Bkl TR i G
T™P 0.3 0.9 48.2 10.3 nd 1.4 nd
TEP 0.3 1 100 328.8 2.1 100. 4 89.3
TPrP 0.1 0.3 — nd nd nd nd
TiBP 0.3 0.9 100 62.6 11.9 33.9 29.1
TBEP 0.1 0.4 100 32.2 0.4 7.3 5.7
TEHP 0.2 0.5 20. 69 6 nd 0.4 nd
TCEP 0.7 2.5 100 313.5 43.9 138.1 131.3
TCPP 0.5 1.5 100 1753.9 73.7 295.1 204.6
TDCP 0.1 0.3 100 108. 6 6.5 27.6 22.3
TPhP 0.2 0.7 44.83 11.2 nd 1.1 nd
CDhpPP 0.2 0.7 13.79 1 nd 0.1 nd
EHDPP 0.4 1.1 — nd nd nd nd
TCrP 0.5 1.5 — nd nd nd nd
Z OPEs — — — 2524 152.5 605. 4 519.2

1) nd F/RAKKH (not detected) |, “—” F/n JoA ZEHE
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40. 66% . TEP 2TV i 7 IR BOR By — 28 ot FE i
AT , 3= B HIAE 7 4 3R AR AR IR i B 9 5], HL
TEP f2F S K FEIRSE L AR | B 7E K A
A L

P 2 AT S e A R 2 e B e 3 11—
2 OPEs, > (TCPP + TCEP + TDCP) ¥ & 7 [l
H9124.2 ~2176 ng-L™", i > OPEs [ 62.95% ~
91. 95%, ke W R 2 ?Zﬁf“ﬁ%ﬁé’l«%ﬁ??%@*
R, X 5 Shi % A" ZEER VL K iy,
H. Ik Z*ﬁﬂﬁkﬁa@aﬂﬁﬁfﬁ%
I, sﬂﬁk&*%‘@k@&@ﬁﬁﬁﬂﬁ MRS *’i
RJIW*%BT%}%% {’3|7KLEEJ—XT%1EML
i 22 B s j&ﬁ%@miﬁwﬁmm,
{#IF’T‘E’JE%EI,,W%%WH&@E A B
%Lm*ﬁ@kﬁ?@ L Lm%’%ﬁk*%‘ﬁ?}@a
B M B 2 ¥

?%@%@*%&ﬁﬂ@&¢Emmwm?m$h,22iﬁ%@&H@HW#W&m S A

ﬁﬂ@%ﬁﬁ%m] S4B BRI OPEs, K

[ teve [ teer [ Tise [ TPeP
I ocr I rcer [ teer [ TCrP

OPEs TE AR B K A i 28
B er [ Ve

SRSy aniEl 1 pr

I cHoer corp [ TPhP

R1
R2
R3
R4
RS
R6
R7
R8
R9
R10
R11
R12
RI13
R14
RI15
R16
R17
RIS

FBER

L2
L3
L4
L5
L6
L7
L8
L9
L10
L11

60 80 100

Uiteig

B2 K7k R IR R A U B ER BE 00 H AU AE
Fig. 2 Composition of OPEs in the surface water of Taihu Lake
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