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G S AR AR - = ORAT LRSI 2, AT T T 26 MR IZ VOB T OPEs HYMRAFRRAE . 15 4%
RUEA A S, 45 R KW 125 OPEs7E T W1 R E VTR Y h I iZ 77 46, ZOPEs V- ¥ ik &
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FTA A TR OPEs B9 (risk quotient, RQ<0.1) A, % BN AR 5 FREE 1 KUK 7K P 3541
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Abstract The present study investigated the occurrence characteristics, pollution sources, and
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ecological risks of 16 organophosphate esters (OPEs) in 26 surface sediments of Qiandao Lake using
dispersive solid-phase extraction, together with ultra-performance liquid chromatography-tandem
mass spectrometry. The results indicated that, in the surface sediments of Qiandao Lake, 12 OPEs
were ubiquitous. Their total concentrations (ZOPEs) averaged at 8.8 ng-g' dry weight (dw), and
ranged from 2.6 ng-g"'dw to 28.5 ng'g 'dw. TEHP, TCEP, TEP, and TCIPP were four individuals
dominated in the surface sediments of Qiandao Lake, with average concentrations of 4.2, 1.7, 1.1,
and 0.9 ng-g'dw, respectively. TOPEs (11.2 —28.5 ng-g'dw) and ZXalkyl-OPEs (8.5 —
24.8 ng'g”'dw) in the sediments from the Jiekou to Xiaojinshan section (the northwestern part of the
lake) were significantly higher than those in other regions (ZOPEs: 2.6 —12.2 ng g 'dw;
Yalkyl-OPEs: 0.9—7.1 ng-g 'dw), suggesting that the pollution level of OPEs in the sediments of the
Jiekou- Xiaojinshan section were significantly higher than those of other areas. Principal component
analysis further indicated that the primary sources of OPEs in the sediments of the Jiekou-
Xiaojinshan section of Qiandao Lake were mainly contributed by upstream inflows from the Xin'an
River. Potential point sources, including human settlements and boat docks, were also identified near
Qiandao Lake Town. The ecological risk quotient values of OPEs in all sediment of Qiandao Lake
were found low (< 0.1), indicating their low risk to the ecological environment.

Keywords organophosphate esters, Qiandao Lake, sediment, source apportionment, risk

quotient.

F U R B (OPEs ) 32 B4 Sy BRI A ¥ 04k )3z i 25 405 BRE . H - on a4 55 7 i rp 0,
VTAE 3K 2211 — KBk (PBDEs) FI S TR PR+ bt (HBCD ) %5 4% 45 1R AR BELIR 771 4H 46 5 9 A ST i SR BE N 24,
A7l AZ B4 45, {2 fd OPEs 2R BHIA I A 2 3k i 2 4F B 7, HATE M 2001 4E /Y 18.6 J7 fi I ik 2]
2018 41 100 J3 i~ OPEs 1E A —2&) 1z W FH I s i), IG5 07 FH 0 7= i Z () AT A B B VR, 45
SyEM L 0 F Rk A AR rh DA R T R s A Oy o) B S AR R, E T, © 7 2R 2R
e B AR Wi b iz K B OPEs (47768 9, I H—2& OPEs #{ UF I H A3 BUi 1k . bk, A
k& ENE RN T AN, = (2-5 238 B2 TR (TCEP) Al N AL R — 2% (IPPP) L9 51 A
T IR E g il Ab 2 i 44 SR,

TR 5 A Ry A LTS Y I, LA, JFBUK TR — B2 R TAEE 1
WFFE I AL, FH LA AT 15 o 4 0 SR U RN IR BE AT g B 7 A= 25 XU . OPEs W] LU e Tl /A= 17 2 7K HE s Al
KA T ABUUESS Z Fhigfe vt AOKIR, BRTEFE2ERK AR 2 & 9. 56 T Ui b OPEs I s¢ H
T =5 R AR TR RV P K A 100, A BRYAT I RN PR DR H Y OPEs (1) -2 VL Bl L ngrg ' &
$H ng g T (dry weight, dw) ™" {ELAS 5C 1 B 2, 76 35 [ TH 4 1Ly 02 IR 224 16 58 1Y) 37 G g 3 )
LAY Y OPEs Yk B 7K -3 3k 25 T [7) 399300 45 A S PBDEs fk & . H /i 56 T-HIA LA h OPEs 1B
FEARXT =, AT /DB G B G T S5 1 RIS RN T ) A I8 A ) 7K ST RR ) T OPEs I A

T 5511 (LA ZEVT K ) S8 38 [ A6 7R 1 DX R N TR 7K I8 R e 22 1) K R /K i b 2 —, LK
G RALFE M K A A S EREE, X T T3 K T 5 150380 K e B A B Al S ELA L5 . SR, X T
S WK 05 e 5 H BT AOC T T8 BIUOK B bn FAE Gede A A HLTS G i, X FizoKk 3k T e A
TE ) OPEs 4551 15 Y 1y (1) W A7 R R Y K s 78 IXURS: P BIE 58 A5 A DL AR GE . R ik, AR AR50 6T 5 WA DL AR A v
16 v OPEs MRAFFFAEANZS (8] 43 A AT T 4007, JEMRAT 1715 G, PPAL T8 AE 0 A S XU, A3 B T4
T 5 17K 38 OPEs 25315 YL Wy it 15 YL A, M T 2 W /K 3808 1 Y Wi 2 5 A 1 4 (L SE iy 4508

1 MRLE 5 (Materials and methods)

1.1 RF S50k
AMFFE ST T 16 F OPEs. 7 i OPEs H SR FRME S, AR — (2-5 435 5 (TCEP) | MR = (2-54
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SN L) BE (TCIPP) | BEIR = (1,3-54-2-W 5% ) i (TDCIPP) | B2 = £ 31 (TEP) | B2 = 1F N Bk g
(TPrP) . B2 —1FE T JEHS (TNBP) FI R — %< JE 5 (TPhP) I H Cambridge Isotope Laboratories( Andover,
MA, USA), fL*# 2l B30 98% . 6 Fiit OPEs H ARARiEfl, AL BEIER = (2-T %Ak £ 55) 5 (TBOEP) | W2
=(2-£FEC ) HE(TEHP) | BfR — L FEC 3 “ 28N (EHDPP) | iR —-<B 2L EE M8 (TOTP) | W —-
[i] FH 2R B 6 (TMTP) FH# R — - FH 2R LK (TPTP) I | Wellington Laboratories(Guelph, ON, Canada), 1k
Sl Ol 98% . W IR = H JETE (TMP, 41 98.5% ) Fl R H % k- — % JL G ( CDPP, Tech Mix) Il H
AccuStandard Inc.(New Haven, CT) ; B2 = -5 T J&05 (TIBP, Zii & 95% ) A J& K Scientific( ' [E L
50T Rk Al 98% iR AR R 2 3 OPEs N 45, 444% TCEP-d12, TCIPP-d18, TDCIPP-d15, TEP-
d15, TPrP-d21, TNBP-d27 il TPhP-d15 IlJ H Cambridge Isotope Laboratorie( Andover, MA, USA). 2 Fiifk
=4l ik 989% BT RIS &= OPEs xR, £13% TPTP-d21 il TEHP-d51 4 H Toronto Research Chemicals
(Toronto, ON, Canada).

LC-MS 4 HIEER 2,514 F T Fisher Scientific(Fair Lawn, NJ, USA). 4l 5 & 999% (1) HPLC 44 H iz 1y
H F Dikma Technologies Inc.(Lake Forest, CA, USA). 3£ 56 F#E 457K (18.3 MQ-cm) {i# F Milli-Q i £ B
¥ 2 48 (Millipore, Bedford, MA ) 1#£47 #ll . Supelclean {f1-{H % (PSA, 38—75 wm)43-#{ [ #H 4% B (d-SPE )
Wz B 55104 B T Supelco Analytical.
1.2 W IXHELL 5 R AR

T B0 FAUEE 29°11 8 30°027, R4k 118°34' % 119°15 22 [, J& W #vy 2 WU, 2 3R 5 DUk
IKPE, FEAS iR 178.4 42 m®. KRR T 5 W0 A WIRT 3t (%) 3 o) RO £ Al DX i) 25 () o3 A, 2R 8 T 26 ML
FUERAEAL S (] 1), F 2023 4F 5 7, (HFHBUEVE (G iR, v: V=1 D) BAFE W RETTRY
FE&, HER AL EE, SR )5 % B T 0 8 B4 b TR AR AL 15 8 W3R 1. BRI CREETS, T 24 h (N ] 5K
I, R BB (100 B ) JEPRAET-20 C AR FHZK IR U & & VKA oh BL 2 0 #.
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Fig.1 Distribution of sampling sites and total OPEs concentration in surface sediments of Qiandao Lake
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Table 1 Detailed information on sediment samples from Qiandao Lake

Jatina LS 7 4if
Sampling site Name Longitude Latitude
S01 B 118°439" 29°4322"
S02 — 118°45'50" 29°42'1"
S03 B 118°48'37" 29°40'31"
S04 — 118°53'7" 29°38'38"
S05 — 118°54'55" 29°38'60"
S06 AN 118°56'36" 29°36/58"
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Sampling site Name Longitude Latitude
S07 FERE 118°37'49" 29°25'11"
S08 — 118°41'57" 29°24'35"
S09 — 118°46'7" 29°28'47"
S10 — 118°49'5" 29°29'38"
S11 — 118°54'51" 29°30'8"
S12 BT 119°10'50" 29°29'57"
S13 Al 119°10'13" 29°31'31"
S14 — 119°5'12" 29°33'4"
S15 [z 119°4'17" 29°34'50"
S16 [EALIR N 119°2'35" 29°33'56"
S17 — 119°8'11" 29°42'36"
S18 ik i 119°722" 29°42/24"
S19 — 119°5'36" 29°41'13"
$20 — 119°4'5" 29°39'12"
S21 Heweok )™ 119°1'11" 29°36'22"
S22 — 119°021" 29°36'48"
S23 — 118°58'59" 29°35'13"
S24 — 118°53'56" 29°35'3"
S25 — 118°57'15" 29°34'37"
$26 = 118°58'45" 29°32'48"

1.3 FEAETALEE

FE S T AL BT 9 2% T A 5T A A SG R A9 F 5 TAER S BRI 2 g BRI RS R A F] 15 mL
MR T B0, A 9 R OPEs 1R & AR (BRI X 7118 10 ng), &4k 24 h. LA 5 mL ZJiF/H
VYV =9:1, % 0.5% ) ZE U, i i 5] J5 M8 75 5l Bh ZE B 15 min, 2.0 5 min(5000 r-min™), B I
TR B ARBOLIRE R 3K, A1 LI A ZR AR S8R = 2E /S T B T IS SR O v i
% 2mL 247, I 100 mg W B 570 (PSA) FH T+ ik bR Z%. 7850 i i IR A J5 78 5000 r-min™' F &0 5 min,
WA LV T e B0 A8 v AR ASCHs vk 46 225+, AR5 1 mL B W AR, B UK T A
4 C M N RAF. EHLAT, 78 12000 rmin™ T &3 &0 5 min, BCEIER L) 500 pL H TALES 4T
1.4 X85

OPEs & 53122 T AW 58 I A JE R A 5% TAE™ ') fai 38 40~ : OPEs i a2 43 Hir filf AR S5 3
AH 8, 3% - = DU A AT 5 3 B {2 ( Vanquish Horizon UHPLC-TSQ Altis Plus MS/MS, Thermo Scientific,
USA); Bl T KA 55 B IR (ESD 1 B3 R G 76 1F B TR N g 47, Wigs f IR e o 3.5 kv i
T HE | TS B A4S A B AR AT BT % E N 350 °C. A AU R A R AL, AR AL AUA,
o A0 VR R AR T3 1) — S SR A AE S B B 0L s I ( SRMD) 855X 345, OPEs 43 BT i) i
PEBS X Bt R TR AR R IR H R A S W (SRMD) S48 46 2.

1E 40 °C T, {#i[] Waters ACQUITY UPLC BEH C18 (&% (P42 2.1 mmx100 mm K, FURIJEREE 1.7 um)
X OPEs #4735 43 B . LUK B 0.1% (19 R (A ) FH BB 0.1% 19 R (B AHD /R 8 e it sh A
HEAT R BE VR, WE B U B 1 E O 0.4 mL-min ' A EEVEERR P E AR : 0 min(97%A), 3 min(97%A),
3.5min(0%A), 8 min(0%A), 9 min(97%A), 11 min(97%A).

1.5 S HUE

B 1 AMIETE G, SR R A T A LY (R A S G A TR R R I O R (v =10 BE TR A T

J Ak B AR P AT BEAEAE RO AR TS Y, AR U AT AL BEAE S A SRR R S R A AR IR AT R A DR
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Yy OPEs Mk 5 R nBR AR P 25 (1 2 J5 MR BE . X FR2 728 1 K HE Y OPEs, i FH vk B 7 35 (8 i 1
3 A v 22 38 )7 1546 BR (MDL=meany;,, +3SD) . XF T F 25 (4 W R A6 H B9 OPEs, KT 3 1515 Mk
FC ¥ 11 A A8 A K I R (IDL) , -8 A IDL A % MDL. T 814 *h OPEs i) MDL &5 [l & 0.0001—
0.68 ng-g (& 2). i FH 5 WA Ao W AR (— X =000 VB A i 6 AR A T 6 DSR2 2 g TR
P AR A 9 B IRACIEA Z AR OPEs PIFRARME S (B:Fh 10 ng) F 16 Ff OPEs ARARIC I H S5 e
an (BERD 10 ng) HEATRIAL B, T 5500 AR Y b 16 A OPEs (AR M TG L K 61 9% —103 9% (FH R 1
M22<11%) (£ 2).
F 2 YUY OPEs MJrik R | %25 [, J7ikAe i BR AT LC-MS/MS il & S %4

Table 2 Method recoveries, procedure blanks and method detection limits (MDL) of OPEs in sediments and its LC-MS/MS
determination parameters

- e ERETRAEMER X REAEV [B153/% BIPaE A/ (ngg") LK HR/
YL AR 455 Co DA iy 5 .
Full name Abbr'n Quantitative ion pairs®/ Collision ~ (FHXIFrifEMm2:/%)  Procedure blank (ng-g™)
Qualitative ion pairs Energy  Recovery rate(RSD) Mean £ SD MDL
Trimethyl phosphat TMP 141>109% 164 84 ND 0.0017
rimethyl phosphate 141579 20 (3.8) .
183>994 .
Triethyl phosphate TEP 1835127 1(8) ‘3‘ 101 (0.88) 0.059+0.010 0.089
Tris(2-chloroethyl) 285>994 21.8 99
phosphate TCEP 285>223 10.3 (7.1) 0.20+0.010 0.23
. 225>994 17.5 100
Tripropyl phosphate TPrP 2955141 103 (1.8) 0.0073+0.0010 0.0098
Tris(2-chloroisopropyl) 327>994 21.8 89
phosphate TcIpp 327>175 103 (1) 0.52+0.056 0.68
. 327>1524 37.0 99
Triphenyl phosphate TPhP 3275215 26.0 (4.1) ND 0.0001
Tris(1,3-dichloro-2-propyl) 431>994 243 74
phosphate TDCIPP 431209 14.7 (2.4) ND 0.00015
Tri-iso-butyl phosphat TIBP 267-99° 16.4 %8 0.033+0.0084 0.058
ri-iso-butyl phosphate 2675155 103 (0.13) . . X
i 341>1524 34.1 91
Cresyl diphenyl phosphate  CDPP 34125229 2.1 (3.2) ND 0.0004
) 267>994 18.3 103
Tri-n-butyl phosphate TNBP 2675155 103 (0.42) 0.065+0.0070 0.086
Tris(2-butoxyethyl) 399>2994 10.3 68
shosphate TBOEP 190219 Iy 5.1) 0.0840.069 0.29
Tri-m-tolyl phosph TMTP 369-169% 445 61 ND 0.00019
ri-m-tolyl phosphate 360243 277 (3.4) .
Tri-o-tolyl phosphat TOTP 369>169% 44.9 61 ND 0.00019
ri-o-tolyl phosphate 3605243 e (82) .
. 369>1694 42.0 62
Tri-p-tolyl phosphate TPTP 3695243 276 (9.2) ND 0.00018
2-Ethylhexyl diphenyl 363>2514 10.3 83
=+
phosphate EHDPP 363>153 292 (6.1) 0.012+0.0020 0.018
Tris(2-ethylhexyl) 435>994 173 73
phosphate TEHP 4355211 10.3 (3.2) 0.064+0.0049 0.079

1.6 Giitor#r

DU OPEs ¥k B £ 4 02 1 47 & 1E 25 43 i . Kolmogorov—Smirnov J7 ¥ £ 5 . 38 i:f Mann—
Whitney U 55 43 A1 T A [R5 X UCFR 4% 2 (6] OPEs A9 ¥k B 2% 5% . Spearman & AH ¢ R 0504 (A2 ) H T
AT OPE MR 1) v B 2 (B A AH S . Ge 24 5 Ml B 3R T 2 0 I RURG 50, i 22
FHKFE LR P<0.05. FiR7r 448 ] IBM SPSS Statistics Version 16 #E17.

2 25 5418 (Results and discussion)

2.1 THIRIZUIRY) OPEs AT HHIF
ABEFE 53T 16 T OPEs 4375 3 FhZE kG257, 43 4 7 OPEs(TMP., TEP, TPrP, TNBP, TIBP,
TBOEP Hl TEHP) . 4t %! OPEs( TCEP. TCIPP il TDCIPP), F17% %: ) OPEs( TPhP. CDPP, EHDPP,
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TMTP. TOTP FI TPTP). TMP. TPrP. CDPP il TPTP 7£ it &5 & 2 T B R S b B A #6 . 4y 12 b
OPEs 7£ T3 i1 3 )2 UTARY) vh X6 K 3 (6 H Z8 95 F Ry 3.85%—100%), Horf TNBP. TIBP #l TEHP [
TCEP £ 14 % &y 100%, TEP. TBOEP. TCIPP F1 TPhP 1 H. 4 4% & 9 K H % (62%—96% ) , TDCIPP,
TMTP, TOTP il EHDPP #4 Hi R A (<30%).

T 5 R)Z DI Y 2. OPEs(YOPEs) ¥k Vi [l 2.6—28.5 ng-g™' T (dry weight, dw), ‘738
8.8 ng-g 'dw( &l 1). &, A& sl B i 3 T 28 Tlk X TR Hh Y OPEs 19 F- 4% B i 6l 4 JL
TFJLE ng-g'dw. W3 Ontario W U1 ALY A1 T [ VT 55 3% 25 W3 U AL o S OPEs 19 - 9 15 43 51 A
16.6 19 21 ng-g ™ dw!'™; F [l AW AR EE 80 L% [ Shihwa T Y OPEs A3 43 3 ik 103 191,
436 11, 381 ng g 'dw, L E TAH S T 8 Wl DU th Y OPEs (V- Bk 2. 4K, 5532 N80 2 o B A
/NI T A DT AR L AU AR VKT R P DU R ) B Y OPEs 1Y - 34k B (S [l : 0.5—3.7 ng-g'dw) 21!
FHL, T-5 13 20T Y4 YOPEs(8.8 ng g 'dw) Ab T AH X4 25 1 15 e /K -

R P8 25 A8 2 AU, - 5 ) DT ALY o OPEs 11 & J3 7K °F- 522 3 B¢ L 7 OPEs( 6.0 ng-g 'dw) >5{ 8 %
OPEs(2.6 ng-g 'dw)>7% 25 OPEs(0.27 ng-g'dw) i 3. X F UL %) OPEs, i 3£ %! OPEs AH X} o1
BRTE 21.6% % 87.3% Z 0] (P38 61.4% ), HRJ& A0 OPEsCFH4°8 36.2% ) FilJ5 3 A OPEs(F-#)
S 2.49% ) (] 2) . ARG, 76 TR 1 090 R 3% 25350 U0 B 4w & B0 T AR N A s 9 e 56480 OPEs H 49 i Lh
(89.5%—97.2%) "1 1 [E 2 OPEs 1Y ¥ A= = E 2 —, I E 2020 4 fe 5 OPEs 1Y 7™ 1t (154919 i)
= FAEAC R OPEs(87144 i) FlIF5 3K OPEs (34293 Wl ) y= 4 (1) s A2, [R ik, T 5 15 0 AR 42 A T K %
h A GO AR X B A e BE R OPEs 1 432 1 5 v [ Kt 2B 7= i B OPEs 45 ¢

B Alkyl-OPEs

Chlorinated-OPEs | Aryl-OPEs
100~

sor [ %
e

=N
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by

Relative abundance/%
2

) IS
(=) o
*
-
T
SN

0 ‘k gv 4 =* 3 - >3
]
& ¥ & & & &
b 3 b 3 b g 4 @
N 5 5 > >
d ) & & B ¥
& 5 & & & 5
& & N ) N4 N
o ‘%ob & C %o‘ %&
6

B2 T 5 XIS TR OPEs 41 A AIE
Fig.2 Composition characteristics of OPEs in sediment from different regions of Qiandao Lake

LR RN, TEHP, TCEP, TEP Al TCIPP J2& L ¥ OPEs ' i) T B4 43, ~F- 143k 2 43331 Ay
4.2, 1.7, 1.1, 0.9 ng-g"' dw. TEHP 7£ T & W] JUR ) AR 1 20 & 22 fp s, HF S A0 E o0 S
34.8%(J[H: 10.4%—84.4%). Chen %5 % # TEHP & b [ KW UTFY b OPEs (1) £ 235 YL sk, 15
ABIEFESE RANL. ST 5 /K AL BT A 2 A SRR b OPEs A H 2 A IR, {2 TEHP 763 [ ki {5
AKAEBET K F s H B9 13 FR LS8 OPEs 1 i HLAX Ty 0.24% )[R, {5 7K A 31 HEZK w] BEAS & T & W
LAY TEHP 1 43 & f A 5 1 22 PR R BR 15 K AL 3R, A TS HHE IRt 1 A OS2
+ 39 K HAR Sk Rk OPEs (4 7 2 BRI 42, TEHP S 40 Fft A4 FH 32 R0 HE B A H 23R (100% ) % =7 1Y
OPE M. e A R Wl g 4 . 1AL 4 TR L ) PH i 1836 DX A5 22 i folt FH A S8R5 ) A T 4
R T TEHP IAEOL R, FLr (i 450E 2 & 5ol 63.0% P70 A i, TEHP 78T 5 i DU v AH X 45 5
AT 7 B AT R ) DR 1 Al AR 77 16 Sy v ol FH SRR AT . TEHP A9 i BEARER (0.6 mg L,
25 C), lgKow E1R 5 (9.49), — HH3F A KR 345 550 25 5y 9 W B 2= U0 AR i . B TEHP 4b, TCEP,
TEP 1 TCIPP %5 7& T & ] UL ALY vh i 55 OPEs 19 11 43 AL AH X 85, ~F- 210 23 B 23 5l oy 23.5%.
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17.9% F1 12.1%, X 53 E 15 K0 BT oK o Ad B 45 5 FuAERL(5.8%—46.3% ) ). )\ OPEs iy 7= fifi
i HERF, ABGE T4 BT 16 i OPEs 78 [ AR ™ 5 248 27.6 J1 (2020 4F) ™, JLrf TEP (f iR &
(20.4%), H:K & TCIPP(16.2%) Fl TCEP(11.2%), =# &1/~ & 5 OPEs &= & i 50.8%. [X Ik, TCEP,
TEP il TCIPP 7& T 5 WU A9 OPEs H AT AHXT B R 9 B 43 % & AT 5 — & 7 P B AT A 8 = Y
A R LA R DX 32 403 T 75 K AR HE K AR 5.
22 T1HFR)ZUURY OPEs (1723 18] 43 A FR Ak F0SHe U5 e br

R 8 - 55 50 AW IR 300 B4 3L 1) R0 b R 2 R) 0 A, DR TR AR SR AR A X IR 4 A P G X
(S01—S06) . V5 R i X (SO7—S11) . Z pd 1 X (S12—S16) . AL i X (S17—S20) A1 =L 9 IX.
(S21—S26) 4% 5 A~ IX 3. MR FEEIK VR E, PUAL X UUFA) Y OPEs ¥ By Bl (11.2—28.5 ng g 'dw)
Fl ke KA Y alkyl OPEs #¢ B 5 [l (8.5—24.8 ng-g 'dw) i 35 = T HAth ¥ X (ZOPEs: 2.6—12.2 ng-g~'dw;
Talkyl-OPEs: 0.9—7.1 ng-g 'dw; P < 0.005). W BAHIER T (1 2): L7 OPEs (9 F-3 H 4 th 22 8L
TG X (81.5%) — VG R 1 X (63.2% ) —HUL 1 X (55.9% ) - A B X (53.4% ) > A AL X (47.2%) &
W R R S0 OPEs (1913 E 43 b 2 B H A PE LTI X (14.1%) — VU B X (34.3%) -0 1 X
(42.4%) > ZRFE X (45.2%) > AR AL X (51.2% ) 2 7 LT+ ka3 5k 2 pRm 35, T 5 v J6i X it
P TEHP fAHXT A 7% 13200 68.8% (FE IR 53.1%—84.4% ) , 1k & T HoAh ) X LA (CF-3571E
Fil ok 18.3%—38.6%) . T 55 VLAY Hh OPEs ¥k i 1425 ] 43 A 22 52 A AR AL s B R, R H A £
s YR IR A g 12

X F T S DR R R T 60% 19 OPE M4, i FH 32 %4343 #7 (principal component analysis,
PCA) fif i HWEAE SRR, 78 3 5o v, B R BLAY (R 205 Yok I8 00 i o038 H s IR G . K 3 R T T
B U Y T OPEs 1Y PCA 7 Mr&b 2R. F s 1 ke 1T ah 804 507 22 19 37.6%, TEHP. TIBP, TNBP
1 TBOEP 5%5¢ 7 OPEs MUALEE 4 Fb s I H2R A mii (18] 3A). it — 258 H] Spearman FkAH ¢ R 5053
B WU ) K 3 TR P i OPE SRR B 22 1] B AH &%, & 3 TEHP., TIBP, TNBP Fl TBOEP % 4 Fifi
Joi 37 OPEs % Lk i 2[RI A7 AE 2 35 (1 IE A5G 26 2 (K] 4, P<0.05), B & AT HA AL 5 Yok I, X
AIRES B B R R A . R 2 MR T R IR s B0 2219 19.7%, 7 R SR A
OPEs(TCEP #1 TCIPP) 5 75 2 A OPEs(TPhP) 7E AL 43 2 H AL (5 b, IF HLER P U, X AT g 55
R OPEs M1 7% 3 A OPEs 4B 3= 22 FH/E B A8 3¢, DRI FE & A7 (1 SR 2 = 2400 3 7 (&1 3B).
S1—S6 (5 11 2=/ 4 1L B ) B4 N —7%, 3% TEHP. TIBP. TNBP F1 TBOEP % bt 3 OPEs 454 .
A 0 S (ST J& 2B b e sk /K B A8 58 AW I, 2 T 53 W /K o e R 1 A ZE T T, JHL T R 32 3 3 e 71
R R T AL A PR RN A TR R R R K. E T S LR R, A O S DU B Y OPEs ¥k /K - H
75 (28.5 ng g 'dw), I B 1 2= /NE Wi (4 AR T ), YOPEs ¥ S 80 RV T Rk 3 (& 1).
I, S1—S6 (1 2= /N4 1 B LR H OPEs 1] fig 32 R IR 3 -2 VTR K B 5 A

4.0
1.0 A B
TCIPP TPhP 3.0F Si's
S19 ®
_ TCEP A . $21
9 051 S 2.0 .
= = — e —
o ——TEHP S ok S~
= ! ) g - T3 Is24 £ )
= 0 TBOER 5 ST g0 813656<" S6 84 85
5 5] 0 M54 e
2 TIBP 2 o #5200 #5127
& TEP ) =Y §17516 38523 PSI5\
g o g 10 US1482° SUTTIN - e S3 82J
S osl TNBP| gt 7% | s18 N P
-20 I
-L0f 1 1 1 1 -0 1 1 I
-1.0 0.5 0 0.5 1.0 -2.0 -1.0 0 1.0 2.0 3.0
Component 1(37.6%) Component 1(37.6%)

B3 TRHUIRY T OPEs T80/ Hr
A. FFEATE, B. T35 #
Fig.3 Principal component analysis of OPEs in sediments of Qiandao Lake
A. Loading plot, B. Score plot
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TEP / TCEP
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TCEP| 052 / TCIPP 0.60
TCIPP| o051 0.60 / TPhP 0.40
0.20
TPhP| 049 031 037 / TIBP
028 077 034
TIBP@ / TNBP 020
TNBP| 025 ‘010 021 091 //TBOEP 040
TBOEP Q 043 054 012 40005 0019 / TEHP [BF—0.60
‘ ’ / —0.80
TEHP 0.61 035 10095 0.005 (0.038

—1.00
4 LT Spearman FhAH & R BT T BTt OPEs ¥k & AH S 1 34 &
TE: AR RA R B, 0 @A (/IR R IE | fMe, Bl IRERST P Y

Fig.4 Correlation heatmap of OPEs concentration in sediments of Qiandao Lake based on Spearman rank correlation

coefficient analysis
Note: Colors represent correlation coefficients, red and blue represent positive and negative correlations, respectively,

and numerical values represent statistical P-values

S15. S19 il 21 ®4 K —F%&, TCEP, TCIPP il TPhP J& £ S (75 YA 1. S15 AU RE T4/
T8 DX P PG o P TS, A7 T 5 W R (2 BT e b ) BRF T, T RE A7 31 X M R A 7 | AR TR S AR
Fr 10 AP Bl DX 3 b e K BT AR i A BT SR Y 22 B DS KR AN AR R T R TR G A AL,
S21 AL BTAR WY HE VT T 15 ) 5% DXAR e A1 Sk BRI, T 68 52 90 22 3 1) 52 Ml B8 KB IR, S15., S19 1 S21 =
Ab VT BEAFAEVE FE 1% OPEs s U5 A W DX 0B 40 1% e 4 L oS8 R Ao — %, TEP J& R B (75 YL ik,
X 53R E SCPR AR | ffiFH OPEs I LA &, TEP f&2 3K [E OPEs Hh it i i 1 MA (64694 t-a ), 5T
HoAth OPEs(500—44681 t-a™) P, 5552 i K /K 52 W A28 1 S1—S6 132 sl JEURE T2 i B 55k Y S15 A
S19 K S21 Al i X HoAt AL AR Y i OPEs A7 W] 2 Ay 81—y AU
23 TRWIRZVURY OPEs 194 5 KU

T T 50T Y Th 45 A9 OPEs P55 ¢ £ (measured environmental concentration, MEC, ng-g ') 5
OPEs A% it il JC %4 Wi #¢ Fi (predicted no effect concentration, PNEC, ng-g ™) B HL (B 1T 5 OPEs f%) XU 7
(risk quotient, RQ)Y,

RQ = MEC/PNEC (1

FHF Al PNEC B K A=W AL 46 3 A i 28 (QRK B2 30, = Mt 15 360, B0 45 4 pet) | K7
F2IIH 3 Fh IS (PR aBe 0 =i a2 kARt HoE {5 BURURTR] OPE Y PNEC 2% U451
DL 2. 56 F RQ(E MR /NTT DA B A A8 WU A5 0 i KURS:, RQ>1; H A5 KUK, 0.1<RQ<1; {IRAUKE, 0.01<
RQ<0.1; RQ<0.01, LA XU .

AWFFE FZVEAG T OPEs P-4 B Al e i Wk B /KT A RUBS: 7, &5 SR an e 3 iom. BRI b k£
¥4 OPEs 1 RQs ¥J{IL T 0.01, & B AT 58 3 Al 19 A= A8 KU A DT 9 TNBP., TDCIPP F1 TCIPP Xf
AR ARG S AIBE T A Y XU B AR X L 2T 0.016—0.047 Z [8], FH]IX 28 OPE SRt = M #6 45 #E Al
BE T fa a3 R B I A A KU . SR I, A I 9 L e 0 S 1Y) P R A R AR P R T 1) OPESs, L 8 il
OPEs (1) BV FE /K V- F 2014 42 2018 4 [ B T —FF 1. BLah, AR A JERTAF 7% 26 B =28 N T4 A i
JNF, g = e g SRR Ae e ) U IR B IS B S R R B S B SR A T S A S R
(1) S 3 ot o [) P A R S22 B S (AR I A B 304 PRI I, OPEs A/ i 28U N T8 s m#l, HAe T 5
T DX 35 P A7 7K T o ket o] BB 10— 25 B, DA T B4 A6 25 KU . it , Liu 56192 7E 428K 18 AN R i
A il AT B8 S BT ki 21 19 F OPEs WAL ™ W), —SE Ak W 04 APE L A=) BB AR 1k ]
AE = T HAH R (9B OPEs. i 4n, & 1R OPEs #% 1k 7= ¥ ) 34 5% +5 A P Lo FEAH 1 £ /& OPEs 5 4
2.5 4%, — SR S0 OPEs % b 7= ¥y % /K A= Ak 9y () 35 v T B U AH I B K OPEs =25 85045 (i dn, /K 4=
£: TBOEP ¥4 1k #)/TBOEP=7.0) ", tAl, Hy T Z Fh 4k~ 4y a3 [m] 5 65 7T 68 7 A= U [R s AR N4,
M-SR G TEMERIN©® ~*. fT, Deng 2535 W, OPEs FI{HC R} A 2L [ B 85 1458 1 /N R # 2e d e AR
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AR, 2% & B[R] OPE MAH/EH AL 15 9L ) Z 18] T R A9 W) 22 82, B0 B A 3% sh 1< 2s 10 55
FEA IR, T 8% 380 bt XA R A A T s 114 £ 285 R0t R JXURS: W) e v T 9930 A1 o, 7 B o 40 T 5 1)
[X. OPEs 25815 44y K L AL Wy i A2 25 AU, T AR 221 5 ) 1 AR 2 XU
%3 THWURAT OPEs XK i
Table 3 Risk Quotient of OPEs in sediments of Qiandao Lake
TURRY) v OPEs i T JC Ak i

4&%5‘1 éE%ﬁl% YRHE/(ng-g dw ) ST IR 5 TR AU
Chemicals Biota species PNEC, " RQucan RQnax
SE
BT #4 (Zebrafish) 5983 1.9x107* 5.4x10*
TEP »‘j}</ Sy S d.
PR Scanedesmus 7658 1.5x10°* 42x10°*
subspicatus )
TIBP KAV (Daphnia magna) 1234 1.9x10* 5.1x10*
= fatEe
(Phaeodactylum 42.0 6.0x107 1.6x1072
tricornutum )
TNBP P 461 (Zebrafish) 1490 1.7x10™ 4.4x10™
K% (Daphnia magna) 2287 1.1x10™* 2.9x107*
IR IK P (Scened
HORR (Scanedesims 12576 2.0x10° 52x10°
subspicatus)
P 61 ( Zebrafish) 8012 2.5x10°° 1.5x10™
TBOEP K45 (Daphnia magna) 91156 2.2x10° 1.3x10°
S figk (Pimephal
S B (Pimephales 31185 6.3%10°¢ 3.7x10°
promelas)
TEHP K% (Daphnia magna) 548570 7.6x107 4.4x10°
BE I 11 ( Zebrafish) 210 6.0x10* 1.3x10°7
TPhP KIIZ% (Daphnia magna) 890 1.4x10™ 3.1x10™
BT Yk . ,
(Ankistrodesmus falcatus) 84.0 1.5x10 3.3x10
EHDPP KHEIZ (Daphnia magna) 503 2.4x10™ 1.9x107
KHIIZ (Daphnia magna) 710 NA 1.1x10™*
TCrP =341 ( Gasterosteus
IJ#( asterosteus 73 NA 1~1><1()’3
aculeatus)
B 5 £71 (Zebrafish) 9.4 NA 4.7x10?
TDCIPP
KAV (Daphnia magna) 174 NA 2.5x107
B 461 (Zebrafish) 6100 2.7x107* 4.8x10™
TCEP K#42% (Daphnia magna) 11501 1.4x10°* 2.6%10™
IR IK P (Scened
HORR Scanedesms 1963 8.5x10° 1.5%10°
subspicatus)
B 461 (Zebrafish) 219 4.1x107 2.2x107?
TCIPP
K% (Daphnia magna) 1318 6.9x10* 3.6x10°

TE: NASRZR X LEOPEs A1 KUK RO AT I, R0 HAEGURRY h OAGE HH R-AIK (<30% ), RGETTHHAF e EE
NA means not available for average risk quotient of these OPEs, which average concentrations could not be calculated for their low
detection rates (< 30%)

3 %58 (Conclusion)

(1) T 5 YT FR Y b B TMP. TPrP. CDPP F1 TPTP LA #h i) OPEs 44 # i, % K 3.85% —
100%; Y OPEs [ °F- 257 ¥ £ 5y 8.8 ng g™, 4b T 4 Bk B AR vk 5 /K %, Hivp 32 2244 43 o TEHP. TCEP,
TEP Ml TCIPP, SF-34 4 4090k 4.2, 1.7, 1.1, 0.9 ng-g .

(2) X T 5 AU H OPEs 175 Ye AT T IR AT IF oY, 45 R R T S a6 IX (5 -/~ 41l
BOUURY T OPEs 232 BHT 41T L WeR/K s, 530 T 5 WY S19(P8 [l 22 1) e i 1 5 i 55t
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3

43 %

DRI S 1 S21 S5 /BRI I A2 1) N A8 R s M AR A 01 A Sk 55 R T3 1) 52

(3) AU PPN Gl SR R W1 T 5 W TR W vh K 285 OPEs 19 A4 25 XU R (B XIAR T 0.01, KB T 15 1]
TR OPEs 1942 8 P45 KU KA 1. DEFR o TNBP. TDCIPP Al TCIPP Xf = fi #6545 i FIEE 5 0
9 AURSE AR X 7, A7 0.016—0.047 Z[A], X L8 OPE FL AT fEXS = #1145 6 RIBE 2 #0171
14 A 25 KU
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