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. AT G- TSI UE AN bR K B TR i 7 b s AR AT AL R IS BELAA 301 194 552 56 2 A7 4G D0 k- IR —
T8 (tri-n-butyl phosphate, TnBP) . B R = 5 g [ tris (2-ethylhexyl ) phosphate, TEHP] . B2 = T %A £ I ( tributoxyethyl
phosphate, TBEP) | B/ — X (triphenyl phosphate, TPhP) | B2 — 54 L& tri( 2-chloroethyl) phosphate, TCEP] | B2 — &N
fi ( trichloropropyl phosphate, TCPP) | B8 = (2,3- "4 N 3£) fig ( tridichloropropyl phosphate, TDCPP). J5 & [FIUER K 76% ~
119% (RJZ/K) M 83% ~126% (VIBWY) . REEFFI AT 1 AR T BRI H VLAY 22K S DU b 7 Rl HLBRIR R ( OPEs ) Y
JE KA, R BURIZR DT TOPEs HH L 689. 09 ~ 10 623. 94 ng-L~", SFEI(H N3 747. 58 ng-L ", & Hfhvk i /K F
JIfU¥ 4 TBEP > TCEP > TPhP > TEHP > TCPP > TnBP, i1 J& 72 % (¥) #.0K TBEP (> 7OPEs .

Bt > 70PEs F k(UL dw 1) K 25. 52 ~296. 00 ng-g ™", FE 5 ek TBEP. SLAMIARFUK ANt OPEs ¥ Ji AT 3%

HOAHDGHE , (1B LLGE RS OPEs Jy 5. OPEs #9930 12052 A HERCIRA ST, 22K T TCPP Al TP, TBEP %n TEHP TCEP
F1 TPhP P W5 2 8] 1T REA7AELL IR A R R / =) i
REEIR  A LB IR FHIA R (OPEs) 5 RJZ/K; DB 15 TSR WCARHR L o - e
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Pollution Characterlstlcs of OPEs in the Surface Water and Sedlment of the

Jinjiang Rlver in Chengdu Clty 3 } &

wu Di, YIN. H.eng hng LI Shi-ping . WAN/G Zeng swu, DENG Xu, LUO Yi, L{IO Lin
( College of Resource; and Environment, Chengdt Unlver%lty "of Information Te(’hnologf‘ Chengdu 610225, China)

Abstract ;; New GC- MS methods were developed for | sl typical .organophosphate. esterts (OPEs) including tri-n-butyl phosphdte
(/TnBP) | tris (2-ethylhexyl) phosphate (TEHP)', trl’butoxyethyl‘phosphate (TBEP), trlphenyl phosphate (TPhP) , tri(2-chloroethyl)
phosphateﬁl‘(TCEP) , trichloropropyl phosphate (TCRR) and"tfjdi{'?hloropropyl phosphate ( TDCPP). .
quantify; their concentrations in the surface water and .gediment from the Jinjiang River, Chengdu. The recoveries of the target

substances were 76% -119% ( surface water) and 83%-126% ( sediments). Total OPEs ( Z7OPES) ranged from 689.09 to

10 623.94 ng-L.~", with the mean of 3 747. 58 ng-L™" in the surface water. The pollution level of each monomer was in the order
TBEP > TCEP > TPhP > TEHP > TCPP > TnBP. TBEP was the predominant pollutant, accounting for 36.50% - 95.90% of the

Z 7OPEs concentrations. The contents (dw) of the Z 70PEs ranged from 25.52 to 296. 00 ng-g ™'

also the main pollutant in these samples. No significant correlation existed between the concentrations of OPEs in the surface water and

MR I 36. 50% ~95.90% . 7T,

These methods were used to

in sediments, and TBEP was

sediments. Alkyl OPEs were the main pollutants in the surface water and sediments. The distribution of OPEs was influenced by the
source of emissions and environmental attributes. The pairs TCPP and TnBP, TBEP and TEHP, and TCEP and TPhP might have
common sources in the surface water.

Key words ; organophosphate esters (OPEs) ; surface water; sediments; pollution characteristics; Jinjiang River
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IERZK B OPEs By 5 5 [ SN e B2 AH 24,

FEIG YA X 22 5, B2 AN Sh A R .
KV, ZRIT MBI H OPEs UM E 20 9 4.2 ~
86.6.5.5~76.4 f11.6 ~178.5 ng-L™' " ZRIT

MAVT )2 K P TCPP #1 TBEP N 85 ey, H
YR TBP) . TS B YT R K1 I L TCPP
(5.3 ~190 ng-L™"F17.7 ~19.1 ng-L~") 1 TCEP
(38 ~3700 ng-L~'F1259.2 ~2406 ng-1.~") Ky E %
159, I ED R A9 T  H TCPP ., TCEP A1 TDCPP
B 750 186, 80.2 Fl14.3 ng-L™", #J5 OPEs
BRI 69% ~99% (P35 91% )15 AN
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A OPEs HY-F-4UE R 415 ng-L7", m T #)
(148 ng-L~") , FIHES5VFZ B A9 A5 = Sk b 43
BOAE N v B A 0. dE st K b OPEs ¥} Y
Bl A 2.24 ~10945 ng-L~", H.if TCEP #l TBEP %
SR 28.2% ~83. 1% (88.4 ~2918 ng-L ™'l 145
~1359 ng-L™") M0 KA G T K 4R 1 BT L)
OPEs & 8% (7 ngeg™"), TCPP & & w2,
ERIT =N b X JA] 55 A9 TR ' TPhP A1 TnBP
PrE AR, T SR M ) R DO AR P h R . TCPP
5151300 ng-g~', TEHP & 140 ng-g '™ HETFK
] 7 1 s X K AR 3 b OPEs 1975 Y VR A 1 Ak 5
BB, Hm ek Bos YR e o LT s 1.
RV ORI 28 R T DX 0% T 2% = 25 n)
JRFIR] B R R 2 G UL Ao — SR B R, XFR R
JRF R TR AT AT 1) P O 46 AR LR R E AT, ) R
30.0 ~50.0 m, K¥FE 0.5 ~1.5 m; Fgi ZIRIT T
T, OV I AR R g R T T R, ) BE R
50.0 m 47, KUE1.0~2.0 m!'S, —4EA4 P/ 1]

150, HEHEE KK 60 277 «. BATET o E
MR AS A b OPEs WYV B | 43 A i 52 4D
ARSCAE ST S 3 o W 7 TA I R A b B A
SRR 45 2R 5E 148 78 OPEs 78 JUHR 7 i VIR 2
K B UURR o 04 43 A B YR AiE, LA by 3 i K
A5 B HLTS G ) ——OPEs 1975 Qe B if 4 it 5k
il K4 AR SO

1 #MeEFE

1.1 FEfCRE

IKEE : He B OK TR-F RE R 18 T ) (HT 494-
2009 ) F b 2 7K F1 T3 K W B2 AR FESE ) (HI/T 91-
2002 ) FATKAEAT SR, FRBE 15 A RAEWTH ,
AR R 1. Hod W FRRRZAKEE AL, S RRTT
B, HTTGEHE /0 T 500 m, K TARH4),
IKIRLI 1.0 ~ 2.0 m, [EIFAT SR S S i o
2 ETOKIE T =5 m Ab. RALRHE] A 201574F 4 .

SERINGGIC SN e e Al

BRI ERERB T ZN, 6 6502 Wi LRAEVIBIFES. 7
[ | Sma Emmurs [ ¥V g U e
r / /) ,Tab‘i"c;-],-.:‘F -Sampling locations 4 f Pl " ,‘_“_".w p
o iri: IO~ e R Y e
e S0 wer, s e / E we S W-9, S-5 AR
g | — W2, 82 /) wE & W-10 ER T
j i W-3, S-3 OROHR 2R0) W-11 HER
# v o W-4 “ BREHR A el C2p0) W-12, %6 KU
| v 4 Y ws, -4 BT HAIL W-13 B IR
T W-6 i T W-14 KR
Ui w-7 JUHLERAR L W-15, S-7 IR KA
JF W-8 [LEl%5

L2 {85

E1 #RRBERESSHERE

Fig. 1 Study area and locations of the sampling sites

AEEWRIK RS, SAHEIE- s AL (H AR
H: GC-MS 2010plus) , F.75 ¥ 451 ( Fii + Buchi R-
215/V-700) , C,s SPE #1:(ZHE(E ZORBAX Plus). F
BUXFAFENER . LR TR, IEC K, CHE¥IN &
SR AR O 4l (B LT ), bR S (Sigma aldrich)
Gr5R, BEEEWERR NG  WERR = TR, BERR — 5B,
BEIR — T S O WR; J5 BRWE MR . WM — R ; iR
WERRTE . i =S O M | WM =S MR . MR = (2,
3-HENER) B
1.3 FF A AL 38 R AG

JKEE 10,45 um PYUEREHEATHIE, U85 7K
Feit Cog ZEBUNEBEAT AR ZE I, Ay 3 ~5
mL-min ~". F 2 Z: I (4:3) Welid 15 mL, BEik
TR B2 e A SR 4 2224 200 L 225 EAILKGIN.

LR Wk B 2R R T HE JE i
100 H i B TR P FE i 2. 000 g, BT B 04
W, IIA 20 mL &R S Fe: TNEA (KL, 3:2)
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TRWRIR M 12 h, #7530 min, B AW T, H
A 10 mL B3R BFGE A 15 min, A 13 B
We; B0 (3000 r-min~", 300 s), ¥ b2
BEWER T, KES RGOS 28T, 6k
W/ BALER KE, FH 20 mL 2R Z JiE: TR (1R AR
Ho, 3:2) MR AW WO L HEAT VR, WA e A &
200 wL, MK,

AR 5 B S5 8. GC A5 e B35 A rti- Sms
(30.0 m x 0.25 pm x 0.25 mm), FEFECTEEE N
280.0°C, Aoy dEtE, A N &Ll He, Wi N
1.00 mL-min ~". FHEARF : 50. 0°C (f#%F 1 min) , LA
15.00 °C +min ' FF 2 200. 0°C (4% 1 min) , L) 4. 00
°C +min ' F}F & 250°C, LA 20. 00 °C -min "' F} % 300°C
(PRFF 4 min). MS &0 ELIE, SIM B, B+

TEEE A 200°C , #2: VR E A 280°C. 7 Ff HARL &9
RHEHWRE TS EE T (m/z) 57598 TnBP. 155/
99, 211, 125; TCEP:249/63 . 143, 251; TCPP.
125/99 . 201, 277, 157; TDCPP:75/99 . 191, 209,
381; TPhP:326/325, 77. 215; TBEP:85/100, 199 .
299; TEHP:99/113  211.
1.4 ke

RIZAKMEM C FAMZEBUMEE £, XL
TRAN T 8 0 38 700 4 0 A7 S [l A28 1 ) ( DL
2). B i PRI N LR 2T TR (4:3) PR 15
mL B, 25 B AR B0 s mICRE R 76% ~ 119% .
UURWIRE Sh A5 F 2R 2186 IR (R L, 3:
2) VR 15 mL B, £ H AR T 0 nbr [ 3 a4
5 83% ~126%.

®2 5 MAREZEMFIE OPEs HmtREIKE, % ;
Table 2 Recovery of OPEs from different elution solvents/% h / ’ oy i

- LI T P LR L P LI i LI M EC K LT Vi
(3:2) (1:1) (1:1) —2:111) (4°3)

TnBP 106 107 60 | & 12284 81 |
TCEP 179 154 122 e 1 o A ¥
TCPP 94 I & Tag ., 58 [+ V il
“TDCPP A b 101 r T8ad) &= 114 [y o1 ¥ 88

J TBhP ey 167 L/ & .‘1’?/ & 221 v 4 132 Lol

. TBEP CF [ 113 A 2 B 127 ;113 C TR
TRHP /¢ ) 68 T 4 73 ' 73 P104

- # i f‘
‘ P
| ]

g

{55 oioe ' € |

s EBRIR RS AR IE il A T et o fe

PRl e Ry I B 5 RIS (7 >0.99)
IR R 3.0% ~6. 19%. 7 F OPEs 19 -1 3L
TR LSRN 76% ~ 119% (R JZK) F 83% ~
126% (TR . AXERR I B By 3 A% {5 M Lb (3S/N)
5%, TnBP.0.22 ng. TCEP:0.41 ng. TCPP:0.33
ng. TDCPP:0.20 ng. TPhP:0. 14 ng, TBEP:1.21
ng, TEHP.0.29 ng. kR HRET 1 LK, 10S/N
4 %), TnBP: 0.80 ng-L~'. TCEP: 1.30 ng-L7',
TCPP:1.20 ng-L~', TDCPP:0.70 ng-L~'  TPhP:
0.40 ng-L~', TBEP: 2.40 ng-L~', TEHP: 0.90
ng-L™" AR HAA e TBP K ih, SRR
IREE AR, 2SS Y n] 2. B Y
MCFATRURE | e SRR St 1 ) B it — > =5 s
Ty A R

2 #R5itig
2.1 HRVIRIZ/KH OPEs 1975 42K
AT BT R)Z K > TOPEs #e B 7K - i

M 689.09 ~ 10623.94 ng-L~', F X #k K
3747.58 ng-L™'. FK U O Bl 27.68 ~

i

10 186. 61 ng-L~", H 1 TDCPP 7 K B A 4
HAy 6 FhEA AR AS R 100% . 25 B0 1Y) ¥k 32 It
J¥ >} TBEP (274.25 ~ 10186.61 ng-L™') > TCEP
(27.68 ~273.10 ng-L™") > TPhP (47.72 ~ 164. 81
ng-L~") > TEHP (30.55 ~229.98 ng-L™") > TCPP
(35.76 ~ 143.75 ng+L™") > TnBP (36. 16 ~ 85.41
ng-L™"). SRH] SPSS 19 XM 45 HMi K-S K, 45
SRk OPEs Al > TOPEs #54 E UIE &40
A HWRBEKFanE 2 frs. Al 1, TBEP &k
JE K F B 4 B, LR > TOPEs R Y

11 000
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0 + & %

! 1 L 1 1 ! !

g L

TnBP TCPP TEHP TPhP TCEP TBEP ) 7OPEs
B2 MEHRIIREKS OPEs HIKE

Fig. 2 Concentrations of OPEs in surface water of the Jinjiang River
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36.5% ~95.9% , L HAL OPEs S 1 ~2 U
Y%, W] 7 Fh OPEs 1 TBEP 2 MR T 83 1T )2 /K
WY S ).

5 HLA 3 T AR K A R 2 KA L, BT AR
JEKHT > TOPEs Bk BE /KP4 A X e . Horh
2008 AEE A KRS > OPEs He B 3 Fl 7E
784 ~951 ng-L~", HLRGER T HE VLA AR — A8
. BT R Z KT > TOPEs W i AW (1000 ~
2700 ng-L7)7 Y 5 %, & KR (784 ~ 951
ng-L- )M 10 52 A B AT e Rl
FE ST B O AR X BT ) OPEs B4k /K
FEE R BLE A ng- L', BHVLRZKH ) OPEs
B S5 VR B K O J& K1 (0.68 ~ 1197.00
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