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Distribution and Sources of OPEs;in Plants and Snow in Hailuogou /==
CHEN Yang, YIN Hong-ling", WU Di, LUQ-Yi, DENG Xu, XU Weitxin, LIU |Jin-bao §
(College of Reqources and Environment, Chengdu Unlver%lty -of-Information Teohnology, ghengdu 610225 China)

Abstraet: In ordep” to study the effects of atmosphenc htra;quort and the wet/ dr}? deposltlon on the content and dlstrlbutlon of
Organophosphate esters (OPES) in remote areas se}iﬁ types of OPEs including tri-n- butyl phogphdte (TnBP), tri ( 2-chloroethy‘1')_‘_
phosphate ( TCEP) , tnchloropropyl phosphate” (TCPP) 4 trldl(hloropropyl phosphate (\TDCPR) , ‘triphenyl pho%phate ( TPhP?,

tributoxyethyl phosphdte (TBEP) , and tris (Z-ethylhexyl) phosphdte (TEHP) were aﬂglyzed inplants and snow samples’in HdlIuogou

using“gas chromatography-mass spectrometry. ;I'he 1results§II showed that the pollution leygls of the seven OPEs ( Z 70PEs ) in the' plant
sampj,cs rapged from 11-3 1 ng:g” "to 1 050! 8 ngsg -f TBEP and TPhP were the main pollutants accounting for 36% -70% and 24% -
80% of the Z 7OPEs , respectively. The main pollu‘fants 1n the‘ Snow in Hailuogou were the same as those in the plants, with TBEP
domlnatlng the profile“of the Z 70PEs at 47% , followed by TPhP at 24% . The analysis results of the grid analysis display system

(Grads)'., backward trajectory model, and historical wind data of Hailuogou indicate that the OPEs in this region are affected mainly by
atmospheric transmission from Chengdu and the junction of Yunnan Zhaotong and Yibin, Luzhou, and Xichang. The environment of
Hailuogou has obviously been disturbed by human activities. It is necessary to conduct thorough investigations of its environmental
behavior and to strengthen urban pollution control measures.

Key words ; organophosphorus esters (OPEs) ; flame retardants; Hailuogou; accumulation; atmospheric transmission
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Table 1 Species and characteristics of plants samples

G/ EUES W I 1 SRR AE

HEALA XA, AR W AR/NFTAS, 3R AR
2 KT, AR TR TROR, IR ETRR
(KL By AR IR TRV

Ll XA, AR R AUV

AR T, ZAELE - RIBUR

Ky HERE XTI, AR i R TR

LA By AR R AR
£ XA, AR R AUV

KA B AR I RERUN

1.2 YRR 5

SR o BT R A (B AR B HE GC-MS
2010plus) , F %5 ¥k 45 4 (% 1+ Buchi R- 215/V-
700). FEGXFIEIENE, LR OER . —E P L
ke, AR REBEWR PR, G K B RR B 28 R
HPLC 2%, FRUEdh (Sigma aldrich ) 45 ; B§fR = T Bis
( Tri-n-butylphosphate, TnBP ) . #§ iR = & N fig
(' Trichloropropylphosphate, TCPP) . % iX — 5 £ W
(Tri ( 2-chloroethyl ) phosphate, TCEP) . iR —
(2,3- 5 ™M &) B ( Tridichloropropyl phosphate,
TDCPP) , B8 =%/ ( Triphenyl Phosphate, TPhP) |
IR = T % £ B ( Tributoxyethyl Phosphate, TBEP)
FIBE B2 = 5 9F IR ( Tris ( 2-ethylhexyl ) phosphate,
TEHP). %5 (Sigma aldrich) MR = (1,3-4-2-
NFE) BR[ Tris(1 ,3-dichioro-2-propyl ) phogphﬁfe--dls ,
TDCPP-d, ]. | a/rl
1.3 PR A 37

R A 39 O RSB R B
T A, JRAS ml 4R 2 16: A (3: 2)
I PRBE T B0 12 h JoE A 4RI 30 min , i ARHR %
ARG RN P PR 3 K, SR L
A5 ml PR IR (3:2) , #7530 min 54
AL (3000 pomin |, 10 min). ¥ 85 D 4
WORBEATHESs , A Tt 5 mlL IE O ke b 47 % 71 5%
e, HEFWYSEE 300 pL A4, AL -RER-TC
IKBRIRAN (R 1:2: 1) 2 g g k. 20
mlL 1E G ek et 2 B, VRO 2R T -
PRI (3:2) R UR AR M, e i 2550 T, FIE O e
ERZE 100 pL, FHLKGT.

TR Rl KRR S AT AL 3 510 mL H G AR
SPE /IME, FIA 10 mL 4tk , ¥k 5 1K
(0.5 ~1.0 L) idHe, H 10 mL IE ekt /5,
FH 30 mL PR ZFig: TN (4:3) BEATVERL , 7EPEME
VBRI AGE B JC K B RR B K, OB R K R 2
W ARG, I TR W N (4:3) 1255
e 3 W, BRIP4 2 100 pL IR, A%
R E R S 2HEER T, €5 E 100
wL, AR,
1.4 XER50HT

GC 1 . 4354 Rii-5MS (30. Om x 0. 25 pm
x0.25mm) , PEEECIIERE H 280. 0°C, NP ERE,
Uit A 1.00 mL-min~', 4l He H#A. FHEET
47:50.0C (£%F 1 min), L 4.00 C-min~' F+ =
250°C, L4 10.00 °C -min "' F % 260°C (45 4 min).
MS Z& 4y EL, SIM &K, & 7R B2 . 200°C
R 280. 0°C.
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1.5 RS S (QA/QC)
A s LSS AT 88 75 e, FHT A RZK RS 4l
KB, HT 450°C D3R EbE 3 h. HIHIEK:
W73 AT AT PR DL R o ik B A B s 45, % H A
PIBTHAT T AR 45 ) el e 30 S | 5 JB 0 v S
B, 2SR, A5 H bR TR A AR T 45 i [l
5 SRIEMZ AT E BT, bRifEdh gy a1
FRERE RFREIERE R (r>0.99). A FE &M
SEATRURE. PR I 1 1T R A A - A B —
IR AT R ERE R I 50 pL 19 2 peg-mL ™' (Y
WA LU UE R FE L B AR LS P i e, 45
A W RS R N B B I EE Ty 58.7%  ~
108.2% , L 7K AE i N AR 1 [T 0506y 66. 8% ~
85. 4% . FEFUMAR MR LG . — % i AH Y AE i
FHE P48 b, HETHAE AR 2 BB s (7
Fi OPEs BT A ARE M) SEH (n =3) , s [l i
TR 74. 0% ~125.0% . AL gata I PR fy 3 Fﬁﬂﬁ%
H(38/N) 75 %, TaBP:0.22 ng, TCEP: 0,41 ng,
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TBEP.1. 21 ngﬂaTEHP 0.29 ng.
H0{f) TaBP FITENP, LR IIETHE /59 »ﬁﬁ%l
ARy B O T ¥ a
2 BRG] Vi)Y
7 UVl ‘ i f
2.1 | IRAAFRY > OPEs it
2. 1.1 SR AT T OPEs 1977 it
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(116.7 ng+g™') > HEALH (83. 1 ng-g™') > K
(67.8 ng-g™") >EHE (43. 1 ng-g™") (E1). /K

E%?&i‘ﬂjﬂf';

Frifef > 70PEs & i (1050. 8 ng-g '), Ky
F e BRI R R (43,1 ng-g ') 19 24 %5, 136
ANFEAEYIRT OPEs 1) & SE e ST A 22 3R, ARAT it rh
> TOPEs & Bt (¥ 5 R AT REAT - DK ATy 8o
MY, AR HESCF- AR ) ik, A AT oE K
SYE IR S REER T HERE, MHEY
ROZR AL F 3R 20 H e W) BARA KRR
TAAR, JIT AZBUAR o) 75 4 4 i W I e 0 K T AE 4 32
M. KT OPEs 7] BEZ MR R E B AU T
BB E; QKM A ZEARY), TR NEK
WA 2EL OPEs, MM SECS B 1

Mt B RIEBRE , 22090 5 R
R, MZS SRR 220 R > TOPEs & R AL
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$5 8 O R TR I 75 ey B L e B
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ZME% XA RS AZ BRI AR B 2 5 DA KR
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2.1.2 VAT T OPEs SURK) & it K oA
M7 FpERLERE Y R S RS ORE (F 2),
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MIAE K AT M. TCEP (n. d. ~123.6 ng-g™') Al
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Fig. 1 Concentrations of Z7OPES in plants
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TnBP(162. 4 ng-g ") (i & mth H BLAE K AT .
1M TPhP(n. d. ~289.6 ng-g ") A f 5 7 1 L1 I 7E it
SEELH ) AE KA AR AR I H; TEHP 9 55 &5k
3.1~33.6 ng-g™', Hm & thBE R H- 2. AS[EFp
FRIPIXT OPEs SRR EHERE A B E 255

TEA B ST, TPhP Y & & & B K T
TBEP, {H#: %N 67%, 7= T TBEP (44%).
TEHP, TnBP #5188 100% . M ¥ BE-7K 73 Bt 28
(1gK,,) k% , TEHP, TnBP F1 TPhP =¥ 1gK,, =
4.007, FEARHEMEENL, BARKYE, Ko b4
WA, 2 S5A VLB AHSE &, HOR: 32 2 8%
5. TCPP Al TDCPP 4}l AE K % (47. 0 ng-g ™) Al
Pk (16.5 ng-g ) B, KR RAE 1%, H
T AER G AR & P s > TOPEs 19 8 it Ho ]
WAEAR, VLT YRR X TCPP #1 TDCPP /Y &
AR, RA & T 247 I AR R £ 220t
Imwﬁ#%%§%¢m,ﬁ?%¢ﬁﬁ%mﬁw
X} TDCPP A — & 1 & HAEH.

TPhP fﬁ#ﬁiﬁtpé\%fi; 7’7 289 6 n'g g
ﬂﬁ%%%umsngg) WmE*T%HWW
ik%ﬁ%iﬁmﬁﬁ'mmfmmmliéﬂﬁ
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ngeg ' Z I Hoo e R H R RS Ry 33.6
ng-g ", 1 HE A UK I E] TaBP A1 TEHP P F
Y. 25 L, MIYIES R IR KA IR R R Y nT
FHHXT OPEs (I E FEA B KES.

WHFFE OPEs fE4 A P I o0 A 25 5 ¢, SR A
SPSS 19. 0 HAY Frideman ¥ 50 52 £ & LA, AA]
OPEs [ E & E P =0. 018 <0. 025, A [E M
Y2 6] OPEs (15315 BA o & M2 5.

2.1.3 IR R RIAE ) b IR TR 1 4K

FE OPEs 1) 7 Fh e fAc | AR 4 B 3 19 AS ] AT
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(TPhP). XF = Wi R g 76 45 A% P 1 40 A A7
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