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Pollution Level and Sources of Organic Phosphorus Esters in Airborne PM, ; in

Chengdu City
YIN Hong-ling, LI Shi-ping, YE Zhi-xiang, YANG Ying-chun, LIANG Jin-feng, YOU Jun-jie
(College of Resources and Environment, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract: Organic phosphorus esters ( OPEs) in atmospheric PM, ; in Chengdu city was quantitatively determined by using gas
chromatography-mass spectrometry. The distribution characteristic was discussed, back trajectory model and correlation analysis were

used to study the sources of OPEs in PM, ; in Chengdu city. The results showed that the annual average concentration of z 70PEs in
atmospheric PM, ; in Chengdu city was 6. 46 ng+m ™ for the urban site and was 9.38 ng-m ™ for the suburb site. Due to the waste
material recycling industries in the suburb area and the perennial dominant wind direction in Chengdu, the concentration of Z 70PEs
at suburb site was higher than that at urban site (P =0.013). The atmospheric mixed degree influenced the distribution of OPEs in
rural and urban area. The source of Z 70PEs in atmospheric PM, 5 in Chengdu city was mainly from endogenous pollution which was

mainly affected by the local sources around the sampling sites, while the contribution of the exogenous pollution was small.
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Table 1~ Sampling time of atmospheric PM, 5 and weather conditions

W7 SRR 11 e A] REE/C KA
#1 2014-04-15T10:30:05 ~2014-04-16T08 ;30 :05 21.5 TR
2 2014-05-04T11:12:00 ~2014-05-05T10:12 ;00 27.4 i
53 2014-05-05T11:25 :00 ~2014-05-06T10 :25 ;00 25.8 &
a4 2014-05-07T10:35 ;00 ~2014-05-08T09 ;08 ;00 25.6 i
H1 2014-07-01T11:05 ;00 ~2014-07-02T10 :05 ;00 29.8 1
K2 2014-07-02T08 ;25 ;00 ~2014-07-03T07 ;25 ;00 26.9 i
H3 2014-07-03T08 :25 :00 ~2014-07-04T07 ;25 ;00 28.8 &
H4 2014-07-04T08 :25 :00 ~2014-07-05T07 ;25 ;00 28.6 1
Hs 2014-07-05T08 ;25 ;00 ~2014-07-06T07 ;25 ;00 28.4 i
1 2014-10-24T09 ;14 :00 ~2014-10-25T08 : 14 ;00 18.5 [
Fk2 2014-10-25T09 ;30 ;00 ~2014-10-26T09 :30 ;00 21.5 ]
%3 2014-10-28T09 :30:00 ~2014-10-29T08 ;30 :00 19.6 932t i
Tk 4 2014-10-29T09 ;30 ;00 ~2014-10-30T08 :30 :00 18 912 Wi
21 2013-12-16T11:22:00 ~2013-12-17T10:22 ;00 12.6 &
22 2013-12-17T10:30:00 ~2013-12-18T09 :30 ;00 9.3 ]
43 2013-12-18T10:30:00 ~2013-12-19T09 ;30 :00 7.6 53]
&4 2013-12-30T10:30:00 ~2013-12-31T09 :30 ;00 6.9 53]
&5 2013-12-31T10:00:00 ~2014-01-01T09 :00 :00 6.3 [
26 2014-01-01T10:00:00 ~2014-01-02T09 :00 ;00 7.1 ]
47 2014-01-02T10:10:00 ~2014-01-03T09 ;10 ;00 8.6 53]
48 2014-01-03T10:00:00 ~2014-01-04T09 :00 ;00 8.2 i
29 2014-01-04T10:00:00 ~2014-01-05T09 :00 ;00 8.6 i

L2 5G]

UM @ - R O A (B AR B GC-MS
2010plus) , % % ¥ 45 4% (%i 1t Buchi R-215/V-
700).

7 Fh BARE S P bR UE S ( Sigmaaldrich) 43514 ¢
Jot 5& W5 B2 G . W% 2 — T B ( Tri-n-butyl phosphate,
ToBP) . #f MR — 5 ¢ Pi [ Tris ( 2-ethylhexyl )
phosphate , TEHP] | #l2 = T %& £ B ( Tributoxyethyl
Phosphate, TBEP ) | 75 %k #f fR Fig. #F B2 — %% Mg
( Triphenyl Phosphate, TPhP) . [ {84 f2 Iis . B iz —
F TG [ tri (2-chloroethyl ) phosphate, TCEP ] | iR
— S M (Trichloropropyl phosphate , TCPP) | Bk —
(2,3-& W) g ( Tridichloropropyl phosphate,
TDCPP).

L3 A AR R

R TR R AR S 24 h 5 HE AR, F AR
HI AORE A B T HZE R U T A 20 mL
TR T IR (3: 2, ARFRLL ) 1290 12 h, A ZE I
30 min K ASGRAB ARG, FHAA 10 mL 21K
FRA 15 min, G IFAEBOR. K A€ BORHT 25 W 4
B4 220 1 mL, FRERIE TE LR AL S (3:

1R JZ2MrdE. FHIE ekt 20 mlL B 25 2% i
5 R W TR (3: 2, R FR FL ) BE B 77 e 20
mL, B B8 W W 4 B 200 pL 5 E A& E LR
m”[g,u,m,lx,w].

AER 53 B 55 . GC 452 B35 AT rti- Sms
(30.0 m x 0.25 wm x 0.25 mm ), #FFE IR Ny
280. 0°C , AN Ui it 4 S M i 2 He, Wi iR 1..00
mL-min~'. FIEFF. 50.0C (1%?% 1 min), UA
15. 00 °C -min "' J+ % 200. 0°C (445 1 min) , LA 4. 00
°C +min ' F £ 250°C , 11 20.00 °C -min ' FF £ 300°C
(PRFF 4 min). MS 20 ELJE, SIM £, 2 7
TR 200°C 42 R BE Ry 280°C. 7 M HARL A
M HARE T RS HE T (m/z) 53028 : 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 QA/QC

% OPEs 2173 st £k r 268355 0. 99 LA
b AUEEBE N 6. 4% ~9.4% . T 4 WS
TR R RE X A v D 2545 HH B IAR RS 5 R 1. 1% ~
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20. 0% , AR RO R F1 3 £ 17 Wt L (3S/N) 153 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. 5 Al BRIE T i &8 R ACRFERY
#8223 h RFETFF S5 TnBP 1. 62 pgem > | TCEP
2.97 pgem™, TCPP 2.36 pg-m’, TDCPP 1.47
pgem~*_ TPhP 1.01 pg-m~> TBEP 8.74 pg-m~’
TEHP 2. 12 pg-m ~>. 7 ff OPEs 5L )5 25 [ bR
BIIR A 73.9% ~89. 0% .

2 HR5ITR

2.1 HEBTH KA PM, s H' OPEs A9 5 1 vk B /K SF K
BRI

T KRB 5K PM, 1 7 B OPEs( > 70PEs
) BWAESEYH &N 6.46 ng-m ™, ZEX N 9.38
0.18 ~2.94 ng-m 7 ; RBIX M 0.47 ~3.90 ng-m .
A8 BTt vk B R T, SRS S 30 A0 DX o e v
KTHIX#H. Hrh TaBP, TPhP, TBEP X 3 Ff
OPEs [T 2 ¢ F 127 22 30 HH A0 DXOR A A o dt Wk 3 2 Oy
TIXHY 1.5 %, TEHP 717 DX Uk B2 29 28 X Y
1. 2 %, TCEP F1 TCPP Jii £ i & W S A% X 5 17 X AH
M MEA TDCPP it IX B i ik B2 AR IX 11 2. 6 1%
FHHAES A 5 vh @R B 58 2R £75 BRAG 55 ( Wilcoxon
Signed-Rank test) Xf Z7OPES FE HI KT 40%

Yy 2Pk OPE W PRIEATREAG S0, 135 > TOPEs (P =
0.013) . TnBP (P =0.003) . TPhP (P =0.019) .
TBEP(P =0.015) , Ut B L iR ¥y i 76 i X AR X 22
2R A 245 L (P <0.05). 1fii TCEP(P
=0.166) ., TCPP(P =0.249) . TEHP(P =0.110),
Wi AR BAE T X RIRR X 2 ) 25 S AN A Gt
FEL(P>0.05). AHTHRER RFEL D> TOPEs
R MR 22 SR IR T RE R B W . — AR X
SRAE AL T AR T AR 3 KU (PR X)) BT
[] | R AR DR A A5 BT A7 AE R A M, R A 2R AT
AR P A R (H Y 5 B OPEs B it 8 R85 p 2
FH TARIX OPEs Bi& ¥k i = T IX. M OPEs i
KA, 5908 1 B SR AR W 45 R (T TOPESs ¥
J£0.01 ~1.17 ng-m* ) A1 b, BUER TH K<
PM, . "' OPEs ¥ JF /5. 5 M v vig K< B0k 9
TnBP, TCEP, TDCPP . TPhP Fl TEHP iX 5 F OPEs
AR Z F1(0. 55 ~3. 11 ng-m ) A HL, AR T

KA PM, LA E 5 Fl OPEs () 3¢ JBE 1 (0. 46 ~
11.71 ng-m ) 7.

T KRB 5 KA PM, 5 D TOPEs -3¢ i
HZETT A ikl . H 25 (8.84 ng-m ™) > FkZ=(7.63
ng'm ) > F % (6.80 ng-m ) > X ZF (4.21
ng-m ) ; KBDORAELNN . 42(10.33 ng'm ™)
>HZ(9.17 ng-m ™) > EZ(8.72 ng-m ™) >k
Z%(8.69 ng-m ). OPEs 7E45-Z 77 1) i &k i /K -
WrEml—Hon g, WA B M A F Rk LS
IS, 2 OPEs 7€ — & 3 Bl Py % i S R 2 A
EAHUR(E1LME ). mE 1, TTRBX KA PM,
' TCPP 1 TPhP 3X W Ff ) BT 7 4 > Z% 7 40 A1 135
AT BT PRAE AR ST | R T DA R
RGN R B TR SR 19 52 W), 80X W R ) 5
BT T W B A3 A A R AR T i iR IR 22— T R R A
JSE T A AE B2 R4 %E 1) TCPP Al TPhP A HE i .
TnBP 7ET X 5 | H 2= 5RBIXAR | 4 28 0 Vi i )
1. TDCPP FARF I v A h iy 4, (A
HAG AR, TR L. TnBP ETH X, HF
EIRRIR AR | 428 [T H VA B g [ o (L, U A Ak S 2
T TnBP HEWOK AT 4. TCEP £E T X (1 5 Fk %
TRRE R &M T W E A E T A
TBEP 75T X FRB X 1 4 ZE ¥4 & 50 (8, 9F HLAB
XK T X, B4 227 AR T AT BB A7 7E TBEP 1Y
ARCEHEBIE. TEHP 7E B IX 4 24 15 53 (H 3
T DX ENTC, [ 7 DRI AR X v B AR A 22 57, Ul A&
ZeTii RB X HER T BEAFAF 25 52

M OPEs #3531 K F , C#R T X (4 5144 OPE
T4y 45 S TBEP (41.22% ) > TCEP (21.22%) >
TCPP ( 12.06% ) > TnBP ( 11.10%) > TEHP
(6.52% ) >TPhP(5.30% ) > TDCPP(2.58% ) ,ARIX
4 TBEP (40.23% ) > TCEP (17.21%) > TnBP
(12.13%) > TCPP(11.22% ) > TEHP (8.21%) >
TPhP(6.15% ) > TDCPP (4.85% ). HLHRT X K %%
DXRAE A5 B 205 YL Wy 34k TBEP, Hk o TCEP,
WL R OPE i > 7OPEs [ H 43 ik ] 63.44%
(THIX) F157.44% (RBIX) . SHEEHITRIK [ TnBP
(39.01% ) > TBEP(22.42% ) > TCPP(13.90% ) >
TDCPP ( 13.23%) > TPhP ( 4.48%) > TCEP
(4.26% ) >TEHP(2.69% ) | M It , 4 —E £ 5.
BRI A B BS54 R TaBP, HRk N TBEP, I J
B OPE (5 > 7OPEs WY E4F Uik % 51.43%. Wil
G3AR A LR AR T R AURORE ) vh S4Bt 1R g A
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Fig. 1 Seasonal variation of OPEs in PM, 5 in Chengdu City
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TR ARAT R A I ) s 05 T ) ST SR U, ] 2.

FH P 2, D 2 SR A 40 ) 8 i R 0 I ok TR 4%
A, BRI AT AR5 71 S63HE D
VY R T RAEZE T, d5J F BGETS T PG R T AT X
B RS IE RS 7 8 i X g G T 1) ik A
X, BFEMAAERTEEE A TRt AR
07, I MR ER T AR L, AR ARy dE AT IX. 4%
FACH R IEXT OPEs B SRR s2m Sy . 25, BKAI
ABLIRRBIEAMIT, > TOPEs ZBIX T X
L1 ~2. 4 5, R BASMIETE e Xt AR T OPEs 1) 51 ik

[OF ==

i C MR

N, P25 S A TR DR T B TR S e M VR Y 25 S A Ok
B 2SR T KR A5 X AR KR AR S
> TOPEs [T FERBMN Y, HERABE (P =
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Fig. 2 Sources of atmospheric air mass in Chengdu City during the sampling period
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Table 2  Correlation between OPEs in the urban area
TnBP TCEP TCPP TDCPP TPhP TBEP TEHP
TuBP Pearson A3 1 0.653 "~ 0.479 -0.170 0.352 0.184 -0.053
SEE W) — 0.001 0. 024 0. 449 0.108 0.411 0.814
TCEP Pearson A3 0.653 %" 1 0.725%* 0. 030 0.665" " 0.281 -0.074
SEEE ) 0.001 — 0. 000 0.893 0.001 0. 205 0.743
TCPP Pearson FHIME 0.479* 0.725** 1 0.339 0.822** -0.034 0.182
SEE W) 0.024  0.000 — 0.123 0. 000 0. 879 0.418
TDCPP Pearson FHXM: -0.170  0.030 0.339 1 0.220 -0.245 0.374
) 0.449  0.893 0.123 — 0.325 0.271 0. 086
TPhP Pearson FHIM: 0.352  0.665"* 0.822** 0. 220 1 0.163 0.302
) 0.108  0.001 0. 000 0. 325 — 0. 468 0.172
TREP Pearson AHIME 0.184  0.281 -0.034 -0.245 0.163 1 -0.474"
) 0.411  0.205 0. 879 0.271 0. 468 — 0. 026
TEHP Pearson AHIME -0.053 -0.074 0.182 0.374 0.302 -0.474" 1
SO 0.814  0.743 0.418 0. 086 0.172 0. 026 —
1) #* * FRI/RTE 0. 01 K (UM | B A, * FRLE 0. 05 K (AU b8 E A, TR
#*3 3B OPEs Z [EIRItHREM
Table 3  Correlation between OPEs in the suburb area
TnBP TCEP TCPP TDCPP TPhP TBEP TEHP
TuBP Pearson A3 1 0. 460 * 0. 188 0.332 0.255 0.311 0. 401
SEE ) — 0.031 0. 403 0.132 0.252 0.159 0. 065
TCEP Pearson fHH: 0.460* 1 0.440* 0.745* " 0.136 0.832%* 0.773**
SEEE ) 0.031 — 0. 040 0. 000 0.546 0. 000 0. 000
TCPP Pearson AHIME 0.188 0.440 1 0. 080 -0.054 0. 205 0.031
SREEE ) 0. 403 0. 040 — 0.725 0.813 0.359 0. 890
TDCPP Pearson FHIM: 0.332 0.745* * 0. 080 1 0.071 0.873* " 0.970 * *
) 0.132 0. 000 0.725 — 0.753 0. 000 0. 000
TPhP Pearson AHIME 0.255 0.136 -0.054 0.071 1 0.297 0.179
S 0.252 0. 546 0.813 0.753 — 0. 179 0.426
TREP Pearson FHIM: 0.311 0.832** 0. 205 0.873** 0.297 1 0.873**
) 0. 159 0. 000 0. 359 0. 000 0.179 — 0. 000
TEHP Pearson FHIM: 0. 401 0.773** 0. 031 0.970* * 0.179 0.873** 1
) 0. 065 0. 000 0. 890 0. 000 0.426 0. 000 —
3 &9 SRIX KA PM, 5 > OPEs (95 vk B i T 17 X

BT T IX KA PM, s > OPEs 4R K2 7 i
476.46 ng-m >, RFIX K 9. 38 ng-m 7, PUZE K
JERITER — s g, TTHI R i =0 A8 k. 220 IR
[F P S At = ol P 47 32 5 XU g i 6 XU 520

AN G Xt AR T OPEs Y GTHA/)N. OPEs fY 5T T ik
JEARAY T REAZ SR A i S B b 5 0 5 e B 22 7 I

IR X B8 8] [ D5 A7 22 5
5% 3k
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