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A review on the occurrence and environmental behavior of
organophosphate esters (OPEs) as new pollutants in air

XING Rongguang ZHANG Peng ™ JI Hao SHI Ren GE Linke MA Hongrui

(School of Environmental Science and Engineering, Shaanxi University of Science & Technology, Xi'an, 710021, China)

Abstract As flame retardants and plasticizers, organophosphate esters (OPEs) have been widely
utilized in plastics, textiles, and building materials, and resulted in a sharp increment on production
annually. OPEs were ever regarded as effective substitutes for brominated flame retardants (BFRs);
however, some current researches showed that their concentrations in air were 1 to 3 orders of
magnitude higher than BFRs. Since their half-lives were relatively long, combing their definite
toxicity and long-range transport potential, OPEs have increasingly attracted extensive attention and
become a class of global organic contaminants. Besides, the recognition of OPEs being safer
substitutes is questioned by some researchers. In present study, the progresses on the atmospheric
OPEs were reviewed, including the occurrence, the long-range transport, the air-particle partition and
the photooxidation of OPEs in air. The deficiency in recent researches was discussed and the

perspectives on future study were proposed. Comparing the concentrations and composition
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characteristics of OPEs in different areas, the industrial sources, long-range transport and
meteorological conditions were the predominant factors controlling the spatial distribution tendencies
of OPEs in air. The particle-bound OPEs were of remarkable scientific importance in exploring their
long-range transport path, revealing their environmental fate and assessing their health risks.
However, the researches focusing on air-particle partitions on the basis of field monitoring and
theoretical models were relatively insufficient. There was a significant difference between the model
results for predicting the percentages of OPEs in particle phase and the field monitoring. It was
speculated that the physicochemical properties, meteorological condition and sampling techniques
might have influence on the accuracy of models. Moreover, the influence some environment factors
on OPEs photooxidation should be explored in order to reveal the reaction paths and proposed the
structure of the photodegradation products. Consequently, optimizing proper models, developing new
sampling techniques as well as probing the photo-degradation of OPEs were urgent in future for
better understanding their environmental behavior and serving the administration of environmental
quality.

Keywords organophosphate ester, atmosphere, occurrence, air-particle partition models,

environmental behavior.

[ 20 42 60 418 LSk, BHEAH (flame retardants, FRs) & 4 78 0 2 8RN R v BEL L A58, B3 48 5%
R B EEAE, SR, Ao 40 AR KRR, HE N S AT, YR AT FHAA 5 (brominated flame retardants, BFRs)
B o FE DG Y £ A, E9E 38 R B 53 BFRs B S 1k . Fr APE R FE B iF A8 1k, A, BFRs #%3% 0
A FH wb 2 R i 4 W, A5 ML AR 18 (organophosphate ester, OPEs) il & BFRs WA 5. HE 411, K4f
40 F OPEs FVEBHIAFIFNEERFA IR, B F RS0, 25280, AL T, T s3SI DL S G b RS Tl
OPEs LIA ML =5 ( F 24l HIE D) | A HLBE 8 (A MLIE =8 09 4016 7= ) R SR B £6 1 B X AF 7
B R — T AR IO ) AN TR] 43 Sy el A e 35 | I i A e 2 D 5 3 OPEs, 3 5 581X, OPEs i A FH A%
1, AEw AR S OPEs i F A 34 38570 A o 7702 4., 30 20 42, 42 BRYE Bl N OPEs A4 75 2R Al j= it I 35 1%
BB, 2001 4, 2 ERA HLBESS Y 5 (OPs) & BT 1.86 x 10° t, H: 1 70% & OPEs. 2016 4, OPEs /7~
i BRI T 3 R Y 18%, 17 JE BEARFI T 35 — 1. 2017 41, 2 BRFELIAFITH #E 54 2.53 x 10° ¢, Hir
30% F 71 2% B S5 A O, 1M 2008 45V 11%. 2001 4, H A< OPEs A &k 2.2 x 10* t, 2005 4F | 14
% 3.0 x 10* 1, 2006 45, R BRI B TH FE B 200 4.65 x 10° t, H:rf OPEs i . 20%. 2% OPEs 1] # )9
h KB BTN GE Y 7 1 AR 2 & (high-production volume, HPV) , 7™ 4 7 Bk P 45 4F #8 1 1000 ),
2007 4, 3 [E OPEs (YA~ 832307 7.0 x 10* t, HLABEAFE 15% (1) 8 i 1 10,

OPEs J& — 2% D\ 3 7K 5 M M 28] 558 i 7K AR AR 1 9 A5 ILAK 5 4, o FE K 43 B 2R B0 X500 (1gK o)
16-0.65—9.43 i FI N, B % T 25 WA (4 <1gKow < 7) A WLE R EALE WY 1gKow TG, #4
AN Ta) 8 RO 6 2 RS ) 1) AR I, F5 S B (9 OPEs %38 Fb 53 b i W2 iR (B = (2-2. 3L 2 3k)
tris( 2-ethylhexyl) phosphate, TEHP LA4N ) (145 /K V5 58 i, 4% A& /)N, AE FAR BE LS W B 25 4 T = 34 K,
H IgKow WA A7 38 K AR 3, (P it FE 28 SR AR S A N Il (A28 OPEs M i 22 5 48 Ak 3 K ml g
AT 5 AR A Y Sl F22E OPEs 76 KA BYE = B, KT Ol fEaf R BE A 29 ) i RS Atk
BB ME (> 2 d) MY, ans iz = (2-5 £ &) g (tris(2-chloroethyl) phosphate, TCEP) A1 g = 5 A fig (tris(2-
chloroisopropyl) phosphate, TCPP) £ £ ik 21 B 93 v #0 v 1 A sl 35 3 R A AL A 9 10 0 198 s D2 130, 77 HL,
—SERFSYAR I, OPEs HAA M sl A G wEE . BUmPE AL 32, TCEP &3k 3| T W 2 Tk 2# 9
JoT S0 M ) BRI T E AR MEY ) OPEs AT LA o 8 B R iz R 42 M A5 s 428, 0E A AR, 7= A 47 T A £ R XL
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5 Y e T REARAE S ). 25 F iR, OPEs 5 4% 48 i 458 A MG HILT5 44 9 (persistent organic pollutants,
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SYATIE AL, SRR AR A, FLELA B T, 75X OPESs [ 3RBEAT B L XU /K - A
BERRL AR LR S

ULARSR, A HTFEFE X OPEs 873 # J5 7A ), ZK PRI 28 A PREE i AR B0 0T B XU 7K -7 7 A= 4
PN PRV E 6 I A A K A 2 e i R P 25 07 TG R JREHEAT 1 2838, SRR 25 U OPEs AYMIFSE 1 ) R
PEAT ZRGEREN, IR BE T W7 3t B W] OPEs A BR5E U= A B B 10 F6 S5 3R 54T S LG Wi IR R A9 VR
B 28 SCHE LR IR T 20 4F (9 AH SR SR, #5755 OPEs 7 [ N A KA 1 AR, FRITHE RS

SN OPEs PRIEAT A SCHE I 2R, I X H RTAA 7R A RL- Rl R 7 R B

1 KREFHED OPEs HIBRFEIRI (Occurrence of OPEs in the atmospheric environment)

Shy S B IX Sl B 5 o A ORI R AP AR Y H Y, 752 T R OPEs 1Y & 1 /K- RIS B
AR, B HAE AP BRI A& 4 . 2> BORIRE AR S5 G B BB AT S i #E. 5 E NaAM HE, =4 K
SEA TR BIE, OPEs 5 LU, Sk B /K P sl T B, 78 K 228500 4ol i AU L9 s BT
TiA, HoE A SR 1—4 A E0ie ), e 75 [ 04 31 B 1 I 28 P4 25 A0 OPEs S 1t X R & i 1Y
10 fi5 2247 . b Zepplin Wil % . Ny-Alesund 17 #l Longyearbyen 11 % N %5 S H1 () OPEs L & #) 25 R
1 2—350 ff00L e 1 RgE T I R OPEs W BE 43 A1, Ho o3 A i 44 2 I b A o vk 22 S 6N
PR AR | U5 AR I KBS T A OPEs e B8 B 8 i T (s b X . S Ak b DXORITHE VDX I, 451 4, 7 BE
FHRHEJE W (6.72 ngm ) B E [ (4.07 ngm®) B & E R #(3.09 ng'm™) B &K F 7
(3.17 ng-m) B4 DL Ko 7 [ 3 APH] i 28 # 1X(3.13 ng-m ) B KA OPEs & 18 2 i T & KAt X
(0.18 ng'm ) ERHTZH) £ F(0.30 ng-m ) FIEAE VD F.(0.17 ng-m ) B | 78 [E J6 74 (0.38 ng'm )17
DL K AR K (0.48 ng-m ™) WLl AT UL, KA H OPEs B A7 A6 R 0 BH 18 b 52 N 28305 21 R 28 5% /K1 1Y
Al

F 1 HFRKE KRS OPEs ik Bk FAEAL (P (74K, ngrm™ dw)
Table 1 OPEs levels in the atmosphere around the world(median, ng'-m~ dw)

IR RN

T -
E':jjion Urban/  Sample YOPEs TCEP TDCPP TCPP TPhP TCP TnBP TiBP TBEP TEHP EHDPP TEP wfjfc I
village state .
Jbat b S+ 2.904 0202 0.056 2325 0.165 0.04 0.111 — — — — 0005 [38]
i AWM TSP 155 35 08 29 59 — 24 — ND @ — @— @ —
i [39]
EZil TSP 407 18 03 1 05 007 04 — ND — S —
Tt PM,s 2425 0174 —  1.059 0.298 0.465 0237 —  — 0.111 0.073 0.008
P A (40]
HFEIX PM,s 2196 0.06 — 0424 1.143 0322 0072 —  — 0.085 0.086 0.004
1047 v [ 4] PM,s 042 0.027 0257 0.13¢ — — — — — — — —  [41
N W TSP 152.63 6.85 277 8199 1659 294 282 — 535 2675 2.14 443
R P [42]
E20) TSP 1362 185 08 412 1.16 0.12 133 — 011 164 ND 249
K SH S 26558 185 032 336 811 — 155 425 328 427 — —  [43]
AR H T PM,s 64 11 03 10 05 — 10 — 23 03 — @ — @ [44]
K& thE b A& 105 0193 0.061 0.681 0.043 — 0.046 — 0019 0007 — —  [45]
JEV T [ W SHE313 — — 149 —  — 013 151 ND ND — ND [35]
T 1 RS S+E 0.056 0.003 0.001  0.01 0.003 0.004 0.006 0.009 0.009 0.011 — —  [46]

Jvifg 18 jiEAea S+E 0389 0.031  — 0271 0.02 — 0.022 0.035 0.007 0.003 — — [37]
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sk 1
T Wi/ Sk FEAEDS 4 —_—
Location Urban/  Sample YOPEs TCEP TDCPP TCPP TPhP TCP TnBP TiBP TBEP TEHP EHDPP TEP ~ o
village state
{1 IR E25) PM,, 3.165 — — 262 0244 — 0301 — — — — — [34]
PR R RS T PM,, 672 052 ND 1 106 ND 15 24 — ND 024 — [47]
B RFREE Il T A+ 2504 064 0008 087 0047 — 0051 — 083 ND 0058 —  [48]
My £ W (Hlz) A+E 2,709 0373 0219 0.591 0.493 0.061 0.259 0.261 0.168 0.038 0.172 0.074  [48]
i TSP 3092 027 0064 12 049 — 056 — — 0038 047 —
PRI 3¢ EZ0) PM,s 0305 ND ND 01 ND — 017 — — — 0035 — [33]
TobfH#s TSP 1563 009 0087 07 021 — 012 — — 005 03 —
2 R ki WKL 1192 0.118 0.079 0407 0.108 — 0176 — 0262 0042 — —
T WKL 1122 0.104 0.106 0322 0.181 — 0.125 — 0227 0057 — —
Pt PN S
E2i) WKL 0.403 0.152 0.028 0072 0.034 — 0032 — 0077 0008 — — [49]
MEREVD I B mibIX BURL 017 0.008 ND  0.027 0.044 — 0028 — 0058 0.005 — @ —
DHg/RHE £E fWigHiX  BURL 0219 0.006 0.032 0.029 0031 — 0061 — 0051 0009 — —
EZ ()N E25) S+ 2654 0766 0154 0671 1.063 — — — — — — —  [50]
X R w0 0.184 0.119 0.003 0.055 0007 — ND — — ND ND — [36]
EZ( eI E 9N EZ0) A+ 2138 0608 0.097 0575 0.7 0066 — — — — 0092 — [51]
MoK HHIH T A& 6884 0081 ND 063 0152 — — — 5958 0063 — — [52]

1 ND, Kt —, JoBE; TSP, Bk #).ND, not detected; —, no data; TSP, Total Suspended Particle.

TBEP: Bfig = (2- T £ 5 R, TiBP: B2 =5+ T, TEP: B§fR — £/, EHDPP: B2 —RJE 5% 1K, TnBP: B2 —1FE TR, TCP:
iR = H R SEMR, TPhP: B2 =K, TDCPP: B2 —(1,3- & SO TR).

TBEP: tris(2-butoxyethyl) phosphate, TiBP: tri-iso-butyl phosphate, TEP: trimethyl phosphate, EHDPP: 2-ethylhexyl diphenyl phosphate,
TnBP: Tri(n-butyl) phosphate, TCP: tricresyl phosphate, TPhP: triphenyl phosphate, TDCPP: tris( 1,3-dichloro-2-propyl) phosphate).

¥R T OPEs i iy 22 54, HAT it S W] i s BORRAE. 181 1 B3 T 2 B R B3 5 R A RS

1 OPEs MY ZH A, SR UL, AN [FIFP S OPEs Y 5T ik B 7E 25 3k 1l ) 25 S Aok, 3222 LRI Fn e Sk
N F, D EOHIX I7 B2 TTERE & N B RO 5, A6 38 Y Y 36 [ AN 52 K 1Y OPEs 1Y 4H J 48 4
AT, SR () DR P P T L G B A T R ORI T R i SR T U OPEs A 2H R 28 50K At
ST IR L N K S A i B T R e T R A SRS OPEs W3 i T A S, T
TEVGHEA T . A H I T A [ A LR 33T ORGER AR % ) AP e 536 OPEs J& 2ot s
AL HESS OPEs 75 56 [H FE FE R A R & E 2y, HotikiEin, 55838 OPEs it 5 L iM%
T 10.5%. 35 [F H K1 X[ K0 A & 3, S48 OPEs J2& 36 7 Ml X 9 3= 22 20 J Bl 43, o7 ik LE 7E
50%—80%, i iz b X ] 3= B By E 5018 OPEs 5%, TRk Ll 75%". G848 OPEs £ H [E 4k 5t A Ji it iy
Tl BF IR BE 23 S, h OPEs BTk o 88% Fl 60%!*- . A1, 7E 43Kk CRLHGEEEVE | Jbtl . KPR R )
R 3 AP A OPEs TRy 88%!Y. [A]AF:, i iof % i &= R AL A L X (2007—2013 ) F 8 [ L ¥
(2010—2012) 45 Hby (1 WL 4 LA OPEs B B2 34 & 4 T, ixX SR W] 54X OPEs 7 R HE & 8
AR e,

2 OPEs E@ﬁ%ﬂ;ﬁﬁﬂg(Atmospheric environmental behavior of OPEs)

AR, A B Z IO FERGE T 54 R OPEs HYIAF MK JUIR B, {12 X T OPEs K
SIREEAT N AN A B A 58 AR B /0. KA ) OPEs 2 598k . Tl HEJORN 223 342 4 7= A A ALk A1
KL 7 A W B A WA T T I A — R R B DG ARAE . — 383 OPEs B iz s #4774k IX
WoE g, 5T RUIREVE T, OPEs R g 28 195 KRR 3R 100, DT 2 AR A 5 BR B o, dn 4] 2
JIt7R. #8755 OPEs 7E KA MAEE B 40 L 3B 78 FOCRE AR A R T B B A R A b iy 5, S5 Bt il
P At S 4 1 P A
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Fig.1 OPEs concentrations and abundances of OPEs components in the world's outdoor atmosphere
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2.1 ARGy FOA R K P 2

KA OPEs ] 8 o W B/ SO/ P a0 ASSOREAR, [RIAE T DL o 2 TV I RE il 22 A0AH, DA 1T K 3
— B TR 1Y B A VAT OPEs 76 S AH UKL AH H 1% 43 Bie AR AIE 2 P KA OPEs Y45 A M AT B9 i
FEfie 1 1 A R 72—, ORI AH OPEs Ll iy b T2 R#AIX OPEs MR MR RRIE | E KR A PRI IG5 1
BRAIER (LRAT) V1 59— 0] BB 14 JE PR B0 T L, -0 e 52 WA LTS S i 2B Wl R, B
B AR B R XU 12 R A BT . DR, T OPEs b S MIUBURE 25 B9 AR 7] 23 A1 % T 2% OPEs 191
FAFI L, WEAS OPEs AU AR ST ETE R L B

Z G EF OPEs (4 URLAH 25 6 Wk B3 VB VRS AR R AP iy Sk B2, BNIAh OPEs EZAF 4T
URLAH 17 AR AR 07, Salamova 5508 B, ZINEFA ZE RS IAEE T OPEs 78 MUK AR H 4 LA 1 95% +
2%, A FE SRR B ToBP 76 ASRE S rP AR . BT XL R P PR AL, P AE RS B 2 b vk P DL %
JEIEET RIS RE R IR A SR (0T 2 TR LRSS e, R AT T £ 1Y OPEs HAA ALY BE4L
SR (A2 < A OPEs), B4 “UAH OPEs 43 M7 J7 v i A6 H PR FUAUREAH /&7, 38 Al =ORH O AGE HE 3RAIR 0>,
1 HL, 5 HH B2 0 4 Bl 45 SR 4. 7 06 52 KRR A OPEs 7 52 Al 1Y) 55%, H. 88% K TiBP /7176 T
AR, SR FH B 22 4 4140 (OECD) (.55 A (Overall Persistent, POV) FIHK 5 25 1T #4981 19 9 vk T2
(Screening Tool) f 48 K, ' OPEs B PR35 I8, &5 548 th 2= /DA 80 32 13X OPEs N % 2 B A7 78 < HH
rRE 21 UL ) W TAE AR 2 0 T 7 . A ABR IR A BRI, H 1T OPEs iAW 98 A 46 5 K
BEE FEIRUE A, Bt 2 AN AL S5 b, SR F RIS AR R FOM K SVOCs 1Y F 58 VA AN I 3 4% i 1 H 25 8%
F W 5T TS Y ) R R IR B AT N B — A a T B B R, SR A SRR W 00 A AR R T A R AR
OPEs /3 -RLo3 FL R AE BB 78 5 H BAH S A 4538, e WA 5 22 AR G40 43 28 L B A3 BC AL ) A o A1
RAEIFRIRA . MBI,

H T 2 1 45 2 R0 10 K S H OPEs 19 45 kr A L 31 i 452 4 A Junge-Pankow( J-P) #% i | Harner-
Bidleman(H-B) # %1 f1 22 2502k % A H BESC R AR (pp-LFER) %5, JEAME B A0 2 s, B9 & B4 i
FE(1gKp(y.p)) 53 ¥ M FZE VR 0 BB (1gPL°) 52 d 35 T AH G, 4 TCEP Hl TCPP 4% = 28 <% (1gPL°
> -2) ) OPEs 7£ fl 55 A 3= L4778 TSAH v, i 4+ & (40 TCP Ml TEHP) 78 <R/ (1gP° < -3.73)
1Y) OPEs 7£JSURLAH H1 (4 LK T 50%! ~ 4 AHES T RI AU S0, Kp(y.p) 19 S B B /5. PR 5 1) £k
B — X TR ) A8 A A A SRR, DRI AE A () 2871 (R 11 43 B A AF R B HE IR B 25 59 AE ORI R I B 2,
FRVR R KK OPEs(TEP, TCEP Hl TnBP) #4 & M 55, B 25 5 b i 21 J&] B 4 25 <o, IR, &2 L 2
FEIH B 1= A OB A 43 L. J-P AL 5 S 2 (R] 9 22 S Ak RT RE S 0RE A 1 2 TR G, R TR 2R A
PRI 251 0 18 & A 8. 28 PR AR B /N R F- EL AT 58K 9 L R T, % OPEs H A7 BT 5 1Y 1
BiHAE 1, — 28 OPEs i [n] T 5 B /NS (125 UKL 25 43 1) BRI, KA OPEs 32 28 VR R s, ¥ % 1
L3R4S o Y € o W 1 Y 2 3 A v s w7 S 0 2 N E NS00 < o BT i

H-B A R R A LR 45 R A ALY 0 WO R A o Bl B b R 3 R 2R, (b B
F) 55 B M S e 2 B 1 R B PR 2R, SR 25 RO G R B (Ko ) B R G AR 5% OPESs 193 -k 43 Bie T 1)
SR B . WF 9 K B, OPEs Y MWUREAH 43 L 2250 Kpns) 5 Koas A PR L (fom) B B EIEHI K. X 5
Khairy %51 Wil 1 K 2= L A KA H OPEs, Fir 153 45 18— 2, £ F OPEs HL4R Uk A 73 80 (@) 5
Kop R E AR, XU T Koa 7T LAE R OPEs < ki3 Be BN () Sk IR R . 2 R 3R EEh, B
BB Koa 19 OPEs 4143 [ S I i A MUY BRI B 34 0 58, PR Rl 5 S0 TSP VR BE 19386 i, g v
5 I OPEs 413 = BAFAE TR A, T 1gK o, < 8.4 B K LKA 3 T80 Fe /e K A5, Wu 5097 18
i o A 28 B 1K 25 R OPEs W9 R -RE 43 BL A A1F & 3, A SR 183 780 11 ) 2 7R TEP., TCEP. TnBP /I
EHDPP % OPEs [ Ko, 7l 15 AR Xt 55 6%, {HL S b 00 500 00 2% 801 ks b A 9 B AT 65 v B4 /< T 40 T LE
(26%—63% ), FRWIH: Kp (A 7] G832 H AN S BRI T 1Y, SR FH K IR BREEAEAR DA 43 Ar i, H-B A 1Y
TIURL AR LU AT (o) 5 1gP°L Z ) 1 DG FRAR 55, J-P BB T 11 o 5 1gKoa IR AL . Tool 2044 T 11
Soart T 1gKoa —HF ZI X RMA RIS I, 2 foan ALTE 0.1—0.9 WG I, H 5 1gKoa 182 LM EAH
Ko, FET ZRE RIS B HLECHE AT RS RS 2 43 A I 45 S R W, 1gKaw . 1gKow T 1gP°, A2 523K Tool 7Y
1 H-B A5 A R0 SR 23T b A8 22 ) 2 2 S Pk e OB R 3R, o7 > AP A SRR B 31 7 /R FHE7. 451
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n, ORI s X 2 (COH) MM, I HL-5 A8 ¢ ) IR 8o 36 [V F LA 17 R SO SR BBz
MREAT, (AT BRI 25 G /Y OPEs HAT B A R 2 0] sk S ML iy 2L [/ HI 320 T OPEs It 5673 i
FURLAH A LA 389 =,

R2 AR LER

Table 2 Comparison of three models

o P . B ALl 5%
7 G At B H % 7
Model Theory Formula Description Factors Independent ST
variable Ref.

BERACHR R

fra = =2 LY o R
Junge-Pankow  Langmuirf ff} Pitcd LR TS R SR W HEMAER [64]

o RIS Kogmy = — 10 wok i, (g o VR (P)
TSP(1 = fyun) ZE R RNV d et
(i A

T RARH)

. . 1gKpu-) = lgKoa+1 —-11.91 . . — s -
Harner-Bidleman — Langmuirl% fff ERp-B) =78 (I)Q(Hi{gMTSP ? PRANEIEY, AR R, FE-SATER [64]

TR SRR 2R TS FparH-B) = Kot X TSP+ 1 Llﬂ’ﬁﬂqi?fiﬂ’%} FHRPE B (Kop)
A AL

WALR(S), BT

1gKppp-LFERgp) =1.018 +3.17A+0.30B+ g2 1 1S, ZARPER (4), L

MR < e 0.78L+0.51V-7.42 R ZHH - THAAER(B) |

PPLFERBUE s seben _ Korureren X TSP el 0 skt Y
par(prLIERED) = K eergpy X TSP il Ho(L) . 2Rk
(V)

1 Kp: RIS EL R BT TSP B IEARI IR BE s Koa: FRE-25 ML R B P vapor pressure; Koa: Octanol-air partition coefficient;
S: polarizability; 4: electron acceptor (= H-bond donor) capability; B: electron donor (H-bond-acceptor) capability; L: logarithm of the
hexadecane/air partition coefficient; /: McGowan volume.

pp-LFER 5 BUKE S K053 e FR E (K pp-Lrergrp) ) PR A1 307 1 H RBEE ZRAE— B2, Ffiad T AR P A AR Pk
SVOCs TE R i 7K AR 7 245 HL% (Water Insoluble Organic Matter, WIOM ) H (i) % B . $5000 2H 43 18 45
g Ak 2 P BT e T 25 S, T o3 405 L R A2 AR A A ELAE B IR AR DG, 3 H TR A .
Yaman % 2% H] pp-LFER # & i OPEs k7 AH L. f91], 25 5 2 8] TCP, TBEP, TEHP F:Z A7 7% T ki
AH, SIS RS AR 35 5 5 & /) TCEP 1 TCPP FEZAFAE TS AT, & Hyu F7E 18%—43%, 5 Sl AH
L, AR R Ay T AR SR v 1 A T 1 AR 43 B BB S B W I =2 TR A — A Y 25 5, T R
TS0 H H OPEs 8 3% 35 21 4 i€ I (GFF ) [ Wiz - S5 R0hr A S 0BG 310 7 v (CA0R B 9 AT ) . 3 ok v
PE RN 5 S 3 AT L % B, pp-LFER #E R ELAT 4 1 A B R SE AL, HL B — 2Rk S B0 R o n] 52, JF
OPEs )5 Be AT A 2 F AL A 45 0RE 22 18] (4 20 F HH ELAE SRS AY, AN 2 PoL Al 1gKoa. IR, A T 3R ER
SEOAE R DA DN, 75 B RAE A AR 2A M RRE S SR AR PP S5 O T J IR AR

A S B WA 52 rp & B, KA OPEs 19 AR -hi 4y FL A7 78 215 AR Ak il an, AR & B R i ./ 2
(6—8 J1) R H 4% OPEs e 45w (1132 £ 1216) pgrm ™). 7 v B 48 B 3 b 14 & ik Tl K Y K
W % B, 0K AH o OPEs 754 21k B 55 (1049 + 729) pgrm™), 2 i T Bk 454 % OPEs 5 Mk fF
(1) 80%! ™. Ti1i7E 3 [l LA W L IX, 7E SRR B 5 2 2 A 2= 1 5 3%, I BUREAR 1 OPEs i LI AR R I HH W
B ZENT AR (2R 59%, 428 65%) 7. Li 4610 % v [ 85 i b 23 KA WD & 30, BURLAH Hh OPEs (5 He
M 82% + 17%, HLIFA K H H W 24578 1k; OPEs 78 A HP ¥k o B 2 W i T4 % KR E M
XoF Y JEE 11 I 2 AR 2 R ) OPEs 43 it R 1E A8 £k 19 5 22 1 25 . AR 4l Wang 257 (1) 0 58 & B, TCPP,
TCIPP 1l TDCIPP 7EAHF PM, 5 HR B 55 AR 2 0 25 A OC . il i 2 i 58 Je W Kh Rl
#1 TCEP. TnBP, EHDPP 5 & &2 W 3 1IE A R (P <0.002), K Y Hb K< OPEs W B | T4
Ze X B 5 S H 280 OPEs MR R 88 ) B 35 IE A &M (P < 0.01), {HIEXTF PM, 5 HH A e i
Al I T B . U AR K AR R4S OPEs RAE AT AR S ), 31X 5 7K 2 BHAS R 3 [ 345
B OPEs 75| & B 14 AR — 27,
2.2 RAALHMUIFE

i OPEs J2 N T& LG9, 78 H AR S %A BRI, N ki X OPEs A 4 ik i A4 b K &)
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313 3t DX i 2 L IX. = 2R YR > L I ] HY SPLIT #5284 380 A< AT 0308 3 4 3 ] v Jes anl v 0% < AT 3l
RIR, ZH) AT A0 (40%—68% ), 1z 2l 2 1% H ARG = 0975 e ik B2, /D800 AT F 5T i s b
X (12%—29%) " YBT3 T KA OPEs 9 74 b 575 Yt 25, g 2 i DX o7 iR {80 D00 AR X A5/ 0N, L7
F]FFAE — o B0 ) I3 A8 465, A v [l 3/ T (B A i ) OPEs V75 Y 3 4832 31 3 Vg g A AT B 52 ), 2 280k
H IR 28 K VT = A U 45 i T VR AT (64% ), D BUI TR BT AC AR HEP A (19%) , A1 32 PN i 52 ) S 35
OPEs 2 FKPET AWM 5| 17 2 W . WFFE R B, PO R 2 A6 RS- PE AL ok, iR AR 3K 3
PRI AR OPEs #F4 7K I 2538 4% 21 A L, T 75 A b 1l DX IR g eq>>1e0- 721,

KX, OPEs ¥k BE 19284k 5 K Bti <A1 A ¢ CRe 312 Talk Ak Hb X ) 7. OPEs A9 B2 A Tl Ak 35k i 11X ]
TR ;b X, 78 T TR M [X 328 R AR BT 570, Wang 4607 i i+ WRF-CMAQ(weather research and forecast-
community multiscale air quality, WRF-CMAQ ) £5 X i [] v Vi vy 2 44 B 22 R AR o TCPP (19 %5 1]
W BERR BEVEAT 0BT, AP Bt 9 OPEs HE U ) 30T v i IX, v B AR /K1 J7 1] I BN B R 45,y B4 o o
U5k ATEIT 23 S OPEs By 435 v o 32 S M7, [R]IH0AH TCPP 0[] T3 7R b X G 7%, Uk AH T A4 4
X555 . Zhang %57 38 7 OPEs S 54 HLAK A AH SCPE 20 B A 30, o IG5 . B BE 2 5 R Eh R 2 5 2 v
] g VA PO S R AUBIORE S OPEs (14 F2 BRI, [] A o DR A0 - v 7K 14 5 T A% i ) T 98 6 B, R R i R
OPEs 34 =3 (9 5 22 P 3 ™). Clark 250 18 i AR U 7 ikt & B, —2£€ OPEs(# TCPP 1 EHDPP) A KX
e 5 OC/EC (organic carbon/element carbon, A HLAK/IT 2 B ) KUK B [H] 52 58 T AR G, HLIE DXCRTT XL
AT 32k 28 AL HERH AR Y ZH SRR PR, A 5 A SRy JAUBIORE HP 8 25 ik B 23 (OC i EC) A g HIAE 4B 75 175 G
P 0 A SR R AN R A i e AR 7,

T MU RS OPEs RE bR 7 X2 —. C AR HGE K (M ATE) H /£ 7E OPEs, #
HIR TR A] BB RS I AR S5 A0 o A 740 ot 58 48k i) el e R 08> 501 SRTTT, T TEREAE Ry —Fh 2212
(A RARE WSt B2, W S AR I T ), B A2 5T 35 G TY. Wu S8 T I, A b [ i AN B L
PRAY T UL i 7E 202—1869 ng-m>-d ', F B P A4 e 4 X AR i A B 7E (18.3 +12.5) t-a, TTHRIE ik
{514 TCPP. Li 5 FEXT AL B 3 224 BB A o (25 <0 138 WK AR ) e I i A e i, IR
1 OPEs ¥ i /2 b 25 AH JC Y, ) FH % B2 A5 380 11030 235 I Wb 7 i B2 43 B8k T 0.23—0.68 2 (], il I K RIT
R &+ 3P i OPEs EERIHZ —.

2.3 Akl

OPEs Tt A RSRIEE G, kAR A02417 . OPEs B JERE AR I AN & B DGR XUk A2 1, 1
SR BH Y BT el AR S BORR M, Ak TS R AR A P A A S B A T R A . OPEs 1G4 Ak S i
FEBA 3T R R -OH FERE IR ER 10 S 4 b U SR 58038 ) 2 515 55 ZF b -OH B E N
2R ER L BT ; 55 = b -OH &AL U B i M. AR HiE OECD it & %) LRTP i %6 T HFWr, < AH T
() OPEs AJ #% -OH iU [ fiff , T BOH: B A 2 5 IR T CIOT 85 2R JBE 20 249 ) T 0L A 2 it 1) e AR B {1 (R
S >2 )R, RAEL o0 A%, — LR 3R S 23 8K H A 22 1. Liu %74 2% OPEs 3
BIAE (NH,),S0, 0hr I T 783-OH At b it A ol g 21, i T-OH S AE R, TPhP &A= B f#, AR
it S 0] TR O R KRR AF 4 5.6 d; i — 25080 R I, @ AMINF PR 43 3 J5 , TPhP 1Y 5 75
AN E] 14 d. 25 58 S PR PR 3 R 2 22 RS, TR AT RE R AR SE. Li 6 kI, 7F 298 K TR
A TCPP M35 F 4R 1.7 h, KA A 7K 53 BE 38 2o a0 B ele A8 5 0 i 52 45 9 R ik D 2 i A e 1k
I IR TCPP MY KA ANE(0.5—20.2 d). tbAh, A Jid i M < A% -OH iy o i Pk, H S8 ok i IS AL
TV W] HEXT OPEs FY & fife i 258 7 £ £ T 2800 72, Ol S Ak e fip ao AR 02 K rP OPEs T BRI 27 Lz —,
1, /2 1% i, OPEs Y LRTP A9 81 % K 2%, R, I Y JF R VR A B WF 5%, i 14 22 BR 555 X 1 X OPEs 4804k [
fif L FR I RE IR, S8 R B R R A, B BRIV R e 7=, LA UT I B R 2O R T .

3 B4 5B ¥ (Conclusions and Perspectives)

OPEs J&—JHR AL G, B0 HPR AT A AT 52 J SR, SR T H AR 2 X i 5 32 2O S B
S A8 Kt BT XN, HAE 23R, WA TR W 7 | 23 RO T LA KO A AT SR 07 1 ) B
FERBEANGG . DAL, D9 1 S4F i B ] OPEs 75 R IR I IR BEOR AR | 1B R /56 A R R BRI U, oK



182 7N 54 1t

3

43 %

KB KT LU LR LA 1 J T

(1) HAICF RS OPEs BYAIFFE ST s AL — A iU AL s X b 19975 B KSF MO i A, = R 48
AR 1] A2 AL 75 T RIS . AR SRS T 3 3 S S AR RS OPEs Wi i o0 2%, kb 5 42 Bk il 19 ik A
K B HCHE 23 R, 48 8 RO S B B S AR A o A, T AN TR TR R DX IR TS G A TRk, e
OPEs HE I 5L, A A4 BER SRR SO

(2) HRTX TR OPEs “U-Ri 7 B AL A B SEATI AL T 162 A B B, 1 48 T A6 Y = 328 & o — />
BOREE R, X T BN 2 2R W RAE S IFAE T, BES A BOR AL I E AR SR A FFE v, 5 20t
— P12 RS ST, I S B M I RS U e, AP RS B A S5 P AR 5 B X AN B4
I S DX, ST B Ry e 2 R R TSR L2 M OPEs 19 RAUAMIE | &4 5 BRI AT .

(3) BUA WS AT X ) OPEs AL B AL 4T A A BT AN TRA, /D BT 5T (L REMR B 301 OPEs B {ATE B
— N T B AR AL, 762 N ZOIFAF RIS T 19 S B R AR SO B2 TR, AR SR B BF ST
Hh, TR BE )32 1 22 R 3R A S, 1E4UL AR BRI T OPEs #Ab 250, LI A B S vl 0 R U AR 7.

(4) H A5 T OPEs BER it 18 S AR S A2 A BAR S BRI AT . 24 1 S 7R 23 <
OPEs 7313 Al & i it i, 75 18 i — 20 5 B K 2005 TRLEE | OB Rk 2 23K 25 P & X OPEs JE
ST A F AL RV AL, 25— 20 B OPEs 78 U FUBURL ) 57 22 [H] 1) 324 R AR, #78 HAE RS
PRI P DA R TR B A Bk Gl i AL AL KL A
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