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Abstract : Ambient O,, NO_, NO , and CO were measured at the Shangdianzi regional background station from 26 March to 9 October
2008, and VOCs samples were taken and analyzed. This paper uses the data to obtain the ozone production efficiency ( OPE) at
Shangdianzi and studies the relationship of OPE with NO_ and VOCs. In addition, the potential impact from the dry deposition of NO_
oxidation products on the calculated OPE was estimated and tentatively corrected. Based on this study, the daily OPE varied in the
range of 0.2-21. 1, with an average of 4.9 +3. 6. An overall OPE average of 4.3 + 1.5 can be obtained. The dependence of OPE on
the NO, concentration can be described using an empirical parabolic function. If the concentration of NO_ is lower than 14 x 10 ~°, OPE
increases with NO_; while if the concentration of NO_ is higher than 14 x 10 ~°, OPE decreases with NO,. The correlation analysis
indicates that the concentrations of aromatics and OVOCs are positively correlated to OPE. Dry deposition of HNO, and other NO,
oxidation products may significantly impact the calculated OPE values, leading to overestimate. It is possible to correct such
overestimate using the NO /CO ratios obtained at an urban site and at Shangdianzi. However, this correction is less rigorous and the
corrected OPE data remain to be validated. The uncorrected data can be viewed as the upper limit of the real OPE.

Key words: Shangdianzi background station; ozone production efficiency (OPE); NO_ ; VOCs; correlation

B (0,) S MRS — Fh A AR
B XT3 2 T H e AR R (4n OH 1 NO,y ) i =22
R . 35 2 KA B vk B O, X AMROK e fE
WL B AR ARG T4 L AN X E O, R —Fh
TR AR B RO RN R 2 O,
AR R E 0, Wk T E Y H 2 B %k
Wi A2 J2 B 2 o 3 J2 4 )2 30T M 2 O, ViR JEE T
f F2 DR AR B A L S R O,
(9 i PR 5 B L4 B (NO,) 4F R ALY
(VOCs) Fl— % AL Bk (CO) 217" iy F Ak Hk il 3
i, SECX L O, Ji A4 K15 A BRI 2 0 IX 5 3 T}
WL R T R X R I A 2 3 e X R
FMLTE O, Th 5. 20 H 2037 2 X W 2] 0, T+

B 70 ~ 80 4R AR AL WL AR 2 ~ 8 km HY
Oy AFF- 38 KR F R 19 2.

Yefk¥ 0 A5 NO, LK VOCs He i 5 AE 2k
PESCF 2 NO, R, O, A E BT R
Kb VOCs (YR EKF, 2 i NO, #2 i K< 0,
F A . 3K A 2% B St A2 SR BLARI 25 O, e JE 4
SO T MERE . Liu 45T R U3 R P R R LR
(OPE) , 4 £ B — 4 NO, 2 FRF =41y 0, 43 1
B AE R 678 P S 80U 55 O, 14 L. OPE BE 2 O,

I 5 B #7 :2009-08-29 ; f&1T H #§ :2009-11-16

ERTE 65 [ B4 4 1 1 (40775074, 40475046 ) ; 1 507t 4
SRS H (8082012)
EEB N W FR(1984 ~ ), 5, WL WF5 A, EBEBISE 5 10 8 KK
k2%, E-mail; qingl 70@ 126. com
= Gl R R A, E-mail ; xuxb@ cams. cma. gov. cn



7 4 BEBRAE B T AR ol R A A R B L T 5 1445

X VOCs Fl NO, #8E i — A 38 45, ol B3 1 T
O, A= B M THEE, 2 8 O, V5 Yo A7 2504 il % 3 1
EEAKYE . BLAh, OPE BE o] AR =X 3158, 3 AT 38 1o W
ESCAS BRI 8 Sk 1) SO0 000 45 4 98 U A = ) — A~
SR [ 20 4l 80 AEARLLK , B A B ZEH X OPE
ORI, 245 SR W1, HOAS (b 3 el R o 2 A Mg
M T LAY OPE F 57 JEAC 42 v 75 BR 3E 45 [, S M) b
X ECHE T4y 5= 1 B OPE 5 O, BiiK#) % % & %
) A5 0 Z A W 9N 48 1 IX JF & OPE (19 2 G2 M WLl
MT B 3t O, #2945 3R 19 ) OPE (4 F
FEM A 124 A AR 6 A 5T 58 3 T 2 b O £ B 2
AR AT 9 OPE S48 B 26 a7, Jb st deap
Ul AU B 6 OPE 4R L K =
X AR g 1 ARG S A T I L M A A
JEREAREH X Y OPE A, I/ Hr AR NO, ¥ i 7K
SEXT OPE fE I 52 M, BT AN R i 2 VOCs 5 OPE (1
G

1 HE5H®

L1 UL b

o VU5 NS B il ) B il N W N /1o VU 77
(40. 65°N, 117. 12°FE, # 4% 293.9 m). % Fb
SR W A B AL IR X 2R B 4
100 km. i3 3% B i1 XA AHE 2t R AR A 8 48k
KA (WMO/GAW ) 78 3 [ 1y DX I R A i i
Z— W TR A /Y KA A IS [ 5T A
i 22— LR AR 4 I AT A 5 3R AR b b X
0 LR T B 22 T Bl N T Bl X X R A R Y 5
M. oAb, A T DX R4 R R BE I G B T
(39.95°N, 116.32°E, ¥4k 93 m) H & T &40 4 Bh
UL T2 AP A <08 A T T UE X P OGRS R R A,
VR R AR TR A 3 45 3 (] 52w (H DR A5% 42
F29 35 m &5 (P RETI, J 61T HE 2 PN () 46 v B8 1 A 50
i b B TR, 32 N O HE T B 52 w0 db st T
T AN 2R A T A 3 AR b e e = A L. db
ST B Ty 2 M e, U ZE ], A TRV ]
BRI A L ZR G ) AT e AU XURI i T XL b T
T8 1358 43 b DX 1O ARG BT X % s Bk R
] - B A6 1 60 2 L SCHk[20 ]
1.2 UL 7%

M 2008 4E3 A 26 H ~10 H 9 H, %} I fi] 774
S AR E ARG R BN OB TR T TR M AR
F 2 08I 8 A A X % R 35 B Thermo
Electron Corporation 72\ &) i) TE 49C £ 4G O,

AT TE 48C # 21 SR e CO 43 B . TE 43CTL
Yok vh 28 402525 SO, 434X (TE 42CTL Ak 2% &
NO, 7 Hr 4%\ TE 42C-Y # 4k 2% % 6 NO, 43 #1 X
(NO, Jy NO, DI B He it/ Sk smn) . 5
TE 111 BB Kk A AR, H TE 146C B g 5S4k
T AN 7= A AN [l e B ), R 8 A D 2 A
WM. B % H NO S0, . CO #r#fE <ok A B K s
WY T g b, Lk B S AR bR R (36
Scottgas ) 7F 3L B %5 ™ 4% Lt X 5 48 — WT 31 U5 1] NIST
MIARE. O, 4 E a3 O, br B (X (TE 49CPS) i 17
WU, J5 3 T R 3 NIST (kR 2 1L % B2 1 (SRP)
A 0. B SR AR R O A 10 s — A, Kl %
N5 min f5F ¥ {E. AN R G0 i S 00 SOk
[20].

g JR) AE ) 3k N 2R T e Ak Ak B R
iR AERE (3. 2 L, Silonite, Entech) SR KSR,
M 07:30 ~19:30 43 h R4 1 R, HORAE S ANHEM.
FH 4 2 SAH @G R 58 (GC x GC) 23 B A i v i)
VOCs 4. GC x GC srtf R IE A iR 54 e
LTk [21 ~23].

1.3 ZdiEab 3

BARITIE R/ TAEUER/BSRAE NS %, UZ
AR HESE S 4y B BEAK URIT IE , S Bk T R4S
T/ W5 K A e 2o a5 R i e R S O = S A B
M NO, 5 NO, tHZERKIMEH T, B TR 2E
AE- B BRI £ b NO, > NO, BE, P I ix 26
Bl H. 546l T NO, 5 NO, 4 #r i A gz
Roni P BLAE I 5 AR R R, NO, Mk BN 0 R R
(5 R A% F NO, ) T R 3 %, v J: 8 NO, {8
<NO ff. H UL, N FE B ERME S 10 ~20 min (%K
P AR TR Zead DL Bk iT I, NO NO, \NO, |
NO, 9] B 3% 64% ,0, .CO Fl SO, iy al il A
BTE 90% UL b Awtse b I Tt 84 H OPE 1) O,
NO, F1 NO, %4k ] Smin P35 4F , A3 5% HI /e
P

VOCs %4k i 4b 302 I H GC x GC & i

GC Image ¥ FID K {5 5 44 5 19 €633 B 5% 1L R GC
x GC a3 18] J , o >R 4 1 50040 1 47 b B, BOAS:
JoT f e A B O M S R TR O S W SOk
[23 ] ABFFEXT LA Hb XK SR S b 66 Fl B A
AN TR B R A B i A s 1 ) R A T o M R i, BRI
B2 UEHEWI (7 A 19 H ~8 A 12 H) Y 8 d BIFE
KA 454 OPE IR By, 2k 16 S HE 5 iE 47 4
HrFox.



1446 78

i

B 31 %

2 HRE5I®R

2.1 Jefes v

Al S A M 2 S W A5 45 T e W) Y TR AR R A
- OHRE S0 b S A S JE Y — Rl A, 5575 3¢
PR 23 SR B[] A 26 B AR B - OHLAE AR R Y
AT % BTN, b T Ak 5 AR i R R S
W0, Sl 7 A A 2 A KRR A 3 4 i
NN IY SRR (D R/ S B S AN AWEi R
O, 7= i I 25 4 VAT 1 40k 85 2 AL TG 28 94 0 3
LLNO 5 NO, B HAif (0.5) B, <0.5 Bkl
HE B IR AR A, 50 L NO, 5 NO, g L fE
(0.6) HFR™, <0.6 (FkZ et .

BT 25 7 NI E] 07:00 ~13:00 NO 5 NO,
LA K NO, 5 NO, [y /N S5 fEL R B 53 A BT )
A 1 b 7 X 45 2] NO/NO, MINO,/NO, {H
5391129 0..09 F10. 55, 535/ FHIRLAG 0.5 1 0. 6
PEERR. Pt Rl LA D, 07:00 ~ 1300 | i) 5 i IX
3T 22 23 R T O 8 3 X R Dl A S A
O, AR BT 35 B/, 75 2% 3 X 751y OPE {EL AT LAAX
AR B LR XA Y Oy 25 iR

20

(@) y=0.09x+0.25 ] ﬁf)‘—i
2 ®  R=0.50 (@<<0.05) WEHSR
<
X 10 - o .
o) . .
“ (R al .fl -y
0 | L |
0 10 20 30 40
NO,X 1079
60
(b) y=0.55x+1.12
2 a0} R=0.83 (@<<0.05)
X
OX
S 2 .
[ ]
.*\ I | |

0 10 20 30 40 50 60 70 80
NO, X 10-

1 _LEfF NO 5 NO, #1 NO, 5 NO, #H# %
Fig.1  Correlations between NO and NO, and between

NO, and NO, at Shangdianzi

2.2 OPE fyit%

B Liu %517 B b H 10 O, 2 WU M4

Nunnermacker %57 $ 1 T 7 19 OPE 3+ AR (1)
OPE, = A(O, + NO,)/A(NO,-NO,)

= (0,)/A(NO,) (1)

X O, MR A E & —A 0, ARSI,

BEARZ NO + 0, “ M & 07 i s . ] it
AWFFERH A (1), 4 NO, 5 O, By ¥k B8 b ot 47
PUA A L F X A9 OPE {H.

AU I 5 ) 1 0 4 Bk b BT U ] 3 A
T LI ] 1100 A2 A7 1) F b XX IF 4 AR L
AU 758 p PG i XL, 1200 JRGH T G B s [ &1 2(b) .
XoF At R DX [ 30 45 b ) ORI, )R A 2 BT 2 AL
AT H A 4RO B X Rl H A GRS 2 TR
Hin /N BRGS0, T S ph G 5T R 30 0 R R L M T
T8 18 2658 KR 1 S B 1 73 Ak 3 LAY, T e ) T
B RE B SAE T AP I 23 G S IR X A ik 2 | )
H X H T XA s S BOR R R NO, , B b
fal F 4 X J5 NO, 7€ NO, iy L 3 3 Jin, NO, 7¢
13:00 UG 2w @3 [ & 2(a) ], O, WM
07 :00— E 3 & 17.00. [K i, 76 T80 00 i 3 18] 45
H %) OPE B}, — &l 07:00 ~ 13:00 Z [i] i %5 4. {2
FE—SHF (M7 A2, 13 /M19 H,LLK9 H 29
H),07:00 ~17:00 [} Z[a] NO, F1 O, Ay & 254k —
e, AR T B 0 B B e S — 22 H (A
7H11.29f31 H,8 H3.,9.11,13,22,25,26
H,9 H6 30 H),12:00 ~17:00 8] i NO.
O, W& B A8 1k — B0, AH R 47 50 T 58 i O i Bz 3
SA) FE B MR S B BE Smin S £ XF O, Fl NO,
REEPEM G, RIREXRYHM OPEA. B3 AT
2008 4E 4 H 27 128 H 2d i O, 5 NO, A 5 4 4l
T3 2d A8 K FH R S AR A AR B SR TR TR, 27
H % [0) 22 0 J= i XU ) Ry i b XL, i 27 H A4 & 28
H 4= 2K 1 KUTa) 35k 75 1 R T, #H B 9 OPE B 43331 4
5.8+0.2 f19.3 +0.6.

10 100
—e—NO; N
% 8L —o—0, D,m’m \U\D -1 80 @
= . ~o S
X, Uy /D/szg:‘ TN, ©460 X
@] “C~p 4 e, 3
zZ 6 _e-®. \D‘D:U:D_ S \.‘o_._ e ©
» No—t-g—" g @) NOﬁﬂquziﬁjElﬁﬁﬁ o-¢ | 40
4 | | | | 20
13
12
% 10 WK/%‘ 7 Bl <Al
0.9 [ (b) REE P&k
0.8 L i i i
00:00 06:00 12:00 18:00 24:00
||

B2 WNHAEEfF NO, 710, WFHHE
TUUERXENTHAEWL
Fig.2  Average diurnal variations of NO_,0,

and the wind vector at Shangdianzi



7 R IRAE bAoA B A A AR 4 O A Y 1447
o AR B RS E BT 7 A A6 405
y=(58102)x + (41.9F0.6) . o " o
ol R=095(@<005), gu 6.7 F13.8. WIE 4(b) Finl Il ,9 A {5 OPE {1 3h
2 - BRSSO MK B A . BORFBR T MK R
S S5t SR OPE {8, (H KT G 0 2 = KK T 516,
4H27H s N
oL : O i KRR OPE {9 8 K.
NO, X 10
120 y=(9.310.6)x + (34.9+3.0) 25
@ » 5 min¥dE K R=091 (@<0.05)" 3@ = 20 | (@ & HOPEf .
2 | — BttmeHR st .
Ox ) —.: . * . ..' » .’ .
(b)428H ; 1(5) - "’v’.. WP A S R
60 L . ‘ : ok ‘.::0".4. '\‘.&:r' “ ﬁ. L SP.
3 4 5 6 7 8 . ! .
NO, X 10 03-25 05-25 07-25 09-25
H#/A-H
E3 L#EF200854H27f128HO0, 5NO, iEX%E 30
(b) & JOPEfH
Fig.3  Correlations between NO_ and O, at Shangdianzi on 20 e
. 5] | X X *
April 27 and 28, 2008 £ 10 $ % $ % nE
of % !
2.3 OPE W2 fLFRAE 10 ! ! ! ! I L
$ie B LA 105 i, % WL 1 18] 189 d () OPE fH % 4 5 * ap 8 o

—HEAT TR BIBR KK H B IS 141 d JERE
K H i OPE {H. & 4 &5t 7 WL A AR FE K H OPE
A AR L K B H OPE {5 19 S8 1100 A 5 ik 36 1
F TR OPE 38 A Geit 4R, h 151 4 Fik
LA, WL 1 (a] OPE 7 0.2 ~21. 1 Z [al 3, H A
PRSP B {E MR A 22 0 4.9 +3.6. 45 F OPE “F-439{H

KITHEFN SUIE 43 AR 3R 75% F1 95 % i B AN (58l , e B 5
I T AR R AR R e K 5 /ML NI HEAR R 24
FEIE L TTHE N B AR R Y A T
El4 t®FHSH OPE EMEA OPE W&t 57
Fig.4 Daily OPE values and OPE monthly statistics

for Shangdianzi

%1 JNHE OPE & A 4it &3
Table 1 Monthly statistics of the observed OPE values

Ay A o 4 g 2 R/ME BARME H A A K

4 5.2 3.7 0.5 12.6 5.4 22

5 4.2 3.1 0.2 11.2 3.2 30

6 3.8 2.5 0.2 11.5 3.6 30

7 6.7 3.9 1.0 15.0 6.9 23

8 4.6 3.4 0.5 12.7 3.8 21

9 5.3 5.1 0.2 21.1 4.0 17
JE¥N 4.9 3.6 0.2 21.1 4.0 141

2.4 OPE 5 NO X%

N TR AR NO, B2 T OPE By A8 fLAFAE , ¥
NO, LA KF/MBUTHES , 24 NO, <10 x 10 i, i
AR 1 x 10 A FE N A NO |, Y {E K AH XTI () OPE
ST E0E A0 bR M A 225 24 NO, A~ F 10 x 1077 ~ 22 x
107" Z [ B, T4 3 x 10 77 |1 f& 4 (1 NO, “F- ) {l
K AR R OPE S 34 {E Al OPE A5 il 22 5 24 NO| >
22 x 10 77 i, T T A ROHE S NO, S 35 {8 K R X
N ) OPE ~F- S {6 1 Am o it 25 . 3 2 DL b O ik 3845 )
14 41 NO, 1l OPE V-3 50 40 , 43 B A0 % R (1 NO,
e B U N 9 NO, Fil OPE (1) Y4 {8, 45 5 WL 1A 5.

AL B 8L T BRSO
K5 5 i OPE B bR O 22 50K, BRI o N AR B
i (H R EA] WL OPE B NO, £ v fal &y P Sk ARG 43
fii. 3l R A A (LA RE OPE (9 1/0° 1ER
W), 7[5 5K R N OPE = -0.032 x NO,” +
0.911 x NO, + 0.367 fy—JC R F &, L R* N
0.75(B3FE 0.04). ZyFE UL, OPE 5 NO, f£7E
—FP L4 Y ¢ & %) OPE J7 f2 sk 5, i 14 3] OPE
R NO, 9 R 14 x 1077, B, 24 NO, < 14 x
10’} ,OPE [ NO_ By 5% i i 38 hn ;24 NO, > 14 x
10 7}, OPE Fifi NO, ) 8 i 1iif sk 20>, [ 4h — 26 HF 5



1448 7

B 31 %

W W, OPE 5 NO, Z [&] £7 7 28 L A9 2k 1 %
R0 AR 0, OPE S B (1 Ab 9 B4 A5
i B3 405 1 £ 09 (7 B 4 %, THE Y B X OPE £
{EY NO, {H AT A5 SE BRI B0 AT 8K 22 51, DA e A 43
2% WA T 2 WL RS A R BE HOC S E
1 {EL.

12
= OPE y=0.367 +0.911x - 0.032x?
101 A 2k R2=0.75 (¢<0.05)
sl
[=a]
& 6
C
Al
51
0

0 5 10 15 20 25 30
NO, X 10

77 450 NO, 54 i OPE - ¥ (i , 4k /K% OPE
PR 22 (o) , 2R 7% — R 2k
E5 t#F OPE5NO, %%
Fig.5 Dependence of OPE on the NO_level at Shangdianzi

2.5 OPE 5 VOCs [l %

YN O, BB RT A, VOCs 78 K 1 He
WHD L O, B A4 B, xF OPE 2 A #m' ™. LU
XX £ () 4% Ff VOCs 5 OPE [ AH I 40 5 2R 17
W1 BT K OPE B X [ B B A5 1) ot & L 95 & I
&R EA DY (OVOCs) Z Fl A6 W) HE UG 12
VLR VOCs SEATEEL G 25 5 3 IE A OGO &
fike 5 OPE MM CHE A 22 (R =0.53,a>0.05) ;55
F1En L OVOCs 5 OPE ByAH K i (R =0. 90, «
<0.05) ; fHYHEM A IF 12 5 OPE IAISEREL R N
0.8(a<0.05). ¥4 Fh VOCs 5 OPE {950 {E F FH %%
1A bR v O 22 R0k v f AR B, LL45 B VOCs S H 748
BEZLICHARIA, L FE R4 M3 8 fENHZ R
B AR AR B TR (2)

OPE = (0.83 £0.19) x (B #HE + OVOCs)
- (0.02 £0.19) (2)

IR 7 AR A M SE R B R O 0.8, 3T 0. 05
0 E PR B0 X — S5 R UL, AE 45 28 VOGs T, 5
0, A WSO B % UV 2 05 B 2 I OVOCs. #57 K % &
HAB P %, Y5 /BRI OVOCs 254k 1 4% i 4 U
20, 2 5] OPE (% 0. 83 = 0. 19 1% 5 1 f 22 19
Ak,
2.6 HNO, JiFEXT OPE (#3521

NO, iy — 264 it ( 3 2 )2 HNO, ) 76 Fifi 5 < A

8 gl b B b 52 B0 R AR T 52 a2 RS i
. AR b o) b DI A Y NO, LE 58 42 i O Ak 2
FEAE NOAE /N, ixX B 223 %) OPE B iE 4717 1E. A
SR LI I ) 35k DX 3% A 47 189 NO |, W, 1H 368 IXC b (1
NO, FH DL NO, HFE. B 6 4 T 2007-11-16 ~
2008-03-19 75 DU A5 ( H A4 Jmy 8590 o #6
T50) 5 19 NO, F1 NO, fH. NO, X§ NO, 735 £k 4 [nl
H5 B R 0.90, X K E P F NO, 4
5 NO, 1 90% . A It , 7] 2% Nunnermacker 25"
5 MW X A NO, B NO,, 5 CO my %45 —
A% R NO, Bk AR OE AT X
9 NO, {8, DI ) Wy 90 B 4 FH X OPE A /Y 5% . B
NSy a7 (| I R E i 25 ) O N WD P VIRT K (= 8
FF HEL07:00 ~ 1300 f %5 5 Hvk, ) H 264 111 15
P B L) Hi X NO, \NO, 5 CO fy [L1H ;
SRIG BT 51 NO, {H 1 26 M 3 0, il 2 I )
- Hl D[R] S0 A5 1) CO Bl , £ ] A I A 5 b X
KIEJE 1 NO, f (i2°h NO ) sdcJm, Bh O, X%F (NO,
- NO,) &M RH , BUAREGEJ5 1) OPE {4.

350

s00l " s y=090x-1.45 .-
— AL R=0.98 (@<0.05) ="
@ 250 F
<
= 200 | -
X - -
%R 150 - -t n
100 - L L am
50 [ .. L | . n
»
0L~ | ! ! | ! |
0 S0 100 150 200 250 300 350
NO,X 10

6 JEFEIKX 2007-11-16 ~2008-03-19 H
#E NO, 5 NO, jH%%x %
Fig.6  Correlation between NO, and NO, at the urban site in

Beijing in the period from 16 November 2007 to 19 March 2008

] 545 21 4 3k XA 1) -9 NO,/CO {8 43 51 Ry
0.019 4710. 011 7 ,# 3k X B9 {0k & b fa) 7 A9 1, 15
FITIE R $L S(NO,/CO) A 0.0077. LAIZ R KT L) I
) 7 3l 4% F 07 I B B CO ke 45 H R TT R A FH 5
EH NO, i 22 §(NO, ). 5 J& 8 % M 22 hn i 1 ) +
NO, {453 %] NO .

7 FE 8 43 B 45 T #4000 0 1] K R) R
&M 0, 5 NO, ITIERT 5T IE J5 X0 X &,
DA K3 3k 2 Pk T U3 BORS 7 A OPE fH. R T T bR A
S5 AE X OPE (% 521, A3 SR OPE B 1Y it 7%
fl5 % T Olszyna 2" {9 J7 ¥k 1 S5 K5 43 H 07:00 ~
13:00(% NO. 1 O, %44 NO, P /INB I 7 HE



7 4 R b ARl R

B A1 L 5 1449

B0 opE=43+15 @
125 - #§E = 43.0+4.6

T 100 | R=0.94 @<0.01) {’
X 75f -l ].-
< .
sof_, |
1 | 1
0 5

i RNO, X 10

v

OPE=34+16 : ®)
125 - #2§F = 46.3+£10.6 :
100 - R =0.95 @<0.01)

0 5 10 15 20 25
HIE FAKNO, X 109

T5 R — B A, 1 R R b v A 2% R R Sy T AT BHE 1
WA HLK, TL N LERG 6 HEIRMBLE HLE
7 KEZEHNO, HEERATHO, 5
NO, %f % %71 OPE &
Fig.7  Correlations between O, and NO, without correction

of HNO; dry deposition and the corresponding OPE values

150
OPE =2.3+0.9 (@
125 | #ibH =36.6+63
L 100 F R =0.98 (¢<<0.01)

0 X 10
\
T
\
.y
\

25 1 I | | I I I
0 5 10 15 20 25 30 35

FRNO, X 10

150
OPE=2.0+1.0 (b)

125 © #¥ =39.349.0

100 |- R=0.98 (¢<<0.01)
| H f
50

25

0 X 10

0
EJB?B%7J<N0 X109

J5 150 — B L, e 2k S A M A 22, ) 2R Oy i A
Bl Bk, SR N R BR R 6 4 B m LA LR

E 8 %E HNO, inbkEFEH O, 5 NO, 3tk %F1 OPE &

Fig.8 Correlations between O, and NO, with correction of HNO,

dry deposition and the corresponding OPE values

O, G NO, HEZ, SR8 )5 H HES i 64 BT A5 K00 3% 5 8
o3 i 20 A EE T AR THSE A TR NO, F O,
S EME K AR HER 22 (o) |, )5 8743 0, X143 NO,
A A EREE NO, 1y 1/ /B AL, BUS i LE
2 AR R SR OPE fH. il i WL K 8L, 151 7 A
K8 bk T NO, WeBE R4 S A 40 He fin i 5 1
[ERAR A AVl RS SR L R SR

— BN A SR R T AR N 1 T e A R RS
Hﬁﬁiﬂ?ﬁ%ﬂfﬁ [ 1.y ifE A X b B R X OPE it
AL SR T T K 8 thE 5 Ak S
FRME  HRRER R ZHIE LA OPE {4.

7 FE 8 g R W, 7R H A R K RS
HUF ITIERT S 9 OPE {H43 504 3.4 1.6 f1 2.0 +
1.0,iTIEJG By OPE 2y [ 1 41% ; W5 K K IE 4
TLITIERTJG 9 OPE fE 4350 4.3 =+ 1.5 A1 2.3 +
0.9,iTIEJG 1Y OPE AR T3 47% . iTIE /)5 , WK
FE AN 5 B B 7K R AR A8 Ak B K, 3X AT fig 5 G R
NO, $ R 2 . W K BRI IO 5 7848, 7™
ATE Z By HNO, K fil g #h b 5, (5 DA X 9 o %,
HNO, 55 /YT DUk 3 20T fetn o . ekl & =W,
i K i NO,/CO i 4 0.018, /N T B K 5 i 0. 030,
FH U AT 4 G R NO, Hf HNO, 45 1 390 Fo 30 2% K T B
K.ALFE 32 W 25 1 B, A 58 1T 1E B 2 fE
i TUIRE SR A NO |, il R, 17 X 1 NO,
S AR A A 0L I S i O T DA NO AR BRI,
ITIE S FEAS B a] 5] AASHf 2 X &=, DT 5% ) 3T 1
SERBYATHEPE. 534, A WE ST NO, I & 2R FH 1 B8R
SE ) N B ER R A B T BB Ak NO, B 23
A2 T 2 3 R OPE /9 16 1 2%, B L, A&
IR IT IE B 7T LIAE S OPE | FROEXS 7, 1T 1E
J& 1 OPE i 75 42 3 4k 2R o B J] 25 119 12 46 R Jar JiE

3 #ig

(1) R b A8 A 3 2008 4E 3 ~ 10 J (1 =2 i
PEA AR B G5 T OPE {8, 20 1 H AR AL 45 1E
AP e £ B 1 R R 2 € TS R E Y (R = L W T
16,07 :00 ~ 13:00 — fiit 32 2 &5 Ay & A0 1 R A <A1 95
il AP J5 8 52 202k A b st 3k X5 ) 8 AT 1Y 52
me, PG AR 98 2 T8 H 07:00 ~ 13:00 [ 08
B ITA TZE H B OPE {H. 45 53R B, OPE 25 fk i
il R 0.2 ~ 21, 1, G AR - 12 i 70 A o s 22y 4.9 =
3.6, ¥ OPE 4 F 3.8 ~ 6.7 2 [a]. OPE {f I
NO, We BRI AL G MY 2 X &R, 2 NO, <14 x
10 7B, B NO, H4hn i 8 hm; 24 NO, > 14 x 10 i,
B NO, 3 Jmifi sk 2> 2% & k& Fl OVOCs 5 OPE 1y 56
REY), N ERE OVOCs BAELL 1A% bR v i 22
i, AT 51 OPE £y 0. 8 % bk i A 25 19 25 1k
(2) Bl NO, % At ¥ HNO, %5 By T UL 52 i,
THA ) OPE A 1E 4w 22. A ] Ab 5217 IR E ) 5 19
NO,/CO ff , % &k OPE {47 79I 1TIE. iTIES
) OPE i T B — 2, BLU T LR m k. T



1450

7

g3

31 %

VI IE 77 % RO Ao B B 1 5, DTG 0T TR 45 2R /Y
A E BE W K. RLITIER OPE {8 7] 7 il 2 52 bR
OPE f4 1 FR. 4 H 2% i il %, WL 4] 1) 5 fA OPE {K
N4 3= LS nf A — SRR BT R RN, BR
OPE | A 3.4 1. 6.

O )RR R R TAE AN 2

56 BE T AR, o8O B I E R M S 5 R
VOCs R HE 73BT TAE.
SE

(1]

(2]

[12]

[13]

[14]

Forster P, Ramaswamy V, Artaxo P, e al. Changes in
Atmospheric Constituents and in Radiative Forcing [ A ]. In:
Solomon S D, Qin M, Manning Z, et al. Climate Change 2007 ;
The Physical Science Basis. Contribution of Working Group I to
the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change [ C].
York, NY :Cambridge University Press, USA, 2007.

T D, Schuepbach E. of high

concentrations at the earths surface resulting from transport down

Cambridge, United Kingdom and New

Davies Episodes ozone
from the upper troposphere/lower stratosphere : A review and case
studies[ J]. Atmos Environ, 1994 28 . 53-68.

Stohl A, Bonasoni P, Cristofanelli P, et al. Stratosphere-
troposphere exchange—a review, and what we have learned from
STACCATO [ J]. J Geophys Res, 2003, 108 ( D12 ). doi:
10. 1029/2002JD002490.

Crutzen P J, Lawrence M G, Poeschl U, On the

Tellus,

et al.
background photochemistry of tropospheric ozone [ J].
1999, 51(1): 123-146.

Lelieveld J, Dentener F. What controls tropospheric ozone[ J]. J
Geophys Res, 2000, 105 3543-3563.

Zanis P, Ganser P, Zellweger A C, et al. Seasonal variability of
lower free
troposphere of Central Europe[ J]. Atmos Chem Phys, 2007, 7.
223-236.

measured Ozone production efficiencies in the

Bowman F M, Seinfeld J H. Ozone productivity of atmospheric
organics[ J]. J Geophys Res, 1994, 99. 5309-5324.
Chameides W L, Fehsenfeld F, Rodgers M O, et al. Ozone
precursor relationships in the ambient atmosphere[ J]. J Geophys
Res, 1992, 97 6037-6055.

Finlayson-Pitts B J, Pitts J N J. Tropospheric Air Pollution :
Ozone, Airborne Toxics, Polycyclic Aromatic Hydrocarbons, and
Particles[ J]. Science, 1997, 276: 1045-1051.

Oltmans S J, Lefohn A S, Scheel H E, et al. Trends of ozone in
the troposphere[ J]. Geophys Res Lett, 1998, 25.139-142.
Oltmans S J, Lefohn A S, Harris ] M, et al. Long-term changes
in tropospheric ozone [ J]. Atmos Environ, 2006, 40. 3156-
3173.

Angell J K, Korshover J. Global variation in total ozone and layer
mean ozone: An update through 1981 [ J]. J Climate Appl
Meteorol, 1983, 22 1611-1626.

Liu S C, Trainer M, Fehsenfeld F C, et al. Ozone production in
the rural troposphere and the implications for regional and global
ozone distributions[ J]. J Geophys Res, 1987, 92. 4191-4207.
Rickard A R, Salisbury G, Monks P S, et al. Comparison of
measured ozone production efficiencies in the marine boundary

layer at two FEuropean coastal sites under different pollution

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

regimes[ J]. J Atmos Chem, 2002, 43 107-134.
TRIGENE , B E R, AR SL. R IR (OPE ) BOAR S 5L it
JELI]. M BRFL 3k 2009, 24(8) : 845-853.

ARV . AU A TR X R AR RBCR[T]. SR
2R, 2006, 26(4) @ 652-657.

ZARWE, LRI, 20T, 5. LR T NO NO, I 0y
AT AT [ D], FREERL S, 2007, 28(4) : 706-711.
Wang T, Ding A, Gao J, et al. Strong ozone production in urban
plumes from Beijing, China[ J]. Geophysical Research Letters,
2006, 33(L2) : 1806. doi:10. 1029/2006GL027689.

B, SREEAT. VT = A U b X R A R R A (]
HEERL WIS, 2005, 18(2) : 13-18.

Lin W, Xu X, Zhang X, et al. Contributions of pollutants from
North China Plain to surface ozone at the Shangdianzi GAW
Station[ J]. Atmos Chem Phys, 2008, 8. 5889-5898.

Xu X, Van Stee L L P, Williams J, et al. Comprehensive two-
dimensional gas chromatography GC x GC measurements of
volatile organic compounds in the atmosphere[ J]. Atmos Chem
Phys, 2003, 3: 665-682.

Xu X, Williams J,

measurements of C7-C11 aromatic and n-alkane hydrocarbons on

Plass-Diilmer C, et al. GC x GC
Crete, in air from Eastern Europe during the MINOS Campaign
[J]. Atmos Chem Phys, 2003, 3. 1461-1475.

Tl IR, EBE. 4 T AE UM IS A I E b 20l T B R
S]], WA ,2009, 30(10) ; 2845-2851.

Fitz D R, Bumiller K, Lashgari A, et al. Measurement of NO
during the SCOS97-NARSTO [ J]. Atmos Environ, 2003, 37
(suppl) : 119-134.

Olszyna K J, Bailey E M, Simonaitis R, et al. O; and NO,
relationships at a rural site [ J]. J Geophys Res, 1994, 99.
14557-14563.

Chaloulakou A, Mavrioidis I, Gavriil I. Compliance with the
annual NO, air quality standard in Athens. Required NO_ levels
and expected health implications[ J]. Atmos Environ, 2008, 42
454-465.

Nunnermacker L J, Imre D, Daum P H, et al. Characterization
of the Nashville urban plume on July 3 and July 18, 1995[J]. J
Geophys Res, 1998, 103 28129-28148.
Kleinman L, Daum P H, Lee Y N, et al.
efficiency in an urban area [ J]. J Geophys Res, 2002, 107
(D23) . 4733, doi:10. 1029/2002JD002529.

Ozone production

Lin W, Xu X, Ge B, et al. Characteristics of gaseous pollutants
at Gucheng, a rural site southwest of Beijing[ J/OL]. ] Geophys
Res, 2009,114; D0O0G14, doi:10.1029/2008JD010339.

Davis D D, Crawford J, Chen G, et al. Assessment of ozone
photochemistry in western North Pacific as inferred from PEM-
West A observations during fall 1991 J]. J Geophys Res, 1996,
101 2111-2134.

Lin X, Trainer M, Liu S C. On the nonlinearity of the
tropospheric ozone production[ J]. J Geophys Res, 1988, 93.
15879-15888.
Prevot A S H,
photooxidant plume [ J].

23388.

Staehelin J, Kok G L, et al. The Milan
J Geophys Res, 1997, 102. 23375-

Steinbacher M, Zellweger C, Schwarzenbach B, et al. Nitrogen
Oxides Measurements at Rural Sites in Switzerland: Bias of
J Geophys Res,

Conventional Measurement Techniques [ ] ].

2007, 112:D11307, doi: 10. 1029/2006JD007971.





