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Abstract

From 22 May, 2005 to 31 January, 2015, measurements of trace gases (NOy, SO; and 03) and parti-
culate meter (PM:;) at Xionglong station, an atmospheric background observation network of
Chinese Academy of Sciences were carried out. Long-term variations of NO,, SOz, Oz and PM; ;s were
obtained. During recent 10 years, NOy, SO, O3 and PM; 5 displayed evident monthly, seasonal, and
annual variations generally; NOx and SO; showed decrease trends at the rate of 3.37% and 0.78%
per year, respectively; but, O3 displayed an increase trend at the rate of 1.71% per year and PM; 5
also indicated an increase trend at the rate of 0.91% per year during 2009-2014. The variations of
gases, partculate mater PM2.5 and visibility at Xinglong revealed a mechanism that high concen-
trations of Oz and particulate matter were produced by gases, liquids and particles (GLPs) in the
chemical and photochemical reactions. On the basis of analyzing gases and particulate matter, in
controlling air pollution in Beijing and North China, we should consider 1) to control all source
emissions of anthropogenic volatile organic compounds primarily, 2) to step up efforts in control-
ling all source emissions of NOx and SO, so as to decrease the reactants taking part in the chemical
and photochemical reactions in the atmosphere and the formation of secondary pollutants, e.g., O3
and PM;;s. There were similar variations between monthly PM,s and O3 x NO; x SO, indicating
that it is essential to control the emissions of all pollutants (including primary and secondary pol-
lutants) in controlling PM. s pollution. Therefore, it is suggested that 0z photochemical pollution
should be considered synchronously.
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Figure 1. Monthly concentrations of trace gases (NO, NO,, SO,, O3) at Xinglong station from May 2005 to January 2015
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Figure 2. Monthly concentrations of particulate matter (PM, ) at Xinglong station from June 2008 to January 2015
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Figure 3. Monthly averages of visibility at Xinglong station from August 2012 to January 2015
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Figure 4. Annual mean concentrations of trace gases (NO, NO,, SO,, O3) at Xinglong station from
2005 to 2014
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Figure 5. Annual mean concentrations of particulate matter (PM,s) at Xinglong station from
2005 to 2014
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Figure 6. Monthly variation of NO, concentration at Xinglong station from 2005 to 2014
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Figure 7. Monthly variation of SO, concentration at Xinglong station from 2005 to 2014
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Figure 8. Monthly variation of O; concentration at Xinglong station from 2005 to 2014
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Figure 9. Monthly variation of particulate matter (PM,5) concentration at Xinglong station from
2008 to 2014
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Figure 10. Seasonal mean concentrations of trace gases (NO, NO,, SO,, O5) at Xinglong station from 2005 to 2014
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Figure 11. Seasonal mean concentrations of particulate matter (PM, ) at Xinglong station from 2008 to 2014
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Figure 12. Mean concentrations of trace gases (NO, O,, SO,, O3) and particulate matter (PM,s) in spring at Xinglong station

from 2005 to 2014
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Figure 13. Mean concentrations of trace gases (NO, NO,, SO,, O3) and particulate matter (PM, ) in summer at Xinglong

station from 2005 to 2014
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Figure 14. Mean concentrations of trace gases (NO, NO,, SO,, O3) and particulate matter (PM,5) in autumn at Xinglong

station from 2005 to 2014
[ 14. 2005~2014 4 fEIESA(NO. NO, SO, O)y BRI PM, 5 iR BRI H41E

20

= 18

2

o 16

g

+ 14 B

o

5 12 f

5 2

S 210 |

N

e 8t

92

g 0

= 4 + —*=NO——S0, —>*—NO; —&— 03 —— PM

o

= 2 -

0 * * hd I I I I I I
~ ~ ~ ~ ~ ~ ~ ~ ~ ~
0 O © o >~ O 0 O [ xR o o — O N o ™ o <+ o
[ o [ S o — 2 — — — 2 —
o o o o [l [l [ R o o [l [l o o o o
N N N N N N N N N N
= = = = = = = = = =
& Z=1F Year season

50
45
40
35
30
25
20
15
10

O3 concentration (ppb)

PM (ugm°)

Figure 15. Mean concentrations of trace gases (NO, NO,, SO,, O3) and particulate matter (PM, ) in winter at Xinglong

station from 2005 to 2014
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7.33%. %Z: SO,. NO,. O3 RILH FRERIESA, HbR558 3.52%. 4.37%. 0.19%, NO. PMys
I REaR, HIEKZE00h 48.27%. 2.12%.

AILAE H, NO £E— 4 PYZrh S5 K3 NO, 7 — 4 DUZ=h S5 8 TR SO, B 1T H I KA,
HABZET RN O WIRIANFEZ G . I TR PMos RILH B 21 R B LA A 3 FRIE K

T AT SRR AR RS AR, FRATAMEEE R AT A L ZE5 . a4,
CERE AW EAE, £ 1451 2005~2014 FE &N EMZFETFIME. "TUES], 15549 NO. NO,. SO,
PR — 4 et H AR O MR PM,ys B2 AZFmAK(E 16). LAEZNHIRHT—
TENMEBZUED: NO. NOp. SO WKIEN— AR, EATMES> 779 0.85. 6.97. 2.80 ppb, XLL4L
IR FEAR S B 1 M B IX 7E 2005~2014 4 3 [A] R 4 1 2 Ui 2 (BRI EE); O3 A— M E, H
X R 4N NOo/NO 5 KIFIME(8.2), B Rt T H FEZRIF - et d B BG RAREINIRTRIY) PM,s
TER W —FENIRER B KME, 1X5 Oy —#F, FMHIE /R T /NS BURL ) 7E 5 2 45858 1 K PH 4R 5 R 5
T PR A2 ST AR BRI .

ST, WAL B FRKEECRIEY, MEHIXE NO,. SO, 7 2005~2014 FR M ALZEE T
Ferpasy, ©51bni 1998~2014 4F NO,. SO, ) FRfEa%h 2 —HUr[15], XRHIRIFE Tk (F R
S R A T S HE TR X 5 e AR B 7 — s BdE ), 1 SRAE b 0 B 3 1 kb X% Gy R HE RS i 7E NO,«
SO, J7 =2 T HFBIZR - O3 I H 25 - F3MEA XS I 5 UK, 4nil 10 4F 215 F47E 32.1~62.2 ppb,
RN E R, 0 2012 4% 4~10 H, % H Os I KA KT 110 ppb, SO KfE HIIAE 2012

Table 1. Seasonal mean concentrations of NO, NO,, SO,, O3 and PM, 5 at Xinglong station from 2005 to 2014
F2 1. P4BEuH NO. NOpv SO, O3y PMysiKEFE 2005~2014 FEEANFHEHE

NO (ppb) NO(ppb) SO,(ppb) Os(ppb) PM;5(ug-m°) NO2/NO
Z spring 1.83 8.45 5.36 53.45 37.33 4.6
¥ summer 0.85 6.97 2.80 62.22 48.50 8.2
# autumn 1.17 7.96 6.91 46.38 41.79 6.8
2 winter 1.21 9.21 13.96 32.08 33.70 7.6
¥4 average 1.27 8.15 7.26 4853 40.33 6.8
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Figure 16. Seasonal mean concentrations of Oz during 2004-2014 and particulate matter (PM,s) during 2008-2014 at Xin-

glong station
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45 H(157.2 ppb); 2013 4 6~10 H, % H K AMEIRT 117 ppb, HA{ETE 2013 4 6 H(163.1 ppb);
2014 4 4~10 A, %A MEKE KT 116 ppb, fHAKMEHLE 2014 4 5 H(152.6 ppb). HHA 05 EEE KA
H % KI5 4P NO. NO,. VOCs 45)7E K FHAR M RS T &b 2 BB, HFAERIE T B, %
FHEB 3 AR T ELEEHE NOy SO, BENIMAME, (HZ, ARG O il oy —Fl B Z (175 LK ok
Etfil. mREEN O 45 ENAEA) . ARSI SEAT R f& 3 BT L AN [15] [16], I O dEHsmmIE b, &
W™ EENTE S OGRS . . Bk, AR, Rk, ZUICNBLE IR FE Ry kAN i mk
FE Oy /=4, FE32 3N 5 ¥ hl R i5 G sl [FIFE I AL . PM,s 7E 2008~2014 4 [ 2= 15 A8 4035 Fl A
33.70~48.50 ug-m®, MEFETAFNSH LS O ik —8 (7 1 K& 15), ©HXEME, H=ad e
B REE EARE Oz —8. H—J71, H& S s bR m, Blin: 7F 2012 48 1~2 M
7~8 [ KT 200.0 pg-m 3, 10~11 J KT 250.0 pg-m3, 2012 4E (& KAl HIFAE 7 H (376.4 pg-m3); 7£ 2013
4 1~3 A KT260.0 pg-m™2, 2013 4E iy f K AE HBLE 2 H (287.5 pg-m®); 7F 2014 4 1~10 A KT 210.0 pg-m >,
2014 fEE R HILTE 8 (7989 ng-m ™). AL, MFE X IREURIY) PMy s 107N T35 (8 77 KE 1L BEIE 2
b BEERMER. Bk, #dabat UL A0 X BUhi 75 G B e ek is Je 4 JEH b b
HORBEE., Fy, HATRZMNEL C2R, SRIET 64 50 72 7 A R BOR R il / RAR 3 /N B
FE/INRIORL ) (28 K385 9 VOCs G 250 #7242 ) o A B B A7 B B B2 ook . A WF A B, bt /==
ARSI e (PMy) 2 B 2 4 0y R WL IR 2 b TR 3 A, (5 PM, 1) 36%~58% [6]; —4EPYZEF A
KAERZ T, BEREE. MR IR T ENAY), WERE . MR IRk FEAEE AN
g =i [6]

PR 2 B S A SRR IORE D K A (BLHE H L =700 SEBR)RRIE LA AT, S5 6 VP M X 45k
AR FNFRL ) BV BRFIAZ A A, DRSS e (7= AR AT B 4% o SR o B AR LI Al R Bk 10
U5 G NO, SO IREEA TR, (A IRI5HM) O3 PMys ISR ILH EFHHIES, ERux—I
FRFEREE R 1) HADSARMBRICEE NO,y SOL)HERL 3 I (H I A BE ZAL NO,. SO, il R
RIIXF T Ogn PMyps JALZTE BRI TTRR): 2) BT KA At SR AR I3 (GLPS) 22 A 2 A e Ak 2 )
1M AE AR O3 F PMys. A AR, i 20 4RI TR AR A B 2 EA&ES, Flin, b
LRALIHIALAE 2001 4E 0 26 x 10" m?,  Hr 1995 4E48 /T 6 x 10" m?, 2010 “EMkHh A AN 104.69 x 10° m?;
R TR AR 45 B AE 2003 4E 24 212.3 J5, DA% 34.3%(1 19 K S in £ 2012 4E11) 520 J3%# L K 2014 4
[ 537.1 JI4[17] [18], Wik, RIFETAMPEA . FHhZE) RN N IEHEBUE & A VL (BVOCs— 4%
SR T RS, AVOCs— Ik M. k. BE. B BR. BR. BE. By, BE. ZHRE)WEFED
HIN[19]. FHERLMZE AVOCs RIE——aFEAT0. Rl R EW[20]. HEREMR:, T
RS, B, KR, SRSIMEE, @ARmMR. KA. KBS BEEANHR, = A8
FHFTHIER . Wk RO AAE, Sefd 24, B AAMUNIR TRERSHI. A RIEHER T AVOCs(FH H
1R 2 By BAT TR [21]) R i AL 22 TE PR IR« AR IR HETUY) BVOCS 5 KA i OH B B ZE DL KA HiAth
SIE YIRS, 1E KB RS (AR AR S UV, 7T OGRS VISYERTR, P4 K&, HiA
WEA=4, EA1EFE Osv PANGE A L AEIRER) . BAZE. BURIYI(PMas. PMy LA KL AR 58 /)N () J5URE40)
SRSy, IXEE GLPs 25 IR 4R

AVOCs + BVOCs + OH + HAf GLPs (NO,, SO,--) —YE 5 37 GLPs(Os, PAN, PM,gs-) (1)

PRIk, v g PG i, B 1 ORFRRAR s IR B0 HERA T, N S A 56 Xt JH A HE G P 47 il
E BRI E AR 55 R A RN IR HES A R HLI(AVOCs) o [RT 2, X 75 B F
Mz S 5. ANANS5, BEED, TERBUF. $78k. 2RILETS. SRR IR, K
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W RS IR AN 2 Bh 2 RE 0 770, DASRORRR E el 35 R MRIGEHE B0 35 ol 7= it 7 A58 R o R e i ot
o BT RPFINERETER. 2748, HXTT NOx SO, i ML xS, Fit, &AW, HfK
(R IR AR T 25 b SR I HEBCR . s B SR8, B MR R IR F B, Lol KA E: 1) #
BRI DIR - tnde Al RN BRSBTS, DAk DR B AT TR T Al >R 1035 eI (10 248
BT 9 Dok b o 0 e TS - 32 BRI T WLsh 2 R SRR 5 Ak [22], U9R 2 B BRI 32 s HE
Jitiz—); 2) IR FE- P2 i S R FR R AR s 3) BRI FIHE R i IR Bt o ks 4) Sedkk
T (B SRR KA SR WEE WL BRI IESE)RIRC 4 5) 7EH AT NO,. SO,
PCHERS ) A b, GRS RIRHE I, FRAK NO, Il SO, S AR IIHER, i KFEE K S 5a bk
NN AI(NO, SO MR, MARYE B4 — X554 Ogn PMys S5 AR 6) BEAL. Bih. 4T #%47
Folly ARAMNNIGATHY), EWFIK. FEL R IS, sehr b, TTRERIEEE, s B E R T
BBV AR =R (2 5 T P 67 R Gty () SOV T AR S e I HE IR . 75 25 (0 — 2, IR PM s 5
PZ 51 O V5 YA b AT, RIRIZ B0 SR B O V5 MM LE R, D O (5 S A EAE /INRIRL
Vi AR R R EEAEA . ASCHIEARR I, O3 Al PMys A 4 3R] 17 A i FE AR A A (0
E 1L B 2, MR T RIBEESE) . — e SRI0 R W, O A1l I 2840 5 S B0 7] A=A ki ) (— B BT IR
SOA) [13] [23]. AT b EE5m Y — . RS HIARRAI (W1 PMysy PMy)Z I, 3B R [F] 45 i — 5 e
NO,. SO, LAK XI5 9H) Oz, K N5TF 2005~2015 4 H BME MG 5, K2 EH PMys 5 O3 x NO, x
SO, #ARIF I —FE(E 17), 41201046 H. 2011 42 A, 201341 A. 2013 4 10 A. X}F PM,s
£ 03 x NO, x SO, Ak HiA A — BT B, 41 2008 4 5~9 H 2009 4F 4~9 H, MG T AVOCs 1 BVOCs
X RRLI A e A ) EE AR A

KTz VOCs HEBO T3 Hil ki A e B E 1, H T 26 #F F, AL LA BVOCs HERO Tk A4 i
e A — TR E U . BT R RN, 4T SIQ 1E 0~1 Z [AARALI, SRk IaHE S S/IQ Z A
K %9:1.66 S/Q + 0.82(= & N = 2/10, S/Q = 0.25), 1.50 S/Q + 1.39(N = 2/10, S/Q = 0.38),1.32 S/Q + 1.13(N
=10/10, S/Q=0.52), 1.08 S/Q - 0.04(N =10/10, S/Q=0.69). AJLLEZ, K ARK IEHmEm, 5
260 R AR M AR BN BRI I U R R T 2 2 KA A R R @R HECE 5 A (SIQ) 2 A 1y 2%
R)[24], MALBEH— A BT S/IQ NARFHBUR RN 5 SFES 2 e, LR MRIE KA Bi &=
[25] [26]. AVOCs Xf T8k )= 4: 5 BVOCs Mi%EA0L, {HALE [ N P 5 T 5 55— 4k,

EAR, KAHH GLPs AW kA BRI B, A5 R — M Z RS 2
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Figure 17. Monthly average of O3 x NO, x SO, and monthly concentrations of PM, s and O3 at Xinglong station from May
2005 to January 2015
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V) AR EL AR (U SORE L AR, BATT R 8 20t BE A [0 b X 35 YL RO S AN 8] T A B DX, BT N
Y BRFE IR T ER . NIk T AR, SRR RTELEEN,, 25K FERLL
2 RONE IR BRSO/ ER 3R ] UV VIS BEEE[19] [25], AR HEUH UV, VIS BEi, B&iE mais
HbvTHT K BH e S RE B 09D o 940, 2006 4F 4~10 H, A7 FAL AR M2 70 Km #9] FFK FHAR S (48 5. B
PRt BURSRS . VIS)SHIL R IR [26]. R, HT K4 GLPs 5 UV, VIS A EAEH,
BRITT, &A% T UV VIS PR S AR TS5 RE S 7R KA DA SR i R A4k, i FLIX Fh BE i ok e FL A8 fh
SEFEX FARFE AR, BFEEBXZR. P, £ 4 365 GLPs MR ISR B f2m, Fik
FRAFH UV A VIS BBEE 4 35.84. 346.38 W-m2[27]. BTt X KA 8RS EHE
FIAER RS, ERCT AL UV R VIS ReE B o B e RGN & [27]. dE—B S, X LEEE
TR B AR K S B AR R B R L MR B M FE (I BVOCs HIHERL. CO, HIe A id 2
&), KRAESEYBMMHETER: ISR KRR e e, FRH R m b pmss, e
JR A SRS, AT B K [27]0 SRR AR 52 B — s I sg e, AR AR, RIRMARWER T
X i S I AR A B RS, JLUE 2 GLPs HIHUR IR AR F [28] 0 K BH R SR HLBR 2 G e — e ok
JE, BT RAMENEHRGEE IR, B R EL Sd fE L Bt BRI R SRS,
HE AN [FRE R b 52 0 Je e =i B LA AR AL, DRI K P8 S B BRI BB ARl L 7K P & N i A DA
Je BB ZZ RIAH AR o BTCL,  REAZRES Gt S FEAH G 1) — ZR 40 1] SR — /N BE K R Rk |
HATHEFS, BEHE B AT B SRR AR K RIS R B

DRSO AL T B A X AR S, BRI RAF . B RI)RT, SRR S A
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B Wb 3 LS A O SARRBE AR B . ARFFEREA, M4FE%E NO(NO + NO,). SO, PMys %5 (1)
WREEAE RS 7 Dl b K [5]; SRt A 35 ik 2012 4F 10 H~2013 4 9 H PM, s Il S £ 14T
——XFEO[7], MFENEE H PMys FIWKEEY R Ak m): Hdb 4 S5O R Sd. WdbZes. WAL, e
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HEA RGPS R, WREESTERILH X OCSAR 7 TH R4 rARR

4. #5ig
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