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Abstract This paper focuses on the long-term trend and current status of air pollution in China. In
particular, fine particulate matter (PM, ;) in Beijing city was introduced. The annual number of scientific
journal publications regarding PM, 5 in China has been increased from zero before 2000 to more than
100 in the past two years. The concentrations of PM,, in Beijing have been decreased from 169 +
94 ug/m’ in 2001 to 109 *+ 73 pg/m’ in 2012. Researchers should note that Beijing is not a representa-
tive city of China because it was uniquely developed due to the hosting of the 2008 Summer Olympic
Games. The concentrations of PM,5 in Beijing have almost been constant at a level of 100 pg/m’
from April 2010 to October 2013 except in January 2013, showing remarkably high monthly average
PM,; concentrations (200 pg/m’). This highly polluted situation was probably due to a tentative
meteorological condition in that period, and this did not cause any elevation of PM,; concentration in
Japan. The chemical composition of PM, 5 in 2010 was similar to that in 2000, however, the content
of carbonaceous species in PM,; was likely to have decreased from 2000 to 2010 when compared to
water-soluble ionic species. The concentrations of air pollutants decreased by up to 50% in the summer
of 2008 due to Olympic Game related environmental control measures, but they increased again in
2009. It seems difficult for many Chinese cities to satisfy the ambient air quality standard for PM,
even though the standard is not strict when compared to other countries. Since the status of atmospheric
environment in China changes abruptly, the continuous monitoring is mandatory.

Keywords : Aerosol, Air Pollution, Beijing, Black Carbon, Chemical Composition, China, Long-Term Trend,

Olympic Games, PM, ., Seasonal Variation.
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2. FE®D PM,s Z3R & U RZEMNRXBO#TS

PM,; & k5 & L 7o R Bl am Ko HER IZo W,
Thomson Reuters fLDFH LT — % N— A (Web of Science
[v5.13.1], Science Citation Index Expanded, 2014/2/24 7 7
Y A) IZEDBMEERIT o720 “PM,s” & ¥ — 77— FIZHE
5 1900~1999 I & N7z M55 7 — F N— A LD
BREIZ 182 i TH o 720 & D 9 B “United States” & &
Hd DX 20 HTH > 7278, “Japan” 1L 3, “China” X
1IDOARTH > 720 F 72 “Tokyo” X “Beijing” % & T b
DIFRODE Hdr o720 FFRO ST 2000~2013 4712
AR S 7z “PM,,” UK Z R L7246 R, iRl
6,602 ¥k & 72 1), AND MiZE 12 X B A5H13 “United States”,
“Japan”, “Tokyo”, “China”, “Beijing” DJEIZ, 982, 102,
21, 856, 285 T& - 7o “China” ¥ 7213 “Beijing” % &
O PM,s” i LDE T L DR L Fig. 1 1287, 21h
DT —FHRTHY, 2000 F LT TE A ENIZBWT
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FHRUIIN 2 T OFHEE R ARG & OM# F T
SRS NTEBY, EHIF—FDQAQC R,
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KERIELDENROGNL 20D, T— 75 HOBICIX
T REENLETH D,
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72DIEF 201341 H2AHTH D W, I 7D 2010
4 X ) bRl KE AR DS PM, s 2 % A LT 5 12
B, FNLRNZE DTS 2 LD TE LEMNZ PM,,
DT — ¥ 3%\, FZTARETIE, HEICBWT
2000 ST B 77— F DIAH ST B RAJEEW
E (PMy, SO, NO,) BEOEGNT—5 %R, &
FERNFEEL % 272 PMys IR OIER & &b TRA
HRWEORMWEIN L FEHELS, BLXO—-HIED
HPM R REEESICOWTE LD D, B, TETIE
KAGFWEIREZEDSEEIRE (Wm?) TRINLEGE
BB 7R AV IR (AQL: Air Quality Index, PARTIZA
L[5 YEEL APL: Air Pollution Index & FFEILCW72) T
RENDLGED DD AQL D L {1x API DEFIT [
N RILHN ] E R B PR e B 22 B =482 (AQD)
Hor#oe (B47) (HI633-2012) ] |[Z/R ENT WV 575,
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Fig. 1 Number of publications that have {“Beijing” and

“PM,.”} and {“China” and “PM, "} for the key-
words since 2000. Database: Web of Science
[v5.13.1] Science Citation Index Expanded, accessed
on February 24, 2014. Before 1999, no publication
was found using keywords {“Beijing” and “PM, "},
and one publication was found using keywords
{“China” and “PM,.”} on that database.
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6.4 2 ET S, —J7dLH PM, B L OV NO, B EIZZF D
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Fig. 3 Maps of Beijing city, and photographs looking southeast from the rooftop of building of Chinese Academy of Sciences
(CAS) in Beijing, taken in every other year from 2004 to 2010. The days when the photographs were taken, and PM, con-
centrations on the corresponding days'™ were as follows. September 23, 2004, 194 pg/m?; September 2, 2006, 150 pg/m?;

August 2, 2008, 34 ng/m?; and August 23, 2010, 58 pg/me.
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Table 1 The monthly concentrations of PM,,, SO,, and NO, in Beijing, and PM,, in Tianjin, for annual mean, summer (June
to August), and winter (December to February) 115
Beijing Tianjin
PM,* [ng/m’] SO,° [ng/m’] NO,® [ng/m’] PM,* [ng/m’]
Mean SD n Mean SD n Mean SD n Mean SD n
Annual 140.6 36.7 145 50.0 39.5 113 64.7 14.2 109 128.1 46.1 145
Summer 118.7 22.6 36 16.0 53 27 53.6 11.3 27 95.5 22.7 36
Winter 142.5 33.2 35 101.9 31.9 30 71.7 13.4 27 171.6 48.3 35
Winter/Summer 1.2 6.4 1.3 1.8
2 From 2001 to 2013, ® From 2001 to 2011
300 600 : :
%) c ' -
5 20} S 500 ;r]Be/j/ng Da//:y PM, |
8. 200 g & 400 '
g £ 150 1 e £ 400
g g 100 | 8=
o ! ] & 200 f---mmmeofee- [
Y S A E Y
0 . . . . . 1 |
Jan Jul Jan Jul Jan Jul Jan Jul 01/1 1116 1131 2/15
2010 2011 2012 2013 2013

Fig. 6 The monthly averaged concentrations of PM;, and
PM,; in Beijing, China, from April 2010 to October
2013 12.15)
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DO EMR Y KL T2 e Dbh b, ZDLH)
HA T =)V O PMy; it FEDZ BT FRAENZ BT b
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REOEYEDL ) REHLALE - RAEOBE 2 Ll vo
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FREDSEETd B o
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PR, PM,; DL D 2L L T E TV 3 ] fgtk
Wb, KETIZZDZ EIZOWTHET 5,
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Fig. 7 The daily averaged concentration of PM, , in Beijing,
China, from January 1 to February 25, 20132
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Fig. 8 Representative chemical compositions of PM,  in
Beijing 1?2, EC: elemental carbon; OC: organic
carbon; lons; water-soluble inorganic species (Na*,
NH,*, K*, Mg**, Ca’*, Cl~, NO,”, and SO");
Elements: selected elements (Al, Si, Mn, Fe, Ni, Cu,
Zn, and Pb).
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Witte et al. (2009) 2 1%, 7T —% #H\WT, 2005~
2008 4F DAL & & T P ERR i HIS O NO,, SO, B &
O CO VREDZEAL T AT U720 ZDREHR, 2008 SEDE
Z (7~9 H) &, 2005~2007 4E O [Al B & g L C,
NO, T#J40%, SO, & CO TH 10% & L T\ 72,
Schleicher er al. (2011)30 1%, BfjdFE (BC) D#b LR
WEATV, 2008 FOEZF (8 H) 1, 2005~2007 4F- D
FE & I L C, BCAB L 2 L7z (§ 4 pg/m?
— %) 2 pg/m?®) LA LTV b, Okudaeral (2011) © 13,
W B ORER KOS, 2008 4ENEFE (TH1H~9
H 20 H) &, 2005~2007 FORIFE & LT, PM,;
BEICHLC3AEERZIR SN o720 DD, NO,
TIEH 50% DA 5, & 512 PM, BC, SO,
TR 30% DL BR LN EMELT0DH, WD
2O EIX 2009 4F F TR S L7278, 2008 4F & Hig
THLBEITRCOLGAETHENEBREIEALTS
H (Fig.9), 1 ¥ Yy 7 HMIZBIT 5 KABRERNR
DRFENT—E 7 5722 L ZRBL T 563082, 7
B, LHITBIT S 2005 4E5 5 2009 FEFOEFOLGK K
fEE LTI, 2008 4EIZBEKREDTR R Lo 72 LITHME A
- P RE - A - EGE IR O WIE R ST w

W 6,30)o
6. PM,s DIBEFLEICDOVTY

R TEIREE D PM,; 28I S 4172 2013 4F 1 H B,
BAETIZED X ) IR 5 72002 EET 5o Fli
EARVLE (b5ih 549 1,500 km, HHT7A> 549 1,100 km)
2B 5 PM,; OEHIEERIC L L, 20134 1~2 Ho
BEELNVITEELEMOL DL FRBETH - 7239,
HRME O = L ILF e B L ORET— 9 2 /e
L72v3alb—Ya yEFIVICLBHBITORED,S b
W E A B RS EIAN O TG G W) E O Bk m AR & iR L
T20134E1 BAicinL 7z vy 2 kider o7z &
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N
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Table 2 Environmental quality standards for PM, 5 in the world

37-40)

PM, ; Standards [pg/m?]

Country/Region - Published Refs
Annual Daily

China 35 75 2012 37

Japan 15 35 2009 38

United States 12 35 2013 39

EU 20 - 2008 40

DFHNTWEY, BRI R TATY, L2113
T-IEEIZBIT 520134 1 H @ PM,s i 513, 2006~
2010 FE DOV 7% PM,; i & L TR & 2213 R
SN nS, bbb INLDERLTEBEET S L,
2013 45 1 A2 BV TIEHED IZAL B TR O PM,, H°
B S N72boD, ZNREHEKIEDO PM,; & %
FREEDITTIERY, EWnWR b,

L2 LZD—7T, JUNHTTOKERTCTH % & &
B KT A RO 72 WRIFEARET B 2BV CTHERM
WU TRABIZIT o722 A, PMy, iBELNJLR
ZOEENNY — P EMEE L CBBETANRETH -
22 EMS, FUMNHLTT O PM,, B OB KED S
DIEIZ XD EERELCZITTRD, ETHRED
et hid 5%, /232l —2 gy EFNMICK
D EAENZ BT 5 PM,; O S8R Hisk 2 fEAT L 720 5%
Tld, FHE %8 CTHES R 30% ThH - 720 12xt
L, TEGDH 50% TH - 7239, ZOFGHR|IZITH
EZNHHLOD, EHAENIIBWTEHE S NS PM,, ©
FERISER IS S LTk, SRPEZEZ 2T
LHRVWIELFLHETHL,

WERIZE X, dEEN T PM,s O i B R A
Wsh7zeLTd, TNPFAEBEL NV ERo7-F
FHRPEFCHEET LI LIEE LSV, EKHEIC
BOTITEMIZR T PM,; iIBENHA L C& 7720,
VLAE T PMy, OIS HIE & LT E o 8 A I
TERL o TETVDL, LHBRTIONRK DT
20725 9 Do

7. HEIZH T D PM,; DIRIBEEEDIRIRESEOXE

mE & HKERIZ BT 5 PM,, O BR35 L HE (3740 %
Table 2 |[Z7R§ o ERIZIZZ N2 10 E R #isk THll 2>
EFRDVRL o TV FEmATENIT ISz
T [EEMEO 72D OB EN 288 (PM,, RO HF
W 70 pg/md) | ASED SN TV 5 7 EHEEE O FEDS
WL EbH L0, T2 TIEIBBLEFOHE%Z L
ATV Ew, T2IRTEY, FEICBITA
PM, s DEEEEILMEME I I ME & [hEE L CIRF ISRV 0T
HDHN, TNFETHRRTELPEENIZBIT S KAE
BOBIREEZ DL, COREFZZERTLIDIIES T
B wEkEZOND, RITIZR > THEB R IL 5B
WG BRI 2 KATESBh IR 2 K 2 125K L TB Y,
7o & AT TR RS AT E EHE ClE, o R&Hh
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D PM,; 5% 2017 FEI2 60 pgm FEE L §56 2 & % H
L LTWa2 P ZTHHEIZBITS PM,, DB
B A2 X 2 P BB LRV TH D, WTRIZHE
L, FEORGERERRIZESH D RIEICELT5 2k
HFHEEIND -0, MEMIZEOHER 2 FEM L T <
CLENRETH D,
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