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lntroduction
Many  East Asian cities have undergone  rapid  development in recent  years. Emissiens of  air pollutant in Asia
are of  particular concern  hecause they are large and  increasing with  the development. Previous studies

reported  that 40-65%  of  the emissions  of  S02 and  NOx  iR Asia originated  from China (Streets et al., 2000;

Streets and  Waldhoff 2001). Therefore, it is important to investigate how  Chinese air pollution is going to be.
In this study,  we  discuss the current  status  of  Chinese urban  air pollution by comparing  amblent  pollutant
concentration  in China te that in Japan. Beljing is the eapital  of  China, and  being developed at a  rapid  pace in

preparation fbr the Oiympic  Games  in the summer  of  2008. Therefore, dramatic changes  in thc atmospheric
envirenment  of  Beljiltg are  expected.  Xi'an is the capital  of  Shaanxi province. This inland city is one  of  the

largest cities in northwcstern  China. [[bkyo, the capital  ofJapan,  is one  of  the most  densely populated cities
in the world.  Important basic statistics such  as  population, land area,  and  vehicle  number  were  shown  in
Fig.1. The  climate  of  these three cities  is dominated by the East Asian monsoon.  During the winter  and

spring,  northwesterly  winds  often  carry  seil dust from the arid  and  semi-arid  regions  in northwestern  China.
In summer  and  autumn,  monsoonal  winds  from the southeast  bring heat and  moisture  to the region.

Air Pollutant Concentrations in Beijing, Xi'an and  
-fokyo

The concentrations  of  major  atmospheric  pollutants such  as  particulatc matter,  S02, and  N02 in the three
cities were  shown  in Fig.2. Particulate matter  and  S02 concentrations  in Beljing and  Xi'an were

approximately  5-1O times higher than thosc in /fokyo, while  NOx  concentrations  were  similar  among  the

three cities. Coal combustion  is considered  as  the major  cause  of  the particulate matter  and  S02 pellution in
urban  eities in China (Okuda et al., 2004a; 2008; Streets and  Waldhoff; 2000). Atmespheric hazardous trace
rnetal  concentrations  in Bei.iing were  also  2-22 times higher thaii the  corresponding  levels in Tokyo (Okuda
et al., 2004a; 2008). As  for pelycyclic aromatie  hydrocarbons (PAHs), which  are  considered  a  carcinogcnic

organic  compound,  the concentrations  in Beijing were  10-1OO times higher than  those in 'lbkyo (Kumata et
al.,  2e06s Okuda et  al.,  2004bi 2e06). Consequently, air quality in Chinese urban  cities such  as Beijing is
currently  considered  a  serieus  concern  and  it needs  to be improved immediately.

25

20

ns

10

5

o
      population landarea  vehicle$

       milHon  thousandkm2  mjl]ion

Fjg.1 Basic statistics tbr Beljing, Xi'an, and  
'Ebkyo.

Data are  obtained  from, National Bureau of  Statistics
ofChina,  2006; Xi'an Online Investment Fair, (]hina,
2006; Shen  et al.. 2008; Bureau of  Environment,
Tbkyo  Metropelitan Government,  2007; Mek'opolitan
Police Department, 2007
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Fig.2 PMio  (SPM fbr Tokye), S02, and  N02
concentrations  in Beliing, Xi'an, and  

'R}kye.
 Beijingi

2005f9-2006f8, Bejjing Municipal Environmental
Protection Bureau, 2006; Xi'an: 20e5!9-2006!8, Xi'an
Environrnental MDnitoring Center, 2006; Tokyo:
2006f4-2007f3, Bureau  ofEnvironment,  Tbkyo  Metro-

politan Governinent, 2006
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Seasonal  Variation and  Long-term Trend

Fig,3 shows  the seasonal  variation  of  the pollutant concentrations  in Beljing from 2001 to 2006. 
'1'he

 PM}o

and  N02  coneentration  in the heating season  were  not  diffe;ent from those in the non-heating  season,  while

the S02, arsenic,  and  PAH  cencentrations  in the heating season  were  2-7 times  higher than those in the

non-heating  season.  In particular, SO?  and  PAHs  showed  a very  clear  seasonai  yariation.  It is mainly  due to

the coal  combustion  for residential  heating in vvinter. The PMio  concentration  in Beljing is related  to not  only

antltropogenic  combustien  activity, but also  to the occurrence  of  soil  dust tra!isport from desert regions,  This

dust transport is frequently observed  in early  spring  (not related  to residentia]  heating).

Fig.4 shows  the PMio and  metal  concentrations  in aerosols  in Beijing in 2001 and  2005. PMio concentrations

did not  show  significar}t changes  during the five years. Iron and  some  otheT  crustal  metals,  such  as  aluminum,

and  titanium, did net  show  increase either. On  the ether  hand, concentrations  of  cadmium  and  lcad were

almost  doubled from 2001 to 2005. 0kuda  et al. (2008) showed  that eopper,  zinc,  arsenic,  cadmium,  and  lead,

which  were  derived inainly  from anthropogenic  sources  such  as  coal  combustion,  showcd  significantly

higher annual  rate  of  increase (4.9g,C} to 19.8%). The trcnd towards  increasing concentraiions  of  metals  in the

air could  reflect a  change  that has occurred  in the process of  burning coa],  whereby  the use  of  higher

temperatures for coal  combustion  has resulted  in increased emissions  ofthese  metals.  The  increasing usc  of

low-rank coal  may  also  explain  the increasing trends. }Iowever, the reason  fbr the increase of  some

hazardous metals  is still unclear.  Further studies  are essential  to solve  this issue.
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Fig.3 Seasonal variation  ofthe  pollutant concentrations

in Beijing from 2001 to 2006. Data are  obtained  from

Beij'ing Municipal Enyironmental Protection Bureau,

2006, Okuda  et al., 2008 (for Arsenic) and  Okuda  et al.,

2006  (for PAHs, from 2003 to 2005).
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Fig.4 PMio  and  metal  concentrations  in aerosols  in

Beijing in 2001 and  2005. Data  are  obtained  from

Okuda  et  al., 2008.
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