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Abstract: Due to the rapid economic growth and industrial development in China, the constantly soaring up 
GDP has made many people believe that the golden age of China has come. But along with the booming 
development, the neglect and violation of the natural environment has brought intensive discussion and criticism. 
Moreover, during past decades, frequent natural disasters and extreme weathers resulting from human activities 
have made local dwellers suffer from economical loss, as well as physical harm. Thus more attention from 
within the country has been drawn to the environmental issues; media reports, national debates and researches 
have been going on for years.  Among which, the problem of air pollution has caught a large public concern, 
especially when the PM 2.5 in Chinese metropolises like Beijing, Shanghai, Guangzhou, Xi’an etc. exceeded 
900 micrograms per cubic meter. In previous analysis of PM 2.5 pollutants in developing countries, it has been 
found that most of those aerosol particles are from the burning of fossil fuels and biomass, and in China’s case, 
coal burning has been blamed largely, due to the fact that the use of coal takes up about 70% of total energy 
consumption. Based on data analysis and chemical ratio examination, this thesis is to find out the connection 
between PM 2.5 and Coal burning in China’s capital city Beijing.  
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Summary: As one of the most densely populated cities in China, Beijing has been facing serious PM 2.5 
pollution in the past two decades. However, the PM 2.5 related index and standards haven’t been updated or 
adjusted to the new level of pollution until the year 2012; meanwhile, taking up to 70% of the total commercial 
energy usage in China, coal industry’s contribution to heavy PM 2.5 pollution is enormous yet unclear. In the 
first part of this study, a review of index and standards update is done, a simple comparison of old and new air 
pollution indexes is included as well; in the second part, through PM 2.5 pollutants ratio examination, it finds out 
a close relation between coal burning and PM 2.5 pollutants.       
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Introduction 
Beginning from early 90s, along with the fast industrial development, China has been experiencing severe 
environment pollution, including air pollution, water pollution and soil contamination. The attention from both 
national and international environmental agencies has been drawn to those cases; among all, an inconsistency of 
PM 2.5 pollution level between China’s official number and international data is up to frequent debate, a major 
reason of which is due to different reference index and standards. In order to achieve the environmental 
sustainability, which has been set up as one of the basic state policies in China since the year 1998(Liu. 2002), 
the very first step should be standards setting.  
 
 
1.1. International standards on air pollution and air quality monitoring, 
definitions of technical terms 
To start with, the implementation of higher environmental standards is carried out due to the requirements of 
inspection and supervision over the enforcements of environmental regulations in China, as well as the 
requirement of general environmental quality monitoring. When it comes to the air pollution problem, reference 
numbers defining whether or not certain density of pollutant is detrimental to human health are set around WHO 
Air quality guidelines numbers or similar guiding index. 
Notably, in the newest edition of WHO Air quality guidelines published in 2005, it added up more specifications 
and interpretations about particulate matter (PM), ozone and nitrogen dioxide. Though it is written that they are 
for Europe in the main title of previous versions of the Air quality guidelines, it is stressed at the beginning of 
the newest guidelines that they should be applied worldwide, especially when most victims suffering from severe 
air pollutions are from middle- or low-income regions in Asia where serious air pollutions are going on. (WHO, 
2005) 
 
API  
The Air Pollution Index (API) was the index that China used before 2012, basing on the level of 5 pollutants: 
sulphur dioxide (SO2), nitrogen dioxide (NO2), suspended particulates (PM10), carbon monoxide (CO), 
and ozone (O3) daily data collected through 86 major cities in China, in order to monitor the air quality and 
indicate existing air pollution. It was later switched to AQI by MEP People’s Republic of China Ministry of 
Environmental Protection in 2012, but API references can still be widely found in researches done before 2012 
in China. (MEP.2012) 
 
AQI 
The Air Quality Index is a number that indicates how polluted the air is and how it will go on to be, it is to 
convey such information to the public by different governments or related organizations, and the variations can 
exist for respective countries. Compared with API, AQI used in China measures one more pollutant: PM 2.5 
since 2012. Moreover, all 6 kinds of pollutants are measured in different ways. Sulphur dioxide (SO2), nitrogen 
dioxide (NO2), carbon monoxide (CO), and ozone (O3) are measured every hour, while PM 2.5 and PM 10 are 
measured every 24 hours due to the chronic effect on human health instead of acute effect. (MEP, 2012) 
 
 

Air Quality Index (AQI) PM 2.5 Health Advisory 
(0-50) Good - 
(51-100) Moderate Physically sensitive people should reduce heavy or 

prolonged work out 
(101-150)Unhealthy for Sensitive Groups Heart or lung disease patient should avoid heavy or 

prolonged work out 
(151-200) Unhealthy Sensitive group should avoid heavy or prolonged work out, 

healthy people should reduce heavy or prolonged work out 
(201-300) Very unhealthy Sensitive group should avoid all physical activities 

outdoors; healthy people should avoid heavy or prolonged 
work out 

(301-500) Hazardous All physical activities should be avoided; sensitive group 
should remain indoors and reduce physical activities 

 
Table 1: AQI and health implications (MEP, 2012) 
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PM 2.5 
Particulate Matter (PM) refers to fine matter component that mixes with the atmosphere, which together forms 
the atmospheric aerosol. PM come from both natural and artificial resources and it suspends in the air casting 
influence on human health, climate change, precipitation, air pollution and soil contamination. (Seinfeld J. &, 
Spyros P., 1998.) PM 2.5 are particles with diameter of 2.5 micrometer or less, and with smaller size compared 
with PM10 (particles of 10 micrometer or less in diameter), the relative surface area of PM 2.5 is larger, which 
provides chemicals, bacteria and virus with a perfect carrier, meanwhile PM 2.5 can float in the air for longer 
period of time and have easier access to human respiratory system and further blood circulation. (Li J. & Wang 
L., 2010) 
 
 
1.2. General situation of air pollution in Beijing  
With a city population of more than 20 million, and a GDP of 1600 billion RMB (BMCP, 2012), Beijing is 
overloaded with people as well as traffic and power plants. The notorious Asian Brown Cloud centering Beijing 
is a combination of particulate matter, black carbon and toxic mercury and the secondary photochemical 
pollutants (Miller G. T. & Spoolman S.E., 2009). In the year 2001, the annual average of PM 2.5 in Beijing was 
115-127μg/m3 (He et al, 2001) Later when Beijing was bidding for the 2008 Olympics, it was promised to the 
public that a green Beijing and green games will be presented, the city has seen a dramatic drop of PM 2.5 
during the Olympics games, but slight increase after that period. Compare the PM 2.5 levels over 2 months 
period during the Olympics games and within a same length of time period after that, it shows that from August 
1st 2008 to September 30th 2008, the PM 2.5 was 60.67 ± 5.16 μg/m3, while from October 4th 2008 to December 
4th 2008, the number was 70.21 ± 7.72 μg/m3. (Xu X. et al, 2012) Though according to MEP data, during the 
decade from 1999 to 2010, some improvements have been made on annual PM 10 level (33% off), 2010 annual 
average of PM 10 (121μg/m3) is still 6 times higher than WHO’s guideline of 20μg/m3. Meanwhile, the US 
Embassy has been observing the PM 2.5 value in a single station in the city centre of Beijing since spring 2008, 
and found a PM 2.5 level of 845μg/m3 around 16:00 (25μg/m3 24 hour average as the healthy borderline 
according to WHO)on 12th January 2013, while  People’s Republic of China Ministry of Environmental 
Protection showed a number of 700μg/m3, And the AQI that day was detected as 755, draw off the AQI 500 
(severely polluted and hazardous) as the upper limit number. (MEP, 2013)   
 
 
1.3. Aim of this study 
1.3.1. Research subject: Why Beijing? 
There are several reasons why Beijing is selected as the subject for PM 2.5 pollution research; firstly, the 
extreme pollution level over the past decade has made loads of scientists and researchers start their studies on 
“Asian Brown Cloud”-the abnormal meteorological phenomenon in Beijing, so the existing data and analysis 
have paved a great foundation for further researches, relevant study on particulate matter, sand storms and 
various factors are analyzed, but most of them focus on the physical features of PM pollutants, their distribution 
in the air, the seasonal change and chemical reactions among the primary pollutants, barely any study pays 
attention on the source of them in frequently seen heavily polluted days(Jin X. et al, 2012), so specialized 
analysis on source of pollutants is of some significance when it comes to control and alleviation of air pollution 
in Beijing; Furthermore, being the capital of one of the world’s fastest developing countries, with a local dweller 
number of 20 more million, the affected victims are of large number. In addition, Beijing is located in the 
temperate zone of East Asia, with a sub-humid continental monsoon climate; the winters there are usually dry 
and cold, which make the PM on atmospheric aerosol last longer. And Beijing is surrounded by Yanshan 
Mountains on the west, north and east and open to the alluvial plain to the southeast, the bag form of vertical 
space over the city helps the pollutants to aggregate. Altogether, the natural characters including geographical 
typicality turn Beijing into a complicating research subject. Furthermore, the municipal adjustment on 
regulations and air pollution standards resulting from domestic and international pressure can make previous 
study seem confusing to the public, since the numerical references and values indicating the pollution level from 
before are different from real time air pollution reports since 2012, very likely the misunderstanding can happen. 
Thus updating researches in the field of air pollution in Beijing are of great importance. 
 
1.3.2. Methods 
The methods used for this analysis consist of three parts. The first one is using EFs equation, the Enrichment 
Factors, to separate the natural source from artificial pollution of coal emission, and using element indicators to 
find out the association between coal industry and PM 2.5 pollutants. It requires the calculation of indicator 
elements and reference element ratio. The second part is using NO3-/SO4

2- ratios to find out the general trend of 
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coal contribution to PM 2.5 in Beijing, and the third part is to compare the SO4
2-/ OC, SO4

2- /EC and NO3-/SO4
2-  

between Beijing and European countries to further analysis the consistency of coal combustion to PM 2.5. 
 
1.3.3. Scope and limits of this study 
This study is not meant to include a very wide and redundant research on PM 2.5 in Beijing or coal industry, but 
to give a general picture of PM 2.5 pollution and to find out the simple association between the particulate matter 
and local coal combustion, basing on the analysis of chemical characteristics of PM 2.5 in Beijing. 
But when it comes to the original data collection, there is an inconsistency of that between Ministry of 
Environmental Protection of the People’s Republic of China(MEP) and US embassy numbers. Especially when 
MEP’s number suggested 101-150 on AQI chart (unhealthy for sensitive group) in November 2011, which didn’t 
match US embassy’s data of 300-500 (hazardous) during the same period of time(CEDN, 2012), that makes long 
term data from both agencies controversial. But data from both agencies were not completely comparable due to 
disparate ways of data collection. Different equipments are used, and the stations of sample acquisition are 
located in different areas in Beijing(US embassy has single station located in city centre while MEP has 27 
stations including those located in city suburbs) (MEP.2012).So data used in this thesis mainly come from some 
third party scientific agencies like the Institute of Atmospheric Physics, Chinese Academy of Sciences and some 
published academic papers, only under relevant conditions, data from MEP and US embassy are adopted. 
 
 
2 Results and Analysis: PM 2.5 and coal burning in Beijing 
2.1 . Data description 
 
Elements, ions, and carbon fractions in PM 2.5 samples are usually detected and analyzed in order to trace back 
the source of the pollution (Chan & Yao, 2008). OC (Organic carbon), EC (Elemental Carbon), SO4

2- NO3
- 

NH4
+, As and Pb values are used in this study. In order to conduct an observation of long-term change of PM 2.5 

related chemical ratios, data used in this paper is collected in a time span of seven years from 1999 to 2006, and 
the yearly average numbers are mostly under analysis since specific data during special period of time in Beijing 
can affect the general value. For example, during the sand storm season or Chinese traditional festival 
celebration, the components of aerosol elements can be influenced by sudden raised dust or firework remains. 
Moreover the stations of sample acquisition are located in different types of regions in Beijing: residential, semi-
residential, urban, traffic, industrial and suburban areas, so the general picture of PM 2.5 pollution in overall 
Beijing is provided in this study. The values of different pollutants used in this study are the values of chemically 
stable samples, which means the natural chemical interactions between each pollutants have finished and the 
secondary products like sulfates, nitrates, and OC are included in the data analysis as well.   
 

Types of Pollutants  Subjects  
WSI SO4

2- , NO3
- , NH4

+  

Chemical Elements As, Pb 

Carbonaceous OC, EC 

Table 2: Studied pollutants’ types 
 
 
2.2. Chemical features and major source appointment of PM 2.5 
pollutants 
 
2.2.1   EFs on As and Pb 
 
Due to the fact that many of the studied chemical elements are wildly existed in the natural environment, in order 
to connect pollution to human activities more precisely, Enrichment Factors (EFs) are used in analysis section 
too. EFs is a way to separate the natural factor from artificial pollution by calculating the elements ratio existed 
in the crust and comparing it with the aerosol ratio of respective elements. When the EFs of certain element are 
within the range of 1-10, it means that the element mainly comes from the crust. (Wang et al, 2012) Using the 
value of element Ti as reference, the equation can be written as: 
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EFX=[X/Ti] aerosol / [X/Ti] crust   
 
In the equation, EFx is the enrichment factors calculated according values of element X (As or Pb) and Ti 
existing in the air sample acquired in Beijing and the value of relevant element existing in the crust. Two air 
samples from summer and winter in Beijing are used in this section. In the equation, [X/Ti] aerosol is the ratio 
between element X and Ti in the air sample and [X/Ti] crust is the ratio between element X and Ti in the crust. 
Since this study is to find out the relation between coal combustion and PM 2.5 pollution, two coal burning 
indicators As and Pb are under analysis with EFs (Tian, et al,2010) 
 

 As Pb Ti 
Winter 0.04±0.04 0.28±0.23 0.09±0.03 
Summer 0.02±0.01 0.18±0.09 0.06±0.02 

Table 3: As, Pb and Ti values (μg/m3) in winter and summer in 2003, Beijing (Cao et al, 2012) 
 

Element Abundance  References 
Ti 0.44% (Mason, 1966) 
Pb 0.0016% (Mason, 1966) 
As 0.00023% As(Taylor, 1962) 

Table 4: Abundance of Ti, Pb and As in the crust 
 

 As Pb 
Winter 850 856 
Summer 850 825 

Table 5: EFs of As and Pb in winter and summer in 2003, Beijing  
 
Table 5 shows that the EFs of As and Pb are both within the range of 800-900, with indicates that human 
pollution contributes evidently more than the natural sources. Due to the reason that gasoline containing Pb was 
prohibited in China since the year 2000, but both As and Pb still exists in Chinese coal.(Xu, et al,2012) So 
uncontrolled coal combustion appears to be the major source of high Pb level.  
The EFs numbers of As in winter and summer are both 850, and EFs of Pb are 856 and 825 respectively for 
winter and summer, the small difference for both elements indicate very little seasonal variation for 
artificial/natural contribution ratios. While figure 5 shows that the mean value of As and Pb are of comparatively 
big difference. The mean value of As in winter is approximately double of that in summer, and Pb mean value in 
winter is also much higher than that of summer. Which indicates that coal related air pollution is notably more 
severe in winter than in summer. 
 
2.2.2   NO3-/SO4

2- ratio observation 
 
Station 
Descriptio
n 

Period(M
M/YY) 

PM 2.5 OC EC SO4
2- NO3

- NH
4
+ 

As Pb References 

Semi- 
residential 

09/99-09/00 127.0 29.1 10.1 14.1 9.9 6.5 NA 0.34 He et al,2001 

urban 09/99-09/00 115.0 21.5 8.7 14.5 10.3 6.2 NA 0.30 He et al,2001 
Semi- 
residential 

08/01-09/02 106.9 28.8 9.6 10.6 7.8 5.5 0.06 0.21 Duan et al,2006 

urban 08/01-09/02 96.6 22.9 10.3 9.9 6.9 5.8 0.06 0.17 Duan et al,2006 
Traffic 2002-2003 106.5 22.4 8.1 23.2 14.6 11.7 0.03 0.21 Sun et al,2004 
Industrial 2002-2003 111.5 22.8 8.2 21.2 13.4 12.2 0.05 0.24 Sun et al, 2004 
Residential 2002-2003 128.8 24.4 13.9 24.8 16.3 15.0 0.04 0.21 Sun et al,2004 
Urban 01/03,06/03

,07/03 
123.6 21.8 5.9 21.3 13.4 9.6 0.03 0.23 Cao et al, 2012 

Suburban 06/05-08/05 68.0 8.2 4.9 22.5 9.7 5.4 NA NA Pathak et 
al,2011 

Semi- 
residential 

03/-5-02/06 118.5 24.5 8.2 15.8 10.1 7.3 0.02 0.24 Yang et al,2011 

Table 6: Comparison of PM 2.5 and major chemical concentrations (μg/m3) in Beijing (1999-2006) 
 
Chemicals in PM 2.5 exist in several potential sources: coal burning, biomass burning, traffic, construction, sand 
storm etc. To better understand the major contributor to PM 2.5 in Beijing, a conventional way of examining the 
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NO3-/SO4
2- ratios is used in this part to compare the sources of coal burning with traffic exhaust, based on the 

fact that NOX and SO2 are produced during coal burning while traffic exhaust emits NOX but little SO2. Which 
means a relatively low NO3-/SO4

2- ratio suggests more possibility of coal combustion being the bigger 
contributor to PM 2.5 than traffic exhaust. (Hu et al, 2002)  
 

0.58

0.6

0.62

0.64

0.66

0.68

0.7

0.72

0.74

09/99-09/00 08/01-09/02 2002-2003 03/05-02/06

 
  Figure1: General trend of NO3-/SO4

2- ratio change from 1999 to 2006 in Beijing 
 
Figure 1 shows the rough tendency of NO3-/SO4

2- ratio from 1999-2006. The tendency is not completely linear 
continuous due to the deficiency of relevant data in the year 2000, 2004 and 2005. But a downward trend of the 
NO3-/SO4

2- ratio can be seen in the chart. From September 1999 to September 2000, NO3-/SO4
2- ratio overall 

Beijing is 0.706; from august 2001 to September 2002, the number went slight up to 0.717; but from 2002 to 
2003, the yearly average value of NO3-/SO4

2- ratio dropped to 0.650 and later from March 2005 to February 2006, 
the value went further down to 0.639. This trend indicates that the contribution of coal combustion in PM 2.5 
pollution has been increasing from 1999 to 2006 in Beijing generally.  
 
2.2.3. Ratio comparison with European countries 
 
Besides the insight of As, Pb and NO3-/SO4

2- ratio change tendency, a comparison of SO4
2-/ OC, SO4

2- /EC and 
NO3-/SO4

2- ratio between Beijing and European countries are conducted. 
 

 NO3-/SO4
2- SO4

2-/ OC SO4
2- /EC References 

Bern 0.87 0.15 0.68 Schaap et al, 2004 
Vienna 0.81 0.52 0.49 Schaap et al, 2004 
Europe 0.92 0.5 1.51 Schaap et al, 2004 
Beijing 
2002-
2003 

0.65 0,99 2.29 Sun et al,2004 

Beijing 
2005-
2006 

0.64 0.65 1.91 Yang et al,2011 

Table 7: Ratio comparison of SO4
2-/ OC, SO4

2- /EC and NO3-/SO4
2-  between Beijing and European countries  

 
Table 7 shows that the NO3-/SO4

2-  ratio in Beijing is lower than European average and also lower than both Bern 
and Vienna, meanwhile, the SO4

2-/ OC, SO4
2- /EC ratios are significantly higher in Beijing than that in other 

cities as well as European average. Higher SO4
2-/ OC, SO4

2- /EC ratios indicate bigger emission of coal burning 
to polluted air (Hu et al, 2002), which is consistent with NO3-/SO4

2-  ratio suggestion about coal combustion 
contribution.  
 
 
3. Discussion 
3.1. The hazards of combustion related particulate and element to 
human health 
 
Besides Beijing, there are many more major Chinese cities are seriously affected by PM pollutions especially the 
small particulates emitted from coal combustion. Among the top 30 most polluted cities in the world, there are 
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20 of them are in China. Air pollution related with coal industry causes approximately 650,000-700,000 
premature deaths in China every year. (Miller G. T. & Spoolman S.E., 2009) 
The particulates that generated from combustion activities are proved to be more harmful to human health than 
the other types of pollutants existing in fine particulate matters. (Krzyzanowski et al. 2005) The precious study 
about cardiovascular and respiratory patients accepted by the emergency sections in 119 American city 
communities found out that, ammonium ion, sodium ion, silicon, nitrate, sulfate, elemental carbon and organic 
carbon, which accounts for 83% of the total components of PM 2.5 fine particulate matters (Peng et al, 2009), 
are closely related to the cardiovascular and respiratory diseases. (Janssen, 2011) 
Mercury from coal burning is toxic to human nerve system and further to affect brain function. (Miller G. T. & 
Spoolman S.E., 2009) And due to the chemical stability of the element mercury, mercury emission from coal 
industry is hard to degraded, which means it can accumulate in the natural environment and be stored in water, 
soil and human bodies. 
 
 
3.2 Coal consumption in China 

400

900

1400

1900

2400

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

 
Figure 2: Coal consumption in China from 1990 to 2011 (Mtoe: million tons of oil equivalent), (National Bureau 
of Statistics, 2012) 
 
It can be seen that the consumption of coal in China has been quadrupled with 21 years from 1990 to 2011 
according to the data from National Bureau of Statistics of China. A slight downward curve occurs between the 
year 1996 to the year 2001. It might be the result of a policy issued by Chinese government about shutting down 
small illegal mining sites national wide, which is one of the three major coal sources in China. The sudden cut-
off of coal from small illegal private mining sites further leads to a shortage of local supply as well as the slight 
decrease of coal consumption (Akimoto, et al, 2006). Relevant data show that following current consumption 
rate, China’s coal reservation can last for 37 more years, and if the consumption rate increases by 10-15% every 
year, the reservation can hold up for only 10-15 years more. (Zittel, et al, 2007)  
 

 
Figure 3: Coal consumption and real GDP in China from 1990 to 2011 (Tian & Cui, 2013) 
 
It is shown in figure 3 that the Gross Domestic Product (GDP) growing trend roughly matches the trend of coal 
consumption in China from 1990 to 2011. As China develops fast, the speed of coal burning soars up as well. 
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3.3 Coal and electricity policies 
 
As coal takes up to 70% of total energy consumption and generates 80% of the electricity, China’s economic 
development is heavily dependent on coal industry. However the frequent heavy PM 2.5 pollution exerts huge 
pressure to policy maker in China, and the public demands the government to take effective measures to tackle 
this problem. Due to the factor that most of the coal used in China is from domestic source, the imported coal 
takes up less than 10 percent of the total sum, so the coal price can well reflect the domestic coal production and 
consumption situation. Meanwhile the coal is the major source of electricity in China, so electricity price is 
considered as good restraint method of coal consumption. To mitigate the unhealthy development dependency on 
coal industry as well as to ease the coal burning related air pollution, Chinese government mainly adopts to 3 
“E” policies: 
Encourage clean energy 
Encourage clean coal technologies  
Electricity price control (Austin, A, 2005) 
Those policies are issued around the year 2003, but recent heavy polluted episodes in big cities like Beijing, 
Shanghai, Nanjing and Wuhan still casts a doubt about the implementation and efficiency of the policies.  
 
4.  Conclusion 
 
This paper has conducted a simple analysis on PM 2.5 pollutants. The ratios between WSI and chemical 
elements are calculated and used to find out the association between coal combustion emission and PM 2.5 
pollutants. Various methods are adopted in order to validate the consistency of the relation. The result shows that 
PM 2.5 pollutants are positively related to coal burning, and coal emission is the major contributor to PM 2.5 
pollution. Available data indicates that coal consumption has been growing due to the vast need of energy during 
the developing process, which results in a more severe air pollution problem. Some policies have been issued 
targeting coal industry; however, the effects of the policy implementation on air quality are not clear. From 2012, 
Chinese government started to adopt a series of new PM 2.5 related standards and index, which hopefully can 
make some fundamental changes. 
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