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Abstract 
The aim of the study, conducted in a city of Shanghai, was to analyze the chemical composition of 
atmospheric particulate matter (PM10). During July 2007 PM10 was daily collected on quartz and Teflon 
membrane filters in four different locations in Shanghai: two locations inside a construction site, one 
traffic site and one urban background site. Remarkable attention was given to the construction site 
activity. Here samplings were performed at two different locations: one close to the working activities and 
the other inside the yard but close to the border and thus more representative of the air quality in the 
surrounding urban area. A detailed characterisation of atmospheric particulate pollution was obtained by 
analysing the daily mass concentration and chemical composition of PM10 sampled during the study. The 
relative weight of five sources of PM (crustal, sea-salt, anthropogenic primary, secondary inorganic and 
organic aerosol) was assessed. In the construction yard the mean value of PM10 concentration was 121 
mg/m3 and in the area close to the border it was 100 mg/m3.  An high loading of crustal element was 
observed, indicating the strong influence of the working activity inside the construction yard over the 
surrounding area: crustal elements constituted, respectively, 38% (47 mg/m3) and 33% (33 mg/m3) of the 
total PM10 concentration recorded at the two sites. The other two sites showed a PM10 mean 
concentration as high as 77 mg/m3 at the traffic site and 66 mg/m3 at the urban background site, with a 
22% and 14% of crustal components (17 mg/m3 and 9 mg/m3, respectively). The construction location has 
five times more crustal dust than the background site and three times than the traffic site. The yard 
border site showed a concentration of crustal elements twice as high as the value recorded at the traffic 
site and almost four times than the value measured at the background site. The reconstructed chemical 
composition based on the average concentration of PM10 shows that the major component in Shanghai 
city dust are secondary inorganic (37%) and crustal (29%), followed by organics (17%), primary 
anthropogenic (15%) and sea salt (2%).  
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1. Introduction 
Shanghai is China’s  biggest commercial and industrial city with about 18 million inhabitants in the year 
2005. The city is located at the mouth of the Yangtze River in Jiangsu province and is one of the 
world’s largest seaport.  
Years of rapid economic growth with a great amount of energy usage and urban development have 
burdened its air quality, resulting in visibility reduction and public health concerns (Yea B. et al.2003). 
The most recent environmental survey shows very high PM10 concentration in the atmosphere of 
Shanghai City, reaching an annual average higher than 100 mg/m3 (Zhang 1999, Shanghai Academy 
of Environmental Science 2005). 
The present study was conceived in the framework of the Sino-Italian Cooperation between the Italian 
Ministry for Environmental Protection, Land and Sea and the Chinese Ministry for Environment. The 
project was conducted by the Italian CNR\ and the Chinese EMC (Environmental Monitoring Center) of 
Shanghai. 
In the same framework, a first assessment activity had already been  developed from October 2006 to 
November 2006 in the construction site named Peng Xin Mansion, located in the Yangpu District in 
Shanghai. The aim of this study was to improve a new simplified methodology to calculate a reliable 
PM emission factor to be used in a Gaussian dispersion model for the evaluation of construction yard 
contribution to Shanghai air quality. During this study, 8 PM10 sequential samplers and 2 



meteorological towers were deployed. The average daily concentration of PM10 recorded inside the 
construction site during this first assessment was higher then 130 mg/m3. PM10 emission factor from 
the construction site obtained as a result of this study was 1.8 mg/(m2*second), valid for the autumn 
season and for the construction yards in Shanghai.  
The aim of the present study, conducted during the month of July 2007, was to analyze the chemical 
composition of the urban atmospheric particles in the Shanghai area, and especially the contribute of 
soil elements to PM10. Some recent studies have shown that soil pollution caused by desert storms, 
cement production and yard construction has become the most serious pollution problem in China (Bi 
et al., 2006). Furthermore, a detailed knowledge of the PM10 composition and of the specific particulate 
emission sources is important information to develop the best efficient and convenient reduction plans 
also in the perspective of human health protection (Changhong 2001 , Li et al. 2004) The results 
obtained during this second study are reported in this paper. 
 
 

2. Assessment description 
During the study different locations in Shanghai were monitored. The choice of the four stations was 
made considering sites with different characteristics in terms of location and PM10 sources. Two 
instruments for each station were installed to collect 24 hours PM10 on Teflon and quartz filters.  
The traffic station (TS) was located at the third floor of a building close to a high traffic street. The 
background station (BS) was located 30 Km from the city center, in the sub-area of Shanghai, inside 
the park of the SEMC laboratory. Two other stations were positioned inside the construction yard 
located in front of the Zhongshan road near the Huangpu river: one close to the working area (CY-WA) 
and another one near the yard border (CY-B), representative of the city area near the construction 
yard. The area of the construction site is around 15.000 m2. 
 

 
 
Figure 1 Map of the Shanghai area, with location of the sampling sites and detail of the Penxi Mansion construction site 
 
The equipment used for the measurement of 24-h concentration, Microdust (AQUARIA, Milan-I) was 
originally developed in co-operation with the Institute of Atmospheric Pollution of the Italian National 
Research Council (CNR-IIA). It is composed of a cyclone for PM10 particle-size cutting in low flow 
condition (2 litres minute) and a plate containing eigth 37 mm filter holders.  It allows the sequential 
unattended collection of up to eight daily PM samples.  



A meteorological station (LSI Lastem, Milan-I) was installed to monitor atmospheric conditions in the 
construction site. It was equipped with sonic anemometers, thermohygrometers, barometer,  global 
radiation sensor, pyranometers. 
During the assessment, the activity in the construction site consisted principally in ground digging and 
transportation. In the last period of the week also the construction phase of the foundation started.   
All PM10 filters were weighted in China, in the SEMC laboratory before and after the sampling. Filter 
conditioning was carried out for 24 hours in a cabinet (Activa Climatic, AQUARIA, Milan-I) that ensures 
constant conditions of temperature (20°C ± 1°C°) and relative humidity (50 ± 5% RH). The balance 
used was a Gibertini balance mod. Micro 250 (Gibertini, Milan-I). Quartz and Teflon membranes were 
shipped to the laboratories of the C.N.R. Institute of Atmospheric Pollution in Montelibretti (Rome-I) 
and analysed as follows: elements (Al, Ca, Cr,  Fe, Mg, Mn, Na, K, S, Si, Ti, Zn) were determined on 
the Teflon filters by energy-dispersion X-ray fluorescence (ED-XRF, X-Lab 2000, SPECTRO, Kleve, 
Ger.). 
After the XRF analysis, Teflon filters were extracted in a suitable water solution and the extract 
analysed for anions (chloride, nitrate, sulphate) and cations (sodium, ammonium, potassium, 
magnesium, calcium) by ion chromatography (IC-100 and IC-500, DIONEX, Sunnyvale, USA). 
Quartz filters were analysed for their elemental carbon and organic carbon content (EC/OC) by means 
of a thermo-optical analyser (OCEC Carbon Aerosol Analyser, Sunset Laboratory, OR-U.S.A.). The 
instrument operates in two phases: during the first one the filter is heated in He atmosphere up to 870 
°C (evolution of organic carbon compounds); during the second phase it is heated again up to 900 °C 
in He + O2 atmosphere (evolution of elemental carbon compounds). Carbon compounds are then 
converted from CO2 to CH4 and determined by a flame ionisation detector. Pyrolitic conversion is taken 
into account through laser monitoring. 
 
 

3. Data analysis 
The data were collected during the special observation period  (SOP) starting from July 6th to July 26th, 
2007. During this period all the filters from the four PM10 monitoring stations were analyzed to obtain 
chemical composition and mass concentration. 
Form a meteorological point of view, the SOP was characterised by a typical sea breeze circulation: 
during daytime, wind direction was from east, that is from the sea, after sunset it was from the city to 
the sea. With respect to the easterly wind, westerly wind was more spread in direction and most of the 
time the wind speed was under 0.5 m/s (calm condition).  During two days of the SOP, July 12th and 
13th, the wind blown from east during both day and nigth, with higher intensity (around 3.2 m/s), and 
rain events were recorded (four and five hours on July 12th and 13th, respectively). During those days 
PM10 concentration at all stations was 60-40% lower than the mean value, due to the rain and to the 
cleaner air coming from the sea.  
As expected, during the whole SOP PM concentration at CY-WA and CY-B was, in general, higher 
than the values recorded either at TS and BS. Average values of PM10 concentration were 77 mg/m3 at 
TS, 66 mg/m3 at BS and 100 mg/m3 at CY-B, while at CY-WA it was much higher, on average, 121 
mg/m3.  
Statistical analysis: Basic Statistic and Factor Analysis 
A simple descriptive statistic of the data measured is shown in Table 1. Some elements  because of 
their low concentration and of some missing data were not considered in the subsequent analysis (Mg 
and Cu at the four sites; Ti at BS). 
Validation of the collected data was carried out by running a correlation analysis among crustal 
elements. A matrix correlation plot of the data obtained at the construction site CY-B is shown in 
Figure 2; the good correlation indicates reliable results from the laboratory analysis. 
 
 
 



Valid N Mean Min Max Std.Dev. Valid N Mean Min Max Std.Dev. Valid N Mean Min Max Std.Dev. Valid N Mean Min Maxi Std.Dev.

PM10 21 123.16 48.94 215.97 43.28 17 102.17 55.90 141.57 23.56 14 79.90 52.04 120.70 19.90 18 67.46 40.71 122.13 20.02

Na 21 1.77 0.22 3.36 0.89 17 1.38 0.93 1.95 0.28 14 1.02 0.72 1.54 0.22 18 0.84 0.55 1.69 0.28

Mg 9 0.39 0.14 0.85 0.25 4 0.23 0.05 0.53 0.21 1 0.10 0.10 0.10 0

Al 21 2.01 0.14 4.36 1.25 17 1.49 0.71 2.88 0.61 14 0.83 0.50 1.10 0.18 18 0.58 0.25 0.79 0.15

Si 21 9.60 0.54 23.27 6.96 17 6.37 2.63 14.45 3.25 14 2.82 1.65 3.94 0.63 18 1.79 0.67 2.92 0.64

S 21 4.79 0.48 9.25 2.22 17 5.13 2.01 8.60 1.55 14 5.82 2.81 11.13 2.28 18 4.99 2.69 8.46 1.46

Cl 21 1.05 0.10 1.98 0.47 17 0.80 0.41 1.90 0.37 14 0.50 0.25 1.40 0.30 18 0.42 0.20 0.83 0.17

K 21 1.81 0.14 5.81 1.32 17 1.43 0.60 2.73 0.44 14 0.86 0.39 1.34 0.28 18 0.84 0.46 1.16 0.25

Ca 21 8.07 0.61 16.07 4.64 17 5.13 2.71 9.11 1.84 14 3.43 2.44 5.94 0.86 18 1.35 0.68 2.32 0.45

Ti 18 0.20 0.03 0.65 0.16 17 0.12 0.02 0.28 0.06 12 0.04 0.02 0.08 0.02 8 0.02 0.01 0.04 0.01

V 16 0.01 0.01 0.03 0.01 15 0.01 0.01 0.03 0.01 10 0.01 0.01 0.02 0.01 10 0.01 0.01 0.02 0.00

Cr 21 0.07 0.02 0.41 0.08 17 0.05 0.03 0.08 0.01 14 0.03 0.02 0.04 0.01 18 0.03 0.02 0.04 0.01

Mn 21 0.18 0.02 1.50 0.31 17 0.13 0.04 0.25 0.05 14 0.05 0.03 0.08 0.01 18 0.04 0.02 0.06 0.02

Fe 21 2.61 0.06 13.02 2.70 17 2.43 1.30 3.29 0.58 14 0.93 0.70 1.49 0.23 18 0.55 0.16 1.32 0.31

Cu 4 0.11 0.01 0.40 0.20 8 0.01 0.01 0.02 0.00 6 0.01 0.01 0.03 0.01 8 0.04 0.01 0.08 0.02

Zn 21 0.46 0.03 1.05 0.25 17 0.56 0.12 1.54 0.32 14 0.43 0.16 0.82 0.17 18 0.53 0.21 0.87 0.20

Cd 21 0.07 0.04 0.12 0.02 17 0.08 0.03 0.11 0.02 13 0.08 0.03 0.13 0.04 18 0.08 0.03 0.15 0.03

Pb 21 0.13 0.08 0.22 0.04 17 0.13 0.07 0.20 0.03 14 0.14 0.06 0.23 0.04 18 0.15 0.11 0.21 0.03

Cl- 21 1.15 0.12 2.04 0.57 17 0.85 0.38 1.89 0.42 14 0.47 0.16 1.34 0.29 18 0.59 0.25 1.10 0.24

NO3- 21 10.11 0.90 18.91 5.24 17 7.87 4.41 16.12 3.33 14 5.02 2.27 9.11 1.91 18 5.24 2.25 17.09 3.53

SO4-- 21 20.03 2.37 40.36 9.78 17 22.24 8.89 32.08 6.29 14 23.75 11.99 45.76 9.53 18 20.92 11.39 37.48 6.46

Na+ 21 0.92 0.16 2.28 0.58 17 0.77 0.45 1.82 0.35 14 0.82 0.39 2.20 0.48 18 0.76 0.42 2.50 0.49

NH4+ 21 5.13 0.63 16.57 3.67 17 5.69 1.58 11.11 2.32 14 7.36 3.29 15.94 3.83 18 6.48 2.95 19.14 3.61

K+ 21 0.78 0.20 3.17 0.62 17 0.85 0.17 1.20 0.26 14 0.79 0.29 1.63 0.35 18 0.75 0.36 1.20 0.26

Mg++ 21 0.17 0.02 0.30 0.09 17 0.14 0.09 0.22 0.04 14 0.13 0.08 0.29 0.06 18 0.10 0.06 0.28 0.05

Ca++ 21 4.23 0.46 8.36 2.70 17 3.01 1.34 6.53 1.45 14 2.26 1.20 3.52 0.62 18 0.99 0.47 1.68 0.35

CO3= 21 6.78 0.73 13.26 4.24 17 4.86 2.23 10.34 2.24 14 3.72 2.09 5.58 0.98 18 1.75 0.89 3.02 0.59

OM 21 27.72 11.13 39.93 7.89 17 23.63 13.16 39.95 7.45 14 18.59 9.48 28.10 6.06 18 20.18 9.08 49.82 9.77

EC 21 10.15 4.57 28.51 6.19 17 7.76 3.54 12.72 2.23 14 6.05 4.16 9.41 1.37 18 4.45 1.90 17.07 3.36

TS BSCY-WA CY-B

 
 
Table 1: Basic statistical analysis for the all elements obtained from the four sites. 
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Figure 2: Correlation matrix of crustal elements at construction site CY-B 
 
Receptor models provide a theoretical and mathematical framework for quantifying source 
contributions. They interpret measurement of physical and chemical properties of samples taken at 
different times and places to infer the possible or probable sources and to quantify the contributions 
from those sources (Albuquerque et al. 2003, Castanho et al. 2001, Ho et al. 2006, Mazzei et al. 2006, 
, Xiaohui et al. 2007, Watson et al. 1994, 2002,). 
Factor analysis is a mathematical tool which can be used to examine a collection of data sets; it is a 
wide-used methodology to extract information regarding the air pollution sources. The goal of factor 
analysis is to extrapolate the latent relationships in the structure of the data matrix. Its goal is 
discovering the nature and the relationship among independent variables that affect the observed 
variables, even though those independent variables were not measured directly (Bruinen de Bruin et 
al. 2006). 
The results of the factor analysis with VARIMAX rotation applied to the data collected during the study, 
are presented in Table3. Elements in bold are considered reliable tracers of the main sources. 



Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Na 0.82 0.19 0.45 0.19 - Na 0.81 0.27 -0.20 -0.30 0.10
Al 0.90 0.20 0.31 0.12 - Al 0.97 0.00 0.06 0.07 0.07
Si 0.88 0.17 0.34 0.09 - Si 0.97 -0.01 0.13 0.03 0.08
S 0.16 0.90 0.27 0.02 - S 0.12 -0.07 0.96 0.12 0.11
K 0.62 0.22 0.74 0.01 - K 0.85 0.26 0.29 0.28 -0.17
Ca 0.87 0.24 0.30 0.17 - Ca 0.85 -0.16 -0.01 0.13 0.28
Ti 0.62 0.20 0.74 0.04 - Ti 0.90 0.29 0.19 0.04 0.12
V 0.19 0.67 -0.39 0.12 - V 0.22 0.27 0.40 -0.25 0.69
Cr 0.15 0.11 0.97 -0.04 - Cr 0.15 0.95 -0.08 0.16 0.13
Mn 0.14 0.10 0.97 -0.03 - Mn 0.09 0.96 -0.07 0.08 0.15
Fe 0.35 0.17 0.91 -0.01 - Fe 0.42 0.85 0.11 0.05 0.10
Zn 0.23 0.52 0.59 0.29 - Zn -0.15 0.85 -0.03 0.06 0.08
Cd 0.80 -0.27 -0.16 -0.14 - Cd -0.01 0.14 0.02 0.86 0.00
Pb 0.17 0.57 0.66 -0.19 - Pb 0.26 0.27 0.27 0.70 -0.41

NO3- 0.21 0.87 0.26 -0.17 - NO3- 0.61 0.11 0.63 -0.17 0.17
NH4+ -0.10 0.88 -0.02 -0.05 - NH4+ 0.08 -0.04 0.95 0.09 0.13

Cl 0.87 0.09 0.15 0.03 - Cl 0.10 0.11 -0.67 -0.57 -0.14
OM -0.16 0.09 0.02 -0.95 - OM 0.18 0.24 0.16 0.05 0.60
EC 0.17 -0.26 0.74 0.09 - EC 0.11 0.12 0.10 0.66 0.61

Expl.Var 5.58 3.84 6.00 1.19 - Expl.Var 5.60 3.79 3.14 2.34 1.65

Prp.Totl 0.29 0.20 0.32 0.06 - Prp.Totl 0.29 0.20 0.17 0.12 0.09

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Na 0.01 -0.95 -0.11 0.05 0.08 Na 0.03 -0.22 0.76 -0.13 0.49
Al 0.84 0.04 0.21 -0.24 0.27 Al 0.43 0.18 0.17 0.62 0.53
Si 0.80 0.05 0.26 -0.10 0.44 Si 0.41 0.01 0.32 0.76 0.31
S 0.18 0.20 0.95 0.07 0.12 S 0.24 0.87 -0.12 0.18 0.23
K 0.59 0.30 0.43 -0.37 0.42 K 0.60 0.13 -0.06 0.60 0.08
Ca 0.38 -0.17 0.15 -0.19 0.82 Ca 0.83 0.06 0.15 0.20 0.36
Ti 0.79 0.08 0.20 -0.08 0.53 Ti - - - - -
V 0.05 0.07 0.17 0.93 0.17 V -0.33 0.44 0.65 0.42 0.01
Cr 0.61 -0.33 0.27 0.05 0.59 Cr 0.45 0.05 0.60 0.50 0.10
Mn 0.35 -0.28 0.28 0.23 0.76 Mn 0.42 0.03 0.63 0.48 0.20
Fe 0.44 -0.36 0.43 0.09 0.60 Fe 0.87 0.14 0.33 0.10 0.11
Zn 0.78 0.16 0.11 0.08 0.31 Zn 0.13 0.04 -0.04 0.87 0.02
Cd 0.93 0.14 -0.19 0.14 -0.03 Cd -0.05 0.01 0.19 0.11 0.87
Pb 0.60 0.23 0.37 -0.36 0.46 Pb 0.18 -0.03 0.19 0.83 -0.05

NO3- 0.03 -0.21 0.58 0.31 0.62 NO3- 0.00 0.89 0.36 -0.09 -0.10
NH4+ 0.12 0.20 0.95 0.06 0.07 NH4+ 0.01 0.99 -0.08 0.00 -0.07

Cl -0.30 -0.86 -0.28 -0.13 0.15 Cl 0.26 0.08 0.62 0.06 0.03
OM 0.83 -0.14 0.16 0.27 0.22 OM 0.80 -0.04 0.29 0.21 -0.35
EC 0.28 0.14 -0.17 0.17 0.90 EC 0.84 0.02 -0.06 0.34 -0.13

Expl.Var 5.91 2.35 3.20 1.55 4.28 Expl.Var 4.17 2.87 2.73 3.68 1.79

Prp.Totl 0.31 0.12 0.17 0.08 0.23 Prp.Totl 0.23 0.16 0.15 0.20 0.10

TS BS

CY-WA CY-B

 
 
Table3: Factor analysis for the data collected at the construction site (working area and border), traffic site and background site. 
 
At CY-WA, the first factor is related to crustal elements generated through the ground movement and 
civil works running in the construction site. Al, Si, Ca, Na, Cl, Cd are included in this factor. The 
second factor is related to secondary pollution and includes NH4+, NO3- and S. The third one could 
be related to the dust re-suspension caused by trucks. In this factor we find elements that could be 
both crustal and anthropogenic (Fe, Mn, Cr, Ti, K  from soil and from industrial activities and traffic) 
and also markers of engine emission (EC, Pb and Zn, from transit trucks, construction machinery, 
electric generators etc.) (Huang, et al. 1994).  
Considering the factors analysis at CY-B, the first factor is related to ground activity at the site (Na, 
Al, Si, K, Ca, Ti). The second factor is related to the emission from the industrial plants and boilers 
located near the construction site (Cr, Mn Fe, Zn). The third factor represents secondary inorganic 
pollution (NH4+, S); the fourth is related to traffic emission from the roads near the site (Cd, Pb). The 
last factor is probably related to the emission from oil combustion plants (V). 
In the factor analysis from the traffic site (TS), Al, Si, Ti, Zn, Cd, OM are in the first factor, that 
represents engine emissions and resuspension of crustal elements. The second factor is related to 
sea salt (Na, Cl). The third factor includes the secondary inorganic compounds (NH4+, S). The fourth 
factor (V) represents the emission from oil combustion plants and the last one includes the other 
industrial activities affecting the air near the sampling point. 
At the background station (BS) the discrimination of the different sources is not so easy: the first 
factor could be related to anthropogenic industrial activities (Ca, Fe, OM, EC), the second one is 



includes secondary pollutants (NH4+, NO3-, S) and the fourth one is related to element of crustal 
origin (Si) with markers of traffic emissions (Zn, Pb).  
In summary, at both stations inside the construction yard (CY-WA and CY-B) the major source of 
crustal elements comes from excavation and handling works and from unpaved road dust 
resuspension. 
 
 

4. Mass closure 
An alternative approach to evaluate the quantitative weight of the possible PM sources in the area is 
constituted by the estimate of the contribution of macro-components to the total PM mass. 
In the present study five different sources of PM10 
were considered: crustal matter, sea-salt aerosol, primary anthropogenic pollutants, secondary 
inorganic species and organics. Crustal matter (CM) was calculated by the following equation, which 
takes into account the main elements (as oxides) and ions constituting soil (modified from Chan et al. 
1997): 
 

[CM] = 1.89 [Al] + 2.14 [Si] + 1.42 [Fe] + 1.4 [Ca] + 1.2 [K] + 1.35 [Na] + 1.67 [Mg]  + [Ca++] +    
 [Mg ++] + [CO3=] 

 
Sea-salt aerosol (SSA) was calculated by the following equation, which takes into account sodium 
and chloride and estimates the minor constituents (S, Mg, Ca, K): 
 

[SSA] = ([Na+] + [Cl-]) * 1.176 
 
Primary anthropogenic pollutants (PA) were calculated as the elemental carbon concentration plus 
an amount of primary organic matter which is estimated to be equivalent to the elemental carbon: 
 

[PA] = [EC] * OCprimary 

 
Inorganic secondary pollutants (IS) were calculated as the sum of ammonium, nitrate and non-sea-
salt sulphate: 
 

[IS] = [NH4+] + [NO3-] + 0.922 [SO4=] 
 
Organic aerosol (OA) was determined as the remaining amount of organic matter. Organic matter 
(OM) was estimated as the organic carbon content multiplied by a factor that takes into account the 
non-carbon component of organic molecules. This factor, which depends on the composition of the 
organic aerosol, is in the range 1.6 (traffic station) to 2.1 (rural background and remote stations). For 
the Shanghai data the coefficient 1.6 has been applied to the traffic, the construction and the urban 
near the construction site; the coefficient 1.8 was applied to the urban background station. 
The ratio between and the sum of all the chemical determinations carried out on the particles 
collected on the Teflon and quartz filters and the gravimetric determination of the mass concentration 
of PM10 lied, at all sites, in the range 0.85 – 1.15.  
The results of the chemical analysis and mass closure also show that at both construction sites the 
crustal fraction is much higher than at TS and BS (38% at CY-WA and 33% at CY-B with respect to 
22% at TS and 14% at BS).  
The per cent composition of PM10 at the four sites is reported in Figure 3. The data show that both at 
urban background site and traffic site, PM10 composition was dominated by secondary inorganic 
compounds (48% background 44% traffic) and by organics, which also are mainly of secondary 
origin. 
 
 
 
 
 



CY-WA

PRIMARY 
ANTHROPOG

17%

ORGANICS
15%SECONDARY 

INORGANICS
28%

SEA-SALT
2%

CRUSTAL
38%

 

CY-B

CRUSTAL
33%SEA-SALT

2%

SECONDARY 
INORGANICS

33%

ORGANICS
16% PRIMARY 

ANTHROPOG
16%

 

TS

CRUSTAL
22%

SEA-SALT
2%

SECONDARY 
INORGANICS

44%

ORGANICS
16% PRIMARY 

ANTHROPOG
16%

 

BS

PRIMARY 
ANTHROPOG

13%

ORGANICS
23%

SECONDARY 
INORGANICS

48%

SEA-SALT
2%

CRUSTAL
14%

 

Figure 3: Pie charts of the main components of PM10 at the four sites in Shanghai 
 
 
More information can be obtained from the analysis of the daily composition at the four sites 
expressed in terms of mass concentration of each class (Figure 4). As far as the concentration of 
secondary inorganic compounds, organics and sea-salt are concerned, it is evident from the data 
that there are only small differences among the four sampling locations. The high difference in the 
total concentration of PM10 between the construction siteand the other three locations is due to 
primary anthropogenic compounds and, above all, to crustal matter pointing,  again, to an important 
influence of the working activities. 
Figure 5 is useful to appreciate the high value of the crustal source concentration in PM10 at CY-WA 
and CY-B. The differences between the sites are minimised during the rainy days, when we have 
assessed similar values of crustal element concentration (12, 13, 20, 21, 22 July). 
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Figure 5 Daily composition in terms of the five classes in Shanghai 
 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
0

50

100

150

200

P
M

10
 (

mg
/m

3 )

CY-WA

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
0

50

100

150

200

P
M

10
 (

mg
/m

3 )

CY-B

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
0

50

100

150

200

P
M

10
 (

mg
/m

3 )

TS

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
July

0

50

100

150

200

P
M

10
 (

m
g/

m
3 )

Crustal
Sea Salt
Secondary Inorganics
Organics
Primary Antrhopogenics

BS

Figure 4 Daily composition of the main components of PM10 at the four sites in Shanghai. 



5. Conclusion 
The particles characterization study in a city of Shanghai was carried out in the month of July 2007. The 
aim of the study was collect and analyze PM10dust at four sampling point ( CY-WA, CY-B, TS, BS) to 
evaluate the influence of the construction site on the air quality of the city. 
Gravimetric measures and chemical analysis were performed. The ratio between the sum of all the 
chemical determinations (Al, Ca, Cr,  Fe, Mg, Mn, Na, K, S, Si, Ti, Zn) and the gravimetric determination 
of the mass concentration of PM10 lied, at the all sites, in the range 0.85 – 1.15.  
The results of the campaign have shown a PM10 at the CY-WA and CY-B higher than TS and BS. The 
Factor Analysis also confirms the remarkable presence at CY of the soil elements and of the secondary 
pollution.  
The mass closure approach identifies five sources: crustal matter, sea-salt aerosol, primary 
anthropogenic pollutants, secondary inorganic species and organics. Crustal matter is the main source 
at the CY (38% CY-WA, 33% CY-B of the total mass) while secondary inorganic is the relevant source at 
TS and BS (44% TS and 48% BS of the total mass). 
Different crustal concentrations at the CY-WA, 3 to 5 times higher than other sites, were found for the 
14, 15, 16, 17, 18, 19, 23, 25 and 26 July. Meteorological conditions were almost the same but the 
constriction activities were more intensive from 11th to the 26th of July. For the 12, 13, 20, 21, 22 July 
when the crustal are similar for the four points it was rainy days.  
The results of the campaign have underlined the strong influence of the construction site in the PM10 
particle matter. Further spatial and temporal studies should be performed to better investigate a proper 
contribution on air quality of the all city. 
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