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Statistical Distributions of Ambient Air Pollutants
in Shanghai, China’
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Objective To determine the best statistical distribution of concentration data of major air
pollutants in Shanghai. Methods Four types of theoretic distributions (lognormal, gamma, Pearson V and
extreme value) were chosen to fit daily average concentration data of PM;o, SO, and NO, from June 1,
2000 to May 31, 2003 in Shanghai by using the maximum likelihood method. The fit results were
evaluated by Chi-square test. Results The best-fit distributions for PM,,, SO, and NO, concentrations
in Shanghai were lognormal, Pearson V, and extreme value distributions, respectively. Conclusion
The results can be further applied to local air pollution prediction and control, e.g., the probabilities
exceeding the air quality standard and emission source reduction of air pollutant concentration to meet the
standard.
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INTRODUCTION

Ambient air pollution consists of a mix of different pollutants. In Shanghai, one of the
largest cities in China, particulate matter (PM), sulfur dioxide (SO,), and nitrogen oxides
(NO,) are the major air pollutants and routinely monitored. Since June 1, 2000, PM, (those
aerodynamic diameter less than 10 microns) and NO, have taken the place of TSP (total
suspended particle) and NOy as indicator pollutants. During the past decade, Shanghai has
undergone the most rapid development and urbanization in her history, and ambient air
pollution in Shanghai has gradually changed from the conventional coal combustion type to
the mixed coal combustion/motor vehicle emission type. As shown in Fig. 1, the traditional
coal combustion-related air pollution (e.g. PM, SO;) in Shanghai improved substantially
from 1990 to 1999, while vehicle-originated air pollution (e.g. NOy) became a serious public
health concern in the meantime!'’.

Statistical distributions have been used in the analysis of air pollution data*”!. The
concentrations of air pollutants are usually random variables, which are influenced by
emission levels, meteorological conditions and geography. Although it is largely agreed that
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there is no priori reason to expect that atmospheric distribution should adhere to a specific
probability distribution, the correctly chosen distribution can be used to predict the
frequency that exceeds the ambient air quality standard (AQS), and emission source
reduction to meet the AQS. For example, by making use of the direct association between
emission level and some parameters (e.g., the location parameter) of the statistical
distributions!®, Lu successfully predicted the probabilities exceeding the air quality standard
and emission source reduction of PM, concentration to meet the air quality standard in
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FiG. 1. Annual average concentrations of TSP, SO,, NOj in urban districts of Shanghai (1990-1999).

Therefore, information regarding the statistical distribution is necessary for developing
air pollutant control strategies. It is also useful to examine the similarities and differences
among the types of air pollution in different areas.

In this paper, the measured concentration data of PM;,, SO, and NO, between June 1,
2000 and May 31, 2003 in Shanghai were analyzed to simulate the frequency distribution
and to estimate the distributional parameters, and the main objective was to fit the daily
concentration data to determine the optimal shape of the concentration distribution.

METHODS

Data

Daily average PM;o, SO, and NO, concentrations in urban area of Shanghai were collected
from the database of Shanghai Environment Online, from June 1, 2000 to May 31, 2003.
According to Shanghai Environmental Monitoring Center, air pollutant concentrations were
averaged from the results monitored by six fix-site stations in the urban areas of Shanghai.
The six sites scatter in different functional areas of Shanghai and their monitoring results
could represent the average air pollution level in Shanghai. No missing data were found
in the variables described above.

Statistical Distributions Used in Representing the Distributions of Air Pollutant Concentrations

The distributions chosen to fit the data, including lognormal, gamma, Pearson V and
extreme value distributions, are described in Table 1°1, Extreme value distributions are the
limiting distributions for the minimum or the maximum of a very large collection of random
observations from the same arbitrary distribution, sometimes also known as the Fisher-
Tippett distribution or log-Weibull distribution.
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TABLE 1

Probability Distribution Functions Used to Fit the Air Pollutant Data

Distributions Formula Description
Lognormal o is the shape parameter, 0 is the location
ef(ln((xfﬁ)/m)l/(erz)) .
f(x)= parameter and m is the scale parameter.
(x—)o~2rx
—(a i i
Pearson V x @+ exp(— ﬁ ) is the gamma function, and o, f are the
f(x)= X parameters of Pearson V distribution
B ()
Gamma (X - ,u)y,l exp(— X— ,u) vy is the shape parameter, p is the location
f(x) = )i e parameter, B is the scale parameter, and I' is the
AL(r) gamma function
Extreme X—u __x-p w is the location parameter and B is the scale
Value f xX)=—¢e o P parameter

Note. x Denotes the Actual Distribution Data.

Distribution Estimation and Goodness-of-fit Test

Distribution parameters were estimated using the method of maximum likelihood. This
method always gives a minimum variance estimate of parameters. Chi-square test was used
to test the goodness-of-fit.

RESULTS

Variability of Measured Data With Time

Table 2 summarizes the basic statistics of PM,,, SO, and NO, concentration data in
Shanghai from June 1, 2000 to May 31, 2003. The daily PM;,, SO, and NO, concentration
variability with time is shown in Fig. 2. It can be seen that the concentrations of the three
pollutants had seasonal variability. Compared with the second level of China National
Ambient Air Quality Standard, which was 150, 150 and 80 pg/m’ for daily average
concentration of PMj,, SO, and NO, respectively, the frequency of exceedance with the
standard was higher for PM,, than those for SO, and NO,, suggesting that particulate air
pollution has become the major environmental problem in Shanghai.

TABLE 2

Basic Statistics of Daily Average PM,, SO, and NO, Concentrations in Shanghai

Number Mean SD Minimum P (25) Median P (75) Maximum
PM;, 1090 100.5 1.9 17.0 29.0 81.0 216.0 534.0
SO, 1090 39.8 0.6 8.0 12.0 36.0 72.0 146.0
NO, 1090 59.9 0.6 14.4 24.0 56.0 99.2 211.2

Note. June 1, 2000 to May 31, 2003 (ug/m’).
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FIG. 2. Daily average concentration of PMo, SO, and NO, in Shanghai from June 1, 2000 to May 31, 2003.

Fitting Results of Four Distributions and Comparisons of the Distributions

Figs. 3-5 show the compared fitting results and parameter estimations of four theoretic
distributions for PM;, SO, and NO,, respectively.

The results of the goodness-of-fit test for the distributions are shown in Table 3. The P
value of each distribution was all less than 0.01 for the three pollutants. Based on the
Chi-square test, the best-fit distributions of PM;y, SO, and NO, during the period in
Shanghai were lognormal, Pearson V, lognormal and extreme value distributions, respectively.
Here the best distribution referred to the one with least Chi-square test value.



370 KAN AND CHEN

. Pearson 5 (4.1788, 348.55) Shift=—8.5327
Lognorm (91.707, 66.123) Shift=+8.5910

Values x 10"-2
Values x 10"-2 1.2
1.2
I 1
08 @m o8
0.6 0.6
0.4 04
0.2 0.2
0 0
-160 30 220 410 600 -160 30 220 410 600
Gfalnlna (2.0149, 41.895) Shift=+16.105 ExtValue (73.904, 40.952)
Values x 102 Values x 10'-2
1
1
0.9
N 0.9 ~
0.8 f 0.8 .
0.7 0.7
0.6 0.6 \
0.5 0.5
0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
%60 30 220 410 600 %160 30 220 410 600

FIG. 3. Comparison of different statistical distributions of PM,, concentration (X-axis is the PM;,
concentration, ug/m’; Y-axis is the frequency value).
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FIG. 4. Comparison of different statistical distributions of SO, concentration (X-axis is the SO,
concentration, ug/m’; Y-axis is the frequency value).
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FIG. 5. Comparison of different statistical distributions of NO, concentration (X-axis is the NO,
concentration, pg/m®; Y-axis is the frequency value).

TABLE 3

Fitted Distribution Type and Goodness-of-fit Statistics Using the Chi-square Test

Distribution PM,, SO, NO,
Lognormal 65.76 129.62 138.84
Pearson V 83.94 99.72" 138.84
Gamma 98.67 111.23 215.78
Extreme Value 191.93 123.68 114.78"

Note. “The best fit.

DISCUSSION

Many types of probability distributions have been used to fit the air pollutant
concentration data. Among them, the lognormal distribution was more widely used to
represent the type of air pollutant concentration distribution. This distribution was used not
only for ambient air quality data but also for indoor air quality and dissolved solids in
groundwater”). That the concentration of air pollutants tends to be a lognormal distribution
has been explained by the theory of successive random dilutions”. That is, after the
pollutants are emitted from the source, in the transport process before they reach the
receptor, they undergo successive mixing and diluting, resulting in a lognormal frequency
distribution. Using the lognormal pollutant concentration distribution, Saltzman showed that
changes in the standard deviation of the pollutant concentrations had a major effect on the
calculated health risk™?). A larger lognormal standard deviation had the effect of making the
distribution flatter and would result in a larger overlap of the concentration curve and the
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pollutant frequency distribution. This, combined with the hypothesis that the greatest health
effect is related to the low-to-mid range concentrations due to the greater frequency of
occurrence of these lower levels'”, suggests that the shape of the concentration distribution
and how it changes with increasing emission levels have important health implications.

Pearson V is another frequently used distribution that has been derived from the theory
of stochastic process. The key advantage of this distribution is that it provides the link
between the emission level and air pollutant concentration. Therefore, from this distribution,
it is possible to estimate the amount of abatement needed in different areas to meet air
quality standard (AQS)™. Lu successfully employed the Pearson V distribution to predict
the probabilities exceeding the air quality standard and emission source reduction of PM,q
concentration to meet the air quality standard in Taiwan"".

Recently, the distributions of extreme value and gamma have also been used to fit the
probability density functions of daily air pollutant concentration").

The current study showed that the pollutants studied (PM;y, SO, and NO,) had
different statistical distribution. The difference might be due to the different diffusion
characteristics of individual pollutant in the air, and the interaction of diffusion
characteristics and local geography, weather conditions in Shanghai®. The underlying
mechanisms need to be further explored.

The statistical distribution of air pollutant concentration has an impact on human health
and the setting of air pollutant regulations'”. That is why people have interest in
determining the specific distribution of major air pollutants in different places, especially
particulate matter. The present analysis shows that the best performing statistical
distributions of various air pollutants in Shanghai are different. For PM;,, the best
distribution is lognormal, while for SO, and NO,, the best distributions are Pearson V, and
extreme value respectively. The results can be further applied to local air pollution
prediction and control.
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