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Abstract

Multi-pollutant air pollution dramatically occurs in wide range of regions across Tehran. Air quality index (AQI) is applied
worldwide to inform the public about levels of air pollution and related to health risks. Assessing air pollution, and
transferring information about its possible adverse health effects, may encourage population and policy makers to reduce
activities that increase pollution levels. In this study the Air quality index (AQI), Aggregate Air quality index (AAQI), and
a relative index of variability (VR) were obtained for the data in order to better investigate air pollution conditions for the
whole areas of a city of Tehran, aim at warning the people of short-term health impact. The proposed index of variability
does add precious information to the aggregate AQI, as it can demonstrate whether the value assumed by the AQI is
influenced by one or more pollutants. The two indices are together used on simulated data and consider different possible
scenarios. In addition, Applications to real air pollution data are reported. Before applying the two indices, the effects of
different standardizations on data are evaluated from a theoretical point of view.

Keywords: Air Quality Index (AQI); Tehran; Indices; Variability Index.

1. Introduction

Clean air is regarded as one of the most significant requirements for human health. Over 50 years, air pollution and
its impact on human health are a concern for the World Health Organization (WHO). For this reason guideline with the
aim to protect public health from the adverse effects of air pollutants has developed [1, 2].

Nowadays, the majority of the capital cities in the world are being faced with air pollution problem [3]. Tehran city,
as one of those capital cities, has been experiencing serious air pollution problems in recent decades as a result of
uncontrolled population growth, immigration, and not paying attention to environmental issues. A large number of
studies have demonstrated relations between air pollution and a verity of health effects [4, 5]. The results of these studies
have confirmed that air pollution is a serious threat to public health. As a consequence, it is vital to notify the public
about the levels of air pollution and related health risks so that people can take measures to keep their health [6, 7].

Air pollution levels are determined by the concentrations of an intricate mixture of air pollutants. Currently, CO, O3,
NO2, SO2, PM10, and PM2.5 are set as the world’s six criteria pollutants in quantifying air pollution levels [1, 8]. The
concentrations of the pollutants can be different, and their unit concentration health effects are considerably different
too. Therefore, it is not easy for the general public to use the concentrations straight to illustrate the levels of air pollution
[9, 10]. Otherwise, general public understands the use of an index ranging from good to unhealthy, and it becomes the
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most popular way to clarify air pollution levels in the vast range of countries and regions. Such indices were firstly
developed in early 1970's, and have been evolving since then [11, 12]. There are various air pollution quality indexes
like Air Quality Index (AQI) which is also known as Air Pollution Index (API) [13] or Pollutant Standard Index (PSI)
[4, 14]. Now, AQI is a more sophisticated and widely used approach to communicate the health risk of ambient
concentrations by using an air pollution index. The most frequently applied index is the United States Environmental
Protection Agency (US EPA) AQI. The AQI sorts from 0 to 500 and is calculated based on the six criteria pollutants
[15, 16].

For a given day and a given location, a sub-AQI for every pollutant is computed, and the maximum of all the sub-
AQIs is explained as the overall AQI. It points out “unhealthy” air quality when AQI is greater than 100. This method
has been criticized, which is mainly because it does not properly signify the combined health effects of exposure to
multiple pollutants [17-19].

A few studies have been directed to develop alternative approaches that take our view into account the integrated
health effects of several pollutants. Ruggieri and Plaia (2012) compared different standardizations for the air pollutants
[1]. Moreover, the evaluation of three air quality indices AQI, AAQI, and HAQI was computed based on data collected
in six capital of China by Hu et al. The results show that the AAQI judges the air pollution exposure more efficiently
than the US EPA AQI [8, 20].

The Environmental Protection Agency of Iran adopted the US EPA AQI approach. No studies have been conducted
to examine the differences between the AQI, and AAQI approaches in designating air pollution severities in Tehran,
Iran.

In this study, air pollution data collected in Tehran are analyzed. The AQI, AAQI, and a relative index of variability
(VR) were obtained for the data. These indices were compared in different years (from March 2007 to March 2014). It
allows knowing that one or more pollutants are responsible for the aggregate AQI. Such information could be valuable
especially for policy-makers so as to take appropriate intervention measures for the specific pollutant influencing the

AQI.

2. Methods
2.1. Study Areas and Data Source

This cross-sectional study was carried out in Tehran. Tehran is situated in the Northern part of Iran and 34° and 36°
North latitude and 50° and 53° east longitude. The climate is commonly semi-arid; it can be generally defined as mild in
the spring and autumn, hot and dry in the summer, and cold and wet in the winter. Because of population density, more
developed economy and frequent incidents of air pollution, Tehran is perceived as one of the most polluted cities. Total
numbers of pollution measurement stations in the city were 21. Figure 1. shows the locations of the stations. The data
utilized in the present study, consist of five main common pollutants (PM1o, CO, O3, SO, and NO;) are collected and
registered by the Tehran air quality control organization and Tehran air pollution monitoring center over the period from
April 2007 to April 2014. Furthermore, PM2 5 measurement is added to the stations since 2010. More importantly, data
for January, February, and March in 2009 were not available. The monitoring systems work automatically and have been
installed and used based on Environmental Protection Standards to measure the concentration of pollutant. Then the
average hourly concentrations of mentioned pollutants in different days in these stations were calculated using Excel
software. Based on data collected, two indicators, AQI, and AAQI were studied. The comparison of the indices using
data from the 21 stations could provide the right context for overall understanding to identify the characteristics of the
air pollution exposures in Tehran with the aim of informing citizens and/or decision-makers about the trend of air
pollution.
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Figure 1. Location of pollution measurement stations in Tehran

2.2. Air Quality Index

The air quality index (AQI) for each observed pollutant concentrations is calculated based on Equation 1:

(AQII VJ AQIi,j—l)

AQl; = C.C ) x(C,n—Ci)+AQI, ,,j =1
ij ij-1
[ 1)
AQI; :AQIMCI—’m’j =1
’ Ci,l

Breakpoint concentrations have been defined by EPA on the basis of the NAAQS (National Ambient Air Quality
Standards) and as regards of the results of epidemiological studies on the effect of each pollutant on human health (see
Table 1) [11].

Table 1. Breakpoint for EPA AQI

Pollution category AQI; PMy (ug.m?®) NO; (ppm) CO (ppm) SO, (ppm) 0O 8h (ppm)
Hazardous 401-500 505-604 1.65-2.04 405504 0.805-1.004 0
Hazardous 301-400 425-504 1.25-1.64 305-40.4 0.605-0.804 1)

Very unhealthy 201-300 355-424 0.65-1.24 15.5-30.4 0.305-0.604 0.116-0.374
Unhealthy 151-150 255-354 0.361-0.64 12.5-15.4 0.225-0.304 0.096-0.115
U”hea"gof:’; ssens'“"e 101-150 155-254 0.101-0.36 95124 0.145-0.224 0.076-0.095
Moderate 51-100 55-154 0.054-0.1 45-0.4 0.035-0.144 0.06-0.075

Good 0-50 0-54 0-0.053 0.0-4.4 0.0-0.034 0.0-0.059

(1) 8 h O3 values do not define higher AQI; values (=301). AQI; values of 301 or higher are calculated with 1 h O3 concentrations.
The overall AQI is the maximum among the single AQlis, as shown in Equation 2:

AQIl =max(AQl,, AQL,, ..., AQI.),n=1,2, ..., n @)
After the standardizing transformation, a value on a scale between 0 and 500 is gained for each pollutant. The warning

level for human health on a given day is a value greater than 100, as established by CAA (Clean Air Act). Table 2.
demonstrates the six levels of health alarm of AQI.
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Table 2. Six levels of health alarm of AQI

AQI values Levels of health concern Colors
0-50 Good Green
51-100 Moderate yellow
101-150 Unhealthy for Sensitive Groups Orange
151-200 Unhealthy Red
201-300 Very Unhealthy Purple
301-500 Hazardous maroon

2.3. Aggregate AQI (AAQI)

An AAQI, calculate the combined effects of all the pollutants. In this index, there are vast ranges of emphasis on the
potential chronic health effects and long term damages on the environment caused by air pollution. The adopted formula
for defining of the AAQI is as follows:

AAQI = (3 (AQI,)")” @)

Where AQI is the index for the single pollutant i, p is a pollutant irrelevant constant in the range [1,00). When p=co
(in an extreme condition), the AAQI equals the maximum among the single AQI of all pollutants. For p=1 (in the other
extreme condition), the index obtained AAQI corresponds to the linear summation of all AQI indices. This method is
applied by US EPA, by CITEAIR. The careful selection of p is still a concern for scientists. Hu et al. (2015) [8] and
Ruggieri and Plaia (2011) [1] suggested values of p between 2 and 3.

Even though we believe that p should be selected based on the air quality [18],we do not need to consider p level
values higher than 2 since, in the considered data set pollutant concentrations to fall, at most, into the moderate class
(AQI;=70) for all pollutants. So in this study, we considered the number of 2 for p. The AAQI was converted to the
same scale of 0-500 for better comparison with AQI. In order to get a measure of variability, it can be noticed, on the
one hand, that when only one pollutant occurs and all the other concentrations are zero the sum and the maximum
happens at the same time; in this case AAQI1-AAQIx=0. On the other hand, when the concentrations of all the
pollutants are maximum, AAQI1-AAQIlco=maximum. So, an index of variability among pollutant concentrations could
be defined as V= AAQI1-AAQIoo. In fact, V could present a drawback; it could assume the same value with two
completely different scenarios. The difference VN= NAAQI1-NAAQI = overcomes such problems, where:

— IP
o _max(lp)loo ©)

If all pollutants have the highest variability, an index of relative variability can be defined as:

\Y Vv
V. o=—N "N
" maxv, 80 @

With 0<<VVg=<1. Obviously, Vr=0 if all the pollutants have the same concentration. It indicates whether AAQI value
depends mainly on one pollutant (Vg close to 1) or if it is influenced by more pollutants (V& close to 0).

3. Results and Discussion

In spite the fact that air pollution data are complex, environmental synthetic indices can summarize complex situations
in a single figure, allowing for comparisons in time and space [3]. Indices for the investigation of the air pollution
situation have been advanced since the 1990s and number of different definitions of AQI can be found in numerous
studies. AQIs are able to be considered as a simple and reasonable way of measuring air quality, often, but not always,
with regard to its effects on human health. In Figure 2. the monthly AQI are given for each pollutant and for each year,
may help to better understand. Figure 2. shows how PMs has the highest concentrations for 2007, 2008, and 2009.
However, these concentrations were in the “moderate level”, (80, 89, and 95, respectively). By recording data for PM2s
since 2010, we found that the emission of this pollutant is in the highest concentration. As a result, the AQI of PM_ s for
2010, 2011, 2012, and 2013 were 139, 123, 119, and 133, respectively which overcoming threshold value and all fall in
“Unhealthy for Sensitive Groups level”. While AQI for the rest of pollutants in the last 4 years have been reported less
than 100. In the second step, the function AAQI is used. Based on the explanations that have already given, AAQI is
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computed for the monitoring of the data. The indicator for the years of 2007, 2008, and 2009 include only the five
pollutants (CO, Os, NO2, SO,, and PMyy), this is due to the fact that PM. 5 is not measured in these years. If just one of
the five considered concentrations is missing or unreliable, AAQI is missing on that time; AAQI is a power sum and its
range depends on the number of pollutants. Consequently, it is computed for a constant number of AQI, in order to give
comparable variables. This problem is mentioned in Ruggieri et al [1] and was solved by imputing them before
standardization.
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Figure 2. Pollutant concentration standardized (AQI) for each year
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In Figure 3. AQI values over the days for all the years are plotted. Information about years that are more or less
polluted than others can be obtained from this graph, Figure 3. and Table 3. shows 2011 with 234 unhealthy days (218
days for PMy 5, 12 days for PMso, and 4 days for NOy) is the most polluted year and 2007 with 16 unhealthy days (7 days
for CO, and 9 days for PMyo) is the least polluted. As shown in Table 4, the number of unhealthy days due to CO
emissions is reached to zero. Because the Environmental Protection Agency in Tehran has prevented producing
carburetor vehicles since 2003 and implemented policies that resulted into remove major air pollutants, such as CO, after
almost a decade. This suggests that policies and programs to reduce air pollution is time-consuming but ultimately a
correct policy can give rise to the correct result. By recording PM2sdata since 2010, it was revealed that PM; screates
the most severe problems in Tehran presenting the highest concentrations for almost all the years it often reaches
concentrations greater than 100 (threshold value). The second pollutant showing higher concentrations than other
pollutants is PMo; it sometimes also overcomes threshold value. These conditions are similar for the years of 2010,
2011, 2012, and 2013.

Table 3. The number of polluted days in each year

Years (6{0) Os NO; SO, PMyo PMzs Total
2007 7 0 0 0 9 - 16
2008 7 15 0 0 43 - 65
2009 2 16 0 0 19 - 37
2010 4 7 15 0 22 84 132
2011 0 0 4 0 12 218 234
2012 0 0 0 0 9 148 157
2013 0 0 0 0 10 159 169

Table 4. Population and AQI, AAQI, and VR for pollutants in different years (mean + standard deviation)

Years 2007-2008 2008-2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014
Population (Million) 791 8.02 8.1 7.98 8.15 8.31 8.22
AQI 678 72+11 71+14 8527 105+13 99+9 98+16
AAQI 113+12 123+13 115+19 138+32 152+15 144+9 14317
Vr.100 2415 24+9 29+9 37423 60+11 56+10 56+15
unhealthy days 16 65 28 132 234 157 169

High concentration of the PM is directly related to traffic. One of the main reasons for the increase of the pollutant in
Tehran is diesel vehicles, especially motorcycles and trucks, which are produced with low standard. To reduce the
emission of PM, natural-gas vehicles are replaced with gasoline-powered vehicles. Unfortunately, the results showed
that the performances of these vehicles were not according to the standard and the vehicles are far worse pollution than
gasoline vehicles.
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Figure 3. AQI values computed on pollutants for all years of the city of Tehran
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In Table 4, the index AQI, together with AAQI, and Vr is computed for every year. The Vr.100 was considered
instead of Vg for a better understanding. Vr.100=min=24 for the year of 2007 (54, 63, 70, 61, 59, 72, 64, 77, 65, 63, 79,
80), where similar concentration occur. For this year all concentrations fall within the “moderate class”. The values of
AQI and AAQI for all pollutants are calculated 67 and 113, respectively. Vr.100=max=60 for the year of 2011 (92, 108,
123, 116, 107, 102, 110, 74, 115, 118, 96, 98), where high variability among the 12 monthly concentrations occur. For
this year, 8 concentrations fall within the “Unhealthy for Sensitive Groups” while 4 concentrations fall in the “moderate
class”. The values of AQI and AAQI for all pollutants are calculated 105 and 152, respectively.

In Figure 4. Vg values for all the years are reported. In this case, only five pollutants (CO, O3, NO2, SO, and PMio)
have been considered for years of 2007, 2008, and 2009 because the data of PM2s was not recorded for the years. Since
2010, six pollutants (CO, Os, NO2, SO,, PMsg, and PM ) were applied to calculate of AAQI and Vg. Figure 4. shows
how the variability among pollutants tends toward the highest values for 2011. This variability depends certainly on
PMys.

In Table 5. we considered different days and just four years that had the data of six pollutants. Because comparisons
between different years are possible only if the same number of pollutants is considered for years to be compared. Vr
together with AAQI values is reported in Table 4. in order to show how Vr may help to distinguish different situations
when similar values for AAQI occur. In all considered days, AAQI is high (greater than 100). As previously mentioned,
the Vr ranges are between zero and one. If the index is zero, indicating that the concentration of all pollutants is the
same. For data examined in this study, these conditions did not exist. If Vr is close to zero, the AAQI value influenced
by more pollutants. Such situations almost happened in 2010 on day 44 (V&r=0.09). If Vg is close to one, the AAQI value
influenced by one pollutants. For example, in 2011 on day 159 that has AAQI=163 representing unhealthy situation and
Vr=0.76 representing the AAQI value influenced by one pollutant (PM_5). In addition, if AAQI for years of 2011 and
2013 are compared on day “259”, they have the same value of AAQI (175), and AAQI for these years depends mainly
on PM2s, having a higher concentration than other pollutants. But by comparing of Vg, presenting for 2011 a higher
value (0.83) compared to 2013 (0.79). Then Vg is a useful index to be coupled with AAQI and gives additional
information to AAQI. This kind of information is very useful especially when AAQI results high.

Table 5. AQI, AAQI, and Vr computed for four years

Day years Cco O3 NO, SO, PMyo PMzs AAQI Vr
2010 50 42 25 50 50 - 99 0.09
2011 33 39 68 30 64 95 146 05
44 2012 29 37 47 30 46 78 116 0.42
2013 24 45 43 33 49 66 111 0.28
2010 54 64 28 42 65 - 117 0.18
2011 30 62 64 33 69 111 164 0.62
i 2012 37 45 51 35 63 100 146 056
2013 42 53 61 24 77 102 159 053
2010 58 101 33 45 104 - 166 0.45
2011 37 46 60 29 70 102 152 0.56
121 2012 32 57 53 30 58 82 134 0.38
2013 46 50 54 24 71 92 147 0.45
2010 67 82 37 46 83 - 147 0.25
2011 33 60 69 31 64 98 155 0.48
129 2012 28 53 57 33 56 88 137 0.44
2013 39 50 48 25 99 110 170 0.60
2010 38 49 18 42 54 - 94 0.17
2011 36 35 53 38 73 120 163 0.76
199 2012 33 42 44 36 80 80 137 034
2013 47 46 53 24 72 105 155 059
2010 61 36 26 35 61 70 125 0.27
2011 40 34 57 40 66 108 154 0.63
199 2012 45 37 59 36 61 93 143 047
2013 63 30 70 21 77 114 171 0.64
2010 103 25 109 50 84 151 235 08
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4. Conclusion

All of all, any synthetic index which aims at quantifying the global air quality level depends on the quality of the
standardization process used so as to make different pollutants comparable. In our study, we applied AQI, aggregate
AQI, and a variability index (VR) to indicate the combined effects of all considered. The two indices are computed
together on data collected during the seven years (from March 2007 to March 2014) for the city of Tehran (Iran). We
could compare different situations in time and/or space and solve forecasting issues.

The AQI of PM2.5 for 2010, 2011, 2012, and 2013 were 139, 123, 119, and 133, respectively which overcoming
threshold value and all fall in “Unhealthy for Sensitive Groups level”. Results also show 2011 with 234 unhealthy days
(218 days for PM2.5, 12 days for PM10, and 4 days for NO2) is the most polluted year and 2007 with 16 unhealthy days
(7 days for CO, and 9 days for PM10) is the least polluted.

Moreover, it was revealed that PM2.5 and PM10 create the most severe problems in Tehran presenting the highest
concentrations for almost all the years it often reaches concentrations greater than 100 (threshold value). High
concentration of the PM is directly related to traffic. One of the main reasons for the increase of the pollutant in Tehran
is diesel vehicles, especially motorcycles and trucks, which are produced with low standard. To reduce the emission of
PM, natural-gas vehicles are replaced with gasoline-powered vehicles. Unfortunately, the results showed that the
performances of these vehicles were not according to the standard and the vehicles are far worse pollution than gasoline
vehicles. The purpose of VR is to provide additional information about the proposed AQI, clarifying whether it is
influenced by a particular pollutant or not. VR together with AAQI values is reported in order to show how VR may
help to distinguish different situations when similar values for AAQI occur. So VR is a useful index to be coupled with
AQI, and AAQI and gives additional information to AAQI. This kind of information is very useful especially when
AAQI results high.
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6. Notation
The following symbols are used in this paper:
AQI Air quality index AAQI  Aggregate air quality index
HAQI Health air quality index VR Relative index of variability
AQI; The index of pollutant i Cim The observed ambient concentration pollutant

The breakpoint for the jth health categories,

i;j The health category index Cij encompass Cinm

The breakpoint for the j-1th health categories,
encompass Cim

The AQI values of pollutant i corresponding

Cij1 to Ci,j

AQli;j
The AQI values of pollutant i corresponding to

AQlij-1 Ci,j—l

A pollutant irrelevant constant
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