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INTRODUCTION

The major environmental problems facing 
large cities are air pollution due to increased pop-
ulation and anthropogenic fuel consumption in 
transportation and industrial activities. They are 
considered a serious environmental threat as they 
cause harm to human and environment [Kampa 
and Castanas, 2008]. Air pollutants differ in their 
risk on human according to their concentrations 
and types and it is difficult for the public to de-
termine the risk of air pollution from pollutants 
concentration in advance, as they differ in their 
determinants and units. Therefore, a method is 
needed to determine the effect of multiple pollut-
ants and its health risk ranking as a single number 
[Oakes et al., 2014]. In addition, policy-makers 
have recommended displaying air quality in in-
dices to notify the public and alert them about 
the risk of pollution [Shah and Patel, 2021]. Air 
quality index (AQI) is a model used to convert 

the concentrations of air pollutants into a single 
number representing the level of air quality con-
dition. There are many air pollution indices in the 
literature with different names like Air Quality 
Index (AQI), Air Pollution Index (API), [Bishoi 
et al., 2009] and Pollution Standard Index (PSI), 
[Eugene et al., 2007]. 

There are two types of AQIs according to the 
principal of their calculation method. The first 
type considers the highest sub-index as AQI af-
ter calculating the sub-indices for all pollutants 
depending on USEPA or local air pollutants stan-
dards. Through this type of AQI, the large amount 
of information is gone, while the awareness of 
public improved [Mirabelli et al., 2020]. In con-
trast, the second type of AQI involves multiple air 
pollutants for aggregated AQI, which try to collect 
the effect of multiple air pollutants. The aggrega-
tion of pollutants indices may be applied arithmet-
ically [Kyrkilis et al., 2007; Ruggieri and Plaia, 
2012] or according to pollutant weights (Hu et al., 
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2015) or by complicated methods like fuzzy func-
tions [Olvera-Garcia et al., 2016]. In addition, the 
health impact may be integrated in AQI to produce 
air quality health index (AQHI) which has been 
applied in Canada [Stieb et al., 2008]. 

The public in Mosul city as the largest city 
in Northern Iraq, lack what alerts residents to 
the state of air quality. There is a shortage in air 
quality studies in Mosul city. The earlier studies 
included dustfall and suspended particulate PM50 
[Shihab et al., 2010; Shihab and Taha, 2014]. 
Besides, Shihab and Al-Jarrah [2015] studied 
the levels of nitrogen oxides and ozone as well 
as their relationship with meteorological factors. 
Additionally, the air quality status in Mosul city 
was described using USEPA air quality index 
[Shihab, 2021]. 

The present research aimed to apply two mod-
els of AQI: the first one use the highest sub-index 
of USEPA AQI and the second use the aggregated 
(AAQI) and compare between their results. 

MATERIALS AND METHODS

The study was conducted in Mosul city de-
pending on the data collected by a monitoring 
station located on a roadside in the courtyard of 
the public library. The monitoring site is located 
between two traffic light intersections and bor-
dered by many buildings: Iraqi engineers union 
from the west, public library and housing area at 
the north and Courthouse of the city at the east 
(Fig. 1). 

The site includes a Horiba type fixed monitor-
ing station (German made). The concentrations 

of air pollutants monitored by the station include: 
O3, NO2, SO2, CO, and PM10. An automatic cali-
bration of the devices in the station is conducted 
using span gases and zero gas. The measurements 
were conducted every three minutes and then the 
average of 30 minutes was calculated. This sta-
tion belongs to the Directorate of Ninevah Envi-
ronment. The surveillance operation was lasted 
from Feb 2013 till Jan 2014.

AQI calculations 

USEPA AQI was found by equation (1) which 
is recommended by the USEPA [EPA, 2009]. 

I𝑝𝑝𝑝𝑝 =
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(1)

where: Ip – the index of pollutant p;    
Cp – the rounded concentration of 
pollutant p;      
BPHi – the break point that is greater than 
or equal to Cp;      
BPLo – the break point that is less than or 
equal to Cp;      
IHi – the AQI value corresponding to 
BPHi;      
ILo – the AQI value corresponding to 
BPLo.

The daily moving average for each pollutant 
must be found (CO 8hr avg.), (NO2 1hr avg.), (O3 
8hr avg.), (SO2 1hr avg.) and (PM10 24hr avg.) to 
be used in the calculation of AQI. 

The value of the highest sub-indices AQI is 
considered the AQI of the site (eq. 2). 

Figure 1. Location of the study site with monitoring station in Mosul city
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(2)

The aggregated air quality index (AAQI) was 
calculated according to equation (3): [Ruggieri 
and Plaia, 2012; Zhang and Lin, 2020]

I𝑝𝑝𝑝𝑝 =
I𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 − I𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
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where: AAQI – Aggregated air quality index; 
AQIi – Sub-index for single pollutant i,  
ρ – parameter in the range of  1 to ∞, ρ = 1;  
AAQI – equal to the linear summation of 
the sub-indices of the pollutants. In the pre-
vious studies [Plaia and Ruggieri, 2011; 
Hu et al., 2015; Zhang and Lin, 2020], 
the value of ρ ranged between 2 and 3.  
The value of ρ was set to 2.5 in this study. 

Statistical analysis

The daily AQI were analyzed statistically 
by calculating the descriptive statistics for each 

month: mean, standard deviation (SD), minimum 
and maximum for the USEPA-AQI and AAQI. 
The results of the two models were compared 
using paired t-test at each month. Furthermore, 
the distribution of AQI categories according to 
season was found using number and percentage 
for each season as well as for the two models. 
The significance was determined using Krus-
kal Wallis test. In addition, the categories of air 
quality for the two models were compared using 
Chi-squared test. The relationship between the 
results of the two models was found using sim-
ple regression analysis. Additionally, relation-
ships were found between AQI as a dependent 
variable and the concentration of each pollutant 
uniquely as independent variable using simple 
regression analysis. 

RESULTS AND DISCUSSION

Air quality index (AQI) varies along the study 
period from values less than 50 categorized as 
“Good” in March, April and May for USEPA-AQI 

Figure 2. Variation of AQI along the study period using USEPA-AQI and AAQI

Table 1. Comparison of selected air quality levels between USEPA AQI and AAQI
AQI USEPA AQI AAQI

p-value
Categories No. % No. %

>50 211 93.4 217 96.0 >0.05 N.S.*

>100 99 43.8 158 70.0 <0.001

>150 13 5.8 71 31.4 <0.001

>200 0 0.0 15 6.6 <0.001

Note: NS – not significant according to Chi-square test.
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model and March only for AAQI to values less 
than 200 categorized as “Unhealthy” for USEPA-
AQI and more than 200 categorized as “Very 
unhealthy” along the year for AAQI (Fig. 2).  
There are 15 peaks within AAQI between 201-
300 categorized as “Very Unhealthy” versus zero 
within USEPA-AQI results. The highest number 
of USEPA-AQI values falls between 51 to 100 
within the category “Moderate”, while the highest 
number of AAQI values fall within the range 101 
to 150 categorized as “Unhealthy for sensitive 
group”. Additionally, the values obtained from 
AAQI model were higher than those obtained by 
USEPA model, as it includes the sub-indices of 

all pollutants versus one sub-indices only (maxi-
mum) for USEPA model. As the number of sub-
indices included in the model increases, the value 
of AQI increases as well [Sahbeni et al., 2019]. 
On the other hand, the trend of AAQI and USE-
PA-AQI was comparable, which is coincided 
with the results of Li et al. [2018]. 

USEPA-AQI values were more than 100 in 99 
days (43.8% of the total days) versus 168 days 
(70.0% of the total days) for AAQI (Table 1) 
and the difference between them was significant 
(p<0.001). The same results were found for USE-
PA-AQI of more than 150 which was recorded in 
13 days (5.8%) versus 71 days (31.4%) for AAQI 

Figure 3. Monthly means for USEPA-AQI and AAQI

Table 2. Comparison between USEPA-AQI and aggregated air quality index according to month

Month
USEPA-AQI AAQI

Significance*
Mean SD Range Mean SD Range

Feb-13 102.15 23.98 59.54–141.46 130.81 39.88 62.25–197.18 <0.001

Mar 77.58 29.86 49.85–139.94 95.32 47.10 52.57–194.72 <0.001

Apr 57.42 36.01 22.50–164.36 73.19 49.95 23.09–234.40 <0.001

May 80.16 29.54 45.09–147.40 103.42 44.15 55.78–208.71 <0.001

Jun 85.25 33.25 47.08–181.93 115.59 47.91 74.80–266.61 <0.001

Jul 100.20 33.16 47.99–187.67 141.55 48.02 71.45–276.16 <0.001

Aug 100.49 24.45 58.34–163.37 140.06 34.43 84.00–233.74 <0.001

Sep 112.64 13.01 91.42–137.63 156.20 19.22 122.92–193.68 <0.001

Oct 104.65 14.91 83.75–140.27 138.90 23.82 106.55–195.56 <0.001

Nov 126.59 37.20 84.16–197.03 173.26 60.61 103.29–288.81 <0.001

Dec 112.15 31.52 61.48–187.54 148.27 51.85 64.87–272.81 <0.001

Jan-14 85.87 29.75 53.19–157.22 105.09 48.62 52.94–222.15 <0.001

Year 95.79 33.47 22.50–197.03 127.52 50.97 23.09–288.81 <0.001

Note: * using paired t-test.
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with significant difference (p<0.001). These re-
sults indicate that the choice of AAQI model has 
great impact on air quality evaluation. The aggre-
gated AQI model appears to produce higher val-
ues than USEPA-AQI or it is worse as air quality 
indicator. These results were also found by Zhang 
and Lin (2020) in China. 

Furthermore, the monthly means of AAQI 
index were significantly higher (p<0.001) than 
USEPA-AQI at all months as the former model 
includes the combined effect of all pollutants (Fig-
ure 3 and Table 2). The maximum monthly USE-
PA-AQI mean occurred in November with 126.59 
categorized “Unhealthy for sensitive groups” ver-
sus 173.26 for AAQI categorized as “Unhealthy” 
(Table 1). On the other hand, the minimum month-
ly AQI mean occurred in April for the two AQI 
models with 57.42 “Moderate” for USEPA-AQI 
and 73.19 “Moderate” also for AAQI. AAQI char-
acterizes the exposure to all monitored pollutants, 
which may be more valuable to describe air qual-
ity and more feasible for environmental manage-
ment (Zhang and Lin, 2020). 

Some researchers consider AAQI more effi-
cient than USEPA-AQI in urban air quality eval-
uation, as its values are more than USEPA-AQI 
and they represent the exposure to all the moni-
tored pollutants (Shah and Patel, 2021). In case 
of more than one of the monitored pollutants ex-
ceeded the limits, it may be logic to use AAQI, 
while if some of the pollutants levels is good,  
it may be not acceptable for these pollutants to 
contribute in increasing air quality index. 

A regression analysis found a strong signifi-
cant positive relationship between USEPA-AQI 
as a dependent variable and AAQI as independent 
variable with a coefficient of determination (R2) 
0.976 (Figure 4). The increase in the observed 
values or AAQI by 1 unit will make an increase in 
USEPA-AQI by 0.65 unit. This relation is consid-
ered good, as it has a coefficient of determination 
(R2) near 1 [Pineiro et al., 2008].

The distribution of USEPA-AQI (Table 3) 
shows a significant seasonal variation (p<0.001). 
Air quality categorized as “Good” was higher in 
spring with 21.7% versus 0.0% in autumn. In turn, 

Figure 4. Regression analysis between USEPA AQI and aggregated AQI

Table 3. Distribution of USEPA AQI levels according to season

AQI Class
No. (%)

Winter Spring Summer Autumn Total

Good (0–50) 1(2.0) 13(21.7) 1(1.8) 0(0.0) 15(6.6)

Moderate (51–100) 30(60.0) 35(58.3) 25(43.9) 22(37.3) 112(49.6)

Unhealthy for sensitive groups 
(101–150) 18(36.0) 10(16.7) 28(49.1) 30(50.8) 86(38.1)

Unhealthy (151–200) 1(2.0) 2(3.3) 3(5.3) 7(11.9) 13(5.8)

Total 50(100.0) 60(100.0) 57(100.0) 59(100.0) 226(100.0)

Note: significant variation at p<0.001 according to Kruskal Wallis test.
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the category “Moderate” occurred more in winter 
and spring with 60.0% and 58.3% respectively. 
For worse air quality category “Unhealthy for sen-
sitive group”, the higher percentage of occurrence 
was recorded in summer and autumn with 49.1% 
and 50.8% respectively. The worst category “Un-
healthy” had lower percentage of occurrence 
ranged from 2.0% in winter to 11.9% in autumn. 

For AAQI seasonal distribution, the profile of 
variation was deviated from the previous model. 
As AAQI creates higher AQI values, a shift is 
observed in percentage of categories towards the 
worst direction (Table 4). The percentage of oc-
currence of the category “Good” decreased from 
21.7% to 15.0% in spring which was higher than 
other seasons. In addition, the percentage of cat-
egory “Moderate” decreased to 48.3% in spring 
versus 58.3% for the previous model. For the cat-
egory “Unhealthy for sensitive group” the higher 
percentages occurred in summer (54.4%) and au-
tumn (49.2%). On the other hand, the percentage 
of category “Unhealthy” occurrence increased 
from 5.3% in summer for USEPA-AQI model to 

33.3% for AAQI. Furthermore, 15 (6.6%) cases of 
the category “Very unhealthy” were recorded in 
autumn for AAQI versus 0 cases for USEPA-AQI. 

The results of simple regression analysis be-
tween AQIs and the concentrations of air pollut-
ants are shown in Table 5. PM10 is the most con-
tributor to AQI variation in the studied models 
with a coefficient of determination (R2) 0.993 and 
0.976 for USEPA-AQI and AAQI, respectively. 
The increase in CO concentration has the high-
est effect on AQI rise as it has the highest slope 
among other pollutants 15.01 and 19.79 for USE-
PA-AQI and AAQI, respectively. Air pollutants 
can be ranked from higher contribution in AQI 
variation to lesser as PM10, SO2, NO2, CO and O3.  
This ranking is coincided with that of Li et al. 
[2018] in China. 

CONCLUSIONS

Aggregated air quality index is comprehen-
sive indicator of air quality and more workable 

Table 4. Distribution of aggregate AQI levels according to season

AQI Class
No. (%)

Winter Spring Summer Autumn Total

Good (0–50) 0(0.0) 9(15.0) 0(0.0) 0(0.0) 9(4.0)

Moderate (51–100) 23(46.0) 29(48.3) 3(5.3) 4(6.8) 59(26.1)

Unhealthy for sensitive groups 
(101–150) 13(26.0) 14(23.3) 31(54.4) 29(49.2) 87(38.5)

Unhealthy (151–200) 13(26.0) 5(8.3) 19(33.3) 19(32.2) 56(24.8)

Very unhealthy (201–300) 1(2.0) 3(5.0) 4(7.0) 7(11.9) 15(6.6)

Total 50(100.0) 60(100.0) 57(100.0) 59(100.0) 226(100.0)

Note: significant variation at p<0.001 according to Kruskal Wallis test.

Table 5. Simple regression analysis between two AQIs as dependent variables and independent concentrations 
Pollutant Regression equation

R2 β-weight Significance
USEPA AQI

SO2 y = 1.30x + 65.50 0.224 0.473 <0.001

NO2 y = 0.98x + 58.99 0.179 0.423 <0.001

PM10 y = 0.49x + 24.77 0.993 0.996 <0.001

CO y = 15.01x + 76.99 0.110 0.332 <0.001

O3 y = – 0.17x + 100.44 0.006 -0.080 >0.05*

Aggregate AQI

SO2 y = 1.85x + 84.48 0.195 0.441 <0.001

NO2 y = 1.1.42x + 74.46 0.160 0.400 <0.001

PM10 y = 0.74x + 20.29 0.976 0.988 <0.001

CO y = 19.79x + 102.76 0.083 0.287 <0.001

O3 y = 0.054x + 126.05 0.000 -0.017 >0.05*

Note: * not significant (p-value > 0.05) according to ANOVA test.
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in environmental management, as it represents 
many air quality pollutants. It may be more ef-
ficient than USEPA-AQI in case more than one 
pollutant exceeds the critical concentration. 

The contribution of air pollutants in USEPA-
AQI is ranked as PM10, SO2, NO2, CO and O3 from 
higher to lower. In winter and spring, air quality 
category “Moderate” has the highest occurrence, 
while the highest occurrence of the category “Un-
healthy for sensitive group” was in summer and 
autumn for the two AQI models. There is a strong 
significant correlation between Aggregated AQI 
values and USEPA-AQI values.
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