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Abstract

Background: Air pollution indexes are used to indicate the level, quantity, and quality of air pollution.
The air quality index (AQI) and air quality health index (AQHI) have been developed to report their
association with human health.

Methods: Air quality variables (PM, ., O,,and NO,) per hour were obtained for March 2021 to March
2022 from three central pollution control centers in Ahvaz, the capital city of Khuzestan province,
southwest of Iran. R3-3-4, Minitab-17, and SPSS-19 software were used to analyze the obtained data.
Results: In this study, AQHI and AQI were predicted with actual data, forecasting the air quality with
two confidence interval percentages of 95 and 80 illustrated for future days. Also, the relationship
between AQI and AQHI was determined; hence, this relationship is important for some cities for which
the AQHI index is not measurable. AQHI can be determined for each place using AQI values and the
obtained relationship.

Conclusion: The result indicated that we could also forecast the AQI and AQHI for future days and
obtain a new equation for AQHI due to AQI values.
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Introduction

According to the air clean act (ACA), clean air is a
principal requirement for human health (1). Nowadays,
air pollution is one of the initial environmental stressors
associated with urban areas, especially in industrial and
developing countries, which has led to decreased levels of
human health, and increased patient numbers and death
rates (2). According to a study’s results, in 2013 ambient
air pollution was the main factor for 5.5 million people
deaths worldwide (3). To indicate the air quality situation
and associated health risks, index (4) was used. Different
air pollution indexes (APIs) are used to give air quality
management plants. To make an air quality index (AQI),
two terms are needed. Firstly, determining the pollution’s
health effects on the community, secondly, simplifying
large amounts of data, and making standardized data,
which are used for the development of policy (5). The
pollution standards index (PSI) was the first AQI that
was established by the U.S. EPA in 1976. This index
classifies air quality according to five major (criteria)
air pollutants (PM, , CO, SO,, NO,, and O,) in terms of
“good”, “moderate”, and “unhealthy” (6). In 1999, PSI was

n.jaafarzade@gmail.com

completed and amended by the U.S.EPA and renamed
to the AQI; the new index (AQI) corrected some of the
previous weaknesses (7). The new index defines six classes
of pollution (good, moderate, unhealthy for sensitive
groups, unhealthy, very unhealthy, and hazardous). Also,
there are two new sub-indexes for this system for PM,
and 8-hour average ozone (O,) (6). Also, there are some
limitations. One of these limitations is that this index
does not describe the health effects associated with air
pollution, and AQI results determined only a pollutant
that has the highest contamination level (U.S. EPA 2006)
(7). Due to the AQI defects, in 2001, Environment Canada
and Health Canada carried out and developed a new AQI
based on human health, named the air quality health
index (AQHI). The results of this index are expressed
on the combined impact of PM, ,, O,, and NO, (8). This
index is classified into four bands that include 10 indexes.
AQHI values can help better protect old men, children,
and sensitive humans (9). Extensive research has not
been conducted on the AQI and AQHI constraints and
available gaps, but a few studies have been conducted
on the prediction of AQI (10). Most studies have been
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designed to predict air pollutants and determine AQI. For
example, Carbajal-Hernandez et al in 2012 (11) developed
a prediction of air quality using autoregressive models
and fuzzy logic. Also, Yildirim and Bayramoglu in 2006
(12) predicted ambient pollutants for daily levels based
on neuro-fuzzy. The results of other studies indicate that
prediction models are suitable for the determination of air
pollutants (6,13-15). According to the adjustment mode
via the authors following studying local conditions, a time
series is an ordered sequence of values mode at equally
spaced time intervals. Time series predictions use past
and present real data and predict their values for the
next time (16). Time series have been used in various
sciences (17-19). When time series methods are used, we
have a large number of data (15). Nowadays, time series
methods are used for environmental issues such as air
pollution and air quality measurements (14,15,20). The
methodology used to estimate environmental parameters
is derived from descriptive statistics. According to a study
by Schwartz and Marcus in 1990, a time series analysis
may be an appropriate approach to fixing ambiguity and
contributing to a comprehension of effect relationships
in many environmental problems (21). To date, no
predictive study has been done for AQI and AQHI by time
series models. However, some of the time series studies
have predicted criteria air pollution, air quality, and the
relationship between AQHI with mortality and morbidity.
For example, in a study, the AQHI and asthma morbidity
were developed (9). And in some studies, the Neuro-fuzzy
models were used to predict air pollution levels (11,12,22).
However, only criteria air pollution or air quality were
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predicted by the aforementioned studies, but none of the
studies have predicted the AQI and AQHI. That tends
to minimize the impact of air pollution effect on human
health, especially elders and children (23,24). In the present
study, the time series methods were used to determine and
predict AQI and AQHI in Ahvaz city, south-west of Iran.
This study developed a novel prediction by the R program,
which introduced the new package to AQI and AQHI
determination and prediction in Ahvaz. This approach
can be globally used, as an integrated tool for air quality
predictions and air quality assessment. It also can help
local authorities with air pollution management issues.
In addition, the findings of the study help managers,
policymakers, and engineers to use AQI results to obtain
the AQHI results. The last goal will be important to some
cities that do not have an integrated management for the
determination of air quality system.

Materials and Methods

Study area

Ahvaz is a plain city located in the southwest of Iran,
and northwest of the Persian Gulf (31° 20' N, 48° 40 E)
near Iraq, Kuwait, and Saudi Arabia (25). Ahvaz has an
area of 220 km? where the most important cause of air
pollution in this city is particulate matter (26). The most
important cause of air pollution in this city is particulate
matter (25,27). The map of the study area location of air
pollution monitoring stations is presented in Figure 1.
In this study, hourly criteria air pollution (O,, NO,, SO,
CO, and PM) between March 2021 and March 2022 was
obtained from two central pollution control; the Center
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Figure 1. Map of study city
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of Environmental Organization and Naderi Pollution
Control Center. The map of these stations introduces the
overview of air pollution in Ahvaz city. Available data
indicate that particulate matter and dust storms are the
most important ambient air pollution factors.

Canadian air quality health index

Canadian AQHI was developed to help the public with
effects on short-term health. The ultimate goal of this
index is to reduce the risk of air pollution in target groups.
The AQHI is calculated based on a three-hour average
concentration of fine particulate matter (pm, ), nitrogen
dioxide (NO,), and ground level-ozone (O,). The AQHI
has a scale ranging from 1 to 10+, and is classified into
four classes; higher values indicate that the air quality is
poor. It is typically classified as “low” (1-3), “moderate”
(4-6), “high” (7-10), and “very high” (values>10) human
health risk (8). For more detailed information about
AQHI, refer to Canadian AQHI (28). The AQHI value is
calculated using the following equation 1 (8).

AQHI = 11)04 (100x [(e(o,!)OUWXN(JE) )+ ‘(e(o.nouswxm) -1 +‘ (e(u 000487xPM2.5) _ ) ( 1 )

As the quantities of exponential brackets in this equation
are very small, therefore, to simplify the upper equation,
the approximation exp(x) ~ 1+X was used. The upper
equation could be re-written as equation 2 (29).

AQHI ~ 10/10.4%100 *{(1+0.000871% NO2)—1+
(1+0.000537  03)—1+(1+0.000487 * PM2.5) 1} )
=0.084*NO2 + 0.052 %03 + 0.047 * PM2.5

Air quality index

The U.S. EPA (2006-2009) was developed to reflect
possible health and environmental impacts associated
with ambient air pollution. This is a forecasting tool to
determine human health related to the major ambient
pollution incl'uding 0,, PM, NO,, SO,, and CO. The
AQI as a yardstick score from zero to 500 is classified
into six categories: good, moderate, unhealthy, very
unhealthy, and hazardous. The groups were separated
based on the concentration breakpoints of pollution.
The pollution with the highest concentration is named
“responsible pollution” The protective recommendations
for each responsible pollution are different. For more
detailed information, the AQI value is referred to for each
pollution, and the response pollution is calculated using
the following equation 3 (7).

IHi—-1ILo

-—————(Cp-BPlo)+1lo
BPHi—BPLp( p=5Pio) ®

Where Ip is the AQI for pollution P, Cp is the rounded
concentration of pollution P, BPHi is the breakpoint that is
greater than or equal to Cp, BPlo is the breakpoint that is
less than or equal to Cp, IHi is the PSI value corresponding

to BPhi, and ILo is the PSI value corresponding to BPlo.

Data analysis

Time series analysis

A time series model has been developed for modeling
and forecasting of complex systems (30). The time series
method records the different observations or facts that
are the values recorded concerning different times. The
time series methods used in other sciences, ranging
from the physicochemical process (31), environmental
epidemiological (32,33), and management science (34)
to forecasting value estimates for missing causality links
introduced with a confidence interval. These observe
behavior during the past time and make a forecasting
behavior. In the time series, we use the different models,
autoregressive (AR), moving average (MA), autoregressive
moving average (ARMA), autoregressive integrated
moving average (ARIMA), spatial autoregressive moving
average (SARMA), seasonal autoregressive integrated
moving average (SARIMA), and bivariate models for
different forecasting. Air pollution measurements are
a good example of time series models for estimation of
environmental parameters (15). In this study, univariate
and multivariate models were used to forecast the AQI
and AQHI, and also, to determine the relationship and
correlation between them. AQI and AQHI quantity were
measured by the univariate models. ARMA is a univariate
forecasting model, which is obtained from the assimilated
of AR and MA and calculated by equation 4 (35).

Yt=01Yt -1+ 02Vt —2+...+ DpYt — p+et+Olet —1+ 026t -2+ 0get —q (4)

Yt is the observation at time T, ¢t is the random error,
@ is non-seasonal AR parameters, © is non-seasonal MA
parameters.

Also, used from multivariate models for observation
collected over time with dimension and they are
considered as vector auto regressive VAR(p).

Validation of this study

Validation of this study can be addressed in four
approaches. Firstly, the methodology used is useful for
air quality and air pollution forecasting. This is especially
important for older people and children to be protected
from air pollution.

Secondly, the methodology can be presented as an R
package. Therefore, the results can be referred to cities or
regions with a similar status to this study. Especially for
Middle Eastern countries, it is useful.

Thirdly, this study introduces a new method for cities
where AQHI values cannot be set, so that policymakers can
use the AQI results to determine the value of the AQHI.

Finally, the obtained results, which can become an R
package, help policymakers to determine and forecast
AQI and AQHI index based on criteria air pollutants. The
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R 3-4-4 results are shown in the indexes.

Results

Trends of yearly AQI and AQHI levels, depending on
real pollutant quantities, are illustrated in Figure 2. The
AQI and AQHI results indicate that among the criteria
studied pollutants concentration, the average of PM,
is mostly upper compared to standard levels. Table 1
indicates the pollutant concentrations in Ahvaz ambient
air. According to the results, particulate matter is the main
factor in increasing the AQL In addition, Table 1 shows
that in Ahvaz city, the annual PM, , average is higher than
the National Ambient Air Quality Standard (NAAQS)
and the annual AQI is at a moderate level of health
concern. Figure 2 indicates that AQHI and AQI are in a
more repeatedly dangerous state from September 2021 to
January 2022.

Figure 3 illustrates the relationship of O,, NO,
and PM, with AQHI. As shown in the figure, a good
correlation can be seen between PM, and AQHI, and
PM, . is introduced as a criteria pollutant in Ahvaz and
other air pollutants are less effective on the AQI and
AQHI modifications. To decrease the error rate for days
where the AQI was above 500, it was considered to be
500, and AQHI that was above 10, it was considered to be
10, as shown in Figure 2. We also used the AR model to
determine residual values and used the autocorrelation
function (ACF) and partial autocorrelation function
(PACF), as indicated in Figure 4. The autoregressive
1, with specified AR coefficient, constant factor, and
standard errors, was used to fit the univariate model.
The coefficient and constant quantity of AQHI and AQI
for time (AQHIt and AQIt), are shown by equations 5
and 6; the equations were obtained based on the results

Table 1. The statistical results for air pollutants and AQI

Parameter Mean Median Mode SD

O, (ppm) 0.03 0.026 0.02 0.02
PM, , (ug/m?) 61.42 37.3 325 148.1
NO, (ppm) 0.046 0.032 0.02 0.04
AQl 114.4 104.7 93.75 65.6
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Figure 2. The annual trend of AQHI and AQI

presented in Figure 3.
AQHIt = 2.5153 + 0.512 AQHIt -1+ &t (5)

AQIt =135.485 + 0.5734A400t —1+ &t (6)

Inaddition, AFC and PAFC figures illustrated in Figure 4
that select the model. According to Figure 5, the AQI and
AQHI were determined in 2017 for day 1 to day 365 for
Ahvaz City and forecasted by confidence intervals of 95%
and 80% from day 365 to day 400. The forecasting of the
AQI and AQHI for the future time, with two confidence
intervals of 95% and 80% are illustrated in Figure 6.

Correlation between AQHI and AQI
The relationship between AQI and AQHI is given in Table 2.
According to the table, the multivariate model was used
to determine the correlation and the AQI impact on the
AQHI value and vice versa the effect of AQHI on the
AQHI value. Table 2 shows the coefficient and P value,
based on the coefficient and constant for forecasting
AQHIt shown by equation 7. To P>|Z| in table (X), it was
revealed that AQHI does not affect AQI.

AQHIt = 0.8836+0.2414 AQHIt —1+0.0969 AQIt —1+ &t (7)

We analyzed the monthly mean concentration for the
ratio of PM, to PM  in Ahvaz city. In often the month,
the mean PM_,/PM  ratio was demonstrated about 0.25,
the mean ratio of PM, ./PM,  concentration, have the PM
ratio in this study is lower than in other studies. That it
can happen to the PM ratio in soil or PM ratio in desert
dust. The results of PM, ./PM,  are indicated in Figure 7.

Discussion
The AQHI based on the health effect estimates of multi-

correlation plot O3 vs AQH correlation plot NO2 vs AQF correlation plot PM2.5 vs AQ
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Figure 3. Correlation plot for O,, NO,, and PM, . with AQHI
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Figure 4. The ACF and PACF plots for the AR model
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pollutants,includingPM, ,,O,,andNO, havebeen developed
(36). In the present study, the AQHI was evaluated based
on three pollutants. However, in some cities, the index is
based on different pollutants. For example, in Hong Kong,
the AQHI is based on pollutants SO,, NO,, and O,. This
difference in using different pollutants for determining
AQHI was due to the use of local air pollution situations
and health statistics (3). In Ahvaz City, PM, and PM,, are
the main cause of air pollution in comparison with other
air pollution criteria (37). The western parts of Iran, from
Ahvaz to Tabriz, have suffered from the Middle East Dust
(MED) storms (38,39). Fine dust and particulate matter are
the main issue air pollutants in all of Iran and is currently
considered as a serious health problem. Particles suspended
in air are a matter of concern in environmental health as
they can enter the respiratory system and cause breathing
and cardiovascular problems. Various studies show that

A

08

04

T T T
o 100 200 300 400

day

Figure 6. Forecasting AQI for days 365 to 400

Table 2. Coefficient and constants for AQHI and AQlI

Index
Coefficients
AQHI AQl
A.R coefficient 0.5734 0.5734
0.0447 0.0426
Constant 2.5153 135.485
0.1798 7.02

the adverse health effects of suspended particles with PM,
micrometers in diameter are more than other particle
matters. The study by Zahedi et al in Ahvaz showed that the
carcinogenic risks of children exposed to the PM, .-bound
carcinogenic metalloids industrial area are higher than
other sites (37). In the present study, PM,, had a seasonal
pattern and an increasing trend in the cold seasons. Some
studies conducted in Ahvaz and Abadan, Iran, also showed
that ambient air particle matter had an increasing trend
over the cold seasons (40,41). This has happened due to
prevailing winds from dust centers towards urban and
residential areas (42). PM, and PM, , reach their maximum
concentration in Ahvaz from November to December. The
study by Liu et al in Taiwan demonstrated that PM,  has
a seasonal pattern and the maximum values are seen in
spring (43). The results indicated the application of EPA,
AQ]I, and Canadian AQHI for Ahvaz City and some cities
such as Mongolia, Sydney, Haifa, Mali, and Saudi Arabia
where the dust storm phenomenon occurs. Dust storm

Environmental Health Engineering and Management Journal 2024, 11(4), 469-476 | 473
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sources and high levels of PM in those regions are Sahara
Bodele, Taoudenni, Eyre, Sistan, Etosha, Tarim, Uyuni,
and the Great Salt Lake (27); particulate matters have the
greatest impact on AQHI and AQIL

PM Ratio

In many studies, a close relationship was reported between
PM, and PM,, (44). A study in Australia demonstrated
a range of 0.4-0.6 for PM, /PM,, also another study in
Canada shows a 0.5 ratio for PM, ./PM,;, these ratios
follow the seasonal variation. In another study conducted
in Taiwan, this ratio was between 0.25 and 0.9 for monthly
mean concentration during 1999-2000 (6). In the other
study by Shahsavani et al in Ahvaz, the annual mean value
of 0.23 was obtained for the PM, .,/PM  ratio (25).

The time series plot for AQI and AQHI shows that for
Ahvaz, AQI and AQHI quantities are higher than the
health value. In addition, on most days in Ahvaz City,
air quality is not suitable. Therefore, the annual average
AQI for PM,, as a responsible pollutant is 61.42, which
indicates an unhealthy annual air quality for sensitive
groups. According to Figure 2, the highest levels of AQI
and AQHI were observed from September to March,
while the lowest levels were observed from March to July.
It was revealed that dust storms occur most frequently
from July to March, which is inconsistent with the results
of the study by Najafi et al (45). This might be due to local
storms that occur often in the cold season.

Conclusion

The AQI is a suitable index for air quality evaluation.
According to the results of this study, AQI is not able to
obtain the accumulative results for criteria air pollution.
Also, the results cannot properly assess the effects of air
pollutants on health to AQI is not able to indicate the
short-term effects of air pollution on the population.
Because of many different climatology parameters
affecting air quality and air pollution, therefore, a sensitive
tool is needed to involve different climatology parameters
and the accumulative effects of air on health. According
to the results, AQHI is a comprehensive tool for the
classification of health risks for the general population
and at-risk populations. In addition, it can indicate the
short-term effects on the population. This study shows for
countries and regions that the AQHI setup system has not
been launched can use the AQI results for determination
and forecasting of AQHI per region and countries. The
results of this research indicate a good prediction for AQI
and AQHIL the code of prediction for each part of this
study is written by the R-3-4 program, and the codes are
in the index section of this study.
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