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ARTICLE INFO ABSTRACT

Keywords: Introduction: Dusty storms considerably increase airborne particles in dry and semi-dry locations, such as deserts
Particulate matter with no plants and strong winds. Therefore, the environment and people are affected severely. Ahvaz, an
Mortality

important metropolis, is often polluted by neighboring nations. The present research studies the concentration,
source, and calculation of these particles’ effects.

Material and method: For health consequences evaluation, the WHO suggests the Air Quality Health Impact
Evaluation Programmed (Air Q 2.2.3). Khuzestan Meteorology Office recorded particulate matter measurements
on both hazy and clear days. The data was gathered voluminously in 2023.

Result: According to data collected from Khuzestan province’s meteorology documents, 49 days in 2023 had very
unsafe air quality. The most polluted months in terms of the number of dust days are as follows: January (14
days) > December (12 days) > November (11 days) > August (5 days) > May (3 days) > September (2 days) >
March, February, June, July, October (1 day) > April (0 days). HYSPLIT maps indicate that Iran causes dust in
March, the Great Arabian Desert in December and August, Iraq in April, September, and October, Kuwait in
January, Turkey in February and July, Egypt in June and May, and Oman in November.

Conclusion: The meteorology database reveals that Ahvaz is highly polluted and that 49 days had unacceptable
dust levels. Based on assessments obtained employing the Air Q+ programs, the people of Ahvaz encountered
heart disease, respiratory disease, and stroke caused by their exposure to PMjy 5 particulates.

Respiratory disorders
Cardiovascular disease
Ahvaz

1. Introduction

Airborne Particulate matter (PMs) can be inhaled by us in various
quantities. Although most of those PMs are readily eliminated by the
mucociliary system|[1], this PM; 5 fraction, referred to as the lung frac-
tion with an aerodynamic diameter of less than 2.5 pm, is kept in the
lungs and makes up 96 % of the particulates seen in human respiratory
parenchymal2]. Considering fine particle aerosols, or PMy s, are quickly
inhaled directly into the respiratory system, so is increasing worry about
them. New modifications to the National Ambient Air Quality Standard

(NAAQS) for PM3 5 have been implemented by the US EPA according to
these problems. The modified PMsy5 guidelines currently set the
thresholds for the 24-hour average and yearly average at 35 and
15 pg m~3, respectively[3]. PM inhalation has negative impacts on the
cardiovascular and breathing systems of young and old. PM, especially
PM, 5, possesses the ability to completely enter the respiratory tract and
circulation upon breathing, leading to asthma, lung cancer, heart at-
tacks, and possibly fatal results[4]. In addition, PMy 5 enters the
gas-exchange area of the lung [5], it additionally may also penetrate the
lung barrier, enter the bloodstream, and eventually move throughout
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the entire body [6,7]. The more particular area of PM; 5 additionally
allows it to quickly bind to toxic compounds, such as transitional metals
and Polycyclic aromatic hydrocarbons (PAHs)[8]. Therefore, PM; 5 is
more strongly related to adverse health impacts than big particles. WHO
has proposed PM as an indicator of particulate matter pollution, which is
currently a major threat to global health[9]. Several investigations
indicate the detrimental health impacts of suspended PM, such as a
higher incidence of adverse respiration symptoms in kids, hospital ad-
missions, and premature death[10]. Despite numerous studies over the
years on the health consequences of airborne particulates, it remains
unclear what kinds of PMs are dangerous. Prior studies on the health
effects of PM exposure used various measurements for PM, such as total
suspended particles (TSP), coefficient of haze (COH), black smoke,
British smoke, KM (a measure of particulate optical reflectance), and
PM;o and PMys. These measurements don’t accurately indicate
composition; instead, they represent PM mass within specific size
ranges. To achieve efficient management of airborne particles, it is
essential to collect data on the causes that contribute to the features of
PM that pose health risks[11,12]. The adverse health impacts of PM; 5, a
PM biomarker included in the 1997 NAAQS, are becoming the subject of
an increasing number of research. Due to a documented recognition of
the dosage of particulates in these sizes within the pulmonary system
and epidemiological information verifying the particular negative ef-
fects of PMy s, this indicator was incorporated in the 1997 NAAQS [13,
14]. Nevertheless, as there was very little data known about the attri-
butes of PM in these sizes that could indicate toxicity, an extensive
mass-based guideline was developed. Metals, organic substances
absorbed onto particulates or building fragments themselves, biological
components, sulfate (SO%), nitrate (NO3), pH level, and
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surface-adsorbed reactive substances like ozone (O3) belong to the
properties of PM; 5 that may be associated with toxicity[15,16].

The city of Ahvaz is one of the most polluted cities in the world, the
reason for the pollution of this region is the association with dry and
semi-desert countries. Every year, dust storms are seen in Southeast
Asian countries, and a large amount of this dust first passes through
Khuzestan province and is transferred to other provinces.

2. Material and method
2.1. Study area

Ahvaz, which is situated in the center of Khuzestan province and
spans an area of 185 km?, is located at 31° 19’ N, 48° 40’ E, in the
southwest region of Iran, close to the Persian Gulf. Ahvaz city is among
Iran’s biggest cities. About 1300,000 persons reside in Ahvaz[17]. About
140 km2 of areas usually experience warm temperatures, with long,
mild winters and hot summers exceeding 50°C[18]. The deputy director
of Healthcare in Ahvaz City obtained PMy 5 data from the Ministry of
Environmental and Meteorology Office. Fig. 1 shows the exact
geographic location of Ahvaz city, which is the area under investigation.

2.2. AirQt

The WHO has authorized the Air Quality Health Assessment Program
(Air Q 2.2.3) as a useful method to evaluate adverse health effects. The
approach, which was established by the WHO European Centre for
Environment and Medicine, utilizes concentration-response equations
and time-series assessment methods for evaluating the adverse effects of
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Fig. 1. Geographical location of Ahvaz city.



B. Kamarehei et al.

airborne contaminants on those living in a specific region and period.
Initially, to determine the effect of PMy 5 on death, we utilized Relative
Risks (RR) established by a time-series methodology. While evaluating
the impact of short exposures on health, the mean daily level—which is
associated with risk categories and can be split into levels of 10 pg/
m®—is used. nevertheless, in evaluating the long-term impacts of
exposure, demography has to be considered. Minimizing the adverse
health consequences of exposure to airborne contaminants has been a
key component of medical policy talks on air quality management. The
WHO has authorized the Air Q-+ program for use in ecological research.
The equipment emphasizes using epidemiological data to figure out the
impact of pollution on humans at a particular location and time. The tool
utilizes measuring techniques and mathematical formulas[19].

2.3. Data analysis

Information on atmospheric contaminants provided by the Khuze-
stan Environmental Ministry was required to make sure the model ran.
The Khuzestan Meteorological Office provided data on the concentra-
tions of PM on days with and without dust. Mortality data comes from
the Health Ministry and the Iranian Statistical Centre. Data for 2023 was
collected in large amounts. Using the Air Q" approaches, we investi-
gated the negative impact of inhaled PM5 5 on health. PM, 5 has been
chosen as the pollutant to be evaluated with the Air QT technology. An
investigation was done using information regarding air quality to
analyze epidemiology indicators, including Attributable Proportion
(AP), Relative Risk (RR), Baseline Incidence (BI), and mortality rate per
100,000 individuals. RR estimates the probability of getting a disease as
the outcome of pollution exposure. Using Air Q" information sets that
the WHO has made accessible, the RR and BI coefficients were calcu-
lated. The Ahvaz meteorological site measured a 24-hour mean level of
PMS 5 of 56.64 pg/m°.

3. Result and discussion
3.1. The level of particles in PM> 5

Descriptive results from data collection are reported in Table 1. The
PM, 5 concentration was reportedly moderate on 4 days in January,
including the 6th, 15th, 30™ and 31st. Thirteen days of this month, the
weather condition was reported as unhealthy for sensitive people. The
remaining two weeks were considered unhealthy. The highest concen-
tration was recorded on January 4 (169 pg/m>) and the lowest was re-
ported on the 30th (75pg/m®). The average monthly PMys
concentration was also 135.77 pg/m3 (SD:23.5). PMj 5 concentration, in
February, 17 moderate days were reported, 7 days of this month the air
condition was reported as unhealthy for sensitive people; These days
were the 3rd, 8th, 22nd, 23rd, 24th, 25th, and 26th. 1 day was
considered unhealthy (2nd) (Fig. 2). The highest concentration was
recorded on February 2 (160 pg/m?>) and the lowest was reported on the
10th (58 pg/m3). The average monthly concentration of PM; 5 was also

Table 1

Monthly concentration of PMj 5.
Month Min Max Mean SD
January 75 169 135.77 235
February 58 160 97.44 25.5
March 50 156 92.09 25.6
April 49 109 69.12 15
May 50 158 105.72 27
Juan 46 151 80.44 26.25
July 63 155 98.16 23
August 60 189 119.92 32.25
September 56 159 95 25.75
October 51 152 90.26 25.25
November 65 180 129.13 28.75
December 84 175 140.03 22.75
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expressed as 97.44(+25.5). The monthly average concentration of PMs 5
in March is 92.09(+25.6), its maximum concentration is 156 pg/m3
(6th) and its minimum concentration is 50 pg/m3 (21st) in this month.
Nine days this month had weather considered dangerous for those with
sensitive, while the other twenty days had moderate conditions. The
monthly average concentration of PMy s in March was 69.12 ug/m°®
(£15). This month’s minimum and maximum concentrations recorded
were 49 pg/m® (2nd) and 109 pg/m? (30th), respectively. The only day
the weather was reported as unhealthy for sensitive people was April 30;
There was only one very clear day this month (2nd). 28 days of the rest
of the month, the condition was reported as moderate. The air condition
for May comprised three days that were regarded as unsafe (the 24th,
25th, and 28th), sixteen days that were deemed hazardous for those with
sensitivity, and 10 days that were regarded as moderate. The monthly
average concentration of PMy 5 is 105.72 pg/m> (+£27), the lowest and
highest recorded concentrations are 50 pg/m° (2nd) and 158 pg/m®
(24th). The minimum and maximum reported concentrations of PMj 5 in
June belonged to the 2nd (46 ug/m®) and the 13th (151 pg/m®). The
average monthly concentration was 80.44 ug/m® (+£26.25). In total, 30
days of recorded concentration of particles, air condition has 1 good day,
25 moderate days, 3 unhealthy days for sensitive people, and 1
completely unhealthy day. The recorded PM, 5 concentration of un-
healthy days for sensitive people on the 14th, 15th, and 19th are 104 ng/
m®, 116 ug/m°, and 128 ug/m>, respectively. According to the results
obtained from July, 18 days were reported as moderate, 12 days as
unhealthy for sensitive people, and only 1 day as unhealthy air condi-
tion. The 4th (104 pg/m®), 5th (113 ug/m%), 6th (126 ug/m®), 7th
(133 pg/m®), 14th (103 ug/m>), 15th (110 pg/m?>), 16th (103 pg/m>),
22nd (113 pg/m®), 23rd (105 pg/m?), 24th (105 ug/m), 30th (111 pg/
m>), and 31st (143 pg/m>) days are recorded as unhealthy days for
sensitive people. The minimum, maximum, and average monthly PMy 5
were reported as 63 pg/m>, 155pg/m3, and 98.16 pg/m® (+23),
respectively. Although 4 days of August were not reported, the 30th
(60 pg/m3) and 18th (189 pg/mB) were recorded as the minimum and
maximum PMs 5 concentrations. The monthly average of particles was
reported as 119.92 ug/m® (4+32.25). Six days of this month were re-
ported as moderate, 16 days as unhealthy for sensitive people, and 5
days as unhealthy. Eighteenth (189 pg/m®), 19th (156 pg/m>), 20th
(158 pg/m®), 22nd (168 pug/m>) and 23rd (173 pg/m>) are recorded as
completely unhealthy. September 6 (159 pg/m?>) and 10th (156 pg/m?>)
as unhealthy days; the 3rd (117 ug/m>), 7th (138 pg/m®), 9th (144 pg/
m>), 21st (100 pg/m?), 29th (104 ug/m?), and 30th (107 pg/m>) are
also reported as unhealthy days for sensitive people. The rest of the days
of this month are recorded as moderate. The minimum, maximum, and
average concentrations of PMj 5 recorded for this month were 56 pg/m3,
159 pug/m>, and 95 pg/m® (+25.75), respectively. Six days of air con-
ditioning in October were reported as unhealthy for sensitive people and
1 day as completely unhealthy (31st). The 1st, 21st, 22nd, 23rd, 24th,
and 25th were the days that were reported as unhealthy air conditions
for sensitive people, where the PM; 5 concentration was 107 pg/m3,
130 ug/m>, 125 pg/m3, 100 pg/m3, 117 pg/m®, and 116 pg/m>,
respectively. Even though 4 days in this month, PM; 5 concentration was
not reported (26th, 27th, 29th, and 30th), another 19 days were recor-
ded as moderate. According to the results, November (with 25 days of
polluted air) was the second most polluted month of 2023 in Ahvaz city.
The lowest and highest concentrations of PM; 5 recorded in Ahvaz city
were reported in November 65 ug/m® (17th) and 180 pg/m® (11th).
Only 5 days of this month the weather was reported as moderate; While
two weeks of it were unhealthy conditions for sensitive people and 11
days were completely unhealthy air. 1st (163 pg/ m?), 2nd (161 ug/! m3),
9th (160 ug/m>), 10th (173 pg/m), 11th (180 ug/m3), 12th (163 pg/
m®), 13th (164 pg/m%), 14th (161 pg/m>), 15th (161 pg/m>), 19th
(159 pg/m®), and 26th (156 pg/m>) were completely unhealthy days in
this month. It should be noted that the monthly average concentration of
PM, 5 in this month was 129.13 ug/m?’ (£28.75). December was named
as the most polluted month of 2023. In this month, the average
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Fig. 2. (continued).

concentration of particles with a diameter less than 2.5um was
140.03 ug/m> (+22.75) ¢ the lowest and highest concentrations were
84 pg/m® and 175 ug/m®, respectively. Four days of this month were
reported as moderate air conditioning, 10 days as unhealthy air condi-
tioning for sensitive people, and 12 days as completely unhealthy; even
though meteorological stations did not record 5 days of this month. The
annual average of PM,s concentrations throughout every year of
Nikoonahad’s study is above the guidelines set by the WHO. Conse-
quently, average, and maximum PMj 5 levels in 2014 and 2015 were
above the WHO limit of 30 pg/m® by roughly 5.6 and 88 times,
respectively[20,21]. In 2014, the annual mean and highest levels above
the WHO guidelines were 3.35 and 24 times, respectively. Summer
seasons have been indicated to have the greatest amount of PM; o, while
winter seasons often have the lowest amounts. This discovery corre-
sponds with the PM; o concentrations reported by Maleki et al. in Ahvaz
City, near the region of Ilam[22]. Due to the studied area’s dryness and
windiness, significant particle dispersion levels occur throughout the
year. The problem has been aggravated by city and business develop-
ment, including the energy and petrochemical industries. Yazd, Arak,
Tehran, Tabriz, Shiraz, and Ahvaz recorded average annual PM2.5
concentrations of 103 pg/mS, 78 pg/mg, 90 pg/m3, 85 pg/mg,
102 pg/m®, and 385 pg/m?, respectively[23-25].

3.2. Origin of PMy 5 particles

As previously mentioned, January was the second most polluted
month in terms of the average concentration of PMa 5 (135.77 pg/m>);
Almost two weeks were unhealthy for sensitive people and two weeks
were completely unhealthy. The output map from the HYSPLIT program
showed that the origin of this dust was Kuwait (Fig. 3). PMy 5 concen-
tration, in February, 17 moderate days were reported, and 7 days of this
month the air condition was reported as unhealthy for sensitive people;
1 day was considered unhealthy. The highest concentration was recor-
ded on February 2 (160 ug/m3). The output map from the HYSPLIT
program showed that the origin of the February 2 dust was Turkey. In
July, during the first week of air conditioning, only one day (the 2nd)
showed a concentration of PM5 5 which was completely harmful caused
by dust. Turkey was responsible for the dust throughout the initial week
of July. The concentration of particles in the last decade was reported to
have 7 days of unhealthy air conditioning for sensitive people and 3 days
of completely unhealthy air conditioning. The minimum, maximum, and
average monthly PM, 5 were recorded as 50 pg/m°, 158 ug/m°, and
105.72 pg/m® respectively. May 24 was declared as the most polluted
day of this month. Second and 23rd recorded the lowest (46 ug/m>) and
highest (151 pg/m3) PM, s concentrations recorded in June; The
monthly average of particles was 80.44 pg/m?> (£27). According to the
maps extracted from the HYSPLIT program, the origin of dusty days in
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Fig. 3. The origin of monthly dust.

this month and May was Egypt. One of the most polluted months of 2023
in the city of Ahvaz belongs to November, which had 11 completely
unhealthy days; The most polluted day of this month in terms of PM3 5
concentration was the 11th (180 ug/m®). The origin of the dust in this
month was the country of Oman. The average concentration of PM; 5
reported in this month was 129.13 ug/m® (+£28.75). The Arabian
Peninsula was a major source outside of Iran, state Najafi et al. [26].
Akbary and Farahbakhshi [27] reported that the main sources of par-
ticulates in Kermanshah were situated in southern Turkey, Syria, Iraq,
northernmost Saudi Arabia, and Kuwait. By employing backward tra-
jectory assessment, Soleimani et al. [28] showed that some dust comes
from considerably further away, namely the Sahara; throughout the
southern monsoon season particulates from regions in the northern part
of Africa move over the eastern Arabian Sea to southern Iran[29].
Ashrafi et al. claimed that particulates from Jordanian sources may have
accidentally mixed with particulates from the southern Syrian Desert
[30].

April was the cleanest month since 2023 in Ahvaz city in terms of
PM; 5 concentration (69.12 pg/m3i15); In this month, only one day
(30th) the concentration of particles exceeded 100 ug/m>, which was
responsible for the dust that day according to the map extracted from the
HYSPLIT program, Iraq. In September, 2 days were reported as
completely unhealthy air conditions and 6 days as unhealthy air con-
ditions for sensitive people; The concentration of PMj 5 recorded as
unhealthy air occurred in the second week of this month, which also
originated from Iraq, as in April. According to the map extracted from
the HYSPLIT program, the origin of dust in October is Iraq. In October,
there were 6 days of unhealthy weather for sensitive people and only one
day was completely unhealthy (31st). This month’s monthly average of
dust was reported as 90.26 ug/m°>. Both the rivers Tigris and Euphrates
are significant for Iraq and Syria, as stated by Abdi et al. [31] and
Sotoudeh et al. [32], especially during summertime when the area is
dominated by powerful Shamal winds. the research of Cao et al. [33],
dust is also produced by the swamps that divide Iran and Iraq; however,
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Fig. 3. (continued).

Givehchi et al. [34] and Farahani and Arhami [35]indicate that an
important amount of dust in Tehran originates from Iraq and Syria.
Although these sources are particularly active during summer, particu-
lates from them can enter Iran at any time of the entire year[26].
December had the dustiest days; Two weeks of complete PMj 5
concentration was reported as completely unhealthy air and two weeks
as unhealthy air condition for people. The most polluted month of 2023
in Ahvaz city belongs to December, and the most polluted day of this
month belongs to the 19th (140.03 pg/mg). August had 16 (consecutive)
days of unhealthy air for sensitive people and 5 days of completely
unhealthy air, the highest concentration reported in one day was on the
18th (189 pg/m?). The Great Desert of Arabia was responsible for the
dust in the polluted months of December and August. The two main
regions affecting the distribution of particulates in southwestern Iran are
the area between the Tigris and Euphrates river’s eastern and western
limits, as well as the southeast region of the Arabian Peninsula[36]. As
stated by Boloorani et al. [37] the Tigris/Euphrates origin’s importance
was affected by certain exterior attributes. Boloorani et al. [38] made a
map that showed four main source regions, one of which represented the

Saudi Arabian Rub-Al-Khali desert, which Salmabadi et al. [39] had
already been identified. The findings of this study show an important
portion of dust particles in Iran originated from the northwestern region,
west, and southwest areas. The primary origin of these particulates in-
cludes the Sahara Desert, the deserts of Syria and Iraq, Saudi Arabia,
Kuwait, and the Mesopotamian Plains.

During the 20 days of March, the weather condition was character-
ized as moderate. However, in 9 of those days, the meteorological
condition was classified as unhealthy for people particularly sensitive to
it. Only two days in March (the 6th and 8th), saw reports of unhealthy
conditions. The origin of March dust was inside Iran (Khuzestan prov-
ince). Several somewhat small particle sources are scattered around the
Khuzestan area in Khuzestan Province, which is situated in southern
Iran. As stated by Heidarian et al., 350,000 acres, or 9 % of the plain, are
all susceptible to generating dust; however, roughly 50,000 ha of the Al-
Azim marshes are situated in this susceptible region [40]. The origins of
this dust are destroyed fields, abandoned rain-fed crops, irrigated land,
and temporary saline lakes [41].
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3.3. The health consequences of PMy 5 exposure

The consequences of polluted air cost countries both directly and
indirectly. The World Bank’s research determined that in 2013, Iran’s
polluted air caused a significant decrease in general health and a 2.48 %
decrease in GDP for the nation, causing a loss of 30.6 million USD in
income[42]. It consequently is conceivable to avoid adverse effects on
human health and even monetary losses by developing and enacting
strategies and regulations focused on lowering pollutants. Considering
that particulates from Middle Eastern countries are the main contribu-
tors to emissions in Iran, any advancements in decreasing these sandy
storms could provide important benefits[43]. Table 2 shows the conse-
quences of exposure to fine dust in Ahvaz city. The consequences are
expressed in two levels: Short-term exposure and long-term exposure. In
short-term exposure, they refer to hospital admission (respiratory and
cardiovascular), death due to respiratory disease, death due to stroke,
and all deaths caused by exposure to dust. Long-term exposure to PMs 5
also causes mortality stroke, mortality IHD, LC, and COPD. Exposure to
PM, 5 for a short time results in a 15.55 % increase in hospital admis-
sions. Particularly, in Ahvaz city, getting exposed to 104.87 pg/m> of
PM, 5 led to the hospitalization of 2269 people. In Ahvaz city, the fa-
tality rate caused by exposure to levels of PM 5 is 195.9 deaths per
person. Among the population with short-term exposure to PM, s, there
was a 6.32 % mortality. From the results shown in the table, it follows
that 36 people from the entire population of Ahvaz, who were exposed
to the average concentration of 104.87 ug/m®, died; 3.08 deaths per
100,000 people exposed. Lung cancer and COPD are other respiratory
diseases caused by long-term exposure to fine dust. Long-term exposure
to fine dust increases the attribute proportion by 46.07 %. It is estimated
that 2267 of the total deaths are due to respiratory diseases due to
exposure to PMj 5. 377.7 people per 100,000 residents of Ahvaz died due
to exposure to 104.87 ug/m> of PM, 5. Other negative consequences of
long-term exposure to dust include lung cancer. According to the results
obtained from the Air Q' program, it is estimated that the attribute
proportion of long-term exposure to PMs 5 was 33.73 %. 23 of the res-
idents of Ahvaz have died due to lung cancer; That is, 3.78 people per
100,000 people have developed lung cancer and died due to long-term
exposure to an average concentration of 104.87 plg/m3 of fine dust.
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The findings of Geravandi et al. [44]imply that predicated on the Air Q
2.2.3 scenario, PM is the cause of 4.76 % of pulmonary fatalities in
Ahvaz. Nonetheless, the long-term effects of PM have been shown by a
new investigation. Based on Hadei et al. [45], Ahvaz’s yearly average of
AP and the prevalence of death from lung cancer associated with PM2.5
were around 25 and 23 instances, respectively. Approximately 8 million
instances, with a corresponding number of problems associated with air
pollution, have been recorded. An analysis of the death rate among
people of Tehran, Iran, about Acute Lower Respiratory Infections (ALRI)
indicated a significant association between airborne pollutants and
mortality¢ Particularly, might be directly caused by air pollution[46].
Increasing traffic density has been demonstrated to considerably
decrease women’s exhaustion volume in 1 second and the needed
essential capacity[47]. A research study done in 11 US cities on hospital
admissions for lung and heart diseases found that for every 10 ug m—3
rise in PM10 levels, there has been a 2.5 % increase (with a 95 % CI of
1.8-3.3) in CVD hospitalizations[48].

Short-term and long-term exposure to PMs 5 not only causes respi-
ratory problems but also causes cardiovascular diseases. 7.81 % of those
admitted to Ahvaz hospitals in 2023 were due to short-term exposure to
fine dust; Therefore, the number of people hospitalized due to exposure
to PMy 5 was 394. It is estimated that 34.06 per 100,000 people were
hospitalized. IHD is one of the diseases caused by long-term exposure of
people to PMys. It is estimated that the attributable portion of IHD is
56.18 %. 214 people exposed to fine dust died due to ischemia in Ahvaz
city in 2023; In other words, 35.68 people per 100,000 have died due to
ischemia due to exposure to PMs 5. An investigation by Hadei et al. [49]
determined that long-term exposure to PMy 5 was related to 338 fatal-
ities from ischemia and about 660 fatalities from IHD. The death rate
from IHD was 93 per 100,000 people, while the fatality rate from stroke
was 47 per 100,000 people. During 2011 and 2019, the mean yearly
death rate caused by IHD primarily because of prolonged exposure to
PM;( was 51 fatalities per 100,000 people. Compared to the findings of
earlier research, this average is considerably less. Based on a research
study done by Ansari and Ehrampoush [50], the death rate associated
with THD per 100,000 people as a result of polluted air in Tehran, Iran,
between 2017 and 2018 was 105. By Applying the Air Q+ model to
analyzing ten Iranian cities, Hadei et al. [51] observed that the mean

Table 2
The health consequences of PM, 5 exposure.

Outcome RR* AP® AC B+[C]* N+[C]®

Short term Hospital Admissions 1.019-1.040 15.55 % 2269 195.9 2268.5
(Respiratory disease)
Hospital Admissions 1.009-1.016 7.81 % 394 34.06 394.37
(Cardiovascular disease)
Mortality all causes 1.006-1.008 5.65 % 356 30.71 355.65
Mortality 1.007-1.011 6.32 % 36 3.08 35.72
(Respiratory disease)
Mortality 1.007-1.013 6.24 % 46 3.96 45.87
(Stroke)

Long term Mortality all (natural) causes (30+) 1.08-1.09 53.63 % 2639 439.8 2638.8
CoPD - 46.07 % 2267 377.77 2266.65
(For adults)
LC® 33.73 % 23 3.78 22.67
(For adults)
Mortality stroke” 65.01 % 248 41.28 247.68
(For adults)
Mortality IHD 56.18 % 214 35.68 214.06

(For adults)

# Relative Risk
b Attributable Proportion
¢ Attributable Cases

d Estimated Change of incidence (per 100,000 population at risk) at a certain category of exposure

¢ Estimated number of cases attributable to a certain level of exposure
f Chronic Obstructive Pulmonary Disease

8 Lung Cancer

b Ischemic Heart Disease
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death rate from IHD associated with dust particles was 84 per 100,000
people in all cities and towns. People with higher levels of risk may be
responsible for the higher rate of fatalities reported in those previous
investigations. For respiratory-related deaths, particles are the cause of
41.66 % of deaths. In towns with populations higher than our study
base, Tehran showed a comparable prevalence of 23.8 CVD-related fa-
talities per 100,000 people in 2017-2018. According to Barzegar et al., a
study done between 2006 and 2017 revealed that 24.5 % of mortality
related to cardiovascular disease (CVD) in Tabriz was triggered by
long-term exposure to PM. The two primary risk factors related to CVD
are driving and breathing in pollution from biomass combustion[52]. In
their research, Ya et al. reported an association between PM; 5 (ER =
0.074 %) and PM;( (ER = 0.023 %) and non-accidental daily fatalities.
Adults aged 65 or older and women were found to be particularly
vulnerable to air-polluted exposure, and a study on stratification indi-
cated that summer exposure to pollutants may be more prevalent than
wintertime exposure. The elevated levels of PM2.5 and PM; particles
increase the risk of daily deaths from cardiovascular disease and
non-accidental causes, but not from pulmonary diseases[53].

Particulate matter can affect the brain and eventually cause strokes.
Strokes can occur in both short-term and long-term exposure to PMj s.
6.24 % attributable to stroke due to short-term exposure to dust and the
estimated number of deaths due to stroke is 46 people; For every
100,000 people, 3.96 people die due to stroke (due to exposure to fine
dust). The results of this research showed that due to long-term exposure
to PMjy s, the attributed proportion was 65.01 %, the estimated number
of deaths due to stroke was 214 and the estimated number of deaths per
100,000 people was 35.68. According to the results, short-term and
long-term exposure to PM; 5 is responsible for 5.65 % and 53.63 % of
deaths (people over 30 years old), respectively. It is estimated that short-
term and long-term exposure has caused the death of 2639 and 356
residents of Ahvaz city. In Iran, pulmonary diseases caused by airborne
particles contributed to about 1503 deaths in 2012, based on a Health
Impact Assessment (HIA) performed by the WHO. A predicted 42,301
years were estimated to be the total number of DALY, compared with
41,601 years for YLL. Chronic exposure to PM 5 led to 415 instances of
YLL, 9014 years of DALY, and 9014 years of fatal COPD events overall.
In Iran, PM, s-related YLL, DALY, and IHD instances have been docu-
mented in 388,334 years, 399,301 years, and 16.989 cases, respectively
[54]. According to Heli et al.’s evaluation, between 2011 and 2019,
between 44 % and 53 % of instances involving PM exposure were 18
years of age or older and had been diagnosed with IHD. Additionally,
strokes comprised 16-25 % of the total reported cases. In the northern
Caribbean province of Columbia, there have been 25 fatalities per 100,
000 people because of sandstorms among kids under the age of 4. It
makes up 12 % of the ALRI-related fatalities in the area under consid-
eration [55].

4. Conclusion

The present study focused on the origin, concentration, and health
consequences of PMj 5 in 2023 in Ahvaz city. The results obtained from
the data of the meteorological database showed that the city of Ahvaz is
very polluted and the number of days in which the dust concentration is
completely unhealthy air condition reached 49 days; The share of
completely polluted days in December (12 days), January (12 days) and
November (11 days) was more than other months. According to the
maps extracted from HYSPLIT, Iran is the source of dust in March, the
Great Arabian Desert is the source of dust in December and August, Iraq
is responsible for dusty days in April, September, and October, Kuwait is
responsible for dust in January, Turkey is the source the dust of February
and July, the country of Egypt was the source of the dust of June and
May, the country of Oman was also the source of the dust of November.
Based on estimates done using the Air Q" programs, the residents of
Ahvaz suffered heart disease, lung disease, and stroke as an outcome of
being exposed to PMj 5 particulates. Policymakers need to take health
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precautions because the yearly average of dusty days exceeds two
months. Wearing face masks, suspending schools and offices tempo-
rarily, and planting trees around dust sources are a few instances of
health precautions that safeguard people’s health.

Limitations

The authors of the following paper were completely provided with
data concerning PM3 5 from the Meteorology Organization of the Khu-
zestan region. However, there are increased potential hazards to people
when PM; particles are present.
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