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Research Paper
A Probable Mechanism for Recurring Outbreak of 
Respiratory Syndrome During Autumn Season in 
Ahvaz City, Iran

Background: Recurring annual asthma or asthma-like outbreak in Ahvaz City, Iran, has become 
a serious public health problem. A toxic gas, a chemical compound, or an allergen with unknown 
nature and mechanism leads to severe asthma outbreaks each year. Bronchospasm, cough, 
dyspnea, chest tightness, and wheezing are the main symptoms of these attacks. Oxygen and 
anti-asthma therapy are effective treatments in outbreak management. Based on our findings, 
it is hypothesized that vast amounts of ammonium nitrate used in agriculture underlay high 
concentrations of nitrate. This substance is transported by PM10 and is the main cause of the 
respiratory outbreak.

Methods: The concentration of nitrate was determined by the ion chromatography method 
in dust samples during 2015-2016. Using spectroscopic methods, the effect of nitrate ions on 
hemoglobin oxidation and methemoglobin formation was studied.

Results: Our results indicate that the concentration of ammonium nitrate in dust collected from 
indoor spaces is five times higher than the levels allowed amount in airborne pollutants. Our 
findings also indicate that this concentration of nitrate in the bloodstream can instantly increase 
methemoglobin percent to 18% with symptomatic consequences.

Conclusion: The exact mechanism proposed by this study is that inhaled nitrate or nitric acid 
finally increases the nitrate in the circulation of affected individuals. Hemoglobin oxidation 
and methemoglobin formation are the subsequent events leading to methemoglobinemia with 
asthma-like reactions seen in Ahvaz respiratory syndrome. Restricting or even prohibiting 
ammonium nitrate application in agriculture seems to be an urgent measure to stop Ahvaz's 
recurring respiratory syndrome.
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1. Introduction

t is well known that respiratory outbreak 
associated with thunderstorms seen in the 
southwest of Iran, i.e. Ahvaz City, Iran, 
is mediated by dust particulate matters of 
PM10, PM2.5, and PM1 with 10, 2.5, and 1 

mm diameters, respectively [1-5]. These particulate mat-
ters carry large quantities of toxic chemicals, coal, oil, 
heavy metals, aromatic hydrocarbons, inorganic and im-
munogenic compounds [6-9]. It is also documented that 
ultra-fine PM particles with diameters lower than 2.5 
mm can go down to lower parts of the respiratory tract 
and even to the bloodstream, carrying toxic materials to 
interstitial fluids of the pulmonary tract and hamper their 
physiological functions [10, 11]. Different studies indi-
cated that these particles at more than 420 mg/m3 con-
centrations are hazardous and leads to respiratory tract 
inflammation and asthma symptoms [12-14].

Ahvaz, the capital city of Khuzestan Province, is ex-
posed to large emissions of pollutants each day due to 
surrounding steel, petrol, petrochemical, textile compa-
nies, and agricultural projects. Because of its proximity 
to major sources of dust in the Middle East countries, 
i.e. Iraq, Saudi Arabia, and Kuwait, this city is experi-
encing major dust events each year with thousands of 
milligrams per cubic meter of particulate matter [15-17].
Considering their high capacity, PM particles carry large 
quantities of toxic pollutants on dusty days [18-21].

Unlike other seasons, the asthma outbreak in Ahvaz 
starts merely in autumn with the beginning of the first 
rain. The conditions of low temperature, high humidity, 
surface wind blow, lightning, and thunder with unknown 
mechanism interact each year to cause asthma outbreak 
in thousands of people who refer to hospitals for urgent 
care [22, 23].

Hypothetically, the severity of the outbreak depends 
on the concentration of the causal factor or its activation 
state each year. The suspected factor leading to asthma-
like reactions may be a toxic compound associated with 
PM particles in a gas, liquid, solid form, or an allergen in 
aerosol form [24].

Not only young children and elderly individuals with 
asthma or cardiovascular disease backgrounds but also 
young adults without any backgrounds are affected by 
this outbreak [1, 22].

Ammonium nitrate (NH4NO3), a highly water-soluble 
(150 g/ 100 mL) chemical used predominantly as a fer-

tilizer in agriculture, comprises the major source for en-
vironmental contaminants. Urban ammonium nitrate at 
trace amounts also may arise from the atmospheric reac-
tion of ammonia and nitric acid emitted from industrial 
activities [25]. Ammonium nitrate quantitatively com-
prises the second compartment of PM10 particulates and 
hence acts as an essential contaminant. Because the total 
amount of PM10 reported for Ahvaz each year is about 
five times of PM2.5 and PM1, ammonium nitrate seems 
likely to make a serious contaminant in dusty days in 
this metropolis [22, 26]. Based on the Knoema database 
(https://knoema.com), the annual changes in ammonium 
nitrate production in Iran correlate with the severity of 
the outbreaks period.

In the late 19th century, it was shown that aerosols con-
taining ammonium nitrate at ambient conditions rapidly 
and cautiously emit toxic ammonia and nitric acid gas-
ses that evaporate to the surrounding environment [27, 
28]. The expected evaporation of these toxic gasses from 
aerosols in rainy conditions and their inhalation can be a 
probable factor for respiratory asthma in the Ahvaz out-
break. Moreover, nitrate ion produced by inhaled nitric 
acid gas is a strong oxidant and can cause vast oxidation 
in affected individuals [17-29]. Even though in a study 
it was shown that the total concentration of 5 mg/m3 of 
ammonium nitrate in aerosols does not cause any pul-
monary problems in a voluntary group, but in the case 
of Ahvaz outbreaks with thousands time more quantities 
of ammonium nitrate, severe respiratory complications, 
and even lethal effects will be expected [28, 30, 31].

Cough, bronchospasm, dyspnea, chest tightness, 
wheezing, choking, ocular and throat irritations are re-
ported similarly for Ahvaz asthma outbreak and intoxi-
cation by nitrates. It is also shown that nitrate can pass 
the respiratory tract to the bloodstream and neutralize by 
hemoglobin which subsequently leads to methemoglo-
bin formation and methemoglobinemia [32-35].

Methemoglobin, in contrast to hemoglobin, cannot 
bind oxygen and transport it to tissues. Methemoglo-
binemia is a severe disease with symptoms depending 
on the total concentration of methemoglobin, including 
bronchospasm, dyspnea, chest tightness through more 
severe manifestations of arrhythmia and death [32-35].

In the present work, we quantified nitrate ions carried 
by indoor dust during October 2015 and investigated 
possible effects of nitrate ions on human adult hemo-
globin to elucidate the probable mechanism behind the 
asthma-like autumn outbreaks in Ahvaz city.
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2. Materials and Methods

Dust samples

To assess the contamination of dust by ammonium ni-
trate, we collected dust samples from different places and 
different cities, including Ahvaz, Ramhormoz, Abadan, 
Andimeshk, and Susangerd from November 2015 to De-
cember 2016 [36]. In this work, the precipitated dust on 
smooth surfaces in the indoor environment of buildings 
in Shahid Chamran University were used. The segre-
gated samples of 200 mg dust were suspended in 2 mL 
of double distilled and deionized water for about one 
hour and then shook thoroughly at room temperature. 
The suspension was then centrifuged at 3000 rpm for 15 
minutes, and the clear supernatants were separated and 
used for further analyses. It is essential to mention that 
the concentration of PM10 in this period was more than 
255 mg/m3 [10].

Nitrate determination

The nitrate concentration was measured by ion chro-
matography method with a Metrohm 761 Compact IC 
set in the Department of Geology, Faculty of Geosci-
ences, Shahid Chamran University of Ahvaz, as reported 
before [33, 37].

Hemoglobin sample 

Heparinized fresh blood samples were obtained from 
healthy donors without any backgrounds of asthma or 
cardiovascular disease after 8 hours fasting period. They 
were washed two times with ten volumes of saline. The 
washed blood then lysed was by three volumes of cold 
deionized water. Hemoglobin was extracted and stripped 
from anions by CM-Sephadex cation exchanger at pH 
6.5 and Sephadex G-25 column, respectively, as report-
ed before.38 Hemoglobin samples were used in 0.1 M 
phosphate buffer pH 7.0 throughout spectroscopic ex-
periments [38]. Since hemoglobin samples are sensitive 
to autooxidation; the blood samples were prepared on 
the day of the experiment freshly.

Spectroscopic studies 

Samples with 1.5 mL volume of fresh hemoglobin so-
lution containing about 2-4 mg/mL protein were used for 
the spectroscopic assay. Hemoglobin spectra in the range 
of 200-750 nm before and after the addition of 0.3 mL of 
dust supernatant were obtained using Biowave II spec-
trophotometer, Biochrom LTD, Cambridge England. 

The progression in absorbance at 630 nm was followed 
by time scan mode for about 1 hour [39].

Methemoglobin determination

 In hemoglobin solution, the concentration of oxy-, de-
oxy- and met-hemoglobin species could be calculated at 
pH 7 using the Equations 1, 2 and 3.

1. [Oxy]=(1.0154A576-0.2771A630-0.742A560]×10-4

2. [Deoxy]=(1.357A560-0.737A576-0.625A630]×10-4

3. [Met]=(2.6829A630-0.174A576-0.3614A560]×10-4

It should be mentioned that oxyhemoglobin concentra-
tion at each moment depends mainly on the absorbance 
at 576 nm, deoxyhemoglobin depends on absorbance at 
540 nm, and methemoglobin depends on the absorbance 
at 630 nm [38].

3. Results and Discussion

According to the data obtained from Knoema, the 
comprehensive source for integrated global data, Iran 
produced and used 102077 tones of ammonium nitrate 
as fertilizer in agricultural projects during 2013. This is 
the year that the first reported asthma outbreak in Ahvaz 
took place in the autumn season with more than 20000 
hospital admissions. Based on the data obtained from 
Knoema in 2013, there is more than 917 percent increase 
in ammonium nitrate production compared to 2012 that 
correlates with more severe asthma of 2013 outbreak 
compared to 2012 [23].

Our ammonium nitrate determination indicates that the 
concentration of nitrate in dust collected from indoor 
spaces during this study was 268 ppm, which is five 
times higher than levels allowed as dissolved nitrate in 
the bloodstream (50 ppm) or as airborne pollutant [40].

Accordingly, agricultural ammonium nitrate seemed 
to be the primary source of nitrate in the dust. If our 
hypothesis regarding the involvement of ammonium 
nitrate in asthma outbreak comes true, based on data ob-
tained from Knoema, there should have been unreported 
outbreaks in Khuzestan during 2006-2008. Figure 1 
shows the absorption spectra for normal oxyhemoglo-
bin and abnormal methemoglobin formed by the addi-
tion of 300 mL dust supernatant after one hour. As it is 
evident, the oxyhemoglobin spectrum in the 350-700 nm 
region contains α band at about 576 nm and b β band at 
about 540 nm wavelengths, and a Soret band at about 
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410 nm. All are assigned to π→π* electron transitions in 
the heme group of hemoglobin. In the case of methemo-
globin formation, a small band appears at 630 nm that 
belongs to n→π* electron transitions of the heme group. 
Based on our findings, the addition of 300 mL of nitrate-
containing dust supernatant undoubtedly, leads to met-
hemoglobin formation in the test tube, the phenomenon 
we hypothesized that happens in affected individuals 
[38]. Methemoglobin formation decreases oxygen satu-

ration and leads to hypoxemia. This severe state causes 
symptoms such as headache, bronchospasm, shortness 
of breath, coughing, and wheezing presentations, similar 
to those reported for asthma outbreak in Ahvaz [1, 4, 23].

Figure 2 illustrates the time scan change in methemo-
globin concentration after the addition of 300 mL of dust 
supernatant in 1 hour. As it is clear, there are two distinct 
phases in methemoglobin formation. The first phase is 
speedy and completes in one minute. The percentage 
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Figure 1. Absorption spectra for oxyhemoglobin and methemoglobin for human hemoglobin before and 1 hour after addition 
of 300 mL of dust supernatant in 0.1 M phosphate buffer pH 7 in the range of 350-700 nm wavelengths
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Figure 2. Time scan determination of methemoglobin (%) determined after addition of 300 mL of dust supernatant determined 
in hemoglobin solution with about 2-3 mg/mL protein in 0.1 M phosphate buffer pH 7
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of methemoglobin in this phase increases from ~2% to 
18%, which could be symptomatic. In the next phase, 
the percentage of methemoglobin increases gradually to 
about 8% after 60 minutes. This increment could con-
tinue to higher values after longer times results in more 
severe symptomatic hypoxemia. 

We suggest that a dramatic increase in ammonium 
nitrate application in agriculture (https://knoema.com) 
during the years of outbreaks of Ahvaz coincides with 
the increased annual outbreak of autumn respiratory 
asthma, which accompany thousands of hospital ad-
missions as serious public health in Khuzestan Prov-
ince, southwest of Iran [1-5]. Previous literature also 
extensively indicated that particulate matter increased 
dramatically during this period [3, 10, 12]. There are 
also many reports showing increased anthropologic 
toxic pollutants in Ahvaz correlate with respiratory and 
cardiovascular diseases [41-44]. It is also shown that 
indoor PM particles are originated from outdoor par-
ticles carrying the same toxic materials [3, 45]. In con-
trast to PM2.5 and PM1, PM10 is said to carry five-fold 
larger quantities of nitrate. Therefore, we suspected it 
to be the cause behind the annual outbreak of Ahvaz 
asthma [22, 26]. High concentration of 268 ppm in dust 
supernatant confirms our claim in this context. 

The first rainfall is also believed to be the flashpoint for 
this outbreak, particularly when accompanied by thun-
der, lightning, and surface wind blow. This could also 
be understood entirely by decomposition of ammonium 
nitrate or aerosol formation in this condition as postu-
lated accordingly [16, 22, 23]. Nitrate emanated from 
industrial sources seemed harmless for the problem as 
the industrial activities had started more than 50 years 
before asthma outbreaks occurred. 

4. Conclusion

If our findings and hypothesis regarding the interven-
tion of ammonium nitrate in asthma outbreak in Ahvaz 
are confirmed through methemoglobin determination in 
the blood of affected patients, then the higher applica-
tions of ammonium nitrate in agricultural lands would 
lead to higher environmental contamination by ammo-
nium nitrate, which in turn would end up in more tragic 
asthma outbreaks in Ahvaz. 
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