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ABSTRACT

Acid gas is a type of natural gas or any other gas mixture that contains significant quantities of
hydrogen sulfide, carbon dioxide, sulfur oxides, nitrogen oxides, hydrogen halides, or similar
acidic gases. Acid gases form acidic solutions when dissolved in water. A major cause of
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this study, the data of the European Center for Medium-Range Weather Forecasts (ECMWF)
as total precipitation (Tp), as well as the Vertical Column amount of SO, from the Giovanni
Acid qases Center were adopted. The purpose of the research was to find the relationship between rain
g and sulfur dioxide in Baghdad, Mosul, and Basra cities for the period (2003-2016). The study
ECMWF ) i ) .

was carried out for monthly and annual (or yearly) data variations. To find the correlation

\ strengths of the relationship between Total precipitation (Tp) and sulfur dioxide, the correlation
coefficients of Spearman’s rho test (rs) were used. It was found that the relationship between
(Tp Vs. CO,) and (Tp Vs. SO,) for Mosul station was inverse and positive, with a value of 0.7
that’s due to sulfur water eyes. Also, CO, was found throughout all months but with different

Total precipitation
Sulfur dioxide

ratios, where the highest concentration was in 2016 in all the stations.

INTRODUCTION

The definition of acid gases Carbon dioxide (CO,) and
hydrogen sulfide (H,S) are the two most prevalent types
of acid gas, but there are others as well, such as hydrogen
chloride (HCI), hydrogen fluoride (HF), sulfur oxides (SO,
and SO;), and nitrogen oxides (NOx). Which means it has a
low PH and high concentrations of hydrogen ions. Negative
effects could befall water plants, wildlife, and infrastructure.
Sulfur dioxide and nitrogen oxide emissions cause acid rain
because they mix with water molecules in the atmosphere to
produce acids (Chestnut & Mills 2005). Some governments
have successfully worked since the 1970s to reduce the
quantity of sulfur dioxide and nitrogen oxide discharged
into the environment. Nitrogen oxides can also naturally be
produced by lightning, while volcanic eruptions can naturally
produce sulfur dioxide (Hajer 2002). It has been shown that
acid rain has bad effects on freshwater, soil, and life. It also
affects human health and causes paint to peel, corrodes steel
structures like bridges, and weathers stone buildings and
statues (Grennfelt et al. 2020).

Sources of Acid Gases

Carbon dioxide and sulfur dioxide are the two principal
causes of acid gases (Hajer 2005, Yehia et al. 2022). These

gases are by-products of high-temperature combustion
operations (such as factory and auto exhaust, forest fires,
and fertilizer manufacturing) as well as chemical industries
(Larssen & Carmichael 2000).

Sulfur Dioxide (SO,): Sulfur-containing fossil fuels that
are burned release sulfur dioxide, an invisible gas. Several
industrial processes, including the production of iron and
steel, factories, and crude oil manufacturing operations,
produce this gas (Livingston 2016).

Natural catastrophes can cause sulfur dioxide emissions
into the atmosphere, which make up about 10% of the total
sulfur dioxide emissions from volcanoes, seawater spray,
plankton (organisms suspended in water), and decaying
plants (Abbood & Al-Taai 2018). Sulfur dioxide is typically
created by industrial combustion at a rate of 69.4%. In terms
of transportation, it is accountable for 3.7% of sulfur dioxide
emissions (Ahmed et al. 2021, Al-Jaf & Al-Taai 2019).

Carbon Dioxide (CO,): The biosphere, aquifer, rocky
atmosphere, and atmosphere of the Earth’s atmosphere all
contain carbon dioxide. The carbon element that is important
for the existence of life on the Earth’s surface is in the case
of an exchange between the Earth’s casing in the so-called
carbon cycle (Al-Taai et al. 2021). There is an estimated
800 gigatons of carbon dioxide in the atmosphere, and the
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water envelope is 38,000 gigatons, in the form of physically
dissolved gas in the form of bicarbonate and carbonate, while
the carbon dioxide in the lithosphere is chemically linked to
rocks Carbonates such as calcite and dolomite, which contain
an estimated 60,000 tons of carbon dioxide (Hashim et al.
2023, Nassif et al. 2021).

Acid rain is created when sulfur-containing gases react.
When sulfur dioxide and oxygen mix with UV radiation
from the sun, the most significant of these processes produce
sulfur trioxide, which reacts with atmospheric water vapor to
make sulfuric acid (Al-Taai & Abbood 2020). Which remains
suspended in the air as a fine mist that the wind carries from
one area to another, and which may combine with some
airborne gases, such as ammonia, to create a new chemical
called ammonia sulfate (Abbood et al. 2023). Acid rain is
created when sulfur and ammonia sulfate particles dissolve in
rainwater and fall to the earth’s surface and nitrogen oxides
and sulfur oxides both contribute to the formation of acid
rain (Mahdi et al. 2021).

These particles remain suspended in still air and appear
as a light mist, especially when conditions are favorable for
rain (Abbasi et al. 2013). When oxygen and ultraviolet light
are present, nitrogen oxides are converted into nitrogenous
acid (Abbood & Al-Taai 2020).

MATERIALS AND METHODS

The reason for choosing sulfur oxides and carbon in this
study is because the main factor in the formation of acid rain
and the main reason for choosing the three governorates of
Baghdad, Basra, and Mosul, were different due to population
density, human activities, and land use, Mosul was similar
to the behavior of the Anbar governorate, which includes
many sulfurs Springs.

Forms of Acid Rain or Acid Precipitation

Wet Sedimentation: is acid rain where the sulfuric and nitric
acids that form in the atmosphere fall to the ground mixed
with precipitation such as rain, swell, hail, or fog(Al-Taai
& Abbood 2020, Hames et al. 2002).

Dry Sedimentation: When there is no moisture in the
atmosphere, labor particles and gases remain suspended in
the atmosphere (Chan et al. 2018). The particles and acid
gases may be deposited on the surfaces of water bodies,
plants, and buildings quickly, or they might interact while
being transported by air to create larger particles that could
be dangerous to people’s health (Chen et al. 2013). The
accumulating acids are removed by rain. This water is
corrosive and rushes over and across the ground, harming
vegetation and wildlife. The amount of rain that the area
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receives determines how much acidity in the atmosphere
is deposited by dry precipitation (Zhang et al. 2012). For
example, in desert areas, the percentage of dry precipitation
is higher than that of wet precipitation because of the low rate
of rain during the year (Nagase & Silva 2007). Numerous
studies detail the function of sulfur dioxide on rain acid for
certain stations as well as the biological effects that were
discovered. Structures and items built by humans are also
harmed by acid rain (Singh & Agrawal 2007, Nassif et al.
2023).

RESULTS AND DISCUSSION

The Behavior of the Monthly and Yearly Rate of Tp for
Iraqi Stations (Baghdad, Basra, and Mosul)

Figs. 1, 2, and 3, show the highest monthly amount of Tp
recorded in November, December, January, February, March,
and April months for Baghdad, Basra, and Mosul stations
over 2003-2016. In 2013, the highest TP concentration was
recorded in Baghdad and Basra stations, while in Mosul
station, the highest concentration was in 2006. The weather
is erratic and can generate heavy to moderate rain in areas
with a wide range of cloud types. During this period, Iraq
was distinguished by its different types of clouds, including
low, medium, and high clouds. Low and medium clouds had
heavy rain during the months of winter and spring. This is
brought on by climatic changes, surface characteristics, and
atmospheric and astronomical causes. Fig. 4, shows the high
annual Tp concentration of the three selected stations during
the tested period.

The Manner of the Monthly and Yearly rate of Carbon
Dioxide in Iraqi Stations for 2003-2016

Figs. 5 and 6 show the CO, concentration during all months
of the study period. The concentration of carbon dioxide
showed different ratios during the tested years, with the
highest concentration appearing in 2016 in all stations.

The majority of fossil fuels that are high in carbon
and hydrocarbons, such as coal, peat, oil, and natural gas,
as well as the exhalations of humans and other aerobic
animals, volcanoes, organic matter decomposition, during
the fermentation of sugars, as a byproduct for burning wood
and sugars, and organic matter decomposition are to blame
for this (Singh & Agrawal 2007). In addition to car smoke,
fires, factories, and many other sources of pollution.

The Behavior of the Monthly and Yearly Mean of Sulfur
Dioxide for Iraqi Stations

Figs. 7 and 8 show the concentration rates of sulfur dioxide
gas during all months of the study period, which show
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Fig. 1: The high monthly average of Tp of Mosul station.
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Fig. 2: The high monthly average of Tp of Baghdad station.

This publication is licensed under a Creative
Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5194/egusphere-egu22-2713
https://doi.org/10.5194/egusphere-egu22-2713

IMPACT OF ACID GASES ON TOTAL PRECIPITATION OVER IRAQI STATIONS 443

so Basra for year (2003) 1 Basra for year (2004) i Basra for year (2005)

45
5 £ o ‘E s
E 40 z g
E 35 g "3 40
£ 80 £ e
E 30 £ s H - 7T
= = = =i
£ 2 £ - L E w0 b
E 2] . E -
g £ B =
£ g ow H —Je
5 10 : ‘3w =i
B 2 F -

3 - 70 1ETR

Py -
0 0
BRI R 0 - S @9\‘«4“&
&Kﬂ* Y ‘?99 @gg‘}éejﬂiﬂ&ea od@"'d Sl v."\?’*\*’« i '“‘ & “E-‘p 4‘5} % f;&‘p& * \é\ ?”%Q-\ yié:@
r S & Es SO ¥ o Ca
Months < a ik Wee %“Q\ C“%e* va = -é

Months Months

Basra for year (2008)
Basra for year (2006) ﬁBasra for year (2007) 4

60

50

40
30
20
10
0
&
&‘% a\"’

Total precipitation (mm/ month)

Total precipitation (mm/ month)

Total precipitation (mm/ month)

s’° &, ¢° ‘p \ov

(‘-
£ o
Momhbs? Months
Basra for year (2010)

2 Basra for year (2011)
= 70
g 10
E
E 3
E -1 2275
= B 65746
'9 6 [ 44993
£ — o as01 I

5 G048
B, =1 3

w—osn |
2 — iz
= - 00235 =
= 2 00770
E — 4107
= T k

0
S & 0 e \\5 S & S
\,, RS R ?_s; oF o°‘gz5-ﬁ &’ IS
S =
\rew Months Months

s for year (2012) Basra for year (2013) Basra for year (2014)

180 80

80 = 5

= 160 =

70 = 2

£ 140 £

- -

60 E 120 H

50 & =
- 100

40 2 5

= 80 k=1

30 60 =

g

20 40 a

10 =

20 E]

0 =

) & &
\é‘ ’éa. @ é"@ 'é‘r" \"wﬁ o & &
b a‘“ a5 c:""
B -
Months Momhs

2
7”Basra for year (2015) mBasra for year (2016)

= 2 5

g g

£ £ 4o

& 50 £

E E s0

S w0 =

g S @

=l g

g =

2 A E a0

‘3 2

Ew E 2

= =

ERU £ 10

[ -5 020 =
v ° S 5 & £ &

> D - S S S Y & ) o‘  §F
ST S \é\“‘ s \"?\\@’i«‘i_‘ﬁ@? &
S S
P et ;T#, dy‘ S <&
Months Months

Fig. 3: The high monthly average of Tp of Basra station.
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Table 1: The relationship between CO,, SO, and Tp for the 14 years over Iraq.

Station Relation. Spearman-rho Linear Regression Simple
R Correlation P-value Interpretation

Mosul CO, vs Tp -0.10 Very Low 0.0001 Linear

SO, vs Tp +0.70 High 0.0006 Linear
Baghdad CO, vs Tp -0.10 Very Low 0.0001 Linear

SO, vs Tp +0.40 Low 0.0013 Linear
Basra CO, vs Tp -0.10 Very Low 0.0001 Linear

SO, vs Tp -0.50 Medium 0.0034 Linear

of early mortality and illnesses like lung cancer, asthma,
heart disease, and stroke. Additionally, it causes breathing
problems, particularly for people with chronic illnesses
(Singh & Agrawal 2007).

The Relationship Between the Monthly Rate of CO,,
SO,, and Total Precipitation for Iraqi Stations for
2003-2016

Fig. 9, and Table 1 present the nature and degree of the
correlation between Tp, CO,, and SO, at the stations in
Baghdad, Basra, and Mosul for the period from 2003 to
2016. The findings showed that the relationship between
Tp with CO, and Tp with SO, for Baghdad station is inverse
and positive.

The relationship between Tp with CO, and Tp with SO,
for Basra station is inverse and the relationship between
Tp with CO, and Tp with SO, for Mosul station is inverse
and positive. That indicates a strong relation due to when
solar radiation incident on sulfur water eyes will acts on
water evaporate then cloud this led to form acid rain. Also,
meteorological factors, and the nature of the region. The
large presence of gases led to acid rain, which is caused by
many pollutants.

CONCLUSIONS

Acid rain is created when sulfur-containing gases react.
When sulfur dioxide and oxygen mix with UV radiation
from the sun, the most significant of these processes
produce sulfur trioxide, which reacts with atmospheric
water vapor to make sulfuric acid. The relationship between
Tp with CO, and Tp and SO, for Mosul station is inverse and
positive was 0.7 due to sulfur water eyes. CO, was found
throughout all months but with different ratios and the highest
concentration in the 2016 year for all the stations. The largest
amount of Tp occurred in November, December, January,
February, March, and April months for Mosul, Baghdad,
and Basra stations for the period (2003-2016). While was
the highest amount of Tp occurred in 2013 in Baghdad and
Basra. And 2006 in Mosul SO, was found throughout all

@ @ This publication is licensed under a Creative
Commons Attribution 4.0 International License

months but with different ratios and the highest concentration
in October Month and 2016 year. The large presence of gases
led to acid rain, which is caused by many pollutants.
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