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Seasonal Variations of Air Pollutants
Concentrations within Baghdad City
Abstract- Air pollution is increased significantly nowadays due to various
industrial activities and car combustion emissions. In this work, data have been
collected from Al-Jadrya Monitoring Station (JMS). The effects of seasonal
variation on the pollutants concentration were examined. Furthermore,
relations of nitrogen oxides concentrations (NOx) were assessed during the first
hours of the working days. Three randomly days from each of January,
February, July and August have been taken to represent winter and summer
seasons, respectively. It has been found that concentrations of all examined
pollutants have not exceeded the acceptable limits. However, nitrogen oxides
(NOx) seem to be effected by seasonal variation where its concentration has
increased in June and August of the summer season. The concentrations of other
pollutants (SO2, CO, PM) have not been influenced by seasonal variations, and
they depend on the gaseous source emissions at different times of the year.
Hourly monitoring for nitrogen oxides (NOx) concentration showed increasing
in concentrations during the summer season, especially in the early hours of the
working days.
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1. Introduction
The weather and local climate like sunshine hours,
rain, air temperature and wind speed can affect air
quality. It is well known that air pollution is
changed hourly [1] depending on different
variables such as weather pattern, location and
quantity and quality of emitting pollutants. Air
pollution is one human-made factor that is trapping
sunlight and causing climate change and
increasing levels of air pollutants. [2]. However,
weather may have direct effects on air quality at a
given location and it has been found that sunshine,
rain, air temperature and wind play significant role
on air pollution where sunshine makes some
contaminants undergo chemical reactions,
producing smog while rain washes out watersoluble pollutants and particulate matter and
higher air temperatures speed up chemical
reactions in the air [3-6]. Also, wind speed,
atmospheric turbulence/stability, and mixing
depth-affect the dispersal and dilution of
pollutants. The wind transports air pollutants and
causing them to disperse. In the higher wind speed,
extra pollutants are dispersed, and the lower their
concentration. Nevertheless, high wind can also
create dust – a problem in dry, windy rural areas
[7]. Surface inversions are responsible for
Copyright © 2019 by UOT, IRAQ

producing smog, trapping the pollutants created by
vehicles, fires and industrial activities [8-10].
Moreover, the hydrocarbons and nitrogen oxides
existing in these trapped pollutants are
transformed into harmful ozone by sunlight. The
stratosphere’s inversion traps pollutants in the
constant layer, which is naturally occurs when
greenhouse gases are injected high into the
atmosphere by volcanic eruptions. Without the
horizontal mixing providing by convection, these
gases stay suspended in the inversion layer and
cause a continuing influence on the global climate
[11].
It is well documented that air pollution causes
severe environmental and public health problems
and various works have examined the impacts of
all air pollutants and reported significant findings
[12-14]. However, such effects on human are
linked to pollutant concentration, exposure type
(occupational and environmental), period (actuate
and chronic), biological nurture and other
environmental factors [15-17] and on the
environment are related to pH, availability,
ambient temperature, salinity and other chemical
variables [18-21].
The current work was carried out to examine
certain air pollutant obtained from Al-Jadrya
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monitoring station within Baghdad city and to
assess the possible effects of these contaminants
on climate change.
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emission, which lead to increase the concentration
of NOx.

3. Results and Discussion

2. Methodology
Data of nitrogen oxides (NOx), sulphate dioxide
(SO2), carbon monoxide (CO) and particulate
matter (PM) measured hourly on daily base for 12
months are obtained from Al-Jadrya monitoring
station (JMS) but only those of four months
(January, February, July, and August) to represent
winter and summer seasons were applied in this
study as the main air pollutants. NOx
concentrations which represent the summation of
NO and NO2 showed increasing in concentrations
during January and June. NO emitted mainly from
cars combustion then transferred rapidly to NO2
and other secondary compounds in the presence of
sunlight, in addition to the other sources of NO2

Figure 1 shows the mean concentrations of NO,
NO2 and NOx measured during 8 months. It seems
clearly that mean concentrations of nitrogen
oxides were varied during all measuring periods.
However, these data were within the acceptable
limits (250 ppb).
Obviously, it seems that stagnant weather
conditions have resulted in increasing NOx
concentration, especially during the summer
season. Figures (2, 3, and 4) represent SO2, CO and
PM concentrations, respectively. From these
figures, it appears that these concentrations were
not affected by the seasonal variation despite their
concentrations were fluctuated and this may be due
to the pollutants concentration emitted from
different sources.

Figure 1: Monthly means of nitrogen oxides concentrations

.
Figure 2: Monthly averages of sulphate dioxide concentrations
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Figure 3: Monthly averages of carbon monoxide concentrations

Figure 4: Monthly averages of particulate matter concentrations

January and February months have been examined as
an indication for the winter season. General increasing
in nitrogen oxides concentrations was shown in the
first early hours of the working days and this may be
related to an increased number of a used vehicle, while
the other pollutants concentrations were fluctuated
according to the using other sources of emissions.

Although the increasing in NOx concentration but
such increased, concentrations did not exceed 22 ppb
for NO2 gas. This value is lower than the acceptable
limits for NO2 emission which is 250 ppb .Increasing
NO concentration has led to the generation of NO2 gas
even at small amounts and this may be due to the
photochemical reaction as shown in Figure 5.

Figure 5: Nitrogen oxides concentration during day hours in 13th Jan. -2013 (a.m.)
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Slight increasing in NO2 concentration was shown at
different hour times of the day due to other sources of
NO2 emissions like burning source in the surrounding
area of the examined station. Furthermore, NOx
concentration was suddenly reduced at 11 a.m. where
this reduction may be attributed to several variables
such as less traffic intensity, wind speed and direction,
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the efficient of the readings sensor as shown in Figures
6 and 7.
According to the Ministry of Environment report,
there was a burning source in the period between 8
and 10a.m., which was reached to its maximum
value at 11 a.m. due to the photochemical reaction
as shown in Figure 8.

Figure 6: Nitrogen oxides concentration during day hours in 15th Jan. -2013 (a.m.)

Figure 7: Nitrogen oxides concentration during day hours in 21st Jan.-2013 (a.m.)

Figure 8: Nitrogen oxides concentration during day hours in 3rd Feb-2013 (a.m.)

NO2 gas can be generated from gases produced by the
electric generators, which led to an increase in the
concentration on NO2 gas at the first hours of the day,
as shown in Figure 9. Furthermore, the sudden

increase in NO gas may be linked to the last hours of
the official working hours.
Winds movement and direction may also contribute to
a sudden increase of NO concentration, as shown at
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10a.m. in Figure 10. In this figure, the wind direction
was north-west, mild to moderate and sometimes be
.
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active according to the Ministry of Environment
report

Figure 9: Nitrogen oxides concentration during day hours in 12th Feb- 2013 (a.m.)

Figure 10: Nitrogen oxides concentration during day hours in 24th Feb.-2013 (a.m.)

In the summer season, stagnant weather conditions
with low air movement and increasing ambient air
temperature led to general increasing in NO2
concentrations. These concentrations reached to more
than 50ppb, which is less than the acceptable limits
250 ppb but more than maximum emissions in the
winter season. Gases generated from reaction with
sunlight, cars combustion, burning and other sources
continued to be confined in the surrounding air of the
source's emissions. Nitrogen dioxide concentration is
sequacious with NO concentration as shown in Figure
11 which shows a general decrease in NO and NO2
concentrations during the day hours.

The drop in NO2 concentration is shown in Figures 12,
13, 14 and 15 during the period between 10 11 am, and
this may be because of the relative reduction in traffic
jams especially in this period which is considered to
be a holiday for most schools and colleges. The
increased concentration of NO2 after this time can be
explained due to increasing ambient air temperature,
which increases the photochemical reaction.
In Figure 16, the reaction returned to its almost
sequential form between NO and NO2, in addition to
other sources of burning expected to increase NO2
concentration.
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Figure 11: Nitrogen oxides concentration during day hours in 7th July-2013 (a.m.)

Figure 12: Nitrogen oxides concentration during day hours in 15th July- 2013 (a.m.)

Figure 13: Nitrogen oxides concentration during day hours in 24th July-2013 (a.m.)

Figure 14: Nitrogen oxides concentration during day hours in 4th August- 2013 (a.m.)
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Figure 15: Nitrogen oxides concentration during day hours in 12August-2013 (a.m.)

Figure 16: Nitrogen oxides concentration during day hours in 13th August-2013 (a.m.)

Apparently, cold temperatures and stagnant air have
an approach of producing a build-up of these
substances near the ground, mostly through a weather
phenomenon called temperature inversions [22-23]. In
other seasons, warm air sits near the earth, and the air
can rise easily and transport away pollutants [24-25].
In a temperature inversion, cold air is trapped near the
earth ground by a layer of warm air. The warm
condition, air acts as a lid, holding down these
substances. Throughout a temperature inversion,
smoke cannot rise, and carbon monoxide can reach
unnatural levels. Wind, rain and snowstorms are
occasionally called scrubbers since they help clear out
and disperse substances of concern. Most of the time
in the winter, the ambient outdoor air quality in the fort
air partnership air shed stays within worthy or low
health risk ranges, as measured by the Alberta Air
Quality Health Index (AQHI). If AQHI readings are
increased in the winter, it is mostly as a result of the
temperature inversion phenomenon. Concerning to
the air pollution, the atmospheric layer stretches from
an average of seven miles to 31 miles above the earth's
surface. The stratosphere sits atop the troposphere,
which is the lowest layer of the atmosphere and home
to the majority of all weather. The stratosphere’s
temperature inversion impacts global, long-term air
pollution [8-9]. Main health consequences of exposure
to air contamination comprise an increased risk of
heart disease and lung cancer [26-29]. However, the
actual health impacts of air pollution would be

affected by several factors such as exposure routes and
types, pollutant chemical structure and concentration,
health record and infection, gender, and age [30-32].

4. Conclusions
• Increasing in nitrogen oxides concentration was
shown in January and Jun, which indicates the effect
of seasonal weather condition on the photochemical
reaction.
• Other seasons of the year showed fluctuated
increasing in concentrations due to pollutants
dispersion through air movement, which reduces the
reaction.
• Pollutants like SO2, CO, and particulate matter,
seems not to be affected by seasonal variation.
Concentrations are fluctuated according to the
pollutants emissions from different sources like
burning and cars fuel combustion.
• Winter season showed high variation in nitrogen
oxides concentration, but the maximum concentration
reached is 22 ppb, which is less than the maximum
acceptable limits 250 ppb.
• Summer season showed less variation in nitrogen
oxides concentration. Maximum concentrations
reached to 50 ppb due to the photochemical reaction
and increase in ambient air temperature.

763

Engineering and Technology Journal

References
[1] S. Hakan, A.A.S. Elnaii, and C. Mehmet, “Change
of the Air Quality in the Urban Open and Green Spaces:
Kastamonu Sample,” In ecology, planning and design
edit by Koleva,I.; Dumanyuksel, U.D. and Ben
aabidate, L. 2017.
[2] C.M. Frances, “Climate Change and Air Pollution:
Exploring the Synergies and Potential for Mitigation in
Industrializing Countries,” Sustainability, Vol. 1, pp.
43-54, 2009.
[3] N.A. Hassan, Z. Hashim, and J. Hashim, “Impact of
Climate Change on Air Quality and Public Health in
Urban Areas,” Asia-Pacific Journal of Public Health,
Vol.
28,
Issue
2,
pp:
28S48S,
2016.
DOI: 10.1177/1010539515592951.

Vol. 37, Part C, No. 3, 2019
http://www.wmo.int/pages/prog/arep/gaw/documents/
Black_SDM pdf 6.
[14] H. Chen, MS. Goldberg, and P.J. Villeneuve, “A
Systematic Review of The Relation Between LongTerm Exposure to Ambient Air Pollution and Chronic
Diseases”. Rev Environmental Health, Vol. 23, No. 4,
pp. 243-97, 2008.
[15] D. Lawrence, and D. Longom, “The Biological
Effects of Carbon Monoxide on The Pregnant Women,
Fetus and Newborn Infant”, American Journal of
Obstetrics and Gynecology, Vol. 129, No.1, pp.69-103,
1977.
[16] M. Campa, and E. Castans, “Human Health Effects
of Air Pollution”. Environmental Pollution Journal,
Vol. 151, No.2, pp.362-367, 2008.

[4] I. Jhun, A.C. Brent, S. Joel, H. Bryan and K. Petros
“The impact of weather changes on air quality and
health in the United States in 1994– 2012.”
Environmental research letters, Vol. 10, No. 8, 2016.

[17] D.R. Karl, D.B. Marthe, H. Inge, and S. Saeger,
“Dietary Mycotoxins, CO-Exposure and Carcinogenic
in Humans,” Short Review. Mutation Research Journal,
Vol. 766, pp.32-41, 2015.

[5] Xu. Yanling, X. Wenbo, L. Yu, Z. Shuiyuan Yang,
R. Zhenhai, and H. Qing “Impact of Meteorological
Conditions on PM2.5 Pollution in China during
Winter’’. Atmosphere, Vol.9, pp. 429, 2018.

[18] S.K. Friedlandar, “Chemical elements balances
and identification of air pollution sources”,
Environmental Science and Technology,Vol. 7, No. 3,
pp. 235-240, 1973.

[6] H. Qian, W. Tijian, C. Pulong, H. Xiaoxian, Z.
Jialei, and Z. Bingliang “Impacts of emission reduction
and meteorological conditions on air quality
improvement during the 2014 Youth Olympic Games in
Nanjing, China”, Atmos. Chem. Phys., Vol. 17,pp.
13457–13471, 2017.

[19] R.W. Michael, and W.M.R. John, “Environmental
Factors Affecting the Formation of Methylmercury in
Low Ph Lakes”, Environmental Toxicology and
Chemistry Journal, Vol. 9, No. 7, pp. 853-869, 1990.

[7] R.K. Shama, A. Gairola, and H. Maheshwari, “A
Review on Indian Perspective Air Pollution and Wind
Environment Specifications”, Conference: 7th
Workshop on Regional Harmonization of Wind Loading
and Wind Environmental Specifications in Asia Pacific
Economics (APEC-WW), 2012.
[8] P. Thadathil, and A. K.Gosh, “Surface Temperature
Inversion in the Arabian Sea during Winter”. National
Institute of Oceanography, Journal of Oceanography,
Vol.48, pp. 293- 304, 1992.
[9] T.T. Trinh, T.T. Than, T.T. Le, Th. H. Nguyen, and
B.M. Tu, “Temperature inversion and air pollution
relationship, and its effects on human health in Hanoi
City, Vietnam,” Environmental Geochemistry and
Health, Vol. 35, No. 5, pp. 4-12, 2013.
DOI: 10.1007/s10653-018-0190-0, 2018.

[20] N. Clarke, R. Fischer, W. de Vries, L. Lundin, D.
Papale, T. Vesala, P. Merilä, G. Matteucci, M. Mirtl, D.
Simpson, and E. Paoletti, “Availability, Accessibility,
Quality and Comparability of Monitoring Data for
European Forests for Use in Air Pollution and Climate
Change Science,” iForest Journal, Vol.4, pp.162-166,
2011.
[21] A. Fritoff, L. Kautsky, and M. Greger, “Influence
of Temperature and Salinity on Heavy Metal Uptake by
Submersed Plants”, Environmental pollution Journal,
Vol. 133, No. 2, pp. 265-274, 2005.
[22] F.L.T. Gonçlaves, L.M.V. Carvalho, F.C. Conde,
R.D.O. Latorre, P.H.N. Saldiva, and A.L. Braga, “The
Effect of Air Pollutionand Meteorological Parameters
on Respiratory Morbidity During the Summer in São
Paulo City”, Environment International, Vol.31, No. 3,
pp. 343-349, 2005.

[10] Y. Zeenat, “Inversion Layer and its Environmental
Impact over Karachi”, Pakistan Journal of
Meteorology, Vol. 7, No.14, pp.53-62, 2019.

[23] H. Zhang, Y. Wang, T. WonPark, and Y. Deng,
“Quantifying the Relationship Between Extreme Air
Pollution Events and Extreme Weather Events”,
Atmospheric Research, Vol. 188, pp.64-79, 2017.

[11] J. Carpathian, “The Effect of Temperature
Inversions on the Particulate Matter PM 10 and Sulfur
Dioxide Concentrations in Selected Basins in the Polish
Carpathians”, Vol. 12, No.2, pp. 629-640, 2017.

[24] T. Eeva, and E. Lehikoinen, “Polluted
Environment and Cold Weather Induce Laying Gaps in
Great Tit and Pied Flycatcher”, Oecologia Journal,
Vol. 162, No. 2, pp.533-539, 2010.

[12] G. Adel, R. Z. Bamdad, and B.M. Mahdi, “Effects
of air pollution on human health and practical measures
for prevention in Iran”. Journal of research in medical
sciences, Vol. 21, No.5, pp.2-13, 2016.

[25] D.S. Geoffrey, E.K. Kerry, T. Erik, C. W. David,
and L.A. Bruce, “Wintertime PM2.5 Concentrations
During Persistent, Multiday Cold-Air Pools in
Mountain Valley,” Atmospheric Environment, Vol. 46,
pp.17-24, 2012.

[13] World Health Organization (WHO). Air pollution,
Climate
and
Health.
2011,

767

Engineering and Technology Journal

Vol. 37, Part C, No. 3, 2019

[26] B. Bert, T. Stephen, and M.D. Holgate, “Air
Pollution and Health, The Lancet,” Vol. 360, (9341),
pp.1233-1242, 2002.
[27] C.M. Wong, N. Vichit-Vadakan, H. Kan, and Z.
Qian, “Public Health and Air Pollution in Asia (PAPA):
A Multicity Sutdy of Short-Term Effects of Air
Pollution on Mortality,” Environmental Health
Preservatives, 2008, https://doi.org/10.1289/ehp.
[28] J. Wang, Z. Zhang, P. Shen, P. Zheng, M. Jin, H.
Lu, H. Lin, “Effects of Air Pollution on Hospital Visits
for Pneumonia in Children: A Two- Year Analysis
From China,” Environmental Science and Pollution
Research, 2018, online publication. 10.1007/s11356018-1192-2.
[29] Z. Zhang, J. Wang, and W. Lu, “Exposure to
Nitrogen Dioxide and Chronic Pulmonary Disease
(COPD) in Adults: A Systematic Review and MetaAnalysis,” Environmental Science and Pollution
Research, 2018, online publication. 10.1007/s11356018-1629-7.
[30] D. Howel, S. Moffatt, J. Bush, E. D. Christine, and
H. Prince, “Public Views on the Links Between Air
Pollution and Health in Northeast England,”
Environmental Research, Vol. 91, No. (3), pp. 163-171,
2003.
[31] A.E. Jesús, Y. Néstor, R. Rojas, and I. Alba,
“Occupational Exposure to Air Pollutants: Particulate
Matter and Respiratory Symptoms Affecting TrafficPolice in Bogotá,” SciELO Public Health, Scientific
Electronic Library online, São Paulo SP-Brazil, 2013.
[32] S.J. Cutter, B.J. Boruff, and W.L. Shirley, “Social
Vulnerability to Environmental Hazards,” Social
Science Quarterly, 2003, https://doi.org/10.1111/15406237.8402002.

763

