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Abstract

The research includes a first detailed study for ozone and nitrogen oxides
NOx(NO+NO;) concentration in Mosul city using a monitoring station type Horiba.
This research aims to find the monthly variation and the relationships of these gases
with metrological factors. The site of general library in the City was selected for
monitoring air quality. This site was nearby crowded streets and heavy traffic and
intersections. The monitoring period started from 1/5/2013 to 30/4/2014. The research
found that the mean concentrations of O3, NOx (NO, NO; )during the study period
reached 0.0243, 0.0669 (0.0407, 0.0263) ppm respectively. The higher levels were
recorded in the hot months for ozone, and in the cold months for nitrogen oxides.
Spearman correlation test showed a significant reverse relationship of zone with
nitrogen oxides, while the relationships among NO, NO, and NOx were significantly
positive. For the correlation with metrological factors, ozone correlated positively with
temperature, sun light, wind speed and wind direction, while it correlated significantly
negative with relative humidity and atmospheric pressure. On the other hand, a
nitrogen oxide correlates negatively with the former group of metrological factors and
positively with the later ones.
Keywords. Ozone, Oxides of Nitrogen, Mosul, Metrological Factors, Spearman Correlation.
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Month Mean Median - No SD
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May 13 0.0365 | 0.0346 | 0.0112 | 0.0719 252 0.013
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Aug 13 0.0433 | 0.0429 | 0.0065 | 0.1987 216 0.023
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Oct 13 0.0219 | 0.0204 | 0.0011 | 0.0638 228 0.014
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Month Mean | Median - AEIE No SD
Min Max
May 13 | 0.0242 | 0.0235 | 0.0022 | 0.0633 | 252 | 0.011
Jun 13 0.0270 | 0.0238 | 0.0060 | 0.0610 | 216 | 0.013
Jul 13 0.0244 | 0.0223 | 0.0056 | 0.0669 | 228 | 0.011
Aug 13 0.0270 | 0.0232 | 0.0045 | 0.0781 | 216 | 0.013
Sep 13 0.0256 | 0.0217 | 0.0006 | 0.2222 | 264 | 0.018
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Nov13 | 0.0316 | 0.0309 | 0.0007 | 0.0765 | 216 | 0.015
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Jun 13 0.0441 | 0.0326 | 0.0074 | 0.1401 216 0.029
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NO -0.786*** 1
NO, | -0.328*** | 0.652*** 1

NOx | -0.695*** | 0.961*** | 0.800* ** 1
*** Significant at p< 0. 001, according to Spearman Test
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O, 0.824** | -0775** | -0.719** | 0.769** | 0548** | 0.282** | 0.248** | -0.191**
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* significant at p<0.05, ** significant at p<0.01, according to spearman correlation

105



Jua gall ddpra (B 4y ) dla Y Jal o a LgEBS 9 (o g A paalS] g (19 ) 8 iy giesa sl

o 58 A sl Alee ) IS (g 5my o (S5 ¢ 0.282 gl de s ge L)k
- Dl 32T 8 aSOgiu) (aliaiY NO WS (355 (s 5t o 58 Al i glall amy 580 51 2L L
ol 558 o (s ¢ 0,719 0.775  sad) daiall s Al gkl Gy (133591 g;w&d\ Ll )Y dalza
all clasy b Eliai) agsi ) LesY DDA sy arally Ll bl Glgiee plii)) o
[26] llia Mavroidis ixe lld 1) e jlal LS atly sive il 3 LA ) 10 3855 06 Sl
.[8] Al-Jeelani
alse ga 0ssY) Bl Y uSlaall o s i) 2ilST Ll (6 ) LY A8 ghias e edas
Ll a1 Jal se e Leiible Aals e (ua )Y (55553 e gl (Slae @l sl @l Ll ol 4y sl sla ;Y
o) sl) (& O il alST s (iadd e gl udiy Jend 553 e (st 830 e Jand ) Jal sallé
Lol
o el 3, all gl ) o sS1 elsell 3l s da ) dy5eas du&e NOX  NO, NO
230k szl slail g de iy dsnndial) (3585 Al Aa2 YL Liaal 4y gina s dpe il
Lealil dalall cllelall Ao ju (e 35 Aysall &5kl gl sl 4401 S gl
el gaca Jix A8l w28y ¢ 0,599 NO
Jazy 3 ) ) e o 8 o) daliay A 5 Apnndid) (358 5 Lpnsadl) 223V 325 30 5 (O 3) ¢ il Jlall 4 gum g
G lilee aalud LS ¢ o380 55 it g NO Sl s2uSl e any o0 25 0055531 Jle 380 588005 e
Al A gha 1) gine £l Lgma (pal 3 25 AN sda 38053 505 b LAl 8 ASxill aaiiveall 358 )
O s [33] ALl dua ) 0 A A (2005) Tasdemir Gy 138
Pourmahabadian Aanaill g sl 1) e Lyl g =Ll s 31 sall il 5 e Lo Jagi i (s g i) aaudS
3858 i) | san s 0l 5 [21] 4ielen 5 Hatzianastassion 35y olikia S Aisna 8 [20] Mansouri
 Canall Juad b aualidil s Ld) G salll ,edY) 4 NO
Ll Y1 Jalae L iy 20 olails e s (3 S5 Cpmos il asndSl (G Lauall 5 4y ginall 48301 L6
Lebes Ll 580 55 ot o Jamy 2l Ao e b 3) O N D 53ms ¢ M e 0.475 0.339
2ol el Al 5 3ba ) of (e Ja Ll elady Faual) A8 (i XS5 (NOX=NO+NO2) (i s siil aauils|
Jatl e 5 il 5 didiall 33l Ll ae (aildiy 138 5 i slall 3,80 55 (midd i) s delul) o jlie aa
Sa ¥ Jal gy s Sl S 5h Il e Cms i) ST b ) liBle )l Jaadl L Jaasall Aaal il
.[31] NO k& Lleis NOx Ll g e daly Jay 4y all

D) DA Wil sise 3l 555V e 3805 gy il 1 ge b dpallall el NO, e 381 5 cdas L1
Ol adSY Lsdly Jaddl e )l el il GSall e Lain sl edlU
5 LS Al ol gl cnall g o gl 5 ¥l ity ¢ 5 ladl i1 A Lalilal 5 33Ul el A (NO + NO2)

oy gl
- 0.1987 0.0001 | 0.0207 0.0243 (O
- 0.3755 0.0002 | 0.0255 0.0407 NO
2 0.2222 0.0006 | 0.0245 0.0263 NO,
- 0.3988 0.0023 | 0.0527 0.0669 NOXx
.(NO, NO) G syl 3ulsl 4ygine dpse 2

W\J\}b)\);.“ﬂ\;‘)lcam‘)bﬂ\ﬂ}ma‘))@uj‘)jwhjA\cubjld\)ﬁ\).\ulc u\)ﬂ.ﬂ\.uﬂ\aha‘)wddﬂu\s 3
¢ g5 Tl g dpnadl) 43 5ha j)) xa 4,;»594\.15)\:;u&up@cb}\aL.Ll\}A.r;)u}M\d}SW\JU@E“MU\
Apmaid) 38 A 5 B0 LA G215 8 ) pn)) o o sine e 5 50m (NOy - NO) ol 3l

- g5l Iarall s Al 4y sha ) eyl 54 gima s ) ey 5 b M ol Ao s

106



Al-Rafidain Engineering Vol. 23 No. 4 October 2015

w;\&s"ébﬂ\@z\.\}\“Q}S’Sé“—&)ﬂ\gﬁ\%\ﬁu&\"(Zcm)m\ﬁbcjwbajmtbucé}\‘j\ 1

; . oa sall dxda Aigll 40K« 68 B9 ; 4: 14 sl ¢ cpdl )

‘Egal\e,iced ¢ A\J}':\SJ:\;_j_)L\ c"@béﬁjdmﬂ\w@,\“ & gl (2006)@dbuuﬁ)5ﬂ\m ¢ gﬁj\&aﬂ 2
sl B A

Aatigh and ¢ iivale Ay "Jragall B Jaa¥) slae de 5i o el sl i (1991) aglae 3
. Jia gl dadlas ¢ Acanigl) 40K ¢ Al

.2013/12/2 1363 (2013) (s s dddilan / D gl il 4

.2012/5/6 7660 (2012) Vol A e/ s siidkdlaa ygyed e 5

10.

11.

12.

13.

14.

15.

16.

17.

Ahmad. S.S., Biiker, P., Emberson, L., Shabbir, R. (2011). “Monitoring Nitrogen Dioxide
Levels in Areas in Rawalpindi, Pakistan”, Water, Air, & Soil Pollution. Vol. 220, Iss. 1,
pp.141-150.

Al-Azmi, B.N., Nassehi, V., Khan, A.R. (2008). “Comparative Assessment of Ambient
Air Quality in Rabia Area for Years 2001 and 2004 in the State of Kuwait”, American
Journal of Environmental Science. Vol. 4, Iss. 1, pp.50-62.

Al-Jeelani, H. A. (2013). “The Impact of Traffic Emission on Air Quality in an Urban
Environment”, journal of Environmental Protection. Vol. 4, Iss. 2, pp.205-217.

Al-Salem, S.M., Khan, A.R. (2008). “Comparative Assessment of ambient air Quality in
two urban areas adjacent to petroleum downstream/upstream Facilities in Kuwait”,
Brazilian Journal of Chemica Engineering. Vol. 25, Iss. 4, pp.683-696.

Al-Smadi, B.M., Al-Zboon, K.K., Shatnawi, K.M. (2009). “Assessment of Air Pollutants
Emissions from a Cement Plant: A Case Study in Jordan”, Jordan Journal of Civil
Engineering, Vol.3, 1ss.3, pp.265-282.

Berthouex, P.M. and Brown, L.C. (2002). “Statistics for Environmental Engineers”. 2™
ed., CRC Press Co., London.

Brugge, D., Durant, J., Rioux, C. (2007). ”Near-highway pollutants in motor vehicle
exhaust: a review of epidemiologic evidence of cardiac and pulmonary health risks”,
Environment Health, BioMed Central. Vol. 6,Iss. 23, pp. 1-12.

Buchholz, S., Junk, J., Krein, A., Heinemann, G., Hoffman, L. (2010). “Air pollution
characteristics associated with mesoscale atmospheric patterns in northwest continental
Europe”, Atmospheric Environment, VVol. 44, pp. 5183-5190.

Buckly, S.M., Mitchell, M.J. (2011). “Improvements in Urban Air Quality: Case Studies
From New York State ,USA”, Water, Air, & Soil Pollution. Vol. 214, Iss. 1, pp. 93-106.
Chen, J.,, Wang, W., Zhang, J., Liu, H., Ren, L., Liu, X., Zhang, W., Wang, X. (2009).
“Characteristics of gaseous pollutants near a main traffic line in Beijing and its
influencing factors”, Atmospheric Research, VVol.94, 1ss.3, pp.470-480.

Chen, ZH., Cheng, SY., Li, JB., Guo, X.R., Wang, W.H., Chen, D.S. (2008).
“Relationship between atmospheric pollution processes and synoptic pressure patterns in
northern China”, Atmospheric Environment, Vol. 42, 1ss.24, pp. 6078-6087.

Civerolo, K., Hogrefe, C., Lynn, B., Rosentha, J.,, Ku, JY., Solecki, W., Cox, J,,
Small, C., Rosenzweig, C., Goldberg, R., Knowlton, K., Kinney, P. (2007). “Estimating
the effects of increased urbanization on surface meteorology and ozone concentrations in
the New York City metropolitan region”, Atmospheric Environment, Vol.41, Iss.9,
pp.1803-1818.

107



Jua gall ddpra (B 4y ) dla Y Jal o a LgEBS 9 (o g A paalS] g (19 ) 8 iy giesa sl

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Cooper, C.D., Alley, F.C. (2014). “Air Pollution Control, A Design Approach”, 4th ed,
Waveland Press, Inc. Publishers, USA, 839p.

Economopoulou, A.A., Economopoulos, A.P. (2002). “Air Pollution in Athens Basin and
Health Risk Assessment”, Environmental Monitoring and Assessment, Vol. 80, Iss. 3,
pp. 277-299.

Habeebullah, T.M. (2013). “An Analysis of Air Pollution in Makkah — a View Point of
Source Identification” , Environment Asia. Vol. 6, Iss. 2, pp.11-17.

Hatzianastassion, N., Katsoulis, Basil D., Antakis, B. (2007). “Extreme Nitrogen Oxide
and Ozone Concentrations in Athens Atmosphere in Relation to Meteorological
Conditions” , Environmental Monitoring and Assessment. VVol. 128, Iss. 1, pp.447-464.
Kassomenos, P., Gryparis, A., Samali, E., Katsouyanni, K., Lykoudis, S., Flocas, H.A.
(2001). “Atmospheric circulation types and daily mortality in Athens Greece”,
Environmental Health Perspectives, Vol.109, Iss.6, pp. 591-596.

Lin, S., Munsie, J.P., Hwang, S.A., Fitzgerald, E., Cayo, M.R. (2002). *“Childhood
asthma hospitalization and residential exposure to state route traffic”. Environmental
Research , Vol. 88, Iss:2, pp.73-81.

Mansouri, B., Hoshyari, E., Mansouri, B. (2011). *“ Study on ambient concentration on air
quality parameters (O3, SO2, CO and PM10) in different months in Shiraz City, Iran”,
International Journal of Environmental Sciences. Vol. 1, Iss. 7, pp.1440-1447.

Marka, L., Mayer, H., Mika, J., Santa, T., Holst, J. (2010). “Variations of traffic related
air pollution on different time scales in Szeged, Hungary and Freiburg, Germany”,
Physics and Chemistry of the Earth, Vol. 35, Iss. 1-2, pp. 85-94.

Mavroidis, 1., llia, M. (2012). “Trends of NOx, NO2 and O3 concentrations at three
different types of air quality monitoring stations in Athens, Greece”, Atmospheric
Environment. Vol. 63, pp. 135-147.

NAAQS, “National Ambient Air Quality Standards”, (2010). Cited by Cooper, C.D.,
Alley, F.C. (2014). “Air Pollution Control, A Design Approach”, 4™ ed, Waveland Press,
Inc. Publishers, U.S.A., 839p.

Odhiambo, G., Kinyua, A.M., Gatebe, C.K., Awange, J. (2010). “Motor Vehicles Air
Pollution in Nairobi, Kenya” , Research Journa of Environmental and Earth Sciences.
Vol. 2, Iss. 4, pp.178-187.

Pourmahabadian, M., Mansouri, N. (2006). “Carbone Monoxide Monitoring at Stationary
and Mobile Stations” , Journal of Applied Sciences. Vol. 6, Iss. 6, pp.1384-1388.

Seroji, A. R. (2007). “Study of the Incident UV Irradiance on Mina Area and its Relation
to the Ground Level NOx and O3 Concentrations during Hajj Time”, Umm Al-Qura
Univ. J. Sci. Med. Eng. Vol. 19, Iss. 2, pp.55-77.

Tang, X., Zhang, Y., Shao, M. (2006). “Atmospheric Environmental Chemistry”, Second
Edition, Higher Eduction Press, Beijing, pp. 58-62.

Tonny, J.I., Patrick, A.R. (2005). “Geographic variations of childhood asthma
hospitalization and outpatient visits and proximity to ambient pollution sources at a U.S.-
Canada border crossing”. International Journal of Health Geographic, Vol. 14, Iss:4,
pp.1-11.

Tasdemir, Y., Cindoruk, S.S., Esen, F. (2005). “Monitoring of Criteria Air Pollutants in
Bursa, Turkey” , Environmental Monitoring and Assessment. Vol. 110, Iss. 1,
pp.227-241.

108



Al-Rafidain Engineering Vol. 23 No. 4 October 2015

34.

35.

36.

37.

Wordley, J., Walters, S., Ayres, J.G. (1997).” Short-term variations in hospital
admissions and mortality and particulate air pollution™. Occupational and Environmental
Medicine, Vol. 54,Iss:2, pp. 108-116.

World Health Organization, (2004). “Health aspects of air pollution: results from the
WHO project Systematic review of health aspects of air pollution in Europe”, WHO
Regional Office for Europe, Copenhagen, Denmark.

Zhen-min, C., Wei, X. (2010). “Relations between Traffic Vehicles and Environmental
Pollution” , 2010 Second IITA International Conference on Geoscience and Remote
Sensing. Vol. 1, pp.388-390.

Zmirou, D., Gawin, S, Pin, 1., Sahraoui, F., Just, J, Le Moullec, Y., Bremont, F.,
Cassadou, S., Reungoat, P., Albertini, M., Lauvergne, N., Chiron, M., Labbe, A. (2004).
“Traffic related air pollution and incidence of childhood asthma: results of the vesta case-
control study”, Epidemiology and Community Health, Vol. 58, Iss.1, pp.18-23.




