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Abstract: This paper describes the research carried out to investigate air 

quality in Kuwait. It examined the results of several years of pollutants data 

provided by Kuwait Environment Public Authority. The data were obtained 

from a number of fix monitoring stations. The results of the time series 

analysis have shown that monitored exposures vary substantially and are 

unique to the location and temporal variation of the measured site 
(background, urban area, industry area and refinery area). Also, outdoor 

pollutant levels were governed more by the characteristics of traffic rather 

than level of flow and traffic.  
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Introduction 

Air pollution defined as the introduction of gaseous 

substances to the air by human that hazard to well-being 
or health, or yield additional detrimental ecological 

effects (EPA, 2006). The particles and gaseous are the 
types of air pollution emission, which are classified into 

primary and secondary pollutants. The emission of 
pollutant directly into the air is called primary pollutants. 

The reaction of emission in atmosphere is called 
secondary pollutants. The use of oil and coal has caused 

smog in some major cities since the 1930s, such as Los 
Angeles in the 1940s and London in 1952 (Vallero, 2008). 

Air pollution issues have been identified and addressed by 
researchers and legislators since then. The interdiction of 

the air quality concept and standards were introduced in 
the 1970s. In 1987, the first personal exposure guidelines 

was published for ambient Particulates (PM), nitrogen 
dioxide (NO2), Ozone (O3) and sulphur dioxide (SO2) by 

the World Health Organization (WHO, 1987). The 
personal exposure allowed was reduce in subsequent 

guidelines by more than 50% due to studies which showed 
observable health effects studies on (WHO, 1987). The 

change in the guidelines was supported by 
epidemiological studies of mortality (Anderson, 2009). 

High personal exposure to O3 and PM have been 
associated with respiratory and cardiovascular illness 

(Dockery et al., 1993; Pope et al., 1995; Abbey et al., 
1999; Bell et al., 2004; U.S.EPA, 2006; Lin et al., 2008; 

Yang and Omaye, 2008). The Kuwait Environment 
Public Authority (KU-EPA) published new standards 

and guidelines for outdoor pollutant levels in 2017. 

The main source of air pollution are road transport and 

Industry. Depending on the location, the personal exposure 

and pollutants emissions may vary greatly. Zhang and 

Batterman (2013) stated that road transportation, especially 

vehicles, has become the key cause of air contaminants in 

metropolitan areas in the USA. Murena and Favale (2007) 

stated that meteorological conditions, site topography and 

traffic conditions have an effect on the outdoor emissions 

levels. The duration and severity of road traffic congestion 

increased pollutant emissions and lowered air quality, 

especially near large highways. In Kuwait, the 

accumulation of air pollutants was caused by power plants, 

desalination plants, refineries and petrochemical plants 

and road traffic; with a steady growth in population and 

vehicles 3.4% and 9% respectively (EFDBB, 2004; 

MIK, 2019). Al-Temeemi (1995) stated that air quality is 

effected by road transportation emissions and an increase 

in fuel consumption. 
There is much research on air pollution in Kuwait. 

Abdul-Wahab, 2009 reported that NO2 level surpassed 

the current ambient air quality standards in Khaldiya, 

Kuwait by 26.9%. At three air quality monitoring 

stations, the monthly concentrations of NOx and SO2 

were higher than air quality standards (Al-Mutairi and 
Koushki, 2009). Another paper stated that SO2 levels 

exceeded the daily limit in several locations in Kuwait 

(Al-Rashidi et al., 2005). Al-Awadhi (2014) reported 

lower pollutant levels compare to KU-EPA standards by 

using passive sampling in Kuwait residential areas.      

Al-Khulaifi et al. (2014) conducted studies on various 

seasonal pollutants in Kuwait.  
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Fig. 1: Kuwait AQMS location 

 

Kuwait Environment Public Authority set up a 

number of fix of monitor stations, as shown in Fig. 1 to 

measured pollutant levels. Precise stationary AQMS 

monitors were installed in Kuwait urban, industrial, oil 

field and background areas to monitor air pollution levels. 

The objective of this paper is to examine air pollution in 

metropolitan Kuwait as related to road traffic and other 

sources by selecting AQMS in urban, industrial and 

refinery areas and background. The data from three 

AQMS for the dates from 1/1/2012 until 31/12/2017 were 

obtained to represent background (Al-Mutla), urban areas 

(Al-Shuwaikh, Al-Salam, Al-Fahaheel Ali-Subah Al-

Salem, Ali-Subah Al-Salem (OPSIS-1) and Ali-Subah Al-

Salem (OPSIS-2)) and industrial area (Al-Shuaiba). 

However, there is some overlap in classification in these 

areas. Though designated urban, the Al-Shuwaikh, Road 

50 Station Urban, Ali-Subah Al-Salem, Ali-Subah Al-

Salem (OPSIS-1) and Ali-Subah Al-Salem (OPSIS-2) 

were located near an industrial area and Al-Fahaheel was 

located near a refinery.  

Methodology 

Study Area 

In this paper, the data was collected in Kuwait. 

Kuwait EPA has 15 monitor stations, as shown in Fig. 1. 

These stationary precision monitors have been installed 

in background, urban and industrial areas. Nine 

stationary precision monitors have been selected to 

represent the background and residential areas as shown 

in Fig. 1. The AQMA station located at Al-Mutla 

represents background pollutant levels and the other 

eight represent refinery, industrial, refinery and 

residential area pollutants levels. 

Data 

The hourly pollutants levels, SO2, CO, NO, O3 and 
PM10, data was obtained from Kuwait EPA for six 
years (1/1/2012-31/12/2017). There were missing data 
ranges from several hours to months. The data was 

obtained for Kuwait City only. The data were 
transferred into the Microsoft Excel format and 
amalgamated into a master spread-sheet using the time 
as a benchmarking variable. These data were analyzed 
using Excel, SPSS and R (openair) software packages 
to carry out descriptive analysis. 

Results 

Six years of SO2, CO, NO, O3 and PM10 hourly 
concentration were collected. There were some missing 

periods in the data provided. First, the time series data 

for the pollutants were plotted for a better understanding 

of the temporal and spatial variation of measured 

pollution. Figure 2 to 6 represents all the data, the daily 

Air quality monitoring stations 

Station ID Name Longitude (X) Latitude (Y) 

AQS-01 Al-Multa 47.640790 29.398015 
 

AQS-02 Al-Jahra 47.684997 29.338533 
 

AQS-03 Saad Al-Abdullah 47.735755 29.319511 
 

AQS-04 Al-Shuwaikh 47.932437 29.317731 
 

AQS-05 Al-Mansouriya 47.997422 29.359415 
 

AQS-06 Al-Rumaithiya 48.077364 29.317557 
 

AQS-07 Al-Salam 48.014972 29.300083 
 

AQS-08 Road 50 Station  47.989350 29.256800 
 

AQS-09 Al-Qurain 48.068420 29.222356 
 

AQS-10 Al-Ahmadi 48.075078 29.091028 
 

AQS-11 Al-Fahaheel 48.116014 29.080329 
 

AQS-12 Al-Shuaiba 48.122847 29.035369 
 

AQS-13 Ali-Subah Al-Salem 48.158543 28.960438 
 

AQS-14 Ali-Subah Al-Salem (OPSIS-1) 48.151457 28.968700 
 

AQS-15 Ali-Subah Al-Salem (OPSIS-2) 48.141545 28.963295 

Air quality stations network, Kuwait 
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average, collected at the five AQMSs in Kuwait. It 

clearly shows the huge variation from one AQMS to 

another AQMS not simply in the magnitude of the 

pollution concentration but also in duration. 
 

 
 

Fig. 2: Daily mean SO2 
 

 
 

Fig. 3: Daily mean CO 
 

 
 

Fig. 4: Daily mean NO 
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Fig. 5: Daily mean O3 
 

 
 

Fig. 6: Daily mean O3 
 

Figure 7 presents the descriptive statistics of the 

measured concentrations of SO2, CO, O3, NO and PM10. 

The mean concentrations of SO2 Al-Mutla, Al-

Shuwaikh, Al-Salam, Al-Fahaheel, Al-Shuaiba, Ali-

Subah Al-Salem, Ali-Subah Al-Salem (OPSIS-1) and Ali-

Subah Al-Salem (OPSIS-2) sites were 0.00459, 0.00824, 

0.01150, 0.01582, 0.02043, 0.00911, 0.01001 and 0.00971 
ppm and the minimum (and maximum) concentrations 

were 0.00088 (0.201), 0.00007 (0.2895), 0.0001 (0.513), 0 

(0.759), 0.001 (1.619), 0 (0.394), 0.00002 (0.21223) and 

0.00001 (0.2768) ppm respectively. CO averages for Al-

Mutla, Al-Shuwaikh, Al-Salam, Road 50 Station, Al-

Fahaheel, Al-Shuaiba and Ali-Subah Al-Salem sites were 

0.897, 0.36257, 0.95140, 1.09547, 1.29743, 0.76351 and 

0.78323 ppm and the concentrations varied between 

0.00038 and 5.85 ppm, 0.01 and 8.59873 ppm, 0.00001 

and 26.35985 ppm, 0.00051 and 123.59133 ppm 0.02 and 

46.29 ppm, 0.01 and 29.26 ppm and 0.00001 and 

14.57000 ppm respectively. The minimum (and 
maximum) NO concentrations for Al-Mutla, Al-

Shuwaikh, Al-Salam, Road 50 Station, Al-Fahaheel, Al-

Shuaiba, Ali-Subah Al-Salem, Ali-Subah Al-Salem 

(OPSIS-1) and Ali-Subah Al-Salem (OPSIS-2) sites were 

0.00001 (0.7175), 0.00011 (0.588), 0.00001 (0.532), 

0.00001 (0.705), 0.00067 (0.882), 0.00010 (2.28386), 

0.00001 (0.301), 0.00020 (0.90434) and 0.00002 

(1.59145) ppm and the means were 0.01227, 0.02165, 

0.01495, 0.07808, 0.02466, 0.01573, 0.01257, 0.01086 

and 0.01192 ppm respectively. Al-Mutla, Al-Shuwaikh, 

Al-Salam, Al-Fahaheel, Al-Shuaiba, Ali-Subah Al-

Salem, Ali-Subah Al-Salem (OPSIS-1) and Ali-Subah 

Al-Salem (OPSIS-2) O3 concentrations varied between d 

0.00008 and 0.163 ppm, 0 and 0.218 ppm, 0 and 5.187 
ppm, 0.001 and 0.141 ppm, 0.001 and 0.824 ppm, 0 and 

0.313 ppm, 0.00001 and 0.19893 ppm and 0.00001 and 

0.1396 ppm respectively. PM10 levels Al-Mutla, Al-

Shuwaikh, Al-Salam, Al-Fahaheel, Al-Shuaiba and Ali-

Subah Al-Salem sites varied between 0 and 6685µg/m3, 

2 and 5131 µg/m3, 0.34 and 12429 µg/m3, 0 and 

20929.09 µg/m3, 0.9 and 7185 µg/m3 and 0 and 9501 

µg/m3 and the averages were 189.05, 194.81, 168.94, 

153.27, 83.64 and 244.18 µg/m3 respectively. 

Box plots of the data were produced and presented 

for the CO, O3, NO, SO2 and PM10 in Fig. 8 to 12 

respectively. It is clear that the data are not normally 
distributed. Therefore, the data medians of eight sites 

were compared to the data median of the background site 

by using Mann-Whitney test. The data collected at eight 

sites, except NO data at Al-Shuwaikh site and PM data 

at Al-Fahaheel site, were significantly different at the 95 

% confidence level to the data collected at Al-Mutla site 

the background. 
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Fig. 7: The mean concentration of pollutants 
 

 
 

Fig. 8: Boxplot of SO2 

Site 
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Al-Shuwaikh 0.00824 0.00975 0.00005 0.00528 0.00200 0.00300 0.01000 0.00007 0.28950 
 

Al-Salam 0.01150 0.01531 0.00008 0.00700 0.00600 0.00500 0.01279 0.00010 0.51300 
 

Road 5 station 
 

Al-Fahaheel 0.01582 0.02793 0.00014 0.00700 0.00500 0.00400 0.01600 0.00000 0.75900 
 

Al-Shuaiba 0.02043 0.05164 0.00033 0.00600 0.00300 0.00300 0.01500 0.00100 1.61900 
 

Ali-Subah Al-Salem 0.00911 0.00658 0.00003 0.00700 0.00600 0.00531 0.01100 0.00000 0.39400 
 

Ali-Subah Al-Salem (OPSIS-1) 0.01001 0.01213 0.00007 0.00623 0.00410 0.00326 0.01198 0.00002 0.21223 
 

Ali-Subah Al-Salem (OPSIS-2) 0.00971 0.01345 0.00008 0.00549 0.00260 0.00264 0.01158 0.00001 0.27680 
 

Al-Mutla 0.89700 0.41213 0.00232 0.83000 0.63000 0.62000 1.12000 0.00038 5.85000 
 

Al-Shuwaikh 0.36257 0.55312 0.00275 0.14004 0.03000 0.07000 0.38301 0.01000 8.59873 
 

Al-Salam 0.95140 0.58757 0.00323 0.86000 0.08000 0.60000 1.20000 0.00001 26.35985 
 

Road 5 station 1.09547 3.47949 0.02695 0.79000 0.68000 0.50942 1.20000 0.00051 123.59133 
 

Al-Fahaheel 1.29743 0.75407 0.00364 1.18917 0.93000 0.83250 164000 0.02000 46.29000 
 

Al-Shuaiba 0.76351 0.57793 0.00362 0.62000 0.30000 0.40000 0.97000 0.01000 29.26000 
 

 

Ali-Subah Al-Salem 0.78323 0.44424 0.00227 0.70000 0.57000 0.51000 0.96000 0.00001 14.57000 
 

Ali-Subah Al-Salem (OPSIS-1)  
 

Ali-Subah Al-Salem (OPSIS-2) 
 

Al-Mutla 0.01227 0.01489 0.00008 0.00700 0.00400 0.00400 0.01400 0.00001 0.71750 
 

Al-Shuwaikh 0.02165 0.04193 0.00021 0.00700 0.00300 0.00400 0.01800 0.00011 0.58800 
 

Al-Salam 0.01495 0.02828 0.00016 0.00600 0.00400 0.00400 0.01200 0.00001 0.53200 
 

Road 5 station 0.07808 0.07832 0.00067 0.05700 0.00300 0.02037 0.10720 0.00001 0.70500 
 

Al-Fahaheel 0.02466 0.04211 0.00021 0.00900 0.00300 0.00500 0.02500 0.00067 0.88200 
 

Al-Shuaiba 0.01573 0.03592 0.00023 0.00760 0.00100 0.00380 0.01590 0.00010 2.28386 
 

Ali-Subah Al-Salem 0.01257 0.01790 0.00009 0.00700 0.00400 0.00494 0.01249 0.00001 0.30100 

 

Ali-Subah Al-Salem (OPSIS-1) 0.01086 0.01996 0.00011 0.00459 0.00090 0.00334 0.00940 0.00020 0.90434 
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Al-Salam 0.02256 0.04626 0.00025 0.01800 0.00100 0.00800 0.03000 0.00000 5.18700 

 

Road 5 station  
 

Al-Fahaheel 0.01923 0.01686 0.00008 0.01500 0.00200 0.00432 0.02800 0.00100 0.14100 
 

Al-Shuaiba 0.01911 0.03383 0.00022 0.01200 0.00600 0.00600 0.02300 0.00100 0.82400 
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Fig. 9: Boxplot of CO 

 

 
 

Fig. 10: Boxplot of NO 

 

 
 

Fig. 11: Boxplot of O3 
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Fig. 12: Boxplot of PM 

 

Discussion 

The outdoor air quality was evaluated by obtaining 

selected pollutants, namely, CO, O3, NO, SO2 and PM10, 

it was achieved by using data obtained from five KU-
EPA fixed monitoring stations. Then the data used to 

plot the daily profile for each pollutant (Fig. 13, 15, 17, 

19 and 21) to show the temper and spatial variation of air 

pollution. The data from nine stations were was plotted 

for each pollutant for comparison. 

Sulfur Dioxide (SO2) 

The daily profile of SO2 has either one peak or two 

peaks between 9:00 to 18:00 except the background site 

(Al-Mutla). One peak occurred between 12:00 and 18:00 
at Al-Shuaiba site which is an industry area. Al-Fahaheel 

site which is located near the refinery, has two peaks 

during the daytime. Al-Salam located in an urban area, 

has one peak during the daytime and the rush hour. Also, 

Ali-Subah Al-Salem (OPSIS-1) site located near industrial 

and refinery areas, has one peak during the daytime. 

Therefore, the SO2 levels could be associated with either 

road traffic (Al-Salam site) or conditions related to 

industry and refinery (Al-Fahaheel, Al-Shuaiba and, Ali-

Subah Al-Salem (OPSIS-1) sites), as the background did 

not show a similar peak to other sites. Al-Salam showed a 

higher level of SO2 as illustrated in Fig. 13. Figure 14 
shows the wind rose with respect to the SO2 level at each 

site. Figure 14 shows that there are specific sources of 

pollution at Al-Shuwaikh, Al-Salam, Al-Fahaheel, Al-

Shuaiba and Ali-Subah Al-Salem (OPSIS-1) sites as the 

SO2 levels varied with wind direction and wind speed. 

The Al-Shuwaikh site indicated a distant source as a 

high pollutant level occurred during high wind speed 

from North west and south east. High pollutant levels 

occurred during wind blown from the south and south 

east at Al-Salam site which means that the source was 

located south of the station. High pollution levels 

occurred at Al-Fahaheel site during high wind blowing 

from west and south west which indicates a distant 

source. However, a close source located south of the site 

was indicated by high pollution levels when the wind 

blow from the south. The Al-Shuaiba site had local and 

distant pollution sources from northwest indicated by 
high pollution level during calm wind and wind blown 

from north west. So wind blown showed a distant source 

of high pollutant level occurred during high wind speed 

from Northwest and south east. Short high pollutant 

level occurred during wind blown from a different 

direction at Ali-Subah Al-Salem (OPSIS-1) site. The other 

two sites did not show any dominant pollution source 

(Fig. 14). The daily profile of SO2 showed a similar 

variation in the pattern of peak during the daytime 

between sites except in the background site. The Morning 

peak follows the daily traffic flow at one site. There is 

pollutant source of SO2 at two sites shown in the wind rise 
plots. The background was lower than urban areas which 

is not consistent with findings in Ettouney et al. (2010; 

Alenezi and Al-Anezi, 2015). 

Carbon Monoxide (CO) 

The daily profile of CO has a systemic variation 
pattern as shown in Fig. 15. It has two peaks at 9:00 am 
and 9:00 pm. The morning peak occurred during 
morning rush hour. Therefore, the CO levels could not 
be associated with road traffic as the CO level at 
background shows similar peaks as the other sites 
located far from urban, industrial and refinery areas. The 
Al-Shuwaikh CO profile has lower than other sites and it 
shows a similar variation.  
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Fig. 13: Daily profile of SO2 

 

 
 

Fig. 14: Wind rose and SO2 level 
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Fig. 15: Daily profile of CO 
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east and north east at AL-Salam and Al-Shuaiba sites 
suggest a source at that direction. Also, Al-Fahaheel site 
shows similar CO level at all direction and wind speed, 
thus no specific sources of pollution. The Ali-Subah Al-
Salem site shows a high level of CO associated with 
wind coming from north east. It suggests the source is 
located far from the site and high wind speed influences 
the CO level. The daily profile of CO shows similar 
variation pattern between sites. It did not follow daily 
traffic flow as it did not have an afternoon peak. The CO 
wind rose plots show either a local or far pollutant 
source. This study did not have similar finding as other 
studies Alenezi and Al-Anezi (2015). Alenezi and Al-
Anezi (2015) stated that “the population density, 
reflected by the traffic intensity, urban construction, road 
layout and meteorological conditions all contribute to 
CO variation and behavior”. The CO concentration did 
not exceed the KU-EPA limit of 30 ppm hourly mean 
and 8 ppm daily mean. 

Nitric Oxide (NO)  

The daily profile of NO has a systemic variation 

pattern. It has two peaks at 8:00 am and 9:00 pm. The 

morning peak occurred during the rush hour. Therefore, 

the NO levels could be associated with road traffic but the 

background site, which is located far from urban, industry 

and refinery areas, shows a similar level to other sites. 

Due to photochemical, the NO level shows a decrease 

during daytime (Seinfeld and Pandis, 2006). The Al-

Fahaheel site shows higher level of NO as shown in Fig. 

17. Figure 18 shows the wind rose with respected to NO 

level at each site. Figure 18 shows that there are specific 

sources of pollution at Al-Shuwaikh and Al-Fahaheel sites 
as the NO level varied with wind direction and wind 

speed. The Al-Shuwaikh shows a distant or source located 

to the east by high pollutant levels occurring in high 

wind speed. The high pollutant levels occurred when 

wind blew from the southeast at the Al-Fahaheel site 

which means that the source was located southeast of the 

site. The other sites did not show any dominant pollution 

source; as indicated in Fig. 18. The daily profile of NO 

showed a similar variation pattern between sites. The 
morning peak follows the daily traffic flow. The NO 

wind rose plots show a pollutant source at two sites. 

Ozone (O3) 

The daily profile of O3 has one high peak with longer 

period from 10:00 am to 6:00 pm. The Ali-Subah Al-

Salem site shows higher level of O3 as seen in Fig. 19. It 

occurred during the daytime and the rush hour. Due to 

photochemical presence, the NO level shows a increase 

during the daytime (Seinfeld and Pandis, 2006). 
Therefore, the O3 levels could be associated with road 

traffic but the background shows similar peak to other 

sites. The Al-Mutla profile shows similar level of O3 as 

illustrated in Fig. 19. The O3 level at each site were 

plotted on the wind rose as seen in Fig. 20. Figure 20 

showed specific sources of pollution at all sites as the O3 

level varied with wind direction and wind speed. The 

high pollutant levels occurred during wind blow from 

northwest and southeast in general. This means the 

source of pollutant is not local. The Ali-Subah Al-Salem 

(OPSIS-1) site shows a local source of high pollutant 
levels during low wind speed. The daily profile of O3 

shows similar variation pattern between sites. The 

morning peak during the daytime could be linked to 

traffic emission. There is local pollutant source of O3 as 

all sites shown in the wind rose plots. The data show that 

O3 concentrations increase during daytime due to 

photochemical (Seinfeld and Pandis, 2006). Bell et al. 

(2004; Abdul-Wahab, 2009) present similar results. 

 

 
 

Fig. 17: Daily profile of NO 
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Fig. 18: Wind rose and NO level 

 

 
 

Fig. 19: Daily profile of O3 
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between the two sites. The morning peak during the 

daytime could not be linked to traffic emission. There is a 

distant pollutant source of PM in the five sites as shown in 

the wind rose plots. 

 

 

 
Fig. 20: Wind rose and O3 level 

 

 
 

Fig. 21: Daily profile of PM 
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Fig. 22: Wind rose and PM level 

 

Conclusion and Recommendations 

The outdoor levels of CO, O3, NO, SO2 and PM10 

were evaluated. The data was obtained from five KU-

EPA fixed monitoring stations. The data was used to plot 

the daily profile to show the temper and spatial variation 

of the air pollution. The daily profile of SO2 at the 

background shows a different variation pattern to the 

other sites and the daily profile of PM at the sites shows 

similar variation pattern. CO, O3 and NO daily patterns 

show a similar pattern among each pollutant. SO2, O3, 

NO and PM peak could not be linked to traffic. The wind 
rose plot was used to identify either a local or distant 

pollution source. 
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