
1 

 

Original Research Article 1 

Temporal variations in ambient carbon monoxide concentrations between weekdays 2 

and weekends in Akure central business district, South West Nigeria. 3 

 4 

 5 

ABSTRACT 6 

The temporal variations in ambient carbon monoxide (CO) concentration has been 7 

investigated between weekdays and weekends through the analysis of a year-long 8 

measurement data between March 2009 - February 2010 taken at the central business 9 

district in Akure, Nigeria. This area has air pollution problems, and the study of the 10 

weekdays-weekends effects is used as a tool to plan and develop strategies for air 11 

pollution mitigation measures considering the on-going extremely rapid urban 12 

growth.CO was measured using portable Lascar EL-USB-CO sensor and logger mounted 13 

3 meters above the ground on a lamp post with a sampling frequency of 30 seconds.1 14 

hour and 8 hour averages were then computed from the raw data using descriptive 15 

statistics: weekly evolution,weekdays-weekendsdifferencesand average daily 16 

difference between weekends minus workdayswere computed and hypothesis on the 17 

difference in holiday and non-holidaycarbon monoxide concentrations was 18 

tested.Based on daily parameters and weekend-weekday differences, all the 19 

measured air pollutants exhibited clearly reduced concentrations.Results show distinct 20 

weekdays and weekend variations with respect to traffic rush hours. Weekdays 21 

exhibited two peaks that coincide with morning rush hours to work and evening rush 22 

hours back home. Weekends had two and one peak related to traffic for morning 23 

church service and evening social outingsrespectively. The highest CO concentrations 24 

during the morning and evening rush hours for 1 hour averages were 12.57 ppm and 25 

14.51 ppm for weekdays and 8.50 ppm and 14.62 ppm for weekends respectively. While 26 

the highest CO concentrations during the morning and evening rush hours for 8 hour 27 

averages were 9.57 ppm and 13.17 ppm for weekdays, it was 8.40 ppm and 11.72 ppm 28 

for Sunday morning and evening peaks respectively, for Saturday the value was 14.51 29 

ppm.Weekdays CO concentration for daytime mean 1 h values of 8-20 ppm and 30 

daytime mean 8 h values of 4-12 ppm were observed while the weekends 31 

concentration exhibited a consistent similar cyclic diurnal pattern throughout the week, 32 

with daytime mean 1 h values of 2-10 ppm and day-time mean 8 h values of 4-8 ppm. 33 

The magnitude of the differences between mean weekdays and weekends CO 34 

concentration during December, January, February (DJF), was 45% compared to 21% 35 

between March, April, May (MAM). While June, July, August (JJA) was 18% compared 36 

to 16% between September, October, November (SON) in the central business district. 37 

Key words: Carbon monoxide ppm (CO), Weekdays, Weekends, WHO, Holiday, Akure. 38 

1.0 INTRODUCTION 39 

Considered as a criterion of air pollutant, CO concentration is an important 40 

component in urban and indoor air pollution because of its short-term harmful health 41 

effects. The probability of inhalation of particles depends on factors such as 42 

aerodynamic diameter, air movement around the body and breathing rate (WHO 43 

1999).The size, structure, concentration and chemical compositionare important 44 

parameters that determine the health risks of particles (Crilley et al. 2014).Transportation 45 
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accounts for 90% of its total emissions (Sathitkunaratet. al., 2006). Twopollutants that 46 

are usually surveyed for alongside other pollutants in most air quality studies are Fine 47 

Particulate Matter (PM2.5) and Carbon Monoxide (CO). These pollutants are listed 48 

among the criteria air pollutants by the United States Environmental Protection Agency 49 

(USEPA, 2015).The impact of motor vehicle emissions extend far beyond the local area 50 

(Ndoke and Jimoh, 2005).The temporal variation of concentration of pollutant 51 

throughout the day varies with the influence of local wind parameters such as direction 52 

and speed and other meteorological aspects (Charles and Shelley et. al.,2006). The 53 

weekly cycle of activities of population explain distinct temporal variation in pollution 54 

levels from weekdays (Monday to Friday) to weekend (Saturday and Sunday) 55 

KakoliKararet.al.,(2005). The changes of most gaseous pollutant emissions during 56 

weekdaysand weekends are directly or indirectly linked to changes intrafficand to 57 

industrial emissions (Beirleet al.,2003; Steinbacheret. al.,2005). Furthermore, 58 

anthropogenic weekend effect in ambient air quality, due to human habits associated 59 

with a weekly cycle, has been reported in various studies (Bronnimann and Neu, 1997; 60 

Beirleet. al.,2003). The highest CO concentrations occur in close proximity to motor 61 

vehicles emissions (Liu et. al., 1994; Chaloulakouet. al., 2002). 62 

The estimate of the maximum value of concentration experienced in a given 63 

period of time represents an important factor in the quality of the air and it is widely 64 

used to define air quality standards for urban and industrial areas. Health based 65 

guidelines for maximum ambient CO-levels are: 86 ppm for 15 min, 52 ppm for 30 min, 66 

26 ppm for 1 h and 9 ppm for 8 h exposure (WHO, 2004).Most differences between 67 

weekdays and weekends are statistically significant, but their sign might be opposite for 68 

different regions or seasons (Forster and Solomon, 2003; Gong et. al.,2006a). This 69 

‘‘weekend effect’’ observed in meteorological parameters has been attributed to 70 

anthropogenic influences (Cerveny and Balling, 1998; Beaney and Gough, 2002; Forster 71 

and Solomon, 2003). The weekend effect of air pollutant concentrations and 72 

meteorological parameters is a useful tool to detect the influence of human-related 73 

activities on the environment and climate system. This effect depends an individual 74 

country’s working and nonworking lifestyle, degree of industrialization, or religious and 75 

cultural background (Forster and Solomon, 2003; Beirleet. al.,2003), so it may not be 76 

consistently observed everywhere in the world. Thus, other similar effects, such as a 77 

‘‘holiday effect’’, defined as differences in air pollutant concentrations or 78 

meteorological parameters between holiday and non-holiday periods, provide a 79 

possibility to study such phenomena for regions not showing a clear weekend 80 

effect.Carbon monoxide concentration showed signs of an increase in recent years. 81 

Several researches involved measuring pollution near the streets or employing personal 82 

monitoring devices have been carried out in several cities, but limited work has been 83 

performed on the atmospheric carbon monoxide in the tropics and mostly in the 84 

developing world. Similar work was done in Lagos (Baumbachet al., 1995) showed 85 

distribution of carbon monoxide with highest concentration in the morning. Amongst 86 

the few work done in West Africa is the work done on carbon monoxide in 87 

Ouagadougou, Burkina Faso.Recent study by (Balogunet al., 2009) indicated the 88 

variations in bioclimatic condition and carbon monoxide in the city having three peaks 89 

periods; morning afternoon and evening.Balogunet al., 2014 also reported that CO 90 

concentrations in the Akure urban centre exhibited distinct diurnal and day of week 91 

variations with respect to traffic rush hours. The holiday effect has not been explored as 92 

much as the weekend effect.Therefore, the main objective of the research was to 93 
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determine the differences between weekdays/weekends and holiday carbon 94 

monoxide concentrations in the tropical environment. 95 

 96 

2.0 MATERIALS AND METHODS 97 

 98 

2.1 THE STUDY AREA 99 

The study area of this research is Akure, the capital city of Ondo State, Nigeria 100 

located on latitude 7.25 ˚N and longitude 5.20 ˚E. The rapid growth of the city, 101 

particularly within the last few decades, has made it one of the fastest growing 102 

metropolitan cities in the South Western Nigeria. 1991 census put the population of 103 

Akure at 324,000; the current population of the city is put at 387,087 (2006 population 104 

census). 105 

 106 

Figure 1: Map showing position of Akure (blue) in Ondo (brown) and Nigeria (yellow) 107 

 108 

2.2 DESCRIPTION OF THE NIGERIA HOLIDAY/FESTIVE DAYS 109 

 110 

The Nigerian Holiday or Spring Festival is the most important holiday for the 111 

Nigerian people, who heavily emphasize family values, making family reunions an 112 

important tradition during the festive or holiday periods. Nigerian holidays and festive 113 

holidaysare set according to the calendar for Nigeria. Thus, the exact date of Islamic 114 

holiday varies from year to year but moves within themonths of February, March, 115 
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September and November of the Julian calendar. Usually, Nigerian holiday lasts from 2 116 

to 3 days. The definition of the Nigeria holidays is set according to the official record of 117 

the holidays and observation of Calendar for Nigeria. These specific dates are listed in 118 

(Table 1). 119 

A public holiday or gazetted holiday marks the day-off for all government 120 

offices,schools and many private institutions. The holiday effect on such a leave is 121 

exhibited for the period of March 2009 to February 2010 for approximately 15 public 122 

holidays occurring per year. The pollution levels falls on the holiday and again starts 123 

rising from the next day for the non-holiday periods. 124 

 125 

CALENDAR FOR (NIGERIA) 126 

TABLE 1: Holiday and Observation Table (March 2009- February 2010)  127 

MARCH 9TH                                    ID EL MAULUD (MON)                                     HOLIDAY 128 

APRIL 10TH                                  GOOD FRIDAY (JUMAT)                                  HOLIDAY 129 

APRIL 12TH                                     EASTER DAY (SUN)                                          FESTIVE 130 

APRIL 13TH                                       EASTER MONDAY                                             HOLIDAY 131 

MAY 1ST                                              WORKER’S DAY (JUMAT)                                HOLIDAY 132 

MAY 29TH                                          DEMOCRACY DAY (JUMAT)                          HOLIDAY 133 

SEPTEMBER 24TH                  ID EL FITR (THUR)                                           FESTIVE 134 

SEPTEMBER 25TH                     ID EL FITR ADDITIONAL (JUMAT)                  HOLIDAY 135 

OCTOBER 1ST                                NATIONAL DAY (THUR)                                HOLIDAY 136 

NOVEMBER 2OTH                  ID EL KABIR (JUMAT)                                  FESTIVE 137 

DECEMBER 24TH                       CHRISTMAS EVE (THUR)                                  HOLIDAY 138 

DECEMBER 25TH                     CHRISTMAS DAY (JUMAT)                             FESTIVE 139 

DECEMBER 26TH                       BOXING DAY (SAT)                                           HOLIDAY 140 

JANUARY 1ST                               NEW YEAR’S DAY (JUMAT)                          FESTIVE 141 

FEBRUARY 26TH                     ID EL MAULUD (JUMAT)                               FESTIVE 142 

FESTIVE = 6        TOTAL=15 HOLIDAY 143 

= 9, 144 

 145 

The holiday and observation table above is adapted from Work Calendar for 146 

Nigeria (March 2009– February 2010). The total numbers of Nigerian holidays and festive 147 

days are 9 and 6 respectively. Note that Nigeria holiday denotes the holidays and 148 

festive periods and non-holidays are the working day periods. 149 

 150 

2.3 METHODS OF DATA COLLECTION, MANAGEMENT AND ANALYSIS 151 

CO was measured using portable Lascar EL-USB-CO sensor and logger mounted 152 

3 meters above the ground on a lamp post with a sampling frequency of 30 seconds. 153 

The presence of the easylog USB control software allows the continuous measurement 154 

of the CO concentrations at night. The sampling approach has been used by 155 

(Balogunet al., 2009) because of high accuracy, direct readout, and wide spatial 156 
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coverage. 1 hour and 8 hour averages were then computed from the raw data using 157 

descriptive statistics: weekly evolution, weekdays-weekends differences and average 158 

daily difference between weekends minus workdays were computed and hypothesis 159 

on the difference in holiday and non-holidaycarbon monoxide concentrations was 160 

tested.Based on daily parameters and weekend-weekday differences, all the 161 

measured air pollutants exhibited clearly reduced concentrations.The data used is from 162 

a yearlong carbon monoxide measurement campaign conducted through March 2009 163 

- February 2010 in the central business district of Akure.The required time averages (1hr 164 

and 8hr) were computed from the raw data that was subsequently analysed. Microsoft 165 

Excel and the R Statistics software (Open air) were used to carry out hypothesis testing 166 

of variance between weekdays and weekends. Statistical approach was used to test 167 

the significance of the data. The daily, weekly and monthly means were carried out for 168 

the weekdays and weekends for the period of twelve months. The data set were further 169 

analysed for seasonal changes and holiday effect so as to ascertain the conformity 170 

with WHO regulatory limits in the city centre. Health based guidelines for maximum 171 

ambient CO-levels are: 86 ppm for 15 min, 52 ppm for 30 min, 26 ppm for 1 h and 9 ppm 172 

for 8 h exposure WHO (2004). Maximum and minimum values were computed daily for 173 

the twelve months periods for both 1hour and 8 hours averages to examine the 174 

differences between holiday and non-holidaycarbon monoxide concentrations. In 175 

order to test for the significance of the diurnal variation of CO concentration for 176 

weekdays and weekends hypothesis testing was used. 177 

3.0 RESULTS AND DISCUSSION 178 

 179 

The diurnal variation ofCO concentrations for all days is shown in Akure that CO 180 

concentrations tend to peak around 9am(Figure 2). It is evident that morning rush hour 181 

concentrations have become more important, and Fridays have become relatively 182 

more important because Friday is the most polluted of all week days particularly 183 

between 14:00 and 18:00associated with Muslim (Jumat) service in the city centre.The 184 

plot at the top right shows how CO concentrations vary by day of the week and there is 185 

strong evidence that CO is much lower at the weekends and that there is a significant 186 

difference compared with weekdays hence, it also shows that concentrations tend to 187 

increase during the weekdays. The time variation function produces four plots: day of 188 

the week variation, mean hour of day variation and a combined hour of day to day of 189 

week plot and a monthly plot. These uncertainty limits can be helpful when trying to 190 

determine whether one candidate source differs significantly from another. Variations in 191 

time can be used to compare one part of a time series with another. There is often 192 

interest in knowing how diurnal/weekdays/seasonal patterns vary with time. 193 

The seasonal CO diurnal cycle during the day time in the city centre is greatly 194 

influenced by local meteorology, which is high in March and October and low in May 195 

and November. Akure is a weak wind area with mean wind speed of 10m annually 196 

<2m/s and October records the lowest monthly wind speed. This observation is in 197 

agreement with previous CO study (Balogunet. al., 2011). Carbon monoxide 198 

concentration showed signs of an increase in recent years. However, splitting the data 199 

set and comparing each part together can provide information on what is driving the 200 

change.  201 
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 202 

 203 

Figure 2: Time variation function of CO concentration. 204 

 205 

 206 

3.1   TREND LEVEL PLOT FUNCTION 207 

 208 

Trend level plot therefore provides information on trends, seasonal effects and 209 

diurnal variations. This is one of several similar functions that are being developed. This 210 

software allows the plot of variation in onepollutant against three other properties: 211 

month of year (as the x axis), hour of day (as the y axis) and year (as the type 212 

condition). This provides a convenient means of summarising a large amount of 213 

information about the carbon monoxide concentrations on the basis of trends, 214 

seasonal effectsand diurnal variations. However, thetrend level function provides a way 215 

of rapidly showing a large amount of data in a condensed way. In one plot, the 216 

variation in the concentration of carbon monoxide is shown by time of day, month of 217 

year and year. Furthermore, the way pollutant concentrations vary over different time 218 

scales including day of the year, month of the year and day of the week shows how 219 

carbon monoxide concentrations vary by month of the year. Road vehicle emissions in 220 

Akure district centre tend to follow very regular patterns both on a daily and weekly 221 

basis however, the shading on the plots shows the 95 % confidence intervals of the 222 

mean. 223 

Consequently, the condensed redcolourshows the median concentration, which 224 

peaks in March and April. The highest hourly concentrations are observed in September 225 

and November presumably due to high regional scale pollution episodes. This plots 226 
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show quite nicely the entire series of data as monthly means that the median and the 227 

peak concentrations of carbon monoxide increased in September and November 2009 228 

which is now known to be due to increased emission of primary CO. Highest 229 

concentrations are recorded when the wind is westerly. This plot essentially shows the 230 

trend in variation of carbon monoxide concentration i.e. no change in wind speed 231 

slight dip in wind direction, a decrease in CO in May 2009 and an increase in CO from 232 

around September 2009 and a slight increase in February 2010. It also shows that 233 

concentration of CO changes much with wind speed (street canyon effects) and that 234 

the highest concentrations are recorded when the wind is westerly.  235 

 236 

 237 

Figure 3: Trend level plot functionof CO concentration. 238 

 239 

 240 

3.2   THE CALENDAR PLOTFUNCTION 241 

 242 

Calendar plot function (Figures 4a and 4b)provides an effective way to visualise 243 

data and overlaying the day of the month in this way by showing daily concentrations 244 

laid out in a calendar format. The frequency of occurrence for the classification of 245 

carbon monoxide concentration is shown by its colours from March 2009 to February 246 

2010 with a user-defined categorical scale with annotations highlighting those days 247 

where the concentration of CO >9 ppm. The calendar plot highlights those days where 248 

CO concentrations exceed 9 ppm by making the annotation for those days in colour 249 

purple and orange while days below are colour green and blue respectively. Plotting 250 

the data in this way clearly shows the days where CO >9 ppm. This approach is useful 251 

for highlighting daily air quality limits of 9 ppm for maximum daily 8-hour mean 252 
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concentrations. The adapted work calendar for Nigeria holiday and observation further 253 

show that CO concentration has highest frequency of occurrence for weekdays and 254 

weekends with respect to World Health Organisation (WHO) health-based guidelines for 255 

maximum daily 8 hour mean recommendations consistently exceeded between 256 

March, April, September, October, November, December and February except the 257 

observed high concentrations in 13th of September and 16th of December respectively.  258 

The colours represent the categorical interval the concentration on a day 259 

corresponds to and the actual value itself is shown. The estimate of the maximum value 260 

of concentration experienced in a given period of time represents an important factor 261 

in the quality of the air and it is widely used to define air quality standards for urban and 262 

industrial areas. The calendar plot shows the daily mean concentration as a number on 263 

each day and extended to highlight those conditions where daily mean or maximum. 264 

 265 

Table 2: 8-hourly average of categorical scales for Calendar Plot (values in ppm)   266 

Band  Description Carbon monoxide (CO) 

6  Very Low 6 (ppm) or below 
8 Low 8 – 9 (ppm) 

10 Moderate 10 – 11(ppm)   
12 High 12 (ppm) or more 

 267 

In the code above, the labels and breaks are defined for each pollutant in the 268 

Table above to make it easier to use the index in the calendar plot function.  269 

 270 
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Figure 4(a): Calendar plot for CO concentration in 2009 with a user-defined categorical 271 

scale. 272 

 273 

Figure 4(b): Calendar plot for CO concentration in 2009 with a user-defined categorical 274 

scale. 275 

 276 

 277 

3.3COMPARISON BETWEEN WEEKDAYS AND WEEKENDS CO CONCENTRATION FOR 15 278 

MINUTES EXPOSURE 279 

 280 

The scatter plot function in Figure 5 shows the relationship between CO for 281 

weekdays and weekends respectively, dependent upon the concentration of the 282 

sources and levels but it is colour-coded by the concentrations. Differences between 283 

weekdays and the weekend highlight changes in emission sources, splitting by season’s 284 

show seasonal influences in meteorology. The estimate of the maximum value of 285 

concentration experienced in a given period of time represents an important factor in 286 

the quality of the air and it is widely used to define air quality standards for urban and 287 

industrial areas. Colouring the data by the concentration of CO helps to show the 288 

significant level of concentrations of maximum ambient CO-levels. Health based 289 

guidelines for maximum ambient CO-levels of 86 ppm for 15 minutes exposure.  290 

The summertime-weekday panel for weekdays clearly shows that the higher CO 291 

concentrations are associated with summer period (JJA). Indeed there are some hours 292 

where CO is >100 ppm at quite low concentrations of CO (≈100ppm).  Scatter plots are 293 

used for considering how variables relate to one another. It is clearly shown that (DJF) 294 

has the highest frequency of occurrence of carbon monoxide concentration for 295 

weekdays while for weekends:- (DJF) has the lowest frequency of occurrence. 296 

The scatter plot function reveals seasonally, the magnitude of the differences 297 

between mean weekdays and weekends of carbon monoxide concentration levels for 298 
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86 ppm for 15 minutes is 60% in the city centre. A smooth fit is automatically added to 299 

help reveal the underlying relationship between two variables together with the 300 

estimated 95% confidence intervals of the fit. It helps to show the (possibly) non-linear 301 

relationship between variables in or indeed whether the relationship is linear.  302 

 303 

Figure 5: Comparison between Weekdays and Weekends CO concentration for 15  304 

minutes exposure by different level Split by Season 305 

 306 

 307 

3.4 TIME SERIES DEPARTURE OF YEARLY-MONTHLY PLOTS OF CO CONCENTRATION 308 

Result further obtained justifies the observation in Figure 6 that the nocturnal 309 

(1900 to 0600h) carbon monoxide concentration is less dominant than the daytime 310 

(0700 to 1800h). The daytime CO concentrations (0700 to 1800h) were mostly observed 311 

during the wet and dry season for both holiday and non-holiday. At early hours of the 312 

day around 07:00 and 09:00 in the morning peak for both holiday and non-holiday 313 

(working days) is associated with passengers who travel very early in the morning 314 

including school runs, office runs and the returning market woman to their various shops.  315 

The lunch hour peak for the diurnal around 14:00 and 15:00 is associated with 316 

school runs to pick children and little lunch hour traffic is observed. The late afternoon 317 

high peak around 16:00 and 18:00 is shown to be associated with school runs, rush hours 318 

related to office workers returning from their work place and people going to market for 319 

shopping in the late afternoon. The late evening peak around 19:00 and 20:00 is related 320 

to evening outing activities associated with merry makers and party traffic, with high in 321 

holidays and low in non-holidays and days linked with social event particularly 322 

Saturdays and Sundays traditional African social life which appends to travelers 323 

returning from journey back home for weekend.  324 
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The late mid-night concentration for both holiday and non-holiday period shows 325 

a persistent decrease in the city between mid-night and 05:00 in the morning at all days 326 

of the year, signifying when there are little or no movement of vehicles on the roads 327 

indicates that traffic is the main source of carbon monoxide concentration in the city 328 

centre as shown above. This study further shows that mean annual variation of carbon 329 

monoxide concentration between holiday and non-holiday period, indicates that the 330 

annual mean for holidays is higher than that of non-holiday periods. 331 

 332 

 333 

Figure 6: Time series departure of yearly-monthly plots of CO concentration at 334 

Akureduring March 2009 - February 2010. 335 

 336 

3.5MEAN ANNUAL VARIATION OF CARBON MONOXIDE CONCENTRATION BETWEEN THE 337 

HOLIDAY AND NON-HOLIDAY EFFECT 338 

Akure the capital city of Ondo State, South Western Nigeria being the city 339 

centre. This study has shown that there are three major factors that are needed to be 340 

considered in this research work. They include temperature, cloud cover and wind 341 

speed. These three important factors contribute to the mean annual variation of 342 

carbon monoxide concentration between holiday and non-holiday effect in dry and 343 

wet seasons. 344 

• Temperature: High insolation and high wind during dry season, the high 345 

temperature tends to energize the wind speed and brings about the dispersal of 346 

pollutant as a result of instability in the atmosphere.  347 

• Wind speed: High wind with high insolation during dry season energizes the 348 

dispersal of pollutant as a result of instability. When we have low wind speed and 349 

low temperature in wet season we have insufficient amount of energy to drive 350 

the wind which will result in higher concentration of pollutant as a result of 351 

stability in the atmosphere. 352 

• Cloud cover: When we have overcast in the atmosphere, it tends to cast a 353 

shadow on the earth surface thereby preventing direct insolation during wet 354 

season and as a result it enhances the concentration of carbon monoxide as a 355 
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result of stability in the atm356 

having a narrow margin with the daytime CO concentration throughout the wet 357 

season (April to September) especially during the monsoon, but prevailing from 358 

the transitional month of October through the dry s359 

 360 

 361 

362 

Figure 7: Mean annual variation of CO concentratio363 

holiday effect. 364 

CONCLUSION 365 

 366 

A temporal variation in ambient carbon monoxide con367 
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RECOMMENDATIONS 386 

 387 

There is need to curb the CO emission globally, a general understanding of the 388 

effects and sources should be oriented at home level. A sense of awareness will now be 389 

developed from there expanding to general populace. Improvements in technology 390 

and more importantly health has made way for the production of sensors that detect 391 

when CO emission in home is becoming too much. It is hypothesized meteorology 392 

factor also plays an important role; more cities in Akure must be investigated in order to 393 

attain a better overview of the CO concentration levels in Akure.  394 

Consequently, wind speed should be taken into account because the effect of 395 

winds to interfere with the CO concentration values. Higher wind values tend to 396 

increase the dispersion rate thus decreasing rate thus decreasing the insitu CO 397 

concentrations.Also, areas downwind of high CO build-up will tend to have higher 398 

values than sites upwind. More commitment in terms of man power, finance and 399 

awareness of the benefits of carrying out such study must be made known to the 400 

relevant authorities. The findings in this research work could act as a valuable tool in 401 

reducing urban environmental health risks connected to air pollution. 402 

 403 

Finally, further studies should be carried out relating other air pollutants with CO 404 

concentration in ambient air using statistical models. The use of these models allows 405 

quantifying atmospheric pollutant diffusion phenomena. This type of objective 406 

information is the basis for defining the predictive models to develop, and provides 407 

useful preliminary indications for planning of a suitable public health protection policy. 408 

 409 
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