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Abstract: Exposure to outdoor and indoor air particles (also 

known as particulate matter or PM) has attracted the interest of 
the scientific researchers around the world, this is because of the 
adverse health effects that particles have on the human. Smaller 
fractions of particulate matter (repairable range, ≤10 µm) give the 

greatest health problem, because they have the ability to reach 
deeper parts of the human respiratory system. Many countries 
have paid attention to the air pollution and made regulations to 
improve their indoor and outdoor air quality, Saudi Arabia, 
particularly Qassim region, has not given much attention to the 
problem of air contaminants in the ambient and indoor 
environments. In addition, ambient environmental parameters 
will be recorded. The results obtained from the indoor and outdoor 
measurements will help us to evaluate the air quality in Buraydah 
city for different seasons in the indoor and outdoor environments. 

Keywords: Air Quality; Buraydah; particulate matter; air 
contaminants.  

I. INTRODUCTION 

Particulate Matter (PM) is considered the most important 

pollutants because they contain a complex mixture of organic 
and inorganic matter which have possible toxic, 
carcinorgenic, inflammatory, allergenic, and other adverse 
health effects [1]. Outdoor airborne particles originate from a 
variety of sources (e.g. road traffic, industry, power plant or 
domestic combustion, etc.), while indoor particulate matter 
may originate from outdoors or from sources inside the 
indoor environments. Epidemiological researches have 
documented a good relationship between exposure to 
airborne particulates contamination and respiratory and 
cardiovascular health problems [2,3,4]. Recent published 
works have reported that PM is responsible for significant 
reduction of people life, about 2.1 million of early deaths 
every year [5,6].  The differences in concentration level, 
chemical composition, toxicity and solution methods among 
these sources. Therefore; Ji and Zaho [7] have used a 
mass-balance model to determine the contribution of 
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different PM2.5 sources to residential buildings in Beijing, 
China. Another recent study [8] has examined the 
contribution of indoor and outdoor sources to particulate 
matter concentration in two mechanically ventilated 
non-smoking offices in Norway. They have found that the 
influence of outdoor and indoor (people presence) sources on 
airborne indoor particles were significant. Custódio et al [9] 
have conducted experiments to measure simultaneously 
elemental and organic carbon (EC and OC), and PM10 
concentration levels in the ambient air and four selected 
house in Portugal. They have defined relevant sources of PM 
in the studied dwellings. Their results showed that ambient 
air can account for 68% of indoor PM10 which indicated that 
outdoor air was an important contributor to indoor pollutions. 
It has been documented [10] that in addition to variation in 
outdoor particulate matter concentrations, people exposure to 
PM of ambient origin was also influenced by the degree in 
which the indoor environments reduce indoor exposures to 
airborne particles came from outdoor sources. Li et al [11] 
have reported that 10 µgm-3 increase of outdoor fine fraction 
is associated with increased obstructive pulmonary disease 
hospitalizations and death. Outdoor PM and associated 
chemical species were correlated with short-term and 
long-term health problems [12]. It has been presented by 
Nazir et al [13] that the dominant inorganic compounds in the 
microenvironments and outside environments are Sb, Co, Pb, 
Fe, and Zn. Poor indoor air quality is related to exiting of a 
variable collection of microorganisms, such as molds, 
bacteria and fungi [14]. It has been reported that high 
concentration levels of bacteria in the indoor environments 
could rise the probability of epidemics and food 
contamination and could be responsible for diseases in 
human respiratory system [15]. Microbes of outdoor origin 
enter into the indoor areas through natural and mechanical 
ventilation. In addition, numerous genera of bacteria and 
fungi are released from indoor sources like domestic animals, 
flowerpots and wastebaskets [16]. Some researchers were 
investigating some events (natural and human made) on the 
air pollution on certain period of year such as after the new 
year firework or after certain hurricane or any natural disaster 
producing huge amount of dust.  The ambient particulate 
matter was studied in two European cities during New Year's 
fireworks [17]. The concentration and the distribution of 
airborne particles in were measured different cities through 
different researchers such as Beijing (China) [18], 
Wollongong (Australia) [19] Newmarket (UK) [20], 
Uttarakhand (India) [21], Agadir (Morocco) [22] main cities 
[23] and central and eastern region of Saudi Arabia [24]. One 
of the application to improve the human breathing zone in 
polluted are is by introducing a personalized air curtain 25. 
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Dust storms occur particularly in arid and semi-arid regions. 
Qassim is considered one of the most influenced regions in 
Saudi Arabia by these phenomena.  
These storms have negative effects on human health in Saudi 
Arabia. This is because contaminant concentrations are 
higher during dust episodes. The major ambient pollutant is 
particulate matter (PM). As it has mentioned before exposure 
to elevated concentration of PM has been recognized as a 
significant health problem, particularly in children, elderly 
and individuals with existing respiratory and cardiac 
diseases. To the best of our knowledge, no studies have been 
conducted to investigate particulate matter concentration 
levels in Qassim region. Understanding the influence of 
outdoor meteorological parameters, such as temperature, 
relative humidity, and wind speed on particle concentration is 
essential. The overall purpose of the research is to investigate 
airborne particle concentrations for different sizes in the 
indoor and outdoor environments in Buraydah, Qassim 
region, Saudi Arabia. The paper focuses on PM2.5, PM10, 
NO2 and O3 which are the most particulate matter used as 
representative measure of air pollution. PM2.5 deep 
penetrated into the human respiratory system due to its small 
size causing a wide range of health effects. Portable stations 
equipped with different monitoring devices for particle 
sampling. 

II.  CLIMATE AND TOPOGRAPHY OF BURAYDAH 

The Buraydah geographical coordinates are 26.326o, 43.975o 
with elevation of 609 m. The hot season takes 4.4 months, 
that from May 16 to Sept. 27, with a daily high temperature 
beyond 39°C. While the cool season takes 3 months, that 
from November 26 to February 26, with a daily high 
temperature under 25°C. Figure 1 shows the location of 
Buraydah at the center to the north of Saudi Arabia.  
 

 
Figure 1: Map of Buraydah City at the center to north of 

Saudi Arabia from google map. 
In Qassim region there are five station, three of them are 
located in Buraydah. The three air quality stations in 
Buraydah are located at the stadium, Zahi Park, and at AlBisr 
as shown in Figure 2. The distribution of temperature (high 
and low) during the year are shown in Figure 3. The General 
Authority of Meteorology and Environmental Protection is 
responsible for prediction the weather using different stations 
located in different places on the country. The highest rain 
falls during one month positioned around January 19, with an 
average total accumulation of 8 mm. The minimum rain falls 
around July 2, with 0 mm as shown in Figure 4. The day 

length varies over the year. The shortest day in Buraydah is 
Dec. 22, with daylight of 10 hours, 29 minutes while the 
longest day is Jun. 21, with 13 hours, 48 minutes as shown in 
Figure 5. The level of comfort humidity is based on the dew 
point that tends to change more slowly. 

 
Figure 2: Three air quality stations in Buraydah, at the 

stadium, Zahi Park, and at Al-Bisr. 

 
Figure 3: The daily high temperature (red shade line) and 

low temperature (blue shade line) [27]. 
 

 
Figure 4: and The rainfall (average) accumulated over 

one month period [27]. 
The perceived humidity level in Buraydah, as measured by 
the percentage of time in which the level of comfort humidity 
does not differ significantly over the year, which is remaining 
a virtually constant. For any given location, the wind is 
dependent mainly on local topography. The wind speed and 
direction vary more widely than hourly averages. It is 
measure as the wide-area wind vector hourly average 
(direction and speed) at 10 meters above the ground of earth. 
The part of the year high wind speed of about 4.2 m/s in 
average remains for 6.4 months, that from Jan. 23 to Aug. 2.  
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However, the part of the year low wind speed of 3.5 m/s in 
average remain for 5.6 months, from Aug. 2 to Jan shown in 
Figure 6. 
 

 
Figure 5: The solar day over the year 2019  [27]. 

 

 
Figure 6: Thee average hourly wind  during the year [27]. 

III. RESULTS AND DISCUSSIONS 

For this study, the results of meteorological was used to 
understand the situation of the air quality of Buraydah. The 
main particulate substance that affect the air quality in 
Buraydah city and have been selected to investigated on this 
study are: Particulate matter (PM10, PM2.5), Ozone (O3) and 
Nitrogen dioxide (NO2). 
Particulate matter (PM2.5, PM10): PM2.5 is particulate 
matter 2.5 μm or less in diameter, PM10 is particulate matter 

10 μm or less in diameter. On the comparison of a human hair 

which is roughly equal to 100 μm that is approximately 40 

time of fine particles width. Particles in the PM10 size range 
are commonly present in air and may be enter into the body 
on breathing. It has a direct physical effect and/or be 
absorbed into the blood. Ozone (O3): The formation of 
Ozone is when nitrogen oxides react with reactive organic 
substances air in the presence of sunlight. The sources of 
organic substances are motor vehicle exhaust, oil refining, 
petrochemicals and others. Ozone concentrations are 
approximately constant through the year with small variation 
with average of 55.3 and standard deviation of 17. Nitrogen 
dioxide (NO2): The road transport and power plants are the 
main source of NOx family. It has a direct effect of the O3 
production in the troposphere. The life of NOx family is 
rather short, which is related to the emission sources. The 
average concentration amount of NO2 during the year 2019 
in Buraydah is 18.9 with 8.1 of standard deviation. Figure 8  
shows the observed concentrations versus months of six 
months of year for the four studied pollutants, namely: 
PM2.5, PM10, NO2 and O3. It shown that PM10 is the 
highest then PM2.5 then O3 and the least concentration is 

NO2.  
The interesting part is when the concentration reduced and 
continue with small value at the middle of July. Moreover, 
the concentration values of PM2.5 and PM10 are higher than 
the values of O3 and NO2 for the period before the 4th of July 
and it gets lower after that date as in Figure 7. 

 
Figure 7: Concentration of main polluted particulate 

during six months. 

 
Figure 8: Concentration of main polluted particulate 

during and 15 days 
For more investigation on this region, the sampling was done 
again for short period of 15 days as shown in Figure 8  It clear 
that the critical date is the 4th of July which the particulates 
concentration decrease and remain at low level. While before 
the 4th of July the concentrations are in high level. Moreover, 
using short period of days give some strange behavior like 
some beak on certain time that may not show on the long 
period of time. Thus, it shown, the beak on the second of July 
that gives 153, 235, 49, 95 for PM2.5, PM10, NO2, O3 as a 
maximum reading for the polluted particulate. While at the 
fifth of July, the reading was 9, 29, 5, 26 for PM2.5, PM10, 
NO2, O3 as a minimum reading for the polluted particulate. 
The mean for the period between Jun 24 to July 10 are 66.88, 
117.6, 19.7, 59.47 for PM2.5, PM10, NO2, O3 for the 
polluted particulate as shown in Table 1. The concentration 
during one day shows the variation between day and night 
reading. Table 1  show the statistical parameters for the four 
pollution particulate concentration. The mean of PM2.5, 
PM10, NO2, O3 are 82.9, 140.3, 17.67, 57.83 respectively.  
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In addition, the standard deviations are 85.1, 124.0, 8.1, 17.0 
respectively. It appears that at the middle of July the four 
pollution particulate concentration decrease and continue 

with small value.  
The sampling for this chart was taken each 15 days. 

Table 1: Statistical parameters of the particulate substance concentration during six months and 15 days. 
 Six months 15 days 
Parameters PM2.5 PM10 NO2 O3 PM2.5 PM10 NO2 O3 
Mean 82.9 140.3 17.7 57.8 66.88 117.6 19.7 59.47 
Standard Deviation 85.1 124 8.1 17.0 50.95 66.84 13.18 19.58 
Range 242 365 30 52 144 206 44 69 
Minimum 8 41 4 34 9 29 5 26 
Maximum 250 406 34 86 153 235 49 95 
Sum 995 1684 212 694 1137 2000 335 1011 
Count 12 12 12 12 17 17 17 17 
Confidence Level(95.0%) 54.13 78.79 5.17 10.8 26.2 34.37 6.78 10.07 

 
Figure 9 shows the maximum concentration level for polluted 
particulate at 12:00 noon. While the concentration at night 
from 9 pm to 6 am, the concentration approximately remains 
constant. This has interpretation that the exist and location of 
sun is affect the concentration of the polluted particulate. On 
other word, the increase of temperature may effect on 
increasing the polluted particulate as shown in Figure 9. At 
the 5th of October, the PM10 increased to reach about 200 
µg/m3 at 12:00 noon, which is means unhealthy air. At that 
time, a dust blows in the city, after that a short rain came and 
reduce the dusty weather as shown it reduced to about 50 
µg/m3. It is common during October, the weather has a 
combination of dusty storms and rain, that the particulate 
concentrating fluctuating between high and low values.  

 
Figure 9: Concentration of main polluted particulate 

during one day on 1/10/2019 

 
Figure 10: Concentration of main polluted particulate 

during one day on 5/10/2019 
 
 

 
Table 2: Air Quality Index scale, US-EPA 2016 [28] 

AQI PM2.5 
(μg/m3) 

Air Pollution Level 

0 - 50 0-12 Good 
51 -100 12-35 Moderate 

101-150 35-55 
Unhealthy for Sensitive 
Groups 

151-200 55-150 Unhealthy 

201-300 150-250 Very Unhealthy 

300+ >250 Hazardous 
 
 
 

Table 2 show the air pollution level corresponding to the 
PM2.5 concentration as the US-EPA 2016 standard. 
Exposure to PM, especially soft objects such as PM2.5, can 
cause devastating effects on health, especially on the heart, 
such as angina or stroke. This increases the crowding of the 
emergency department in hospitals as well as the increase in 
the need for health care, and this effect leads to premature 
death.  These compounds are also associated with their 
harmful effect on the respiratory system, including asthma 
attacks. 
Soft particulate such as the PM2.5 are the main reason of 
visibility reducing (haze) especially during driving. These 
compounds can travel over long distances through the wind 
and then settle on the soil or on the surface of the water.  The 
impact of its settle on the surface are reducing the quality of 
agricultural soils, as well as damaging the sensitive soil crops 
as well as affecting biodiversity. In addition, PM can stick 
and destroy stones or other building materials, which can 
greatly affect heritage buildings. 
From the results It can be Come up with that the increase of 
PM during summer season due to the sandy storm with the 
absence of rain during this season makes it remain in the 
atmosphere. The surrounding areas of Buraydah are arid 
desert areas that increase the spread of PM. One of the 
suggested solution to reduce PM inside the city is the 
establishment of a number of surrounding frescoes large trees 
that do not need much water 
with dense of leaves that to 
disrupt and repel the 
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IV. CONCLUSION 

In conclusion, this work presents the study of concentration 
and effect of the main polluted particulate (PM2.5, PM10, 
NO2, and O3) of air quality on the city of Buraydah, the 
capital of Qassim region in Saudi Arabia. The data was 
collected from a ground station through the year of 2019. The 
results of PM2.5 was compared with the collected between 
2000 to 2010. The interesting is that, the year in Buraydah 
could be divided to two sections. The first is from (March, 
April. May, June, July) and the second section are the 
following months (August, September, October, November, 
December, January, February). The first section with mean of 
with large PM2.5 with average of 118 while the second with 
low value with average of 12.5. The average values of 
PM2.5, PM10, NO2 and O3 are 67.7, 116.18, 18.9 and 55.27 
respectively. The indicator of the average of PM2.5 of 67.7 is 
classified as unhealthy. This situation because of that the dust 
came time to time on certain period of year that rise the 
amount of PM2.5 to reach 150 and PM10 to reach 250 μg/m3 
at the second of July. The short events of non-healthy air 
quality will increase the average of PM2.5. This lead us to 
take care of our self and our children on certain periods of 
year to avoid outdoor activity. Moreover, to double chick of 
the windows and door. 
For the future work, it is necessary to increase the number of 
particulate monitoring that to give indication of 
topographical distribution of polluted particulate. More 
interest should be concern on the dust days to study and 
investigate the cause and the solution of the problem. The 
arid and dry weather has a potential of separated the polluted 
particulate.  Thus, the increase of trees inside and around the 
city will contribute of reducing the amount of polluted 
particulate. Buraydah surrounded by sandy lands, that used 
for hiking using auto bicycles or sport cars that increase the 
dust flows to the city and increase the polluted particulates. 
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