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Abstract 
 

Respirable Particulate Matter (PM10) was considered the most important air pollutants in Makah city, 
KSA. Particles size, their chemical composition and atmospheric level are important factors for 
determining their adverse health impacts. In this manuscript, the main target of this work was focus 
on PM10 and its bio-accumulations (microbial load) in Makkah during Hajj seasons 2016 (1437 AH). 
This paper discussed the concentration of PM10 and its water-soluble ions (WSIs) around Haram in 
Makkah. PM10 and WSI concentrations were much higher at site 2, site 1 than that at sites 3, 4 and 
5. The secondary aerosols in terms of their concentrations can be arranged as follows: Cl-> Mg2+> 
NO3-> SO42-> NH4+> PO43-> Br-> Ca2+> F-. Furthermore, all concentrations recorded in this 
paper were lower than the daily mean limitation of PM10 (340 μg/m3) in Saudi Arabia. In addition, 
people were the main source of air microbial contamination surrounding Haram in Makkah. Fungi 
evidence of the lack of output from natural sources of pollution. Spotted Staphylococcus bacteria were 
at high rates in all sites and micro-organisms at the site 2. The source of microbial contamination in 
all sites was the same, while the source of fungi differs especially at the site 2. The natural resources 
were the most predominant at the site of 2 and 1, as compared to sites 3, 4 and 5. 

Keywords: PM10, WSIs, Microbial air pollution, Makkah, KSA. 

 

1. Introduction 
Air pollution is becoming a growing environmental issue in both developing and developed countries 
throughout the world (Colls, 2002). Growing urbanization, transport vehicles on the roads, and 
biomass and fossil fuels burning to meet the energy needs of growing population have resulted in 
large amount of emissions of both gaseous pollutants and particulate Matter (PM). Atmospheric 
aerosols are tiny liquid or solid particles suspended in the air.  Aerosols vary in size, composition, 
number and lifetime due to their hygroscopic nature (Jacobson et al., 2000). The size distributions 
and chemical compositions of atmospheric particles play significant roles in their transport, 
transformation, and removal mechanisms (Grivas et al., 2008; Mohammed et al., 2015). Airborne 
particles, especially fine particles are found to be widely associated with health problems, (Pisoni and 
Volta, 2009), such as increased illness and hospitalization. Therefore, a considerable amount of 
research is devoted to source identification and control strategy of airborne particle. Water-soluble 
inorganic ions (WSIs), including anions (Nitrate NO3 , Sulfate SO4 , Chloride Cl-, Phosphate PO4

3-, 
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Bromide Br- and Fluoride F-) and cations (Ammonium NH4
+, Calcium Ca2+ and Magnesium Mg2+), 

are the major components of atmospheric aerosols (Kumar and Sarin, 2010; Mohammed et al., 2015). 
In general, the WSIs account for about 60–70% of particulate mass (Wang and Shooter, 2001).  
The pilgrims preferred to stay close to haram Mosque in Makkah. The high density of peoples in the 
central area from all directions around haram mosque increase exposure of pilgrims to microbial 
contaminants, which may cause health and environmental problems. Air microbial pollution (bio-
aerosols) are the particles living airborne or those created by exposure to the atmospheric aerosols, 
which leads to health effects. Bio-aerosols concentrations and types of microbial organisms were 
depending on weather factors and the geographic location and the rate of air pollution (Habeebullah 
et al., 2013a). 
In this study, the main objective was to focus on PM and its bio-accumulations (microbial load) in 
Makkah during Hajj seasons 2016 (1437 AH), especially those with aerodynamic diameter up to 10 
μm (PM10). PM10 have attracted a vast number of research investigations (e.g., AQEG, 2012; Harrison 
et al., 2010; Vu et al., 2015; Mohammed et al., 2015) due to their importance for public health, 
visibility, vegetation and other environmental impacts. Many scientists have investigated the health 
impacts of PM and have reported that PM can cause various health impacts, including respiratory 
diseases, rhinosinusitis, cardio-vascular diseases, asthma, and chronic obstructive pulmonary diseases 
(WHO, 2003; Mohammed et al., 2015).  
 
2. Material and Methods 
2.1. Site description 
 

Makkah City is located in the southwestern part of the KSA between the low-lying coastal plain. The 
Holy City of Makkah is characterized by a moderate to steep topography with an average elevation 
of around 277 m above sea level. The underlying topography and the presence of several mountain 
ranges have controlled the contemporary expansion of this metropolitan city, which accommodates a 
total population of 1,700,000 (CDSI, 2010). Furthermore, the city hosts several millions of pilgrims 
each year coming for Hajj season. Additional transportation facilities, mainly buses and cars are 
required during the Hajj season.  Which increase the emissions of traffic related air pollutant in the 
local area.  Sampling sites (five sites) is located in Makkah around Harm (Fig. 1), which is situated 
about less than 1 kilometre around Harm Mosque, during Hajj seasons.   

 
Figure 1: sampling sites around Haram Mosque 
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2.2. Water soluble ions (WSIs) 
The atmospheric aerosols such as anions (NO3 , SO4 , Cl-, PO4

3-, Br- and F-) and cations (NH4
+, Ca2+ 

and Mg2+) were found mainly in respirable particles (PM10) (Lun et al., 2003; Tang et al., 2005). Many 
previous studies (Lee and Sequeira, 2002; Chang and Park, 2004; Latha and Badarinath, 2005) have 
shown that aerosols, especially anthropogenic aerosols can affect global radiation.   
The study is based on the concentrations of suspended particulate matter (PM10), which was collected 
in five sites around Haram Mosque. Low volume sampler was used for collection of samples. The 
flow of air through the glass wool filter paper was 14 L/min (Fig. 2). Filtration method was used to 
estimate the total concentration of suspended particulate. The filter paper was weighed dried in the 
lab and transported in an airtight container to the site. At the end of sampling period (24 hours), 
samples were transferred carefully to the lab, and weighed again. The difference in weight was 
considered as the weight of suspended particulates in the air. Concentrations were calculated and 
expressed as μg/m3.  

 
Figure 2: sampling method (Low volume sampler) 

Water soluble ions (WSIs) were extracted in deionised water using ultrasonic water bath (Ultra-sons–
H, J.P., and Selecta, Spain) and then the sample was filtered.  Filtrate was used to estimate the 
concentration of WSIs using ion-chromatography system (850 Professional IC-Metrohm) (Fig. 3). 

 
Figure 3: Ion-chromatography system (850 Professional IC-Metrohm). 

 
 

2.3. Air microbial pollution (bio-aerosols) 
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The microbial air samples were collected at five sites around haram Mosque in Makkah during hajj 
season (1437AH). The frequency of samples was one for each site per 5 days. Open plate method 
(sedimentation) was used for collection of microbial contaminants signs of Environmental bacteria 
and heat-loving moderate (Mesophilic bacteria) and fungi. Exposing two plates (diameter of 8.5 cm) 
for each site, with a total 10 plates at each site (a total of 50 plate) for a period ranging from 5-10 
minutes. The media used were Nutrient agar (for counting the total bacterial colonies) and Sabouraud 
agar 
plates of environmental bacteria (25 C), Aerobic bacteria (37 48 hours and fungi (25 C) for 
5 days.  
 Concentrations were calculated using the formula of Omlinsky (1940) as follows: 
N = 5.a .104 (bt)-1 

where: 
N: the number of colonies per cubic meter of air Colony Forming Unit CFU / m3 
a: the number of colonies in each plate 
b: the plate area (Cm2) 
t: exposure time per minute 
 
3. Results and Discussion 
3.1. Water soluble ions (WSIs) 
The daily mean concentrations of respirable particulate (PM10) at the five sites were 284, 320, 241, 
211 and 198 μg/m3 during hajj season of 1437H (2016). The concentrations recorded in this study 
were lower than the daily mean limitation of PM10 (340) in Saudi Arabia (PME, 1422). Emissions 
from road traffics, human activities, construction activities, re-suspension of dust particles and poor 
ventilations were considered to be the main reasons for the high concentrations of particulate matter 
(PM10) recorded in during hajj season.  
Figure 4 showed the daily average concentration of cations (NH4

+, Ca2+ and Mg2+), which ranged 
between 1.5 – 2.7, 0.39 – 0.82 and 9.8 – 12.5 μg/m3, where higher concentrations were recorded at 
site 2 and site 1. The daily mean concentration of anions (NO3 , SO4 , Cl-, PO4

3-, Br- and F-) ranged 
between 6.3 – 6.6, 5.5 – 6.3, 9.8 – 17.1, 1.4 – 1.9, 1.1 – 2.3 and 0.007 – 0.034 μg/m3, where higher 
concentrations were recorded at site 2 and site 1.  
The results indicated that Cl-, NO3

- and SO4
2- were the most predominant species of WSI in particulate 

(PM10) during Hajj seasons 2016 (1437 AH). The study identified that emissions from human 
activities, construction activities and vehicle exhaust emissions, especially private diesel vehicles 
were the main source of WSI in the atmosphere of area around haram in Makkah.  
The study also demonstrated a strong positive relationship between NO3

- and SO4
2- observed in 

particulate (PM10). This may be attributable to the interaction of SO2 and NOx and sharing the same 
source of emissions (road traffic).  
 

  
                           A) PM10                                             B) Cations (NH4+, Ca2+ and Mg2+)   

Mg2+ Ca2+ NH4+
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C) Anions (NO3 , SO4 , PO43-, Cl-, Br- and F-) 

Figure 4: The daily mean concentrations of respirable particulate (PM10) and its (Ctions + anions) 
 
The ratios of NO3 /SO4

2  in PM10 ranged between 1.05 - 1.15 during hajj season 2016 (1437 AH).  
These ratios were higher than the 0.14–0.70 ratio found by Zhou et al. (2002), 0.3–0.5 ratio reported 
by Hueber et al. (1988). SO2 and NOx were the major atmospheric pollutants in Makkah city as 
represented by Nasralla and Albar, 2005. And their concentrations are important factors in controlling 
sulphate and nitrate formation. SO4

2- and NO3
-, being secondary pollutants are formed by various 

heterogeneous and homogenous chemical reactions in the atmosphere. (Seinfeld, 1986; Ding and Zhu, 
2003). SO2 and NOx are the major precursors for their formation and therefore controlling the 
emission of SO2 and NOx can directly affect the concentrations of SO4

2- and NO3
-.    

It was shown in Table 1 that the WSIs concentrations in PM10 were lower than that recorded in China, 
Beijing (Zhang et al., 2007) and India, Ahmadabad (Rengarajan et al., 2011), although within those 
recorded by some other countries such as Jungfraujoch, Switzerland (nyeki et al., 1996; Krivacsy et 
al., 1988), Monte Cimone, Italy (Marenco et al., 2006), Brazil, Tanzania and Taiwan.  
 
Table 1: Water soluble Ions (μg/m3) in different countries around the world. 

Country 
PM10 Reference 
NO3

- SO4
2- NH4

+ PM10 
KSA Makkah 6.46 5.96 2.0 250.8 The current study 
China Beijing 90.0 90.9 78.6 506.9 Zhang et al., 2007 
India Ahmadabad 7.2 13.8 3.7 171.0 Rengarajan et al., 2011 
Taiwan Chaochou 23.1 9.6 7.1 115.0 Chena et al., 2006 
Switzerland Jungfraujoch 0.03 0.3 0.1 - Nyeki et al., 1996 
Italy Monte Cimone 0.9 3.5 1.4 16.0 Marenco et al., 2006 
Brazil Sao Paulo 3.4 5.1 1.9 38.0 Vasconcellos et al., 2010 
Tanzania Dar Essalaam 0.7 1.4 0.2 69.0 Mkoma et al., 2009 

 
3.2. Air microbial pollution (bio-aerosols) 
The results of the current study showed the types and proportions of bacteria isolated and knowledge 
in the five sites around Haram in Makkah. Where bacteria gram positive (G + ve) were prevailing 
accounting ratios ranged between 85-90% of the total number of isolated bacteria, while the 
percentage of bacteria gram negative (G-ve) 5 - 9% of the total number of isolated bacteria. The 
spherical bacteria (Cocci) are the most prevalent among gram positive group and formed 35-80% of 
the total number of isolated bacteria. Formed Bacillus bacteria (Bacilli) ratios ranged between 4-28% 
of the total number of isolated bacteria. And also, it has been monitoring the organisms forming spores 
formers bacteria by 8% (as shown in Fig. 5). 

F- Br- Cl- SO42- PO43- No3-
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                      Site 1                                               site 2                                                   site 3  

 
                                                     Site 4                                            site 5 

Figure 5: The microbiological air pollution 
 
The results demonstrated the permanent presence of bacteria gram positive because it is linked with 
activities of humanity and the numbers of people and rates of ventilation (Matkovic et al., 2007; 
Shaffer and Lighthart, 1997). The bacteria Bacillus they grow in the presence of decomposing organic 
material, usually found in soil, dust, water and are present in the sands of the desert (Mahdy and EL 
Sehrawi, 1997; Fang et al 2005). G-ve bacteria are often rare in the air, and was considered the bacteria 
Pseudomonas (Abdel Hameed and Khoder, 2001), one of the opportunistic organisms that can cause 
disease (Rahkonen and Ettala, 1990) but not to cause damage to people health. 
The G -ve bacteria was not present, which was probably because that it is more sensitive to 
environmental conditions as compared to G +ve bacteria, where the main base that pathogenic 
bacteria do not live long in the air, due to the speed of her death and decay of activity (Karra and 
Katsivela, 2007). 
Furthermore, the microbial load difference in all locations may be attributed to that fact that the air 
environment was appropriate, therefore, the microbial cells were working to take some of the 
strategies in order to resist the difficult environmental conditions in the air, such as the composition 
dyes, germs or protection dusty (Tong and Lighthart 1997). Microbes can grow and reproduce in the 
air and thus lead to changing the composition of the microbial load of place. Change in the earth's 
surface and the nature of the source determine the composition of microbial air at each site. All of 
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these factors could change the types and concentrations of microbial community in air at each site 
(Fahlgren et al., 2010). 
Concentrations of microorganisms in the air is a transitional state, as a result of a dynamic balance 
between interventions objects (sources) and output (factors that affect the vitality of the object and 
the dispersion and deposition. Bacteria concentrations ranged from 103 × 1.6 - 104 × 2.3 CFU/m3, 
these results were agreement with (WU etal., 2012; Fang et al., 2005). 
In the current study, aerobic bacteria concentrations were higher than environmental bacteria. The 
highest concentration was at site 2, in which the presence of building and construction area was 
resulting in dirt and dust. Furthermore, the lowest concentration of bacteria was at the site 1, as a 
result of good ventilation. In addition, the concentrations were relatively high in site 3, 4 and 5, due 
to human activities and high relative humidity.  
Fungus concentrations recorded at five sites around the Haram in Makkah were relatively low, which 
ranged between <102 - 4 x 102 CFU/m3, and the average concentrations were 2.8 x 102, 2.2 x 102, 1.4 
x 102, 1.8 x 102 and 2.0 x 102 CFU/m3, at site 2, 5, 1, 3 and 4, respectively. The concentrations of 
fungi were recorded at site 2 and 5 higher than that at 1, 3 and 4. Concentrations of fungi vary from 
one place to another as a result of different weather conditions and vegetation, agricultural and human 

2006).  
In this study, fungi concentrations did not exceed 4x102 CFU/m3. Alsrany and bin Turki (1415 AH) 
recorded fungus concentrations ranged between 2.9 - 10 CFU/m3 at the Prophet's Mosque in Medina, 
Abed (1421 AH) found the contamination rates of microbial air conditioning in the Makkah area 
during the month of Ramadan for the year 1421 AH was between 42 - 284 CFU/m3.  
 
4. Conclusions 
The main objective of this work was to focus on PM10 and its bio-accumulations (microbial load) in 
Makkah during Hajj seasons 2016 (1437 AH). This study concluded that the concentrations of 
respirable particles (PM10) and its water-soluble ions were much higher at site 2, site 1 than that at 
sites 3, 4 and 5. The secondary aerosols in terms of their concentrations can be arranged as follows: 
Cl-> Mg2+> NO3

-> SO4
2-> NH4

+> PO4
3-> Br-> Ca2+> F-.  

In addition, it is well known that SO4
2- and NO3

-, being secondary pollutants are formed by various 
heterogeneous and homogenous chemical reactions in the atmosphere. SO2 and NOx are the major 
precursors for their formation and therefore controlling the emission of SO2 and NOx can directly 
affect the concentrations of SO4

2- and NO3
-.     

Assessment of microbial air pollution is important to know the health risks, especially for groups most 
at risk. Man is the main source of air microbial contamination surrounding the Haram al-Sharif region. 
Spotted Staphylococcus bacteria were at high rates in all sites and micro-organisms at the site 2. The 
source of microbial contamination in all sites was the same, while the source of fungi differs especially 
at the site 2. The natural resources were the most predominant at the site of 2 and 1, as compared to 
sites 3, 4 and 5. 
 
 
  



11317th Scientific Forum for the Research of Hajj, Umrah and Madinah Visit - Scientific Portal for 1438AH

 
 

5. References 
1. Abdel Hameed A. A., Khoder M. I. (2001). Suspended particulates and bioaerosols emitted from an 

agricultural non-point source. J. Environ. Monit., 3, 206–209 
2. AQEG, 2012. Fine Particulate Matter (PM2.5) in the UK: 

http://ukair.defra.gov.uk/assets/documents/reports/cat11/1212141150_AQEG_Fine_Particulate_Matter
_in_the_UK.pdf (accessed 26/08/2015).  

3. Chang, L.S. and Park, S.U. (2004). Direct radiative forcing due to anthropogenic aerosols in East Asia 
during April 2001. Atmos. Environ. 38:4467–4482. 

4. Chena, S.J., Chenga, S.Y., Shueb, M.F., Huanga, K.L., Tsaic, P.J., Lina, C.C. (2006). The cytotoxicities 
induced by PM10 and particle-bound water-soluble species. Science of the Total Environment, 354:20– 
27. 

5. Colls, J., 2002. Air Pollution, second Edition. Published by Taylor and Francis, London. ISBN 0-415-
25564-3.  

6. Ding, J. and Zhu, T. (2003). Heterogeneous reactions on the surface of fine particles in the atmosphere. 
Chin. Sci. Bull. 48: 2267–2276. 

7. Fahlgren C.; Hagstrom A.; Nilsson D., Zweifel, U.L. (2010). Annual variations in the diversity, viability 
and origin of airborne bacteria. Appl. Environ. Microbiol., 76 (9), 3015-3025. 

8. Fang Z., Ouyang Z., Hu L., Wang X., Zheng H., Lin X. (2005). Culturable airborne fungi in outdoor 
environments in Beijing, China. Sci. Total Environ., 350, 47-58. 

9. Grivas, G., Chaloulakou, A., Kassomenos, P. (2008). An overview of the PM10 pollution problem, in the 
Metropolitan Area of Athens, Greece. Assessment of controlling factors and potential impact of long 
range transport. Sci. Total Environ. 389:165–177.  

10. Habeebullah, T.M., 2013a. Health Impacts of PM10 Using AirQ2.2.3 Model in Makkah. Journal of Basic 
Applied Sciences, 9: 259-268. 

11. Harrison R.M., Giorio C., Beddows D.C., and Dall’Osto M., 2010. Size distribution of airborne particles 
controls outcomes of epidemiological studies. Sci. Total Environ. 409: 289-293. 

12. Hueber, B.J., Wang, M.X., Lu, W.X. (1988). Atmospheric nitrate, sulphate, ammonium and calcium 
concentrations in China. Tellus, 40B:260–269. 

13. Jacobson, M.C., Hansson, H.C., Noone, K.J., Charlson, R.J. (2000). Organic atmospheric aerosols: 
review and state of the science. Reviews of geophysics, 38:267–294. 

14. Karra, S. and Katsivela, E. (2007). Microorganisms in bioaerosol emissions from wastewater treatment 
plants during summer at a Mediterranean site. Water Research, 41 (6), 1355-1365. 

15. -round aeromycological study in Zagreb area, Croatia. Ann Agric 
Environ Med.; 13,55–64. 

16. Latha, K.M. and Badarinath, K. (2005). Shortwave radiative forcing efficiency of urban aerosols—a case 
study using ground based measurements. Chemos. 58:217–220. 

17. Lee, Y.L. and Sequeira, R. (2002). Water-soluble aerosol and visibility degradation in Hong Kong during 
autumn and early winter, 1998. Environ. Pollut. 116:225–233. 

18. Lun, X., Zhang, X., Mu, Y., Nang, A., Jiang, G. (2003). Size fractionated speciation of sulphate and 
nitrate in airborne particulates in Beijing, China. Atmos. Environ. 37:2581–2588. 

19. Mahdy H.M., EL Sehrawi H. (1997). Airborne bacteria in the atmosphere of EL Taif region, Saudi 
Arabia.Water, Air and Soil Pollution, 98, 317-324. 

20.
Fermo, P., Lucarelli, F., Mazzei, F., Nava, S., Piazzalunga, A., Prati, P., Valli, G., Vecchi, R. (2006). 
Characterization of atmospheric aerosols at Monte Cimone, Italy, during summer 2004: source 
apportionment and transport mechanisms. Journal of Geophysical Research 111 (D24):1029. 

21. vic S. (2007): Qualitative structure 
of airborne bacteria and fungi in dairy barn and nearby environment. Czech J. Anim. Sci.,52, 249-253. 

22. Mitakakis T., O'Meara T., Tovey E. (2005). The effect of sunlight on allergen release from spores of the 
fungus Alternaria. Grana;42, 43–6. 

23. Mkoma, S.L., Wang, W., Maenhaut, W. (2009). Seasonal variation of water-soluble inorganic species in 
the coarse and fine atmospheric aerosols at Dar es-Salaam, Tanzania. Nuclear Instruments and Methods 
in Physics Research, B267:2897–2902.  

24. Mohammed, A. M.F., Munir S. and Habeebullah T. M. (2015). Characterization of  Atmospheric 
Aerosols in Makkah. International Journal of Agricultural and Environmental Research. Issue December, 
2015, pp.:1-17. 



The Custodian of the Two Holy Mosques Institute for Hajj and Umrah Research, Umm Al-Qura University 114 
 
 

25. Nasralla, M. and Albar, O. (2005). Particulate in Makkah Atmosphere, The Custodian of the Two Holy 
Mosques Institute for Hajj Research, Annual Report, Makkah, Saudi Arabia. 

26. Nyeki, S., Baltensperger, U., Schwikowski, M. (1996). The diurnal variation of aerosol chemical 
composition during the 1995 summer campaign at the Jung fraujoch high-alpine station (3454 m), 
Switzerland. Journal of Aerosol Science, 27:105-106.  

27. Pisoni, E. and Volta, M. (2009). Modelling Pareto efficient PM10 control policies in Northern Italy to 
reduce health effects. Atmos. Environ. 43:3243–3248. 

28. PME (The General Presidency of Meteorology and Environment Protection) (1422 AH). Saudi 
environmental protection measures, Annex 1, Document No. 1409-01. 

29. Rahkonen P., Ettala M. (1990). Airborne microbes and endotoxins in the work environment of two 
sanitary landfills in Finland. Aerosol. Sci. Tech.; 13, 505- 513. 

30. Rengarajan, R., Sudheer, A.K., Sarin, M.M. (2011). Wintertime PM2.5 and PM10 carbonaceous and 
inorganic constituents from urban site in western India. Atmos. Research 102:420–431. 

31. Seinfeld, J.H. (1986). Atmospheric Chemistry and Physics of Air Pollution. Wiley, New York, 348-738. 
32. Shaffer B.T., Lighthart B. (1997). Survey of culturable airborne bacteria at four diverse locations in 

Oregon: urban, rural, forest and coastal. Microb. Ecol.,34, 167-177. 
33. Tang, A., Zhuang, G., Wang, Y. (2005). The chemistry of precipitation and its relation to aerosol in 

Beijing. Atmos. Environ. 39:3397–3406. 
34. TongY., LighthartB. (1997).Solar radiation is shown to select for pigmented bacteria in the ambient 

outdoor atmosphere. Photochem. Photobiol.,65, 103–106.) 
35. Vasconcellos, P.C., Souza, D.Z., Sanchez-Ccoyllo, O., Bustillos, J.O.V., Lee, H., Santos, F.C., 

Nascimento, K.H., Araújo, M.P., Saarnio, K., Teinilä, K., Hillamo, R. (2010). Determination of 
anthropogenic and biogenic compounds on atmospheric aerosol collected in urban, biomass burning and 
forest areas in São Paulo, Brazil. Sci. Tot. Environ. 408:5836-5844. 

36. Vu, T.V., Delgado-Saborit, J.M., and Harrison, R.M., 2015. Review: Particle number size distributions 
from seven major sources and implications for source apportionment studies. Atmos. Environ. 122, 114-
132. 

37. Wang, H.B. and Shooter, D. (2001). Water soluble ions of atmospheric aerosols in three New Zealand 
cities: seasonal changes and sources. Atmos. Environ. 35:6031–6040. 

38. WHO, 2003. Health Aspects of Air Pollution with Particulate Matter, Ozone and Nitrogen Dioxide. 
Report on a WHO Working Group Bonn, Germany 13–15 January 2003. 

39. Wu Y-H, Chan Ch-Ch, Chew G L., Shih P-W., Lee Ch-Te, Chao H. J. (2012). Meteorological factors and 
ambient bacterial levels in a subtropical urban environment. Int J Biometeorol. , 56(6), 1001-9. 

40. Zhang K., Yuesi, W., Tianxue, W., Yousef, M., Frank, M. (2007). Properties of nitrate, sulphate and 
ammonium in typical polluted atmospheric aerosols (PM10) in Beijing. Atmos. Research 84:67–77.  

41. Zhou, F.M., Shao, K.S., Hu, M., Tang, X.Y. (2002). Concentrations of aerosol and related gases in Beijing 
(Chinese with English abstract). Environ. Sci. 23 (1):11–15.  

42. Alsrany and bin Turki (1415 AH). Study of microbial contamination of air-conditioning in Medina during 
Hajj Season – 1415 AH. The Custodian of the Two Holy Mosques Institute for Hajj Research, umm Al 
Qura university, Makkah, KSA (unpublished report). 

43. Omeliansky, V.L. (1940). Manual in Microbiology. USSR academy of sciences, Moscow, Leningrad. 
44. Central Department of Statistics and Information (CDSI) (2010). Saudi Arabia, 

www.cdsi.gov.sa/englishChemical Book (CB). 
  


	EN-3.pdf
	EN-3.pdf
	EN-3.pdf
	EN-3.pdf
	EN-3.pdf
	EN-3.pdf
	EN-3.pdf
	EN-3.pdf
	EN-3.pdf

