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Abstract 
Air aerosol samples for TSP (total suspended particulate) and coarse particulate 

(particle matter with aerodynamic diameter 2.5–10 µm, PM2.5–10) and metallic 

elements were collected during February 2008 to July 2008 in urban and peri-urban 

areas of Addis Ababa, Ethiopia. The seasonal variation mean concentration of TSP 

and PM10 were in the range of 17-556 µg/m3 and 27-285 µg/m3 respectively. The 

highest TSP and PM10 peak values were observed in February 2008 at Nefas Silk 

Lafto and Kotebe Waste Water Treatment Plant sites respectively. The lowest TSP 

and PM10 peak values were observed in June and July 2008 at Kality substation and 

COLTI sites respectively. The mean TSP concentration surpassed the WHO safe 

guideline value of 150 µg/m3 and 79 % of the PM10 values were below the WHO 

guideline value.  The PM10 to TSP mass ratio was between (0.26 -0.59) and PM10 

mass contributed ~39% to the TSP mass. The average element concentration order 

was Ca > Na > K > Zn > Sb >B > Al > V > Mg > S > Fe in PM10 filter sample. All the 

analyzed elements contributed ~0.1% to the PM10 mass. Crustal elements have 

strong correlation as do anthropogenic sources emissions which suggest the 

presence of similar sources.  SEM-EDAX analysis of PM10 filter mass showed that Si, 

Al, Na, Zn, Ba, K and C were the predominant species. Crustal materials contributed 

76-95% and C and Cu was from 5-24%. The size distribution of aerosol particles as 

derived from SEM analysis was in 0.43-9.3 µm range.  
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1. Introduction 

1.1 General 

Considerable air pollution occurs in large cities throughout the world (De Koning et al., 

1986). Urban air pollution is becoming one of the major areas of concern for both 

developed and developing world. Hazardous air pollutants (HAPs) are known to have 

adverse health effects on urban populations exposed at the micro or neighborhood 

scale and are suspected of playing a significant role in affecting human health and 

other living things (Delfino, 2002; Leikauf et al., 1995; Weisel, 2002). A series of 

studies using personal monitoring equipment measuring air toxics in the urban 

environment suggest that chronic exposure to gaseous pollutants, along with diesel 

particulate matter, can all exacerbate respiratory disease and may be 

disproportionately concentrated in places like Kirkos and Arada subcities (Kinney et 

al., 2002; Morello-Frosch et al., 2000; Payne-Sturges et al., 2004). Yet, due to lack of 

information, little is known about the temporal and spatial impacts of air pollution. As a 

result, environmental planners and public health analysts have no baseline 

information for decision-making. 

 

Although air pollution and smog problems are very complex, a small set of compounds 

has been identified as major contributors to the phenomenon. They are called criteria 

pollutants, and serve as indicators of the air quality in pollution control policy. The 

criteria pollutants usually include NO and NO2, SO2, CO, tropospheric O3, total or size-

fractionated suspended airborne particulate matter (PM).  

 

Research into the criteria pollutants and their synergism has revealed that it is the 

elevated levels of airborne particles that are mainly responsible for the increased 

health risks of inhabitants in large cities (Dockery et al., 1993; Reichhardt, 1995; Pope 

III et al., 1995).  
 
The atmospheric aerosols can be characterized from a number of viewpoints, i.e., by 

number or mass concentration, chemical (elemental, organic and ionic) composition, 

speciation, size distribution, morphology of the particles and by their source types. In 
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addition, the characteristics may display a pronounced variability in time and space 

due to the wide variety in formation, dynamic transformation, transportation and 

removal processes of the aerosols. The situation is particularly complicated in highly 

polluted (urban) airsheds.  

 

Numerous studies have shown that airborne particulate matter (PM) is associated with 

adverse health effects, including increased risk of premature mortality, hospital 

admissions, and higher rates of adverse respiratory health indicators in children (Pope 

and Dockery, 2006). Although the health effects of airborne particles have been 

investigated vigorously for decades, uncertainty persists concerning those 

characteristics of PM that determine toxicity. To date, studies on the health impacts of 

PM exposure have used a variety of metrics for PM, including total suspended 

particles (TSP), coefficient of haze (COH), black smoke and PM10 and PM2.5 

(Particulate matter with an aerodynamic diameter of less than or equal to 10 

micrometer (μm) and less than or equal to 2.5 micrometer(μm)  respectively).  

 

The toxicity of airborne PM is dependant on two factors; size and chemical 

composition. Generally the smaller the particle size the greater the toxicity, leading to 

the classification of PM10 and PM2.5. PM10 passes the initial clearance mechanisms in 

the nose and throat and enters the lungs, so is termed the ‘inhalable’ fraction. PM2.5 

reaches the sensitive gaseous exchange regions of the alveoli, so is termed the 

‘respirable’ fraction. The exact mechanism by which airborne PM exerts its toxic effect 

remains unclear. However, increasing the concentration of metals has been found to 

increase lung injury and acidity may play a role in increasing the bioavailability of 

these toxic components (Whittaker, 2006). 

1.2 Atmospheric Particulate Matter  

Particulate matter is the term used to describe particles that are suspended in the air. 

Particles may be solid or liquid and are one of the most obvious forms of pollution as 

they are visible in the hazes that cover a city or region.  
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Size is the main determinant of the behavior of an atmospheric particle. The size is 

usually expressed in terms of the ‘aerodynamic diameter’ which refers to unit density 

of spherical particles with the same aerodynamic properties, such as the falling speed.  

Larger particles (greater than 50 µm) usually remain in the air for a few minutes and 

settle near the source. Smaller particles (less than 10 µm, known as PM10) can remain 

in the air for several days and can be spread by winds over wide areas or long 

distances from the original source. Fine particles (between 0.1-2.5 µm) may remain in 

the atmosphere indefinitely. Fine particles are capable of scattering light, causing a 

reduction in visibility.  

Particles are generally removed from the atmosphere by wet and dry deposition. 

Some particles may have other pollutants attached to them, which may react with 

different components of the earth's surface. 

Windblown dusts, pollens from plants and sea salts are natural sources of particles in 

the atmosphere. Bushfires, agricultural and forest hazard-reduction burning release 

smoke particles into the air.  

Particles or particulate matter may be either directly emitted into the atmosphere 

(primary particulate) or formed in the atmosphere by chemical reactions (secondary 

particulate). The relative importance of primary and secondary particles depends 

mainly on the geographical location, with its particular mix of emissions, and on the 

atmospheric chemistry. For example, in areas where wood is burned as heating fuel 

during the wintertime, most of the particles are primary in nature, whereas during 

summertime photochemical episodes, a substantial fraction of the particulate matter is 

attributed to secondary reactions in the atmosphere (Grosjean and Friedlander, 1975). 
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Fig.1 Particulate matter size distribution (www.sciencemag.org) 
                                     

These secondary reactions typically involve secondary PM precursor gases such as 

sulphur dioxide (SO2), nitrogen oxides (NOX), ammonia (NH3), and a wide variety of 

organic compounds. The resulting secondary PM compounds include sulphates, 

nitrates, and condensed organic compounds. 

 

Six major components account for nearly all of PM10 mass in most urban areas 

(Canadian Ambient Air Quality Guideline, 2001)  

1) Geological material (oxides of aluminum, silicon, calcium, titanium, and iron);  

2) Organic carbon (consisting of hundreds of compounds);  

3) Elemental carbon;  

4) Sulphate;  

5) Nitrate; and  

6) Ammonium.  

 

Liquid water absorbed by soluble species is also a major component when the relative 

humidity exceeds approximately 70 percent, but much of this evaporates when filters 

are equilibrated prior to weighing. Sodium and chloride are often found in coastal 
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areas, and certain trace elements are found in areas greatly influenced by industrial 

sources.  

 

Although total mass measurements depend somewhat on sampling and analysis 

methods, mass concentrations of PM10 and particulate matter with aerodynamic 

diameter less than or equal to 2.5 µm (PM2.5) can be reproduced within experimental 

precision (typically 20-30 percent) by summing the measured concentrations of these 

six chemical components(Chow, 1995). Approximately half of PM10 is composed of 

geological material. However, geological material often constitutes less than 10 

percent of the PM2.5 mass concentrations, as most of it is found in the coarse particle 

size fraction. The majority of sulphuric acid, ammonium bisulphate, ammonium 

sulphate, ammonium nitrate, and organic and elemental carbon are found in the “fine 

particle size fraction,” PM2.5 size range.  

1.3 Particle Size  

Atmospheric particles may be solid or liquid, with diameters between approximately 

0.002 and 100 µm (Finlayson-Pitts and Pitts, 1986). The upper end of this range 

corresponds to the size of fine drizzle or very fine sand. These particles are so large 

that they do not remain suspended for a significant period of time and quickly fall out 

of the atmosphere. The most important particles with respect to atmospheric 

chemistry, physics, and health effects are in the 0.002-10 µm range. 

 

A particle’s size affects many of its properties such as mass and settling velocity. Size 

is expressed in terms of effective diameter, which depends on a physical rather than a 

geometric property. The most commonly used physical property is the aerodynamic 

diameter, Da, which is defined as the diameter of a sphere of unit density (1 g/cm3) 

which has the same terminal falling speed in air as the particle under consideration 

(Finlayson-Pitts and Pitts, 1986). 

1.4 Particulate Composition 

The different size categories have distinctly different origins, composition, and 

properties. The coarse fraction is comprised primarily of atmospheric dust that has 
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been suspended through mechanical disturbance of granular material such as 

entrainment of sand and dust from paved and unpaved roads, agricultural process, 

construction, and natural processes. 

 

Industrial operations such as grinding, scraping, and material handling are also minor 

contributors to the ambient coarse size fraction. Due to limited suspended lifetime, the 

transport distance from the source of these coarse particles is relatively short. 

 

A majority of fine particulate is combustion related. Fine particulate is broadly 

categorized as either primary or secondary PM. Primary PM is comprised of PM that 

is emitted in the solid phase and condensible PM that is emitted in combustion gases 

in gas phase at high temperature. Condensible PM is composed primarily of semi-

volatile compounds that form organic aerosols. Secondary PM is formed in the 

atmosphere through complex gas phase reactions (sulphates, nitrates, ammonium, 

organic carbon, elemental carbon, heavy metals, and fine dust). (Canadian Ambient 

Air Quality Guideline, 2001)  

 

Trace elements are found in both the fine and coarse PM fractions (Working Group on 

Air Quality Objectives and Guidelines (WGAQOG), 1998). The trace elements in the 

coarse fraction are primarily crustal elements such as oxides of aluminum, calcium, 

iron, magnesium, potassium, and silicon. Fine particulate trace elements are primarily 

from combustion sources or high temperature industrial processes. Elements such as 

arsenic, cadmium, chromium, lead, and nickel are emitted in the vapor form but 

quickly condense as the hot exhaust gases mix with ambient air. Some of these fine 

particulate trace elements have been shown to form bimodal distributions, with a 

primary peak in the range of 0.5-1 μm and a secondary peak at 3-5 μm. Studies in the 

Los Angeles Basin showed trimodal distributions for lead and manganese, with the 

smallest mode attributed to fresh emissions from motor vehicles and the large mode 

from suspended crustal material. An intermediate mode (0.5-1.0 μm) was believed to 

result from the growth of smaller particles. Crustal elements such as manganese, 

cobalt, chlorine, iron, potassium, sodium, silicon, aluminum, calcium, magnesium and 
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strontium showed uni-modal mass distributions, with a peak at 3-5 μm and minimal 

mass below 1 μm.  

 

Trace elements are useful in source attribution studies. Fluid catalytic cracking units 

(FCCUs) often have high nickel emissions due to high equilibrium nickel 

concentrations on emitted catalyst fines. Vanadium is often a good tracer for heavy oil 

combustion. Annex1 shows the chemical composition of primary emissions from 

selected sources as determined in a study in California (Watson et. al., 1997). 

 

Elemental or inorganic carbon (EC) is primary particulate that is a product of 

incomplete combustion of fuels and biomass. Elemental carbon, which is also called 

“black carbon”, is often a good tracer for combustion sources. These particles are 

predominately less than 1 μm in size and may have a bimodal distribution with peaks 

in the 0.05-0.12 μm and 0.5-1.0 μm ranges. These particles tend to remain in the 

atmosphere for extended periods of time due to their small size and inertness. A study 

estimated that EC is responsible for up to 90 percent of light absorption and 25-45 

percent of visibility reduction due to large surface area and impurities. (WGAQOG, 

1998) 

  
2.0 Effects of Atmospheric Aerosols 

2.1 Health Effects 

Atmospheric aerosols exhibit chemical heterogeneity, spatial and seasonal variability, 

and result in a wide range of health impacts including: mortality, respiratory disease, 

cardiovascular disease, eye irritation, and others (Environmental Research Letters, 

2007). 

 

Epidemiological studies have shown that exposure to particle pollution may cause 

excess mortality (Pope and Dockery, 2006; U.S. EPA, 2006). Particles less than 1 or 2 

µm in diameter are particularly influential, because they can penetrate into human 

lungs.  
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Although the actual mechanism of PM toxicity and genotoxicity remains uncertain, it is 

suggested that at first fine air born particles are retained in the lung alveoli, adhere to 

the surface of pulmonary epithelial cells, and through redox-mediated mechanism 

cause acute inflammatory reaction, oxidative stress and oxidative damage to DNA, 

protein and membrane lipids (Dick et al., 2003) 

 

The respiratory system is the major route of entry for airborne particulates. The 

deposition of particulates in different parts of the human respiratory system depends 

on particle size, shape, density, and individual breathing patterns (mouth or nose 

breathing). The effect on the human organism is also influenced by the chemical 

composition of the particles, the duration of exposure, and individual susceptibility. 

While all particles smaller than 10 microns in diameter can reach the human lungs, the 

retention rate is largest for the finer particles. Products of incomplete combustion, 

which form a significant portion of the fine particulates, may enter deep into the lungs.  

 

Several studies have found out that statistically significant relationship exists between 

high to short term exposure to ambient particulate concentration and excess mortality 

in London and other cities. The estimated 4,000 excess deaths in the London 

metropolitan area in December 1952 were associated with British Standard 

measurements equivalent to a 4,000 μg/m3 maximum daily average ambient 

concentration of particulates (Schwartz and Dockery, 1992b). Schwartz (1993b) has 

also found out that the association between daily average PM10 concentrations and 

mortality at concentrations below the U.S. standard value of 150 μg/m3. 

 

Population-based cross-sectional and longitudinal studies (Lipfert, 1984; Dockery et 

al., 1993) have found an association between long-term exposure and mortality. Using 

14-to-16- year studies in six U.S. cities, and controlling for individual risk factors, 

including age, sex, smoking, body-mass index, and occupational exposure, they found 

a significant connection between particulate air pollution and excess mortality at 

average annual PM10 concentrations as low as 18 μg/m3, well below the current U.S. 

ambient standard of 50 μg/m3.  
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A study conducted from 1982–1989 on over a half million people in 151 U.S. 

metropolitan areas found that death rates in the areas most polluted with fine 

particulates were 17% higher than in the least polluted areas(Pope et al., 1995). As a 

result a 31% higher rate of death from heart and lung disease, even when most cities 

complied with the U.S. federal standards for particulate pollution.  

 

The relationship between morbidity and short- and long-term exposure to particulate 

matter has been found in a number of studies. Schwartz et al. (1993) found a 

significant increase in emergency room visits among people under the age of 65 in 

areas with daily average PM10 concentrations that were less than 70% of the U.S. air 

quality standard of 150 μg/m3. Schwartz (1991/92) and Kane (1994) demonstrated an 

association between mineral dusts such as silica or asbestos fibers accumulating in 

the lungs and a characteristic spectrum of diseases.  

 

Schwartz and Dockery (1992b) and Ostro (1994) suggested that there may be no safe 

threshold for fine particulate matter and that the effects are linearly related to 

concentration. In contradiction to this a research conducted on the potential 

carcinogenic effect of certain dust compounds (for example, for silica dust), suggested 

that there is limited evidence that shows carcinogenic effects of dust particles (Ulm, 

1994). 

2.2 Effects on Plants 

Ambient air constitutes various size ranges of solid particles commonly recognized as 

particulates or dust, which are continuously agglomerated and deposited, on various 

surfaces. The deposited particulate matter is a conglomerate of chemically 

heterogeneous substances of many different types, which act on plants in a variety of 

ways. Vegetation exposed to wet and dry deposition of particulates may be injured 

when particulates are combined with other pollutants (World Bank Group, 1998).  

Coarse particles, such as dust, directly deposited on leaf surfaces can reduce gas 

exchange and photosynthesis, leading to reduced plant growth. Heavy metals that 

may be present in particulates, when deposited on soil, inhibit the process in soil that 
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makes nutrients available to plants. This, combined with the effects of particulates on 

leaves, may contribute to reduction of plant growth and yields.  

2.3 Effects on Materials 

 
Particulates contribute to the soiling and erosion of buildings, materials, and paint, 

leading to increased cleaning and maintenance costs and to loss of utility. The 

deposition of smoke particles on the surface of buildings, automobiles, clothing, and 

other objects reduces aesthetic appeal and damages a variety of objects and building 

structures (Baedecker et al., 1991). Studies of the effect of aerodynamic particle size 

on soiling have concluded that coarse particles (2.5 to 10µm) initially contribute more 

to soiling of both horizontal and vertical surfaces than do fine particles (less than 

2.5µm), but that coarse particles are more easily removed by rainfall (Haynie and 

Lemmons ,1990). Smoke from fires is largely within the fine mode, although ash 

fallout in the near vicinity of a fire is often also a concern. Smoke may also discolor 

artificial surfaces such as building bricks or stucco, requiring cleaning or repainting. 

Increasing the frequency of cleaning, washing, or repainting soiled surfaces becomes 

an economic burden and can reduce the life usefulness of the soiled material (Maler 

and Wyzga, 1976). 

 

When fine smoke particles (less than 2.5µm) infiltrate indoor environments, soiling of 

fabrics, painted interior walls, and works of art may occur. Curtains may require more 

frequent washing because of soiling or may deteriorate along folds in the fabric after 

being weakened by particle exposure (Yocom and Upham, 1977). As in the case of 

corrosion damage from acidified particles, these same particles accelerate damage to 

painted surfaces (Cowling and Roberts, 1954). Studies of the soiling of works of art at 

a museum in southern California concluded that a significant fraction of the dark-

colored fine mode elemental carbon and soil dust originated from outdoor sources 

(Ligocki et al., 1993).  
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2.4 Effects on Climate 

Aerosol particulate material in the atmosphere affects the climate by absorbing and 

scattering solar radiation, and by altering the properties and lifetimes of clouds (IPCC, 

2001).  Furthermore, aerosols play an important role in climate, exerting warming 

effects (black carbon), cooling effects (sulfate and organic carbon), and affecting 

precipitation, cloud cover,  light scattering, or atmospheric haze, reducing visibility and 

adversely affecting transport safety, property values, and aesthetics(World Bank , 

1998). 

2.5 Visibility Impairment 

To many in the general public, poor visibility is an indicator of poor air quality. It affects 

quality of life, poses transportation safety problems, and has direct economic costs 

associated with the potential loss of revenue from tourism (McNeill et al., 2001). 

 

Visibility is actually a function of a number of diverse factors, including the presence of 

particles and gases that alter the passage of light through the atmosphere; 

psychophysical processes such as form, contrast detail and the colour of near and 

distant features; and concurrent value judgments. However, reduced visibility is 

generally a function of particles in the atmosphere. Light scattering efficiency is 

greatest when particle diameter is close to the wavelength of natural light (~0.4 to 0.7 

mm). Consequently, the fine fraction of PM contributes disproportionately to visibility 

impairment (Malm, 1999).  

 

Sulphates and nitrates are of special relevance to reduced visibility, as these particles 

are hygroscopic, meaning that they absorb water from the atmosphere and therefore 

increase in particle size once a threshold level of relative humidity is exceeded. These 

larger hydrated particles then scatter light more efficiently. 

 

Two intensive field studies known as REVEAL (Regional Visibility Experimental 

Assessment in the Lower Fraser Valley) and REVEAL II were carried out by the 

province and the FVRD between 1993 and 1995 (Sakiyama, 1994; Pryor et al., 1995, 
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1999). The REVEAL studies concluded that visibility in the Lower Fraser Valley is 

frequently degraded below publicly acceptable levels. While organic carbon 

compounds accounted for much of the PM2.5 mass, nitrates and sulphates formed in 

the atmosphere were the largest contributors to reduced visibility. 

 
3.0 Aerosol Sampling and Analysis  

3.1 Sampling  

3.1.1 Mass Analysis 

Gravimetric analysis is used almost exclusively to obtain mass measurements of 

filters in a laboratory environment. Gravimetric analysis determines the net mass by 

weighing the filter before and after sampling with a balance in a temperature- and 

relative-humidity controlled environment. The main interference in gravimetric analysis 

of filters results from electrostatic charges, which induce non-gravimetric forces 

between the filter and the balance. The charge can be removed from most filter 

material by exposure to a low-level radioactive source prior to and during weighing. 

Accurate gravimetric analyses require the use of filters with low dielectric constants, 

high filter integrity, and inertness with respect to absorbing water vapor and other 

gases. Equilibration at low temperature and relative humidity effectively removes liquid 

water associated with the particle deposit, but some particles may volatilize if they are 

exposed to ambient air for more than a day or two.  

 

While balances with ±100 mg sensitivities are adequate for high-volume samples, 

special electro-balances with sensitivities as low as ±1 µg are needed for medium- 

and low-volume samples. These sensitive balances require isolation from vibration 

and air currents. Balances placed in laminar flow hoods with filtered air minimize 

contamination of filters from particles and gases in laboratory air. Ammonia produced 

by human breathing and cleaning solvents can neutralize acidic species that might 

have been captured on the filters. Equilibration temperatures and relative humidity 

should be kept at the low end of the 15 to 30 °C and 20 to 45 percent ranges in the 
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PM10 performance standard to minimize volatilization and aerosol liquid water biases 

(Chow, 1995). 

3.1.2 Chemical Speciation   

 
Chemical speciation is a critical part of many ambient monitoring programs but it is a 

complex process that is in its early stages of development. There are currently a 

variety of speciation monitors in use for ambient air monitoring and research 

programs, but there are no established reference methods for chemical speciation 

measurements. Chemical speciation analysis can be broken into the three most 

common categories: elements, ions, and carbon.  

 
The trace element components of particulate matter can be analyzed by a wide variety 

of analytical techniques. These include: Energy Dispersive X-ray Fluorescence, 

Proton Induced X-ray Emission spectroscopy, X-Ray fluorescence and Inductively 

Coupled Plasma.  

 

Annex 2 shows the description of the most common speciation and analytical 

methods for particulate elements and the detection limits for various species are 

summarized in Annex 3. 

 
4.0 Studies Conducted on Particulate Matter in Cities of the World 
The first pilot-scale air quality study which assessed the mass and composition of 

PM10 in Ethiopia was in 2005 (Etyemezian et al., 2005). The study was carried out at 

street level in major roads of Addis Ababa. It concluded that measured 24hrs mass 

concentration of PM10 was less than 100 and 40 µg/m3 at urban and suburban sites of 

the capital city, respectively.  The same study reported that lead concentration of the 

collected PM10 mass was <0.1 µg/m3. Moreover mass concentrations reconstructed 

from chemical species indicated that 34–66% of the PM10 mass was due to 

geologically derived material, probably owing to the widespread presence of unpaved 

roads and road shoulders. 
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Chemical speciation of particulate matter pollution was assessed in urban settings of 

Bangladesh (Islam, 1998). The study was conducted in Dhaka city. It concluded that 

the most abundant aerosol chemical components were organic carbon, sulfate, 

elemental carbon, nitrate, geological elements (Al, Ca, Fe, Ti, and Si) and sodium. 

Moreover source attribution of ambient aerosols in Dhaka indicated that vehicle 

emissions, secondary aerosols and road dust dominated the fine aerosol mass. 

 
Intra-community spatial variability of particulate matter size distributions study was 

conducted in southern California/Los Angeles in 2008 (Krudysz et al., 2008). Spatial 

variation in particle size distributions was assessed by calculating the coefficient of 

divergence (COD) and correlation coefficients (r) between site pairs. Results showed 

an overall inverse relationship between particle size and CODs, implying that number 

concentrations of smaller particles (<40 nm) differ from site to site, whereas larger 

particles tend to have similar concentrations at various sampling locations. 

 
Particulate matter measurements of different size fractions (PM4, PM10, and TSP) 

were performed in the Basel area urban sites (Switzerland) throughout 1997 and 

during the year (April 1998-May 1999) (Rööslim et al., 2001). It concluded that the 

chemical analyses of PM10 showed that carbonaceous substances (elemental carbon, 

organic matter) and inorganic substances of secondary origin such as sulfate, nitrate 

and ammonium were the most abundant components (~ 60-70%) of PM10. 

 

Evaluation and modeling of the spatial and temporal variability of particulate matter 

was conducted in urban areas of Helsinki (Pohjola, 2006). The study of ambient 

measurement data revealed clear diurnal variation of the PM10 concentrations in the 

Helsinki Metropolitan Area sites, irrespective of the year and season of the year. The 

diurnal variation of local vehicular traffic flows had no substantial correlation with the 

PM2.5 concentrations, indicating that the PM10 concentrations were originated mainly 

from local vehicular traffic, while the PM2.5 concentrations were mostly associated with 

regional and long-range transportation.  
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Mazzei et al. (2006) conducted a study on elemental composition and source 

apportionment of particulate matter near a steel plant in Genoa, Italy. They concluded 

that the analyzed samples were characterized by high loading of crustal elements 

(Mg, Al, Si and Ca) and high loading of S. 

 
A study on mass concentrations and metals speciation of PM2.5, PM10, and TSP was 

conducted in 2005 in Oxford, Ohio, USA. The findings were compared with data 

obtained from metropolitan sites in the Greater Cincinnati region (Wojas and Almquist, 

2005). It was found that PM2.5 mass concentrations in Oxford were approximately 10% 

lower than those measured in Cincinnati, Middletown, and Hamilton. Moreover, the 

PM2.5 mass contributed ~95% to PM10 while > 60% to TSP. It concluded that metals 

such as Cd, Cr, Fe, Mo, Ni, Si, V, and Zn, were predominantly contained in PM10. 

Those metals commonly found in nature, for example, Al, Ca, Mg, Mn, and K, were 

predominantly contained in the larger particles collected as TSP. One exception, 

however, is that the copper concentrations were much higher in TSP than in PM2.5 

and PM10 in Oxford. The relatively high copper concentrations in the TSP samples in 

Oxford may be due to emissions from a local industry that processes copper. 

 
Querol et al. (2007) from 1995-2006 investigated the trace element concentrations of 

PM10 and PM2.5 in 33 monitoring stations in urban, rural and industrial settings of 

Spain. It concluded that at industrial and traffic hot spots, average trace metal 

concentrations were highest, exceeding rural background levels by even one order of 

magnitude in the cases of Cr, Mn, Cu, Zn, As, Sn, W, V, Ni, Cs and Pb. Steel 

production was linked to high levels of Cr, Mn, Ni, Zn, Mo, Cd, Se, Sn and Pb ,  

Copper metallurgy areas showed high levels of As, Bi, Ga, and Cu , zinc metallurgy 

was characterized by high levels of Zn and Cd  and glazed ceramic production was 

linked to high levels of Zn, As, Se, Zr, Cs, Ti, Li, Co and Pb. High levels of Ni and V 

levels were tracers of petrochemical plants  and/ or fuel oil combustion. Moreover 

levels of Zn-Ba and Cu-Sb were relatively high in urban areas due to traffic emissions 

(Tyre and brake abrasion, respectively). 

In March 1995 a measurement campaign of atmospheric aerosol was conducted in 

the urban areas of Bologna (Berico et al., 1997). The measurement was carried out on 
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TSP, and PM10 fraction pulmonary deposition using cellulose triacetate filter and 

Dichotomous Sampler. It concluded that TSP concentration were 20% higher than that 

of PM10.   

 

TSP and PM10 concentration were assessed from September 1986 to May 1987 in 

Kuala Lumpur, Malaysia (Yusoff and Rashid, 1987). The samples were collected at 

the Universiti Teknologi of Malaysia. It concluded that the TSP concentration was 63.3 

μg/m3 while the PM10 concentration was 47.6 μg/m3 or 75 percent of the TSP. Both 

PM10 and TSP were well correlated (r = 0.92) with a positive intercept on the TSP 

axis.  

 

Collocated parallel measurements of PM2.5 and PM10 were conducted from January 

1998-2002 at 7 urban and rural sites in Switzerland (Gehrig et al., 2003). The highest 

concentrations for PM10 and PM2.5 were observed during wintertime. 

 

Although air pollution is a global concern, there is scanty of information associated 

with its status or impacts in Ethiopia. Air pollution problem is not as such a critical 

issue in Ethiopia; however the capital city, where most of the socio economic activities 

are practiced is an area of concern.  

 

4.1 Air Quality Issues in Addis Ababa 

Emperor Menelik established the city of Addis Ababa in 1887 on the Entoto hills. The 

queen and their dignitaries were used to come to Finfine to take bath in the Filwuha 

(SPA) and for recreational purposes. Looking at the natural beauty of the surrounding, 

the queen was asked the king for a land to build a house in the area. Soon after the 

queen "Taitu" built her first house, the palace was also built at Finfine. Then, Addis 

Ababa (New flower) became the name of the capital city of Ethiopia. 

 

As the surrounding countryside had been denuded of timber and fuelwood, the capital 

used to move to places where wood was available.  The planting of a fast growing 

Eucalyptus species in 1895 allowed the capital to remain and expand at its present 
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site.  Its north ward expansion has, and still is, prevented by the steep slopes of the 

Entoto hills.  The city has thus expanded east and west along the foot of the hills, 

more recently southwards out onto the plains. The city of Addis Ababa is surrounded 

by peaks with elevations up to 3000 m. This suggests that pollutants may become 

trapped in the valley under conditions of atmospheric stagnation.  

 

The metropolitan area of Addis Ababa covers 51,284 hectares of which about 24 

percent is residential, while 7 percent is used by government institutions and urban 

services, 6 percent by light and heavy industry, with the remaining 63 percent covered 

by agricultural land, forestry and other open spaces.  The land to the north, on the 

Entoto hills is mainly covered with Eucalyptus plantations, interspersed with glades of 

crop and grazing lands.  The land to the south of the city is intensively cultivated 

cropland. 

 

Addis Ababa has a population of more than 2.8 million which is growing by 3.7 % per 

annum (CSA, 2008). Administratively the Region is divided into 10 sub-cities and 99 

kebeles.  A kebele is the lowest administrative unit, which has between 5000 and 

7000 dwellers.   

 

The average rainfall was 1160 mm (Ethiopian statistical abstract, 1994). The main 

rainy season extends from mid June to early September; the dry season extends from 

October to early June (Fig.2). The small rains, which are short lived and less intense 

are experienced in March and April. Based on this seasonality, air pollution is likely 

worst between October and February, when precipitation is minimal and high-pressure 

systems can cause stagnation episodes (Etyemezian et al, 2005). However, it is also 

possible that high particulate matter with aerodynamic diameter <10 μm 

concentrations occur between March and June due to seasonal high winds which can 

result in the suspension of dust from semi-arid lands around Addis Ababa as well as 

arid areas that are hundreds of kilometers upwind. 
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Fig. 2 1998-2007 mean monthly rainfall in Addis Ababa 

The mean annual temperature ranges between 11.7oC in the higher altitudes to 20 oC 

in the lower altitudes (EPB, 2000). Annual mean temperature for 30 years in the 

region showed very little variation. The lowest mean annual temperature recorded was 

15.31 oC in 1974 and the highest was 17.28 oC in 1977.  

The major sources of air pollution in Addis Ababa are vehicles, industries, indoor 

activities, waste disposal and waste burning activities (AAEPA, 2004). More than 50% 

of the country’s vehicles are found in Addis Ababa and the number is increasing at a 

relatively a faster rate.  The trend in the number of vehicles (Fig.3) of the country 

indicated that their numbers doubled in a decade.  

 

 

 

 

 

 

 

 

 
                       Fig.3   Trend in the number of registered vehicles in Ethiopia 
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Most of the cars are old (Annex 4) and their engines are inefficient to make complete 

combustions, as a result different pollutants are emitted into the air.  Studies proved 

that old cars, of 15 years old or more are found to emit five times more hydrocarbons 

and carbon monoxide and four times more nitrogen oxides than new ones (AAEPA, 

2004).   

Generally, motor vehicle engine emits many types of pollutants including carbon 

monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOX), volatile organic 

compounds (VOCs), particulate matters (PM), sulfur dioxide (SO2) and lead.  Emission 

from an individual car is normally low, relative to the smokestack of large industry, but 

as the number of cars increases the pollution effect will add up and they represent a 

major source of air pollutants.  On the other hand, a number of high traffic corridors in 

the city's major roads are created and these produce high levels of congestion and a 

corresponding increase in the amount of pollutants both for travelers and local 

residents.  Excessive slowing of vehicles within the city increases fuel use and 

reduces the efficiency of personal and business movement.  Given the fact that air 

pollution increases as urban automobile speeds decline and as 'stop and go' operation 

increases, it result in adverse effects on the health of the car users and all innocent 

bystanders. 

  
Compared to other cities of the country, Addis Ababa has a relatively better 

infrastructure and it is home to most small and medium scale industries (Table 1).  

64% of the major industries of the country are located at and around Addis Ababa 

(CSA, 1994) and most of these industries do not have air pollution control mechanism; 

as a result air pollutants from industries is released in to the ambient air.   

 

Industrial emissions generally raise the concentration of air pollutants such as CO2, 

NOx, particulates, and sulfur dioxide in the atmosphere hence contribute to global 

warming, acid rain and ozone formation.  Most of the industries in Addis use furnace 

oil to generate hot air and steam.  The sulfur content of the fuel is about 3% by weight 

and it is evident that significant amount of sulfur dioxide is emitted during combustion.  
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Moreover, particulate matter and other air pollutants can be emitted from the 

industries.  

                 Table1 Types of Industries in Addis Ababa (AAEPA, 2002) 

 

 Type of Industry Number 

1 Food 1213 

2 Metal and electrical works 216 

3 Textile 73 

4 Chemical 108 

5 Leather 102 

6 Beverages 29 

7 Printing 95 

8 Non-metal works 74 

9 Wood works 37 

10 Miscellaneous 111 

 Total 2058 

 

Due to increase in population, number of vehicles, industries and other socio-

economic activities; air pollution problem is an increasing concern in Addis Ababa. 

At present there is no data to estimate the contributions of different sources to air 

pollution in Addis Ababa. Although not comprehensive, the list of air pollution sources 

includes light and heavy-duty motor vehicles, industry, home heating and cooking, as 

well as fugitive sources such as biogenic emissions and dust. Cooking and heating 

are accomplished by the widespread use of eucalyptus (Lemenih and Bekele, 2004) 

which results in high levels of organic particles when combusted (Schauer et al., 2001; 

Oanh et al., 1999), as well as charcoal to a lesser extent. Light- and heavy-duty diesel 

vehicles contribute directly to ambient concentrations of PM (non-size specific), 

carbon monoxide (CO), oxides of nitrogen (NOx), sulfur dioxide (SO2), as well as 

organic compounds that are toxic, precursors to O3 formation, and can eventually 

transform from the gas phase to the particle phase. Gasoline-powered vehicles result 
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in similar emissions to diesel vehicles, with gasoline engines emitting more CO and 

diesel vehicles emitting more SO2.  

 

Ethiopia phased out the import of leaded gasoline in July 2003, and the Ethiopian 

government declared that leaded gasoline reserves in Ethiopia would be largely 

depleted by January 2004(Etyemezian et al., 2005). This phenomenon has occurred 

some 25 to 30 years behind the developed countries. The use of leaded gasoline has 

resulted in the accumulation of lead on soils near traffic corridors of Addis Ababa. It 

was found out that the concentration of lead for the majority of the samples in Addis 

Ababa surpassed the maximum recommended limit of the metal in soils (Teju et al., 

2005). 

 

Industrial emission sources vary widely by their type, fuels and solvents used, and the 

level of pollution controls that are in place. Unlike some other African cities such as 

Cairo, where industrial sources are responsible for a large portion of the PM and lead 

pollution (Abu-Allaban et al., 2002), Addis Ababa is far less industrial and air pollution 

due to industrial sources is likely to be smaller. 

 

Etyemezia et al. (2005) conducted a pilot-scale air quality study in Addis Ababa at 

selected sampling location in and around Addis Ababa. The researchers analyzed the 

mass and composition of PM10, CO and O3. However, the study provides only a 

snapshot of particle pollution in dry season (in January/February of 2004) and focused 

on the major streets of Addis Ababa. The study concluded that the measured 24hrs 

mass concentration of PM10 was less than 100 and 40 µg/m3 at urban and suburban 

sites of Addis Ababa, respectively.  The same study reported that lead content of the 

PM10 mass was <0.1 µg/m3 and mass concentrations reconstructed from chemical 

species indicated that 34–66% of the PM10 mass was due to geologically derived 

materials. 

 

To better understand the extent of particulate pollution in Addis Ababa, a spatial and 

temporal assessment of TSP and PM10 should be conducted. In this study ambient 
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aerosol samples were collected and characterized for mass concentration of TSP and 

PM10 and metals speciation of PM10 at selected sites of Addis Ababa.  Samples were 

collected from February 2008 to April 2008 (dry season) and from June 2008 to July 

2008 (wet season).  

 

The findings of this study can be used as a basis to establish effective particulate 

pollution control mechanisms and associated health risk. It will also provide baseline 

information that would be useful for further investigation. 



 

 23 
 

5. Objectives 

5.1 General Objective 

The general objective of this study is to examine the concentration of ambient aerosol 

in urban and peri-urban areas of Addis Ababa.  

5.2 Specific Objectives 

o To determine temporal and spatial variation in TSP mass concentration at 

selected sites of Addis  Ababa   

o To examine temporal and spatial variation in PM10 at selected sites of  

             Addis Ababa   

o To estimate the elemental and trace metal constituents of PM10 samples 

o To compare the findings with Ambient Air Quality Guidelines of  Ethiopia and   

             World Health Organization 

o To compare the findings with ambient air quality of different cities around the    

          world
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6. Experimental Methods 
This research was conducted between 22nd February and 15th April 2008 (for the dry 

season), and 17th June to 23rd of July 2008 (for the wet season). Seven distinct sites 

were chosen systematically so that they represent both the urban and peri-urban 

ambient air of Addis Ababa. Sampling sites were selected based on the criteria 

including: distance (with in 5kms and 10 kms) from geographic centre of Addis Ababa, 

access road, availability of electricity, away from pollution source and tall building, 

safety of equipments and a control site.  

6.1 Description of Sampling Sites 

Seven distinct sites (see Annex 5) were selected for ambient aerosols sampling. The 

sites included, Nefas Silk Lafto Sub-City Police Department (NSLP), Kotebe Waste 

Water Treatment Plant (KWWT), Kaliti Substation (KSUB), Atse T/ Giorgis Elementary 

and Junior School (ATSE), Kolfe Keraniyo Custom Check Point (KoKCC), Addis 

Ababa Stadium (STAD) and COMESA Leather Technology Institute (COLTI) which 

represents different land use with different geographical location.  The sampling sites 

are located between 5 and 10 Km from the NSLP sampling point (Figure 4). In general 

sampling points with in 5 km distance are experiencing high human activities and 

those points at 10 km distance relatively have low level of human interventions. For 

this study, ATSE site is used as a control/ background site. 

 

Nefas Silk Lafto Sub-City Police Department (NSLP) is located at the geographic 

centre of Addis Ababa locally known as “Gotera”. It is surrounded by vehicle repair 

shops, residential houses, commercial firms, fuel depot, Addis Ababa cement factory 

and Moha Nefas Silk Soft Drinks Factory. Gotera road complex has been under 

construction while the samples were collected, and the cross road is one of the most 

congested traffic areas in the metropolitan. 

 

Kolfe Keraniyo Custom and Security Check Point (KoKCC) is located in the south 

western part of the city. It is situated in a less congested residential neighborhood that 

was surrounded by different urban activities. The major land use activities around the 
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site are Kolfe Keraniyo Custom Check Point, a camp for Federal Police Force, a 

kindergarten, residential houses, a dairy farm and a wooded area covered by few 

eucalyptus trees. 

 

Kotebe Waste Water Treatment Plant site (KWWT) is located in the eastern part of 

Addis Ababa which is found in Bole sub city. The major land use around the site 

include: AAWSA waste water treatment plant, Quarries (Construction material mining 

and crushing activities) and very small agricultural practices and an asphalt road (that 

connects Yerer with CMC & Akaki sub-city) was under construction. The waste water 

treatment plant occupied an area of 13.7 hectares which is employing sludge 

oxidation on a drying bed.  
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                                  Fig. 4 Map of sampling sites (AAEPA, 2007)  
 
 
Kaliti substation site (KSUB) is one of EEPCOs electric sub station which is located in 

the southern part of the city. The sample site is surrounded by various forms of socio-

economic activities which include: red ash mining, agricultural practices, metal 
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products manufacturing, concrete block manufacturing and a small village. A mountain 

peak is located on the western part of the site.  The substation has four diesel 

generators which have 4 MW capacities per day. Each generator consumes 800Lts of 

diesel fuel per hour and three of the generators have been under operation during the 

sampling period.  

 

ATSE site is located in the northern part of Addis Ababa. The land use that is 

surrounding the sampling site include: Atse T/Giorgis Junior and Secondary School, 

less congested residential houses, a cemetery, a waste water transfer station and a 

vegetation cover at the upper part.  

 

STAD site is located at the central part of Addis Ababa. The site is surrounded by 

various forms of socio economic activities including commercial, recreational, service 

delivery, high vehicles movement. The site is one of the major public attraction (or 

popular) spots in the city.  

 

COLTI sampling site is located in the southern part of Addis. The site was designated 

as an industrial site in the revised master plan of Addis Ababa (Addis Ababa Master 

Plan, 1994). Consequently, the major land use practice of the site is dominated by 

manufacturing and processing industries. These include: soap, metal works, paint , 

tanneries, concrete block manufacturing, coffee bean preparation, construction 

activities, a corrugated iron manufacturing industry and road construction materials 

processing etc are some to be mentioned. Sample from this site was collected inside 

COMESA Leather Technology Institute compound.      

6.2 Sampling Equipments  

Filter samples were collected for 24 hours. The sampling set-up included: portable 

I.O.M. Multi fraction dust samplers (made from conductive plastic), tygon hose pipes, 

battery-operated Universal Air Sampling Pump (SKC 224-PCTX4 Model, SKC Ltd, 
UK) and a stand (1.75 m). The pump system was equipped with a vacuum pump, an 

internal flow regulator, a timer and air flow calibration unit (Fig. 5).  The pumps were 
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pre-calibrated by the manufacturer. However prior to and in the course of sampling 

pump flow rate (5-4000mls/minute) was checked using bubble method. Air flow rate 

was adjusted to 2.0 liters per minute for TSP and 2.2 liters per minute for the PM10 

(I.O.M recommendation) respectively. The cyclone sampler (respirable component) 

has 50% cut point for particles 4 µm or less. 

 

     

   
 

Fig.5 schematic diagram of sampling devices 

 

6.3 Sampling Procedures 

Sampling was conducted from February to July 2008. A total of sixty six PM10 and 

TSP samples were collected for analysis. Of these, thirty eight were for the dry 

season, and the twenty eight were for wet season. 

 

Each filter paper was oven dried, weighed and stored in desiccators before and after 

sampling. The filter papers were placed in static-free plastic cassettes (put inside the 

samplers), transported to sites, the sampling system was organized and PM10 and 

TSP samples were collected for 24 hours. The drying and weighing of filter samples 

conducted at AAU, Analytical and Environmental Science Laboratory.  
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Further physico-chemical characterization including SEM EDAX chemical analysis of 

filter samples carried out at the U.S.EPA, National Risk Management Research 

Laboratory, Cincinnati, OHIO, USA.   

6.4 Sample Characterization  

The analyses that were performed on the filter samples include: mass analyses, 

electron imaging, elemental composition and metals speciation. Each will be 

discussed in more detail as follows. 

6.4.1. Mass Analysis 

The mass of each PM sample was measured gravimetrically. The filters were oven 

dried at 95± 5 oC for 2.5 hrs and weighed prior to and at the end of each sample 

collection. PM10 and TSP filters were collected on a fiber glass filters that have 25 mm 

diameters. The filter samples were weighed on AT 250 (Mettler-Toledo, Columbus, 

OH) analytical balance (with 0.01 mg sensitivity).  

6.4.2 Elements and Trace Metals Analysis 

Selected PM10 and blank filter samples were analyzed for elements using a standard 

method recommended by USEPA (California EPA, 2002). Inductively Coupled Argon 

Plasma (ICP) Trace Analyzer Emission Spectroscopy (Optima 3000 Perkin-Elmer 

Corporation, Nerwalk, Connecticut 06859-0010) was used for elements speciation 

following acid extraction of filter samples. The samples were extracted in plastic vials 

using 10 ml of 4% nitric acid and were sonicated for 3 h. The acid solutions were 

decanted from the filter samples and analyzed using ICP. 

 

PM10 samples were analyzed for trace metal constituents in analytical laboratory of 

Addis Ababa University and Addis Ababa Environmental Protection Authority. In both 

cases Flame Atomic Absorption Spectroscopy (Buck Scientific Model 210VGP and 

Vario 6 analytikjena, Germany respectively) were used for filter samples metal 

speciation.  
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Summation of the individually analyzed chemical components is expected to provide 

explanation for levels of the total PM10 mass (Hueglina et al., 2005). However, the 

measured trace metals concentration exceeded the digested filter mass and mass 

balance could not be achieved. Hence the obtained data was rejected.  

6.4.3 SEM -EDAX Analysis 

Filter media used to capture particulate matter from air samples were examined using 

scanning electron microscope SEM JOEL-6490LV coupled with Oxford X-Act EDS 

system. The Scanning Electron Microscope is a microscope that was used to inspect 

filter surfaces. The microscope operates by scanning an electron beam over the 

surface of the filter causing surface electrons of the filter media to be ejected. These 

electrons are collected and translated into a picture. The instrument allowed 

observation of particles down to 3.5 nm level. In general, 20 and 30 KeV beam was 

applied on the particles to get the image of particulate samples.  

SEM-EDAX energy dispersive X-ray spectroscopy analysis was conducted to 

determine the chemical composition of inorganic crystalline particulate matter in the 

filter.  Hence, qualitative elemental information can be revealed. The characteristic X-

rays emitted from the sample serve as fingerprints and give elemental information of 

the samples. In this study elemental and size distribution and chemical compositions 

of the specimens were determined.  

 

One of the limitations this study is that there is uncertainty of measurements due to  

lack of data on meteorological factors (such as air movement, wind direction, relative 

humidity, rainfall pattern ) which were not measured while particulate matter samples 

were collected.  



 

 30 
 

7. 0 Results and Discussion 

7.1 Mass Concentration 

7.1.1 Total Suspended Particulate 

The weights of suspended particulate matter varied significantly between sites and 

seasons. The mean TSP mass concentration for the sampling duration was 195±54 

µg/m3. The peak TSP value was 556 µg/m3 (February (dry season), 2008 at NSLP 

site) and the lowest mass concentration was 17 µg/m3 (June (rainy season), 2008 at 

Kaliti sub station) (Fig. 6). High TSP value may be attributed to the release of aerosols 

from road construction, paved and unpaved roads around the sampling site. It is also 

noted that TSP mass concentration has started to decline at the end of March, 20081. 

This may suggest the scavenging effects of rain on atmospheric aerosols.  
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Fig. 6 Temporal and spatial variation of TSP (µg/m3) and PM10 (µg/m3) at sampling sites  

                                                 
1 Rain started at the end of March 2008 
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It is also noted that the mean TSP concentration of dry and wet season were 313±66 

µg/m3 and 76±23 µg/m3 respectively. The mean TSP value for the dry season was 4 

times as high as that of wet season.  

 

It is noted that the mean TSP mass concentration surpassed the maximum WHO’s 

safe guideline value of (150 µg/m3). Moreover, the maximum value exceeded that of 

WHO by a factor of 2-3 (Fig. 7).  
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Fig.7 Comparison of TSP concentration (µg/m3) with WHO safe air quality guideline 
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       Fig. 8 Monthly variation of TSP (µg/m3) as a function of RH (%), RF (mm) and Max.T(oC) 

 

Monthly TSP variation as a function of meteorological factors is shown in Fig. 8. It is 

noted that TSP and rainfall (1998-2007) have inverse relationship. On the other hand 

the maximum temperature values have direct relationship with the TSP mass 

concentration. Consequently, as the maximum temperature increases the TSP mass 

is also increasing. 

 

Comparison of TSP values of Addis Ababa with four different Asian cities is shown in 

Figure 9. The mean TSP value of Addis Ababa (195±54 µg/m3) is lower than that of 

Asian cities. Despite time and sampling technique difference, Addis Ababa’s ambient 

PM is lower than that of Asian cities under consideration.  However, per capita TSP of 

these cities indicated that, Addis Ababa's (7.12*10-5 µg/m3) per capita generation is 

higher than that of Shanghai (1.81*10-5 µg/m3), Bombay (1.59*10-5 µg/m3) and Manila 

(2.15*10-5 µg/m3) cities. 
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Table 2 compares suspended particulate matter of Addis Ababa with different cities in 

the world. In general the mean TSP mass concentration of Addis Ababa is greater 

than that of Taichung, Athens, Thessaloniki, Madrid and Birmingham. However, the 

result that was observed in rainy season is far lower than that of Athens. Similarly 

Addis Ababa's TSP mass is much lower than that of Nairobi. Higher TSP 

concentration in Addis Ababa may be attributed to dust emissions from paved and 

unpaved roads. 

TSP per capita generation of cities indicated that, Addis Ababa's per capita generation 

(1.14*10-4) is higher than that of Birmingham (5.9*10-5) and Greece (4.4*10-5) but it is 

lower than that of Taichung (1.6*10-4) and Nairobi(3.4*10-4) 
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Table 2    Comparison of mean TSP (µg/m3) concentrations of Addis Ababa and other cities 

City TSP   Population+ Remarks and reference 

Addis Ababa 
 
 

313± 66w1  
76 ± 23s*   

2,738,248  This study 

Birmingham, UK 60w2  
35s**  

1,010,200  Smith and Harrison (1996) 
 

Athens, Greece 
 

138±25w3  

130±20s***  
 

3,130,841  
 

Valavanidis et al. (2006) 
 

Nairobi, Kenya 1000-
17000s****  

2,940,911  

 

*Gachanja (2008) 
 

Taichung, Taiwan  171.1w4 1,064,440  
 

Fang et al.(2006) 

             * Data was taken from a paper presented on Eastern Africa regional workshop on  
                  Better Air Quality (2008)      
                  W1- February – April 2008           S*  - May-June           S****- August                                
                  W2- December- February             S**- August 
                  W3- February                                S***- May-July 
                  W4 - March, April, May                                                   

+ Source http://en.wikipedia.org/wiki 

  
Air particulate matters are very much dependent on the source, the influencing factors 

such as wind, temperature, humidity and rain. However, such data were not gathered 

during particulate sampling from the different sites. In order to fill the gap 10 year data 

meteorological information was obtained from Ethiopian Meteorological Agency.  

7.1.2 PM10  

The mass concentrations of PM10 samples that were collected from seven sites are 

shown in Figure 6. The mean mass concentration was 80±22 µg/m3. The highest peak 

value was 285 µg/m3 (observed in March 2008 at KWWT site) and the lowest peak 

was 27 µg/m3 (observed in July 2008 at COLTI site). 

 

The mean PM10 mass for dry season was 116±17 µg/m3 and that of wet season was 

44±14 µg/m3. High value for dry season may be attributed to dust particles (paved and 

unpaved road) and incomplete products of fossil fuel combustion, biomass and waste 

burning activities around the sampling site. Low PM10 value for wet season may be 
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attributed to scavenging effects of rain droplets and low level of dust emissions from 

the paved and unpaved roads around the sample sites.  

It is also noted that the mean mass concentration is 2 times lower and higher than that 

of the dry and wet seasons respectively.  

 

Fig. 10 compares PM10 values with that of WHO’s and FEPA health based guideline 

values. It shows that all sites except KWWT has PM10 mass concentration below the 

24-h Ethiopian EPA and WHO guideline value of 150 µg/m3. However, the fact that 

PM10 concentrations approaching 150 µg/m3 at five sites suggest that violation of the 

24-h the guideline value is possible. It is also noted that (if these data are 

representative of other times of the year) the annual average PM10 guideline value (50 

µg/m3) has been violated at several sites. However, the long rainy season (July–

September), would significantly lower the PM10 concentration which may help to keep 

the annual average below the guideline value. Etyemezian et al. (2005) found that 

PM10 concentrations ranged between 35 and 97 µg/m3 which are lower than what was 

observed in this study. 

0

20

40

60

80

100

120

140

160

180

NSLP KoKC KWWT KSUB ATSE STAD COLTI

Sampling sites

W
t o

f P
M

 1
0 

(µ
g/

m
3 ) Wt of 

PM10 
Dry Season

Wt
 PM10 for
Wet season

WHO
Safe guideline value 

 
Fig. 10 Comparison of PM10 (µg/m3) concentration of Addis Ababa with WHO’s (FEPA) safe 

guideline value  
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Comparison of PM10 mass concentration of Addis Ababa with different cities in Europe 

is shown Table 3. Although there is variation in the sampling technique, the mean 

PM10 concentration of Addis Ababa (80.7 µg/m3) is about the same level as that of 

Athens (83.2±35.1 µg/m3). However, it is slightly higher than that of Rome (66.4±21.2 

µg/m3). It is noted that the mean PM10 concentration of Addis Ababa is lower than that 

of Nairobi (234 µg/m3) and Taichung (171.1 µg/m3). It is also noted that the range value 

of Addis Ababa (27-285 µg/m3) is higher than that of European cities (Birmingham, 

Madrid, Rome and Thessaloniki) and lower than that of Nairobi. Lower PM10 

concentration in European cities may be attributed to regulating aerosol emission 

sources.   
 

Table 3 Comparison of mean PM10 (µg/m3) concentrations of Addis Ababa and different cities 

in the world  

 

City PM10 
 

Population+ Remarks and reference 

Addis Ababa 

 

80±22 a 

10-284r 

2,738,248  This study 

Birmingham, UK 10-41.5r 1,010,200  Harrison et al. (2003) 

Rome, Italy 10-48r 

66.4±21.2a

2,705,603  Cattani et al. (2003)  

Fusco et al. (2004) 

Madrid, Spain 35-45r 3,228,359  Artinano et al. (2003) 

Athens, Greece 80.7a 

83.2±35.1a

3,130,841  Sitaras et al. (2004)  

Manalis et al. (2005) 

Thessaloniki, 
Greece 
 

25-210r 363,987 Samara et al. (2003)  

Taichung, Taiwan 109±54.1a 1,064,440  Tsai et al.(2004) 
Nairobi, Kenya 

 

 234a* 

77.5-469**

2,940,911  

 

Gachanja 2008      

 *1999                       

 **2002 

    a- mean mass concentration    r-range        + source http://en.wikipedia.org/wiki 
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Comparison of PM10 with TSP mass concentration is shown in Fig.11. The PM10 to 

TSP mass ratio was between 0.26 and 0.59. It is noted that PM10 contributed 

approximately 39% to the TSP mass concentration. The remaining portion may be 

attributed to fine particulates (aerodynamic size less than or equal to 2.5 micron). It is 

noted that both fine and coarse particulates contributed to atmospheric aerosol mass 

concentration of collected filter mass. Wojas and Almquist (2007) found out that PM2.5 

mass contributed approximately 95% to PM10 while >60% to TSP. Similar studies 

conducted by other researchers (Yusoff and Rashid, 1998) indicated that PM10 

contributed about 75% of TSP mass.  
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Fig.11 Correlation between PM10 and TSP in Addis Ababa 

 
Long and short exposure to particulate matter is known to have adverse health 

impacts.  People with pre-existing cardiac or respiratory conditions have higher than 

average risk of death from exposure to particles (Goldberg et al. 2000).  

 

Coarse particles are linked with disease and death. Lippmann et al. (2000) attempted 

to identify components of particulate matter and other air pollution mixtures that were 

associated with excess daily deaths and hospital admissions of the elderly in the 

Detroit metropolitan area. The researchers reported that deaths from respiratory 

diseases were associated with PM10 and total suspended particulates. They also 
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found that relative risks of the coarse particle fractions were similar to those for PM2.5, 

and even higher in the case of ischemic heart disease and stroke.  

7.2. Elements Speciation 

PM10 samples were analyzed in National Risk Management Research Laboratory US 

EPA, Office of Research and Development Cincinnati, OH USA. ICP-AES was used to 

analyze crustal and trace metals found in the filter mass while SEM-EDAX was used 

to determine the size distribution and composition of particulate matter.  

7.2.1 ICP-AES Analysis 

The mean elements concentration of PM10 for six sampling sites is shown in Figure 9-

14. 15 to 22 elements were identified for filter samples analyses. Of which 22 

elements were traced at STAD site and 15 were from KSUB site. Crustal elements 

including Al, Ca, Cu, Fe, Li, Mg, Zn, Na and K were the predominant species and the 

concentrations of these elements (except Sr and Ti) was greater than 1 ng/m3.  

 

It is noted that calcium was the most abundant species. The highest and lowest peak 

value of calcium was 91±77.6 and 17.1±19.1 ng/m3 which were observed at KoKKC 

and STAD sites respectively. The least abundant crustal species was strontium 

0.03±0.01 ng/m3 which was observed at NSLP, ATSE and STAD sites.  

 

The trace metals that were identified include Cr, Ni, Li, Co, Cu, and V. In general the 

concentration of heavy metals was below 1 ng/m3. The most and least abundant trace 

metals were Cr (1.07±0.28 ng/m3) and Ni (0.009±0.009 ng/m3) which were observed 

at KWWT and STAD sites. It is noted that relatively STAD site has lower percentage 

of crustal metals and higher percentage of trace metals and sulphur. This may 

suggest the impacts of anthropogenic sources. 

 

The presence of crustal and trace metals in the filter mass suggest the combination of 

sources. Paved and Unpaved road dust are the major sources of Ca, Al, Fe, Mg, Zn , 

Na, and K. Vegetative burning, residential wood combustion, and cooking are the also 

the sources of Potassium(K). Vanadium (V), nickel (Ni), sulphur, cobalt and boron are 
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associated with emissions from motor vehicles, residual oil combustion (including 

fires) and incineration (Watson et al., 1997).  
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Fig.12 Elements concentration (ng/m3) in PM10                   Fig.13 Elements concentration (ng/m3) in 

PM10 samples (NLPS site)                                                         samples (KoKCC site) 
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Fig.14 Elements concentration (ng/m3) in PM10                   Fig.15 Elements concentration (ng/m3) in PM10  

(KWWT site)                                                                  (KSUB site) 
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Fig.16 Elements concentration (ng/m3) in PM10               Fig.17 Elements concentration (ng/m3) in PM10   

(ATSE site)                                                       (STAD site) 
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Crustal and trace metals contribute only a very small fraction (0.04-0.32%) of the total 

PM10 mass. The remaining portion may be attributed to organic carbon (OC), 

elemental carbon (EC), silicon and water soluble constituent of atmospheric aerosol 

(Watson et al., 1997). Etyemezian et al (2005) reported that the mass concentrations 

reconstructed from chemical composition indicated that ~35–65% of the PM10 mass 

was due to geologically derived material and ~35–60% was due to OM and EC. 

 

Of the crustal and trace metal fraction, the former contributes more than 98% of the 

total portion. A comprehensive chemical characterization of PM2.5 and PM10 samples 

at urban and near rural sites in Switzerland indicated that crustal metals were found to 

be the predominant species in the coarse fraction (Hueglin et al., 2005) 

 

In general the concentration of elements is in the order of Ca>Na>K>Zn>Sb> 

Al>Mg>B>Fe>Mg.  

 

Figure I-X compares elements concentration of PM10 samples at different site. It is 

noted that Cr was identified at all sampling sites (Fig. I). The highest mean value was 

1.07±0.28 ng/m3 (KWWT) and the lowest was 0.35±0.35 ng/m3 (KoKCC). There is no 

significant difference in Cr concentration between sampling sites which implies that 

emission sources are spatially distributed. Comparison of the value with a previous 

study conducted in Bangladesh indicates that, Cr concentration of Addis Ababa is 

much lower than that of Dhaka (25.2±127 ng/m3) and Rajshahi (9.34±5.44 ng/m3) 

(Begum et al., 2002).  

 

It is noted that Co was identified at four sampling sites (Fig. II). The highest mean 

value was observed at NSLP (0.15±0.15 ng/m3) and the lowest value was obtained at 

STAD site (0.063±0.21 ng/m3). There is no significant difference in Co concentration 

between the sampling sites. However, the trace metal was not found in at KoKCC and 

KSUB sites. 
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The concentration of Cu in PM10 samples is shown in Figure III. It is noted that Cu was 

identified in all sampling sites. The highest and the lowest peak values were 

0.09±0.09 ng/m3 (observed at STAD site) and 0.009±0.006 ng/m3 (KSUB site) 

respectively. There is no significant difference in Cu concentration between sampling 

sites which implies that emission sources are spatially distributed. It is also noted that 

the concentration of Cu in ambient air of Addis Ababa is lower than that of Dhaka 

(13.2±43.4 ng/m3) and Rajshahi (2.58±1.86 ng/m3) (Begum et al., 2004) 
 

 

The concentration of Li and B are shown in Fig. IV and Fig. VIII respectively. The 

maximum and minimum concentration of Li were 0.13±0.12 ng/m3 (STAD site) and 

0.009±0.009 ng/m3 (NSLP site) respectively.  The maximum and minimum 

concentration of B was 2.71±0.73 ng/m3 (KSUB site) and 1±1.7 ng/m3(STAD site) 

respectively. There is no significant difference in mean concentration of Li between 

sampling sites. However there is significant difference in B concentration between 

STAD and other site.  

 

Figure 18V, Fig. VI, and Fig. IX shows the concentration of Mo, Ni, and S respectively. 

These elements were identified at three sampling sites. Mo and Ni were identified at 

NSLP, KWWT, and STAD sites whereas S was identified at KoKCC, KSUB and STAD 

sites. KWWT has the highest Mo and Ni concentration (1.01±1.99 ng/m3) and 

(0.01±0.02 ng/m3) respectively and STAD has the highest S concentration (5.62±12.4 

ng/m3). On the other hand the lowest Mo, Ni and S concentrations were observed at 

NSLP (0.16±0.19 ng/m3), STAD (0.0009±0.0009 ng/m3) and KoKCC (0.38±0.63 

ng/m3) sites respectively. There is no significant difference in mean Mo and Ni 

concentrations between sites however there is significant difference in S concentration 

between STAD and the other two sites. This may suggest the existence of different 

emission sources.  

It is also noted that the concentration of Ni in Addis Ababa is far below USEPA air 

quality guideline value of 25 ng/m3.   

 



 

 42 
 

The concentration of vanadium and antimony at different sites are shown in Figure VII 

and Fig. X respectively. The highest and lowest peak values of V were 0.01±0.02 

ng/m3 (STAD site) and 0.002±0.003 ng/m3 (ATSE site) respectively. It is noted that the 

ambient air concentration of V in Addis Ababa is far below the US air quality guideline 

value of 200 ng/m3.   

 

The maximum and minimum concentrations of Sb were 7.7±11.3 ng/m3 (ATSE site) 

and 1.1±1.7 ng/m3 (STAD site). It is also noted that there is no significant difference in 

the mean concentration of V between sites, however there is a difference in the mean 

concentration of Sb between STAD and the other sites. 

 

It is also noted that there is significant difference between metals concentration of Ca, 

Mg, Zn, Na, K, B, S, Sb of the sampling sites. 
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         Fig. I concentration of Cr                                       Fig. II concentration of Co                                
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            Fig. III concentration of Cu                          Fig. IV concentration of Li  
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              Fig. VII   concentration of vanadium                  Fig. VIII concentration of B                                 
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           Fig. IX concentration of sulphur                           Fig. X concentration of antimony                       

 

Table 4 shows the correlation coefficients of metal species in PM10 mass. Although 

source apportionment is outside the scope of this research, it is noted that crustal 

elements such as Al with Zn, Ca with Mg and Sr, Mg with Mn and Sr and Zn with Na 

have strong correlation. Similarly Cr has strong correlation with S as do Cu with B and 

B with V. It is also noted Ni has strong correlation with Al, Ca, Cr, Cu, Fe, Li, Mn, Ti, 

Zn, Na, K, B and Co. Strong correlation between elements may suggest the 

occurrence of identical emission sources. Wojas and Almquist et al. (2007)  reported 

that metals such as Ca, Co, Cu, Fe, K, Mg, Mn, Mo, Ni, Pb, Sb, Si, and Zn have high 

correlation coefficients.  



Table 4 Correlation coefficient for the elements concentration in PM10 

 

                                    Bold figures indicate significant correlation at α=0.05 

  Al Ca Cr Cu Mg Fe Li Mn Sr Ti Zn Na K B S Sb Co Mo Ni V 
Al 1 -0.25 0.04 -0.02 0.09 0.13 -0.06 0.03 0.01 0.03 0.93 -0.28 0.33 -0.26 -0.11 -0.15 0.28 -0.33 0.88 -0.9 
Ca  1 -0.22 0.33 0.95 0.1 -0.24 0.75 0.98 0.13 0.78 0.78 0.32 -0.42 -0.91 0.08 0.83 -0.59 0.83 -0.49 
Cr   1 -0.58 -0.51 0.33 -0.6 -0.3 -0.7 0.52 -0.09 -0.08 -0.86 -0.29 0.91 -0.24 0.51 0.02 0.92 -0.32 
Cu    1 0.02 -0.05 0.77 -0.1 0.21 -0.29 -0.32 -0.39 0.79 0.82 -0.45 -0.48 0.13 -0.33 -0.88 0.67 
Mg     1 0.44 -0.05 0.87 0.88 0.14 0.77 0.76 0.24 -0.45 -0.92 -0.03 0.09 0.26 0.3 -0.55 
Fe      1 -0.38 0.67 0.03 0.71 0.49 0.41 -0.35 -0.32 -0.9 -0.52 0.54 0.01 0.97 -0.67 
Li       1 -0.4 0.09 -0.81 -0.66 -0.66 0.91 0.88 -0.17 -0.45 -0.55 0.47 -0.98 0.53 

Mn        1 0.6 0.44 0.78 0.74 -0.07 -0.54 -0.96 0.13 0.2 0.08 0.94 -0.85 
Sr         1 -0.05 0.67 0.69 0.45 -0.32 -0.91 0.05 0.46 -1 0.14 -0.31 
Ti          1 0.65 0.58 -0.72 -0.59 -0.21 0.08 0.87 -0.6 0.95 -0.83 
Zn           1 0.98 -0.32 -0.83 -0.63 0.26 0.63 -0.52 0.92 -0.91 
Na            1 -0.33 -0.28 -0.56 0.28 0.56 -0.47 0.96 -0.9 
K             1 0.08 -0.61 -0.23 -0.53 0.27 -0.99 0.19 
B              1 0.15 -0.41 -0.34 0.24 -0.99 0.96 
S               1 -0.05  - - - -0.99 

Sb                1 -0.3 -0.98 -1 -0.32 
Co                 1 -0.88 0.98 -0.56 
Mo                  1 - 0.18 0.37 
Ni                   1 0.7 
V                    1 



7.2.2 SEM-EDAX Analysis 

Both size distribution and composition of atmospheric aerosol particulates were 

derived from the Scanning Electron Microscope Energy Dispersive X-ray 

spectroscopy (SEM-EDAX) analyses for PM10 samples. The results are discussed as 

follows:  

 
NSLP site  
The elemental map of particulate matter that was collected from NSLP site is shown 

in Figure A. It illustrates the relative distribution of silica (red) and alumina (green) on 

the filter samples. The relative distribution of silica (red) on the filter mass is shown 

in Fig. B. It is noted that silica spheres are more predominant than alumina and other 

species.  

 

             
 Fig. A  the distribution of silica (red) and                       Fig. B the distribution of silica (red) on PM10 

             alumina (green) on a PM10    

             

SEM-EDAX analysis result for elemental composition of filter samples from the NSLP 

sampling site is shown in table 5. The most abundant species were silicon (Si), 

carbon(C), sodium (Na), zinc (Zn), potassium (K) and barium (Ba). Excluding oxygen, 

the crustal elements contributed ~76% of the filter mass and the contribution of carbon 

was about 23%. The remaining 1% is attributed to Fe, Cl and Mg. The obtained result 

is slightly in excess of what has been reported by Etyemezian et al. (2005).  The 
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researchers found out that ~35–60% of PM10 was OM and EC and the remaining 

portion was geologic origin. Ghermandi et al. (1999) reported that Si, S, Al, and Na 

contributed more than 75% of aerosols deposited on snow which is in closer 

agreement with this study.  

 

The presence of carbon in the filter sample may be attributed to incomplete 

combustion products from motor vehicles and open waste burning activities around 

the sampling site. 
                     Table 5 relative percentage of elements in PM10 samples 

Site Element 

 

 NSLP KoKCC KWWT KSUB* ATSE STAD*

Na  4.97± 0.33 5.82±1.04 7.37±0.73 5.77 5.43±0.04 5.59 

Mg  0.073±0.06 0.205±0.049 0.32±0.03 0.24 0.165±0.0002 0.18 

Al  2.02±0.24 2.4±0.35 3.3±0.4 2.26 2.09±0.003 2.14 

Si  18.35±1.85 19.5±3.1 27.4±3.2 19.78 17.8±0.41 18.81 

Cl  0.14±0.22 0.035±0.048  ND 0.11 0.085±0.0001 ND 

K  1.78±0.22 1.62±0.21 2.5±0.28 1.76 1.69±0.01 1.71 

Ca  1.02±0.09 1.04±0.12 1.52±0.18 1.16 1.07±0.0004 1.15 

Zn  2.59±0.06 2.23±0.31 3.52±0.37 2.49 2.69±0.04 2.39 

Ba  3.4±0.42 2.86±0.17 4.6±0.4 3.14 3.2±0.03 3.11 

O 54.9±1.5 54.16±2.71 46.6±2.7 53.65 54.86±0.7 54.6 

Fe 0.10±0.13 0.145±0.01 0.17±0.02 0.11 0.065±0.004 ND 

C 10.7±1.5 9.7±2.74 2.71±3.8 9.41 10.8±0.37 10.3 

Cu       ND 0.205±0.08 0.09±0.13 0.11      ND ND 

                                  * shows a single spectrum analysis result    

                     

The SEM images of PM10 are shown in Figure a.  The size distribution of the  particles 

as derived from the SEM analyses is in the 0.67-4.44 µm diameter range. 56% of the 

particles have an average diameter of less than 2.5 micron and most of the 

particulates possess spherical and circular shape.  
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Fig. a size distribution of particulates on a PM10 filter mass  

 
KoKCC 
The elemental map of particulates from KoKCC site is shown in Figure C. It shows the 

distribution of silica (green) and alumina (red) on the filter samples and the distribution 

of silica (red) on the filter mass is shown in Fig. D. It is noted that silica spheres are 

the predominant species than alumina and other constituents.  
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Fig. C elemental map of silica (red) and                      Fig. D elemental map of silica (red) 

alumina (green)     

 

SEM-EDAX analysis result of filter samples indicated that silicon (Si), carbon(C), 

sodium (Na), zinc (Zn), potassium (K) and barium (Ba) were the most abundant 

elements(table 5). Ignoring the contribution of oxygen, the crustal elements 

contributed about 79% of the filter mass and anthropogenic emissions such as C, Cu 

and S contributed about 21%. Ghermandi et al. (1999) reported that Si, S, Al, and Na 

contributed more than 75% of the aerosols deposited on snow. However the finding of 

this study is slightly in excess of what has been reported by Etyemezian et al. (2005).  

The researchers found ~35–60% of PM10 mass were due to OM and EC and the 

remaining portion is attributed to crustal earth materials. The presence of carbon, 

sulfur and copper in the filter sample may be due to combustion products from motor 

vehicles waste burning activities around the site. It is also noted that both natural and 

anthropogenic sources have contributed for particulates pollution.  

 

The SEM images of PM10 are shown in Figure c and d.  The size distribution of 

particulates at KoKCC site, as derived from the SEM analyses is in the 0.9 -9.3 µm 

diameter range and the average size of particles was 3.55 µm. 69% of the particles 

have an average diameter of greater than 2.5 micrometer. Moreover SEM 
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micrographs of the filter mass shows, the particles possess spherical and circular 

shapes.  

 

                
        

                                                                
                       Fig. c size distribution of particulates on a PM10 filter mass                                         



 

 51

 
Fig. d silica spheres on a PM10 filter mass 

 

          

KWWT 
The distribution of alumina (red) and silica (green) is shown Fig. E and that of silica 

(red) is shown in Fig. F. It is noted that silica spheres were the predominant species.  

 

          
Fig. E elemental map of silica (green) and           Fig. F elemental map of silica (red) 

       alumina (red)                                              
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SEM-EDAX analysis indicated that silicon (Si), carbon(C), sodium (Na), zinc (Zn), 

potassium (K) and barium (Ba) were the most predominant elements (table 5). Other 

than oxygen, the crustal elements contributed about 95% of the filter mass and 

anthropogenic emissions such as C, Cu and S contributed about 5%. This figure is 

much higher than the previous study conducted by Etyemezian et al. (2005).  Unlike the 

previous sites, KWWT site has lower carbon percentage (2.71%). The presence of 

carbon and copper in the filter sample may be due to fossil fuel and waste burning 

activities around the site. It is also noted that natural sources have major contribution to 

particulate pollution. 

 

SEM image of PM10 from the site is shown in Figure e and Fig. f.  The size distribution 

of particles, as derived from the SEM analyses of filter sample, is in the 1-5 µm 

diameter range. The average size of the particles was 2.11 µm and 69% of the 

particles have an average diameter of less than< 2.5 µm. It follows that particles with 

a diameter of between 1 and 5 µm are present in the sample, probably indicating a 

local source of combustion products and mineral aerosols. 

The SEM micrograph of the filter mass shows that, most of the particles possess 

spherical and circular shape.  

 

                                
                                 Fig. e silica spheres on a filter mass 
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Fig. f size distribution of particulates on a PM10 filter mass  



KSUB 

The elemental map of silica (red) is shown in Fig. G and that of silica (red) and 

sodium (green) is shown in Fig. H. It is noted that silica spheres are more 

predominant than sodium.  

 

            
 Fig. G elemental map of silica (red)                        Fig. H elemental map of silica (red) and  

                                                                                 sodium (green) 
                                               

SEM-EDAX filter samples analysis of indicated that silicon (Si), carbon(C), sodium (Na), 

zinc (Zn), potassium (K) and barium (Ba) were the most predominant elements (table 

5). Excluding the contribution of oxygen, geological materials contributed about 79% of 

the filter loading. Anthropogenic emission sources such as carbon and copper 

contributed ~ 21%. This figure is higher than the previous study conducted by 

Etyemezian et al. (2005).   

 

The presence of carbon and copper in the filter sample may be attributed to fossil fuel 

combustion and a metal processing activity around the sampling site.  

 

SEM images of PM10 are shown in Fig. g and Fig. h.  The size distribution of 

particulates as derived from SEM analyses is in the 0.83-9 µm range and the average 

size of particles was 2.98 µm. It is also noted that ~ 88% of the particles have an 
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average diameter of less than 2.5 micrometer. It is noted that fine size particulates 

contributed significant portion to aerosol mass loading. More over the electron image 

of the filter sample shows that, most of the particles have spherical and circular shape.  

 

                          

   
Fig. g size distribution of particulates on a PM10 filter mass                                                     
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Fig. h silica spheres on a filter mass 



ATSE Site 
The elemental distribution of silica (red) and alumina (green) is shown in Fig. I and 

the distribution of silica (red) on filter samples at ATSE site is shown in Fig. J. It is 

noted that silica spheres are more predominant than other species in the filter 

samples.  

                       
Fig. I elemental map of silica (red) and                    Fig. J elemental map of silica (red) 

alumina (green)    

      

SEM-EDAX analysis result of samples from ATSE site indicated that silicon (Si), 

carbon(C), sodium (Na), zinc (Zn), potassium (K) and barium (Ba) were the most 

predominant elements(see table 5). Excluding the contribution of oxygen, crustal earth 

materials contributed about 76% of the filter mass and carbon contributed the rest. 

This figure is much higher than the previous study result reported by Etyemezian et al. 

(2005). 

   

The presence of carbon in the filter sample may suggest fossil fuel combustion 

sources. It is noted that both anthropogenic and natural sources are the potential 

sources of atmospheric aerosols.  
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The electron images of PM10 are shown in Fig. i and Fig. j.  The size distribution of 

particulates at ATSE site, as derived from the SEM analyses of filter sample, is in the 

0.43-0.86 µm diameter range and average size of the particles was 0.58 µm. Coarser 

particulate matters contributed about 83% of the filter loading. More over the electron 

image of the filter sample shows that, most of the particles have spherical and circular 

shape.  

 

          

                
                                   

                                    Fig. i size distribution of particulates on a PM10 filter mass                                          
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                        Fig. j silica spheres on a filter mass 

 
STAD Site 
The elemental map of silica (green) and sodium (red) is shown in Fig. K. Similarly, the 

elemental distribution of silica (red) is shown in Fig. L. It is noted that silica spheres 

were more predominant than sodium species in the filter samples.  

       
Fig. K elemental map of silica (green) and         Fig. L elemental map of silica (red) 

Sodium (red)  
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The predominant elements from this site were silicon (Si), carbon(C), sodium (Na), 

aluminum(Al), zinc (Zn), potassium (K) and Ba (see table 5). Excluding oxygen, crustal 

earth materials contributed about 77% to the filter loading and carbon compounds 

contributed about 23% of the filter mass. The result is higher than the one reported by 

Etyemezian et al. (2005). The presence of carbon in the filter sample may suggest the 

presence of fossil fuel combustion sources.  

 

The SEM micrographs of PM10 are shown in Fig. 24e-k and Fig.24l.  The size 

distribution of particulates at STAD site is in the 0.75-8 µm diameter range and the 

average size of particles was 3.09 µm. It follows that coarser particulates contributed ~ 

77% to the filter sample.  It is noted that the electron image of the filter sample shows 

the particles have spherical shape.  
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                          Fig. k size distribution of particulates on a PM10 filter mass                                               
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                                         Fig. l silica spheres on a filter mass



8.0 Conclusion and Recommendations 
The levels of atmospheric aerosols were determined at seven urban and peri-urban 

sites of Addis Ababa, Ethiopia. The main goal of this study was to determine temporal 

and spatial variation of air quality in Addis Ababa based on mass concentration and 

metal speciation of PM10 and total suspended particulates. The major findings of this 

study based on samples collected during dry and wet seasons of 2008, include: 

1. The mean TSP concentration of Addis Ababa was 195±54 µg/m3, the highest 

peak value was 556 µg/m3 (Feb. 2008 at NSLP site) and the lowest peak value 

was 17 µg/m3 (June 2008 at KSUB) respectively.  

2. The mean TSP mass surpassed the maximum WHO safe guideline value of 

150 µg/m3.  

 

3. The mean TSP value of Addis Ababa (195±54 µg/m3) is lower than that of 

Asian and African cities but it is greater than European cities.  

 

4. The mean PM10 mass of Addis Ababa was 80±22 µg/m3, the maximum value 

was 285 µg/m3 (Feb. 2008 at KWWT) and the minimum was 27 µg/m3 (July 

2000 at COLTI).  

5. 79% of the PM10 values were below the 24-h Ethiopian EPA and WHO 

guideline value. However, the fact that PM10 concentrations approaching 150 

µg/m3 at five sites suggest that violation of the 24-h guideline values.  

 

6. The mean and range values of PM10 of Addis Ababa is higher than most 

European cities, however it is lower than that of African and Asian cities.  

 

7. The mean PM10 to TSP mass ratio was between (0.26 -0.59) range and the 

PM10 mass contributed ~39% of the TSP mass. The remaining portion may be 

attributed to fine particulates.  
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8. ICP analyses of PM10 samples showed that Al, B, Ca, Cd, Co, Cr, Cu, Fe, K, Li, 

Mg, Mn, Mo, Na, Ni, S, Sb, Sr, Ti, V and Zn were identified. For >1ng/m3, the 

average element concentration order was Ca > Na>K> Zn > Sb> B> Al>V>Mg 

>S >Fe. The elements contributed ~0.1% of the PM10 mass. The elements 

concentrations were far lower than those found in urban areas of Europe and 

Asia.   

 

9. Although source apportionment is outside the scope of this research, it is noted 

that crustal elements such as Al and Zn as do Ca with Mg and Sr, Mg with Mn 

and Sr have strong correlation. Similarly anthropogenic source emissions such 

as Cr with Ni and S, Cu with B and Co with Ni have strong correlation. This 

suggests the presence of similar emission sources for each category and the 

contribution of combination of sources including road dust (both paved and 

unpaved) and fossil fuel combustion. 

 

10. SEM-EDAX analysis showed that Si, Al, Na, Zn, Ba, K and C were the 

predominant components of the PM10 filter mass. The analysis result revealed 

that, 76-95% was of geological origin. The remaining 5-24% was carbon 

compounds (negligible amount of Cu and S).    

 

11. The presence of carbon in the filter samples may be due to incomplete 

combustion products of carbon compounds from motor vehicles, biomass and 

open waste burning activities around the sampling sites.  

 

12. The size distribution of aerosol particles from SEM analysis was in 0.43-9.3 µm 

range.  
 
Finally while this study is providing insight on the level of TSP and PM10 mass 

concentration in Addis Ababa, further studies need to be undertaken including: 

 

• A multi-year study to characterize PM10 and PM2.5 (including ionic species, EC, 

OC and VOCs) more sampling sites (including high traffic and population 
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density areas) and different meteorological conditions (such as wind speed, 

wind direction, precipitation and relative humidity).  

• It is important to conduct Environmental Impact Assessment while road 

construction and other development activities are being undertaken in the city.   

• The data collected for this study precluded source attribution analysis. Hence 

source identification and apportionment are essential for developing effective 

control strategies.  

• To examine the health impacts of fine and coarse particulate matter in different 

parts of the city.  

• To develop spatial and temporal variability models for the particulate matter 

analysis. 
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Annex 1   Chemicals in primary particles emitted from different emission sources        
 

Chemical Abundances in Percent Mass  

Source Type  <0.1% 0.1 to 1% 1 to 10% >10% 

Paved Road 

Dust 

(Cr, Sr, Pb, Zr)* SO4
2-, Na+, K+, P, 

S, Cl, Mn, Ba ,Ti 

EC, Al, K, Ca, Fe OC, Si 

Unpaved Road 

Dust 

(NO3
 -, NH4+, P, Zn, Sr, 

Ba)* 

SO4
2-, Na+, K+, P, 

S, Cl, Mn, Ba, Ti 

OC, Al, K, Ca, Fe Si 

Construction  (Cr, Mn, Zn, Sr, Ba)* SO4
2-, K+ , S, Ti OC, Al, K Ca, Fe Si 

Agricultural Soil (NO3
 -, NH4+, Cr, Zn, 

Sr)* 

SO4
2-, Na+, K+, S, 

Cl, Mn, Ba, Ti 

OC, Al, K, Ca, Fe Si 

Natural Soil (Cr, Mn, Sr, Zn, Ba)* Cl, Na+ , EC, P, S, 

Cl, Ti 

OC, Al, Mg, K, Ca, 

Fe 

Si 

Lake Bed (Mn, Sr, Ba)* K+, Ti SO4
2-, Na, OC, Al, 

S, Cl, K, Ca, Fe 

Si 

Motor Vehicle Cr, Ni, Y NH4+, Cl, Al, Si, P, 

Ca, Mn, Fe, Zn, Br, 

Pb 

Cl, NO3
 -, SO4

2-, 

NH4+ , S 

OC, EC 

Vegetative 

Burning 

Ca, Mn, Fe, Zn, Br, Rb, 
Pb 

NO3
 -, SO4

2-, NH4+, 

Na+ , S 

 K, Cl, K+ OC, EC 

Residual/Crude 

Oil Combustion 

(including fires) 

K, OC, Cl, Ti, Cr, Co, 
Ga, Se 

NH4+, Na+, Zn, Fe, 

Si 

V, OC, EC, Ni S, SO4
2- 

Incinerator V, Mn, Cu, Ag, Sn K, Al, Ti, Zn, Hg NO3
 -, Na, EC, Si, 

S, Ca, Fe, Br, La, 

Pb 

SO4
2-, 

NH4+, OC, 

Cl 

Coal-Fired 

Power Plant 

Cl, Cr, Mn, Ga, As, Se, 
Br, Rb, Zr 

NH4+, P, K+, Ti, V, 

NI, Zn, Sr, Ba, Pb 

SO4
2-, OC, EC, Al, 

S, Ca, Fe 

Si 

Oil-Fired Power 

Plant 

V, Ni, Se, As, Br, Ba Al, Si, P, K+, Zn NH4+, OC, EC, Na, 

Ca, 

S, SO4
2- 

Smelter Fine V, Mn, Sb, Cr, Ti SO4
2-, Sb ,Pb Fe, Cu, As, Pb S 

Antimony 

Roaster  

V, Cl, Ni, Mn Al, Si, K+, Ca, Fe, 

Cu, Zn, Ba, La 

S None 

Reported 

Marine 

(Natural) 

*Ti,V, Ni, Sr, Zr, Pd, Ag, 

Sn, Sb, Pb* 

Al, Si, K, Ca, Fe, 

Cu, Zn, Ba, La 

NO3
 -, SO4

2-, OC, 

EC 

Cl-,Na+, Na, 

Cl 

* Coarse size particles are dominant and bold letters shows the dominant nature of fine particles  
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Annex 2 Analytical Measurement Alternatives for PM Chemical Speciation (Chow1998)  
Species Measured Measurement 

Method 
Measurement Principle 

Elements (Na, Mg, 
Al, Si, P, S, Cl, K, 
Ca, Ti, V, Cr, Mn, 
Fe, co, Ni, Cu, Zn, 
Ga, As, Se, Br, Rb, 
Sr, Y, zr, Mo, Pd, 
ag, Cd, In, Sn, Sb, 
Ba, La, Au, Hg, Ti, 
Pb, and U) 

X-Ray 
Fluorescence 
(XRF) Analysis  

Filter deposit is irradiated by high energy X-rays that eject 
inner shall electrons from the atoms of each element in the 
sample, When a higher energy electron drops into the 
vacant lower energy orbital, a number of fluorescent x-ray 
photons proportional to the concentration of each element 
are released. 1) Wavelength dispersive XRF (WDXRF) 
uses crystal diffraction for observation of fluorescent X-
rays: and 2) energy dispersive XRF (EDXRF) uses a silicon 
semiconductor detector. EDXRF provides simultaneous 
determination of multi-elements with high sensitivity but 
potential spectral interferences requiring complex spectral 
deconvolution procedures, WDXRF determines one 
element at a time, minimizes peak overlaps, and provides 
high spectral resolution.  

 Proton-Induced X-
Ray Emission 
(PIXE) Analysis 

PIXE uses high energy protons as the excitation source for 
producing fluorescence.  

 Instrumental 
Neutron Activation 
Analysis (INAA) 

Filter sample is exposed to a high thermal neutron flux in a 
nuclear reactor. The neutron bombardment transforms 
elements into radioactive isotopes that emit gamma rays 
that are detected by a lithium-drifted germanium detector. 
The energy identifies the isotope and the intensity is 
proportional to the amount of the parent element present in 
the sample. INAA does not quantify elements such as 
silicon, nickel tin, and lead.   

 Inductively 
Coupled Plasma 
(ICP) Emission 
Spectroscopy 

Filter is extracted in acid and the extract is nebulized into 
an atmosphere of gaseous argon plasma, sustained inside 
an induction coil, energized with a high frequency 
alternating current. High temperature in the inducted 
plasma raises valence electrons above their ground states, 
ICP responds linearly with five or more orders of magnitude 
changes in concentrations. Coupled with a mass 
spectrometer, ICP-MS can quantify elemental 
concentrations with high-sensitivity.  

 Atomic Absorption 
Spectrophotometry 
(AAS)  

After acid extraction, the dissolved sample is gasified in a 
region through which light of a specific wavelength is 
transmitted. The wavelengths are chosen to correspond to 
the absorption energies of the desired elements. The 
amount of light transmitted is detected by a mono-
chrometer and photomultiplier. Commonly used are:1) 
flame AAS, where sample extracts are nebulized into a 
flame which dissociates the sample into free ground-state 
atoms of the element, and 2) graphite furnace or electro 
thermal AAS. Where the sample extract is heated 
stepwisely to dry, char, and atomize the analyte at 
temperatures up to 3,0000C. 
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Annex 3 detection limits of air samples for different analytical methods (Chow, 1998) 
Minimum Detection Limit (ng/m3)  

Species  TOR IC AC INAA XRF PIXE Flame 
AAS 

Graphite 
Furnace 
AAS 

ICP ICP/MS 

Carbon           
Elemental 120          
Organic 120          
Anions/Cations           
Cl-           
NH4

+           
NO3           
SO4

=           
Elements           
Ag    0.14 7  5 0.006 1 0.0043 
Al    29 6 14 36 0.01 24 0.047 
As    0.2 1 1 120 0.2 60 0.036 
Au     2  25 0.1 2.5 0.0047 
Ba    7 30  10 0.05 0.06 0.0022 
Be       2 0.06  0.0079 
Br    0.5 0.6 1    0.17 
Ca    113 2 5 1 0.06 0.05 0.036 
Cd    5 7  1 0.004 0.5 0.004 
Ce    0.07     62 0.0011 
Cl    6 6 10     
Co    0.02 0.5  7 0.02 1 0.009 
Cr    0.2 1 2 2 0.01 2 0.097 
Cs    0.04      0.0018 
Cu    36 0.6 1 5 0.02 0.4 0.0108 
Eu    0.007   25  0.1 0.0114 
Fe    5 0.8 2 5  0.6 0.0108 
Ga    0.6 1.1 1 62 25 50 0.076 
Hf    0.01   2400  19  
Hg     1  600 0.02 31 0.122 
I    1      0.019 
In    0.007 7  37 0.005 76 0.005 
K    29 4 6 2 0.01  0.018 
La    0.06 36 6 2400 0.02 12 0.0011 
Mg    360  24 0.4 0.06 0.02 0.0036 
Mn    0.14 1 2 1 0.1 0.1 0.028 
Mo     1 6 37 48 6 0.011 
Na    2  72 0.2 0.06  0.054 
Ni     0.5 1 6  2 0.083 
P     4 10 119676  60 0.021 
Pb     1 4 12  12 0.026 
Pd     6  12  50 0.0058 
Rb    7 0.6 2    0.0072 
S    7200 2 10   12 0.058 
Sb    0.07 11  37 0 37 0.006 
Sc    0.001   60  0.1 0.137 
Se    0.07 0.7 1 120 0.6 30 0.993 
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                 Detection Limits of Air Samples for Different Analytical Methods (Chow,1998)    
                                                              (Continued) 
 
   

Minimum Detection Limit (ng/m3) 

 

 

Species  

TOR IC AC INAA XRF PIXE Flame 

AAS 

Graphite 

Furnance 

AAS 

ICP ICP/MS 

Si     4 11 102 0.1 4 0.029 

Sm    0.01   2400  62 0.0054 

Sn     10  37 0.2 25 0.015 

Sr    22 0.6 2 5 0.2 0.04 0.0029 

Ta    0.02   2400  31  

Th    0.01     76 0.0022 

Ti    78 2 4 114  0.4 0.04 

Tl     1  25 0.1 50 0.0072 

U     1  30000  25 0.0018 

V    0.7 1 4 62 0.2 0.8 0.0043 

W    0.2   1200  37  

Y     0.7  360  0.1 0.0029 

Zn    4 0.6 1 1 0.001 1 0.065 

Zr     1 4 1200  0.7 0.0054 
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       Annex 4 Vehicles operational in 2000 (Ethiopian Road Transport Authority, 2000)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vehicle Type 
Total of 

plate No. 
Less 

than 10 
Years 

Between 
10 and 20 

years 

Between 
20 and 30 

Years 

Above 
30 

Years 

Not 
Specified 

GOVERNMENT       
Automobile/station 
wagons 

6988 1911 2174 497 1912 494

Dry Cargo 2748 449 1271 305 719 4
Liquid cargo 131 2 54 7 58 10
Service 586 156 214 63 149 4
ENTERPRISE'S 
 

      

Automobile/station 
wagons 

9432 2830 1508 432 2942 1720

Dry Cargo 19258 4844 3094 2077 9107 136
Liquid cargo 2162 319 377 266 1187 13
Public transport 3842 913 923 364 1621 21
PRIVATE  
Automobile/station 
wagons 

42439 6073 10917 4866 18456 2127

Dry Cargo 2029 326 542 200 942 19
Liquid cargo 4 3 1 
Service 698 113 186 91 304 4
TAXI  
Taxi 9841 1534 3796 842 3466 203
Others  
Automobile/station 
wagons 

12126 3665 3148 557 3811 945

Dry Cargo 3286 616 1436 314 916 4
Liquid cargo 136 6 55 7 58 10
Service 709 198 249 66 192 4
Total 116415 23955 29947 10954 45841 5718
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 Annex 5 SPM and PM10 sampling sites, and geographical locations 
 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

         

• Sampling period Feb. –July 2008   

• Sampling duration 24 hrs

Sample Site Sample 

Code 

       Location Altitude 

(m) 

Nefas Silk Lafto  

Police Department 

    NSLP 37 P 0473000 

UTM 0991000 

2285 

Kolfe Keraniyo 

Custom Check  

KoKCC 37 P 0464338 

UTM 0991481 

 

Kotebe Waste Water 

Treatment  

KWWT 37P  0483063 

UTM 0991418 

2254 

Kaliti  Substation   KSUB 37 P 0473000 

UTM 0981000 

2149 

Aste T/ Giorgis 

Elementary & Junior 

School 

ATSE 

 

37 P 0473000 

UTM1,001,000 

 

Addis Ababa 

Stadium 

STAD 37 P 0473072 

UTM 0996070 

2354 

COMESA Leather 

Technology Institute 

COLTI 37 P 0472704 

UTM 0981962 

2171 



 

 

 Annex 6 mean TSP and PM10 (µg/m3) concentration in ambient air of Addis Ababa  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample Code TSP 

 

 

 

 

PM10 

 

 

NSLP 278±53.5 84.5±53.5 

KoKCC 195±67.5 49.5±18.5 

KSUB 158±26 104±52 

KWWT 251±52.5 73±70 

ATSE 122.5±20.5 102±64.5 

STAD 191±42 93.5±33.5 



 

 80

 
 

Annex 7  Mean elements concentration (ng/m3) of PM10 in Addis Ababa 2008 

Element NSLP KoKCC KWWT KSUB ATSE STAD 
Al 3.03±0.51 2.68±1.6 3.63±1.01 2.24±0.28 2.24±0.41 1.14±2.24 
Ca 35±15.2 91±77.6 35.4±15.5 25.66±0.47 36.68±18.88 17.1±19.1 
Cr 0.76±0.47 0.347±0.347 1.07±0.28 0.88±0.16 0.63±0.41 0.51±0.88 

Co  0.15±0.15 ND 0.13±0.14 ND 0.08±0.16 0.063±0.21 
Cu 0.06±0.06 0.063±0.063 0.03±0.02 0.009±0.006 0.013±0.013 0.09±0.09 
Fe 1.45±0.35 1.33±0.69 2.21±0.13 0.82±0.13 0.95±0.17 0.73±0.6 
Li 0.009±0.009 0.06±0.05 0.035±0.032 0.022±0.016 0.013±0.016 0.13±0.12 

Mg 1.1±0.38 2.4±2.0 1.74±0.22 0.98±0.04 1.33±0.47 0.85±0.69 
Mn 0.09±0.01 0.16±0.11 0.16±0.02 0.063±0.016 0.13±0.02 0.063±0.6 

Mo 0.16±0.19 ND 1.01±1.99 ND ND 0.79±1.5 

Ni  0.006±0.006 ND 0.01±0.02 ND ND 0.0009±0.0009
Sr 0.03±0.01 0.063±0.05 0.032±0.016 0.032±0.006 0.03±0.02 0.03±0.02 
Ti 0.09±0.03 0.063±0.044 0.09±0.03 0.063±0.028 0.07±0.03 0.03±0.05 

V  0.003±0.006 0.009±0.009 0.003±0.006 ND 0.002±0.003 0.01±0.02 
Zn 7.58±1.45 10.4±5.5 7.23±1.77 5.68±0.6 7.13±2.97 7.67±8.9 
Na 21.1±2.4 28.1±11.3 22.5±2.62 20.39±2.24 21.65±3.85 13.6±9 
K 7.4±0.92 12.25±7.42 7.67±1.17 6.47±0.35 7.39±1.23 4.9±3.2 
B 2.7±0.5 2.05±1.14 2.71±0.73 1.83±0.6 1.83±0.66 1±1.7 

S  ND 0.38±0.63 ND 1.26±2.27 ND 5.62±12.4 

Sb  ND 5.97±7.1 5.9±7.42 ND 7.7±11.3 1.1±1.7 

Cd  ND ND ND ND ND 0.03±0.05 

Sn  ND ND ND ND ND 8.14±11.6 
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                         Annex 8 Vacuum pump flow rate checking data 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      
Flow rate (Q) = V/t 
                                                                    = Πr2h/t 

            = 3.14*(1.25)2*20 
5.36 

= 1.1 L/min. 
 

Where  V= is the volume of the cylindrical pipe 

                                                  T= the time required for a bubble to reach a certain distance  

                                                                        H=fixed height (cm)

No. Time (Sec) Remark 
 

1 5.6 Flow rate 1 l/min. 
Height 20cm 
Dia. 2.5 cm 

2 5.5  
3 5.3  
4 5.7  
5 5.3  
6 5.7  
7 5.4  
8 5.3  
9 5.3  

10 5.2  
11 5.6  
12 5.6  
13 5.3  
14 5.4  
15 5.4  
16 5.1  
17 5.4  
18 5.1  
19 5.1  
20 5.2  
21 5.1  
22 5.3  

Total 117.9  
Average 117.9/22 = 5.36  



Annex 9 SPM and PM10 data collection format 

 

Date _________________________ 

Sample Site____________________ 

Location_______________________ 

Sample to be collected_____________ 

 

Weight of filter before sampling (mg)                                 Weight of filter after sampling (mg) 

 

   SPM____________________                                 SPM____________________ 

    PM____________________                                   PM_____________________ 

 

Sample Code___________________ 

Starting Time___________________ 

Finishing Time___________________ 

 

Meteorological condition 

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

_____________________________________________________ 

 

Description of Site 

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

______________________________________________ 

Remark----------------------------------------------------------------------------------------------------------- 
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