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ABSTRACT 

 

In our study, PM2.5 concentration data of two monitoring sites in Kigali were collected 

continuously from 06
th

 of July 2017 to 31
st
 of May 2018. These data were used to investigate the 

diurnal, seasonal and day of week characteristics of PM2.5 in Kigali. Special days and 

meteorological parameters were also studied for their contribution to the variation of PM2.5 levels 

in Kigali. Observations of hourly PM2.5 showed a distinct diurnal, seasonal, and day of week 

patterns. The diurnal variations of PM2.5 were observed with higher concentration at night than 

daytime, with the peak in the morning between 6:00 am and 8:00 am exactly during the rush 

hour. The lowest values appeared in the late afternoon between 4pm and 5pm. The probable 

reason of the higher concentrations at night is the built up of particles under inversion conditions 

and/or atmospheric stability. The reduction in traffic volume in the afternoon, dilution of 

aerosols associated with the deeper Planetary Boundary Layer depth and higher wind speed are 

responsible of the lowest values in afternoon hours. Regardless of the month or weather 

conditions, PM2.5 concentrations across the city are significantly lower on Saturdays and Sundays 

and high on the other days of the week. This comes from the decrease in human activities, and 

implementation of the Umuganda and Car free days on weekends. The observed facts indicate 

that the variations of PM2.5 concentrations are also influenced by meteorological factors such as 

high wind speed and abundant rainfall that played a big role in reduction of  PM2.5 levels in wet 

seasons compared to the dry seasons. 
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KEY WORDS 

 

Air pollution is contamination of the indoor or outdoor environment by any chemical, physical 

or biological agent that modifies the natural characteristics of the atmosphere (WHO definition). 

 

Particulate matter (PM) known also as atmospheric particles or aerosols are defined as a 

suspension of fine solid or liquid particles in a gaseous medium.  

 

PM2.5: PM2.5 air pollution is a heterogeneous mixture of particles less than 2.5 micrometers 

(PM<2.5 µm) in aerodynamic diameter. 
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GENERAL INTRODUCTION 

 

INTRODUCTION  

 

a. Background  

 

Rwanda, an equatorial African country commonly referred to us as the land of thousand hills, is a 

landlocked country located within the equatorial belt. It is situated exactly in central east Africa 

between latitude 1°4’ and 2°51’ South and between longitude 28°45’ and 31°15 East (Figure1).  

Rwanda is surrounded by four neighboring countries: Uganda to the north, Tanzania to the East, 

Burundi to the south and the Democratic Republic of Congo to the west. Its total area is 26,338 

km
2 

with land occupying 24,666 km
2
, while the rest occupied by water[1]. The Rwanda’s altitude 

ranges between 900 and 4,507 m over a territory of about 400 km wide[1]. The average annual 

temperature ranges between 16°C and 20°C, without significant variations. Rainfall is generally 

abundant even if it has some irregularities. Despite of being located in the tropical belt, Rwanda 

experiences a temperate climate as a result of its high elevation.  Winds are generally around 1-3 

m/s[2].  

Rwanda experiences a bimodal pattern of rainfall, which is driven primarily by the progression 

of the Inter-Tropical Convergence Zone (ITCZ). The ITCZ sees the convergence of the rain 

bringing Atlantic westerlies, Indian Ocean easterlies and the dry north-east and south-east 

monsoon winds. It follows the annual progression of the sun as it goes to the Northern Summer 

solstice about June 23, and the Southern Summer solstice about December 23 each year. The 

long rains occur over March, April and May (MAM) and the short rains occur in September 

October and November(SON) [3][4]. 

The capital, Kigali, is located at Rwanda’s geographical heart at 1,500 meters above sea level. 

According to Rwanda Meteorology Agency, Kigali receives 950 mm (37.5 in) of rain per year, 

with a maximum in April, and a minimum from June to August, when it almost never rains. 

Temperatures are stable all year round, and hover around 26-27 °C (79-81 °F) during the day and 

15-16 °C (59-61 °F) at night. 
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Rwanda is witnessing rapid economic growth and development, effectuated by its political 

stability and progressive policies. Kigali (1°57`S, 30°04`E), the capital of Rwanda, has a fast 

growing population where the city counted approximately 1,318,000 inhabitants in 2015 (NISR, 

2015). Kigali, the rapidly growing city is not only the capital city, but also the country’s most 

important business center and main port of entry. According to the Community Based Climate 

Change Adaptation survey report of 2014, in Rwanda, 20% of the population lives in urban 

areas, and 44% of those are in the capital city, Kigali. 

 

This rising population followed by the significant growth in different economical activities of the 

city and rising in different pollutants produced for example by a extensive usage rate of mopeds, 

burning woods for cooking, agricultural burning, kerosene lightning, unpaved roads, industries 

etc… are  some of the causes of a  perpetual degradation of the urban air quality in Kigali. 

 

b. Problem statement 

 

In the developing world, People are commonly exposed to very high levels of pollution for 3–7 

hours or more daily over many years[5]. In these countries air pollution presents a particular 

threat to the health in cities that are growing in a fast, poorly planned, and unregulated 

manner[6]. The World Health Organization (WHO) ranks indoor air pollution and urban outdoor 

air pollution 10
th

 and 14
th

, respectively, among 19 leading risk factors for global mortality [7] . 

 Air pollution from gases and particles emitted for example by industry, transport, and indoor air 

pollution is becoming a significant problem in developing cities such as Kigali that has an 

average annual population growth rate of 4.0%[8]. 

Transport represents the fastest growing source of emissions[9]. The increasing number of motor 

vehicles poorly maintained, aged mopeds, or any other types of vehicles cause an increasing 

concentration of different air pollutants in Rwanda and particularly in Kigali[10]. That may be a 

major source of toxic air pollution because these vehicles use petroleum and diesel [11].  

Kigali also is situated in the central highlands of Rwanda, the main business and residential 

districts as well as the governmental quarters are on top of the ridges, which are enclosed by 

small valleys. These former marsh and wetlands are not only the largest residential area, but 
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there are also large parts of subsistence farming [10]. Topographical and meteorological 

conditions could have a very strong influence on the spatial distribution of air quality in the city 

like Kigali [12].  

There has been a limited number of studies and not founded on solid scientific evidence on air 

quality over Rwanda specifically Kigali because of the insufficient related information on this 

area. Comprehensive measures to reduce the increasing air pollution and its human health effects 

are needed. It is expected that this study will increase the knowledge on Particulate matter less 

than 2.5 microns (PM2.5) variability on daily basis, as one of the pollutants we have in Kigali 

City and its levels compared to the various international standards. 

 

c. Objectives 

 

The main objective of this study is to determine the Spatial and temporal variation of 

particulate matter less than 2.5 microns (PM2.5) concentration in Kigali. 

To achieve the main objective, the following specific objectives will be pursued:  

 

 To assess the relation between day and night concentrations of PM2.5 in different selected 

areas of Kigali. 

 To determine the temporal variability of particulate matter less than 2.5 microns (PM2.5) 

concentration over Kigali city during the July-August and December-February (dry 

seasons), and September-November and March-May (Rain seasons). 

 To assess the variability of PM2.5 over Kigali during the week days, weekends and the 

special days like Community work days (Umuganda) and Car Free days. 

 To analyze and provide the contribution of Black Carbon (BC) to the variation of PM2.5 

levels. 
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d. Hypothesis of the Study  

Based on the location, meteorological conditions, development and anthropogenic activities of 

Kigali city with reference to the previous studies and reports, in this research we expect that 

Particulate matter less than 2.5 microns concentrations in Kigali will vary significantly with two 

opposite times: Day and Night, weekdays and weekends, dry and rainy season…. 

 

e. Scope of the study 

 

Our study concerns only Air quality; it is focused on Spatial and temporal variation of 

particulate matter less than 2.5 microns (PM2.5) concentration in Kigali. The main data were 

collected from the different instruments located at UR/CST and Gacuriro for further analysis.  
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CHAPTER 1: LITERATURE REVIEW ABOUT POLLUTANTS  

 

1.1.BRIEF HISTORY OF AIR POLLUTION  

 

Air pollution is a major environmental problem and it comes in a variety of forms, from visible 

particles of soot or smoke to invisible gases such as sulfur dioxide and carbon monoxide, and it 

can be created indoors and outdoors[13].We may think of air pollution as a modern problem, but 

it is a major problem that has been recognized throughout the world for hundreds of years and its 

concerns have a long history[14][15]. 

 

Indoor air pollution was responsible for several kinds of illnesses in the early times[16]. 

Scientific studies of samples of mummified lung tissues from different countries have revealed 

that ancient societies suffered from anthracosis associated with domestic pollution[17]. Smoke 

from Plant products have been used traditionally to repel and kill mosquitoes in many parts of 

the world.[18] But poor domestic air quality with concentrations of harmful particulates high in 

cramped conditions undoubtedly increased the risk of illness and death from chronic respiratory 

diseases. Complaints about air pollution effects on human health and the built environment were 

first voiced by the citizens of ancient Athens and Rome, where air pollution was known as 

gravioris caeli (heavy heaven) or infamis aer (infamous air), and it could be both a blessing and 

a curse[13][14]. 

 

 Later, in the big coal and steel cities like Manchester, England and Pittsburgh, USA, smoke was 

an indicator of wealth but also a public health problem. In the late 18
th

 century, the Industrial 

Revolution, beginning in the European countries, led to escalation in pollutant emissions based 

around the use of coal by both homes and industry[14][15]. 

 One of the air pollution disasters known in the history is the Great Smog of 1952; the city of 

London was brought to a standstill by a dense blanket of toxic smog that reduced visibility to a 

few feet. For five cold December days, a heavy fog combined with sulphurous fumes from coal 

fires, vehicle exhaust and power plants, blocking out the sun and creating a public health 

disaster. The "Big Smoke" was the worst air pollution crisis in European history, killing an 

estimated 8,000 to 12,000 people[19]. Air pollution from human activities began long before the 
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Industrial Revolution but in more recent times, pollution from for example motor vehicles and 

industries, has become the most recognized air quality issue. Present pollution monitoring is 

revealing that if we do not think and act cautiously, pollution could harm the environment in 

which we live and reduce the quality of life for future generations[20]. Today in developing 

nations around the globe some three billion people use cookstoves that burn solid fuels, which 

create indoor air pollution that leads to millions of premature deaths each year[21]. 

 

1.2.INTRODUCTION TO AIR POLLUTANTS  

 

Air pollution is contamination of the indoor or outdoor environment by any chemical, physical or 

biological agent that modifies the natural characteristics of the atmosphere (WHO definition).  

The pollutant source includes automobile exhausts, soil-fuel burning, cooking/smoking, erosion 

of roads and many more. Hazardous air pollutants or toxic air contaminants refer to any 

substances that may cause or contribute to an increase in mortality or in serious illness, or that 

may pose a present or potential hazard to human health. Pollutants of major public health 

concern include particulate matter, carbon monoxide, ozone, nitrogen dioxide and sulfur 

dioxide[22][23]. 

 

Air pollution is now clearly recognized as an important global risk factor for disease. Long time 

of research conducted in various cities throughout the world show that when air pollution levels 

increase, so do the numbers of people dying[6] [24]. More important, studies of long term ex-

posure to air pollution demonstrate that people living in more polluted locations die prematurely, 

compared to those living in areas with lower levels of pollution[25][26]. More than 80% of 

people living in urban areas that monitor air pollution are exposed to air quality levels that 

exceed the World Health Organization (WHO) limits[27][28]. Even if all regions of the world 

are affected, populations in low income cities are the most impacted. According to the 2016 

urban air quality WHO database, 98% of cities in low and middle income countries with more 

than 100 000 inhabitants do not meet WHO air quality guidelines[27].  

In Africa, air pollution remains a major challenge. About 600,000 deaths every year across the 

continent are associated with this invisible killer[29].  
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Air quality in sub Saharan Africa (SSA) cities including Kigali, has deteriorated owing to rapid 

population growth and industrial expansion in these areas. Air pollution emitted in Africa comes 

from four sources, mainly biomass burning, natural emission from vegetation and soil, lightning 

NOx emissions, and other anthropogenic sources such as emissions related to the combustion of 

fossil fuel for energy, industrial, transport and domestic uses[30]. 

 

 Air quality in SSA cities is of great attention; for example, from (Brauer et al, 2012) some of the 

highest fine particles levels in the world have been recorded in cities of SSA and other 

developing regions. PM2.5 concentrations in SSA cities has been estimated at around 100 µg/m
3
 

compared to <20 µg/m
3
 in most European and North American cities.[30][31] Unfortunately, 

There is a systemic lack of continuous monitoring of air pollution in most SSA cities and hence 

it is yet to be seen if SSA will meet the set air quality targets of the sustainable development 

goals (SDGs) by the year 2030[32]. 

 

1.3.PARTICULATE AIR POLLUTANTS AND BLACK CARBON 

 

1.3.1. PM classification, formation and sources 

 

Particulate matter (PM) known also as atmospheric particles or aerosols are defined as a 

suspension of fine solid or liquid particles in a gaseous medium. PM Contents cover a big range 

of substances from inorganic ions, elemental carbon, metallic, organic, and crustal 

compounds.[33] Atmospheric aerosols can be classified either by their size or their source. They 

consist of particles ranging in size from a few tens of angstroms (A) to several hundred 

micrometers.[22], particulate matters that are larger than 2.5 micrometers and smaller than 10 

micrometers in diameter are defined as coarse and denoted by PM10, while particles that are 

smaller than 2.5 micrometers in diameter are defined as fine particles and indicated by PM2.5. 

Coarse and fine particles have totally different physical and chemical properties[22][34]. 

The source of aerosols classifies them as primary and secondary particles[35]. Primary particles 

are those that generated from anthropogenic sources and emitted directly to the atmosphere from 

four main source categories: fuel combustion, industrial processes, nonindustrial fugitive sources 
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and transportation sources[22]. These particles are mainly found in urban areas[36]. but PM2.5 

particles are produced mostly through combustion[37]. 

 

Secondary atmospheric particles are particulates that formed in the atmosphere by gas to 

particles conversion processes[38]. they are formed in the air through chemical reactions of 

gaseous pollutants[33]. and they are produced from atmospheric transformation of nitrogen 

oxides(NOx), volatile organic compounds (VOCS), sulfur dioxide (SO
2
) and ammonia 

(NH3)[39][40]. The sources of SO2 and NOx are the combustion of sulfur containing fuel and 

fossil fuel combustion while Ammonia is mainly emitted by agricultural activities[41]. 

Secondary atmospheric particles are mostly found in PM2.5[39], Figure 1.1 shows various 

sources of emission of primary and secondary atmospheric particles. Globally, Particulate 

matters are considered as one of the most challenging problems for air quality, health and for 

climate change policies.  

 

1.3.2. Physical and chemical characteristics of airborne particulate matter 

 

Airborne particulates may be a complex mixture of organic and inorganic substances [42]. They 

are characterized by their physical attributes and their chemical composition[43].  

There are various physical attributes of airborne particulates that are important to their role in 

atmospheric process; those include mass concentration which is measured in micrograms per 

cubic meter (μg/m
3
), number concentrations, surface area and size distribution[44]. The size 

distribution is considered as the most important parameter for characterizing the behavior of 

aerosols[45], and reflects the nature of source of the particles and relates to their health effects 

including to their aesthetic and climatic effects via their light scattering properties. It is usually 

measured in aerodynamic diameter which is defined as the diameter of the spherical particle with 

a density of 1000 kg/m
3
 that has the same settling velocity as the particle being measured[46]. 

Particulate matters have also a very diverse chemical composition which varies especially with 

the particle size. The chemical composition of particulate matter includes sulfates, nitrates, 

ammonium, organic material, crustal species, seasalt, metal oxides, hydrogen ions, and 

water[47]. From these species, sulfate, ammonium, organic and elemental carbon, and certain 
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transition metals are found predominantly in the fine particles[48]. Crustal materials, including 

silicon, calcium, magnesium, aluminum, and iron, and biogenic organic particles are usually in 

the coarse aerosol fraction. Nitrate can be found in both the fine and coarse modes. Fine nitrate is 

usually the result of the nitric acid/ammonia reaction for the formation of ammonium nitrate, 

while coarse nitrate is the product of coarse particle/ nitric acid reactions[22][45]. 

 

1.3.3. Health and environmental effects of PM 

 

Anthropogenic emissions especially in developing countries leading to atmospheric aerosol 

production have dramatically increased over the past decades and have significant negative 

impacts on health and environment[35]. Airborne particulate matter has now become an issue in 

the global environment due to the health problems and environmental degradation it causes[49]. 

Recently, there is convincing evidence that current levels of Particulate matter have become a 

serious issue on both health and environment[39]. 

 

Exposure to PM has been identified as the cause of numerous health effects including but not 

limited to the increased hospital admissions, lung cancer, respiratory symptoms, exacerbation of 

chronic respiratory and cardiovascular diseases, decreased lung function, and premature 

mortality[50][51][52]. 

Various studies on air pollution effects have indicated a strong relationship between particulate 

matter size and harmful health effects. Exposure to both fine and coarse particles is associated 

with a number of harmful health effects, particularly those involving the heart and lungs.[53] In 

general, the size of the particles is directly linked to their potential for causing health problems. 

PM2.5 are most dangerous as they can easily get deep into the lungs and can also enter the 

circulatory system or remain embedded for long periods[54]. 

Particulate matters have not only health effects but also the environmental ones. The presence of 

aerosols especially the fine particulate matter is a key component of our atmosphere that plays an 

important role in driving the climate. As their origin is the anthropogenic emissions mixed with 

natural dust particulates, their presence changes the optical properties of the air and, therefore, 
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changes how the atmosphere absorbs or disperses the solar radiation which contributes to the 

global warming[55]. This usually causes the variation of the atmospheric temperature. In 

addition, these finest PM can be circulated by the wind on time scales of days and then settle on 

ground or water. This settling causes many effects that result to the global climate problems[56]. 

 

1.3.4. Spatial and temporal variation of PM 

 

The concentration of atmospheric aerosols varies significantly in space and time, and this 

variability is determined by meteorology, the emissions of aerosols and their precursors, their 

size and shape and their chemical properties. Particulate matter varies from location to the other 

but the urban areas are the most sensitive to have high concentration of pollutants including 

particulate matter compared to the rural areas. This is due to the various anthropogenic activities 

usually found mostly in urban regions. On the other hand, PM concentrations changes with time 

of the day, with season and with change in meteorological conditions. For example for the 

species with strong local sources, the daily concentration pattern is often determined by the 

strength of atmospheric mixing. The atmospheric mixing height tends to be lower during the 

nighttime, so these species often reach high concentrations very early in the morning, peaking 

during the early stages of rush hour traffic at around 6 am. During the afternoon rush-hour, even 

if the traffic emissions are similar to those in the morning, the concentrations are considerably 

lower because they are diluted over a much larger boundary layer volume. These diurnal 

variations can be used to determine the importance of local emissions[22][57][58]. 

 

1.3.5. Black Carbon and its damaging effects 

 

Black Carbon (BC) also known as soot is a carbonaceous aerosol emitted in the atmosphere as 

the residual of incomplete combustion processes in industrial flames, car combustion engine, 

domestic heating systems, and natural fires[59]. BC is a component of PM2.5 and is an 

operationally defined term which describes carbon as measured by light absorption. Studies of 

short-term health effects show that the associations with BC are more robust than those with 
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PM2.5 or PM10, suggesting that BC is a better indicator of harmful particulate substances from 

combustion sources especially traffic than undifferentiated PM mass[60]. Exposures to fine 

particles  including black carbon, can cause premature death and harmful effects on the 

cardiovascular system[61]. 

 

1.4.PARTICULATE MATTER LESS THAN 2.5 MICRONS (PM2.5) 

 

1.4.1. PM2.5 composition and sources 

 

PM2.5 air pollution is a heterogeneous mixture of particles less than 2.5 micrometers (PM<2.5 

µm) in aerodynamic diameter, and like other pollutants as stated before, PM2.5 is generated by 

both anthropogenic and natural sources. Human-made sources of PM2.5 are more important in 

contribution to the total concentration. Therefore, levels of PM2.5 close for example to roadsides 

and industrial areas are often much higher than those in background locations[62]. In addition to 

these primary emissions of particles, PM2.5 can also be formed from the chemical reactions of 

gases as secondary particles such as sulphur dioxide (SO2) and nitrogen oxides (NOx)[63]. 

According to the Environmental Protection Agency (EPA), depending on several factors 

including weather and particle size, PM2.5 can remain suspended in the atmosphere from minutes 

to weeks and can travel up to thousands of kilometers. 

 

Constituents of atmospheric aerosols can be differentiated as inorganic and organic portions 

according to their chemical properties[64]. Organic Carbon is a mixture of different carbon 

compounds and can be generated by several sources of PM2.5, including combustion processes 

such as vehicular traffic and vegetative burning (EPA, 1999), while ammonium, nitrate, and 

sulfate are the Major secondary inorganic particles found in PM2.5[65].  Sulfate and nitrate are 

formed mostly from oxidation of sulfur dioxide and nitrogen dioxide respectively[66]. 
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1.4.2. Human exposure to PM2.5 

 

Particulate matters less than 2.5 microns which are suspended in the atmosphere with an 

aerodynamic diameter no more than 2.5 microns, is known as a serious environmental concern 

due to its significant adverse effects on human health, climate biogeochemical cycle, and 

atmospheric chemistry[67][68][69]. It has been shown that fluctuations in concentrations of 

ambient Particulate matter measured at an outdoor monitoring station represent the fluctuations 

in exposure to ambient PM of all the people in the area surrounding the monitoring station[70]. 

The association between the PM2.5 and various health indicators can be influenced by many 

factors such as location factors like topography and local sources; meteorology; housing 

characteristics; individual differences in activity  and personal habits[71]. 
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CHAPTER 2: METHODOLOGY 

 

2.1. STUDY DESIGN 

 

2.1.1.  Sampling locations 

 

Measurements were made from July 6, 2017 at the University of Rwanda College of Science and 

Technology (UR-CST) Nyarugenge campus (1
o
57′42′′S, 30

o
03′53′′E). The instruments at UR-

CST are located on top of the building that is on top of the mountain. They are open to the air 

coming from different parts of Kigali central city. This site has been chosen because of the 

various activities always found here, such as substantial business activities, high volume of 

traffic, restaurants, school kitchens and some industries. The instrument at Gacuriro is situated at 

one of the households (1
o
55′32′′S, 30

o
05′33′′E) and is open for the nearest environment. Because 

of the most activities done at Gacuriro (considered as a residential area) are the home activities, 

it was chosen as a good comparison to UR-CST station that has almost incompatible 

characteristics. 

 

2.1.2. Experimental methods 

 

Daily changes of Particulate matter less than 2.5 microns (PM2.5), Average Temperature (AT) 

and Relative Humidity (RH) data were collected from the Real-time, Affordable, Multi-

Pollutant (RAMP) monitors located at UR-CST and Gacuriro residential area. Data on Black 

Carbon concentrations were collected from BC monitor based at UR-CST.  Rainfall, Solar 

radiation, Wind Speed (WS) and Wind Direction (WD) data were collected from Rwanda 

meteorology Agency (Meteo Rwanda) Kigali stations. 

 In our research we have used following instruments for sampling various pollutants and related 

softwares to analyze them. The air quality monitors and the softwares for their analysis are: 
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2.1.2.1.  The Real-time, Affordable, Multi-Pollutant (RAMP) Sensor 

 

The Real-time, Affordable, Multi-Pollutant (RAMP) air quality monitor was developed by 

Carnegie Mellon University’s Center for Atmospheric Particle Studies (CAPS) and SenSevere, a 

company that produces sensors for different severe environments. RAMP measures carbon 

monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone (O3), and fine particulate 

mass (PM2.5)[72]. 

The RAMP monitor must be equipped with sim cards to transmit data using cellular networks to 

an online server. The RAMP monitors also log data to an SD card as a fail-safe in case of 

wireless data transfer issues. The RAMP is paired with a Met-One Neighborhood PM monitor to 

measure optical PM2.5 (Figure 2.1). In later situation, it requires 120-240V alternating current 

(AC) power [73]. 

 

The RAMP monitors are either mounted to a steel plate for easy pole mounting or are deployed 

on tripods approximately 1.5 m above the ground. In this study, all the RAMP monitors were 

mounted at a consistent height.  

The RAMP monitors log two output signals from each of the Alphasense sensors: one from the 

auxiliary electrode and the other from the working electrode. The net sensor response is 

determined by subtracting the auxiliary electrode signal from that of the working electrode.  

 

2.1.2.2. BC 1054 Multispectrum Black Carbon Monitor 

 

The BC 1054 Multispectrum Black Carbon Monitor is a Met One instrument manufactured in the 

United States. It  provides a reliable, cost effective solution for generation of high time resolution 

data at 10 wavelengths for use in the Air quality surveillance, Global warming studies, 

Particulate emissions studies, Visibility studies etc…. [74]. 
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BC 1054 Multispectrum Black Carbon Monitor measures the absorption of particulate matter 

onto filter tape continuously and operates at 10 different wavelengths ranging from the near-UV 

to the near-IR. It also measures the absorption and the transmittance of light across filter media 

onto which particulate matter is accumulating and in real-time calculates the black-carbon “BC” 

concentrations at 370, 430, 470, 525, 565,590, 660, 700, 880 and 950 nm with a standard time 

resolution of 1-minute. [74]. A BC located at CST is illustrated in figure 2.2 in addendum. 

 

2.1.3. BC LoadComp software 

 

BC LoadComp is a software package used to post-process the raw data obtained from a BC 1054 

Multispectrum Black Carbon Monitor units. This software uses the bin method to minimize the 

effect of spot loading effects inherent to filter-based optical black carbon measurements (Park et 

al. 2010). We have loaded the BC raw data into the program and post process the data to 

calculate their corrected concentrations.  The BC LoadComp software is useful, as it allows us to 

choose the best correction settings for our data. With  BC LoadComp, we import our raw data 

from one or more files, we processed our imported data by determining the best settings for our 

data before applying the compensation algorithm to the raw data and  determining attenuation 

limits (Attenuation is the reduction in intensity of the light beam with respect to distance 

travelled through the filter tape) to apply to each channel.[74]. 

 

2.1.4. Data analysis 

 

The methods used in this study include temporal analysis and correlation analysis. Plotting of 

time series have involved PM2.5 concentration, Relative Humidity (RH), rainfall and temperature 

data versus time. Examination of the trend in a time series is significant since it has shown how 

the PM2.5 varies with the time of the day, day of the week, dry or wet season. The correlation 

analysis provided how the   PM2.5 concentrations change with respect to the various 

meteorological parameters such as wind speed, temperature, total rainfall or relative humidity. 

Black Carbon variations with time were analyzed using   BC LoadComp or /and BC Load 

Correction softwares. These methods helped us to know how the studied pollutants and selected 

parameters vary from one place to another or/and different periods within Kigali.  
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The correlation analysis was used to measure the degree of association between PM2.5 

concentrations and various meteorological parameters, and its association with BC 

concentrations. The Pearson’s r coefficient, also known as the Pearson Product Moment 

Correlation ‘r’ was determined to show the strength of the relationship between the variables. 

For N pairs of observations, x and y, the correlation coefficient (r) is defined as the ratio of the 

covariance of two variables representing a set of numerical data, normalized to the square root of 

their variances, i.e.: 

 

                                                
   

       
 

   

    
                                                                 (1) 

 

For a set of   two-dimensional data points                              we have:  
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Where  

 

  is the Pearson correlation coefficient and its value ranges between -1 and +1, 
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   is the     value of the variable  ,  

   is the     value of the variable  ,  

    is the covariance of   and  , 

  
  and   

  are  the variance of the variables of   and   respectively. 

 

2.1.5. Ambient PM2.5 measurements 

 

The PM2.5 data were collected at two RAMP stations in Kigali. RAMP collects the data four 

times per minute and has been averaged into hourly or daily mean concentrations. One RAMP 

station is based at Gacuriro and another one is at the University of Rwanda, College of Science 

and Technology (CST) campus. The analyzed data have been collected over a period of eleven 

months of dry and wet seasons (from July 6
th

 2017 to May 31
st
 2018). Rainfall and wind speed 

data have been collected from Rwanda Meteorology Agency. The time series, bar chats and 

scatter plots were used to analyze the diurnal and weekly variations in PM2.5 concentrations, 

while the meteorological parameters such as Relative Humidity, Temperature, rainfall and wind 

speed have been used to assess their impact to the PM2.5 temporal variations in Kigali. Moreover 

PM2.5 has been studied not only their concentrations, but also their levels compared to the 

various standards around the world. 
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CHAPTER 3: RESULTS AND DISCUSSIONS 

 

3.1.COMPARATIVE ASSESSMENT OF PM2.5 CONCENTRATION DURING DRY AND 

WET SEASONS IN KIGALI 

 

The comparative assessment of PM2.5 concentrations for dry and wet seasons were done  by 

considering the long dry season (from 06
th

 of July to 31
st
 of August) and short wet season (from 

1
st
 of September to 30

th
 of November) patterns. The aim of this study was to characterize the 

diurnal variation of PM2.5 during both seasons regardless of the period of the year. 

 

3.1.1. Dry season patterns 

 

3.1.1.1.Diurnal patterns of PM2.5 concentrations 

 

The diurnal variation of PM2.5 during the dry season is observed with generally higher 

concentrations at night and lower values during the day both at CST and Gacuriro sites.  

 

As shown in Figure 3.1, a pronounced day-time variation in PM2.5 concentration is observed both 

in July and August for both stations. The peak in dry season is observed in early morning exactly 

during the rush hour between 6:00 and 8:00 am and at night between 8:00 and 9:00 pm, while the 

lowest values appear in the late afternoon.  

 

In July, the highest value at CST was found in the morning between 7:00 and 8:00 AM with the 

mean value around 49±12.94µg/m
3
 and in the evening between 8:00-10:00 pm at Gacuriro 

station with the value near 50±15.27µg/m
3
. In contrast, the minimum values in July have been 

measured in the afternoon hours between 2:00-4:00 pm with 26.5±7.70µg/m
3
 at CST station and 

27.5±8.04µg/m
3
 at Gacuriro.  In August, there is a significant change in PM2.5 concentrations 

compared to the July (figure 3.1) but the general shape of diurnal cycle remains unchanged from 

high peak in the morning to the minimum in late afternoon and rise up to around 10:00 pm. The 

highest peak in August was found with 36±10.68µg/m
3
 and 32±17.08µg/m

3
 for CST and 

Gacuriro respectively. In August, Both stations show their maximum values between 6:00-7:00 
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AM exactly during the rush hour but for Gacuriro the highest values are recorded also in the 

evening hours between 8:00-10:00 pm, while as shown in Table I the minimum values in August 

decreased by 5µg/m
3
 at CST and 7µg/m

3
 at Gacuriro compared to the recorded values in July. 

 

When we take a look at the general fluctuation form of dry season, we can see that there is a high 

PM2.5 levels at night compared to the daytime levels. The concentrations are fairly stable from 

11:00 to 16:00 and start rising significantly up to the early morning with the peak of the day at 

the rush hour between 6:00-8:00 am. From 8:00 am there is a largely decline till near mid day. 

These observations indicate the mobile-source influence on PM2.5 which confirms the previous 

studies for example (Egide Kalisa, 2017) that Vehicle emissions were found to be major 

contributors of PM2.5 and PM10 in Kigali city.  

 

 

As PM2.5 is an air pollutant, other meteorology parameters, such as temperature, precipitation, 

wind speed and direction, humidity etc…, could have effect/correlation with its concentration. 

[23] Among all these parameters for the case of Kigali, some can be considered including 

precipitation, wind speed and temperature to investigate their possible relation with PM2.5 levels. 

The low levels during the day may be attributed primarily to the dilution of aerosols associated 

with the deeper Planetary Boundary Layer (PBL) depth, higher wind speed, and the reduction of 

traffic volume in the afternoon [75].  As illustrated on figure 3.2 that provides a correlation of 

PM2.5 concentrations with wind speed in Kigali (Gacuriro station), there is a daytime high wind 

speeds followed by nighttime decrease. In Kigali,  domestic stoves are likely to be heavily 

influencing background concentrations but road traffic is also a large contributor to high PM 

concentrations near busy roads [76].
 
 

 During the day, Air pollutants can come from a variety of anthropogenic (man-made) and 

natural sources. In Rwanda, specifically in Kigali, the main sources of anthropogenic air 

pollution are road traffic, domestic fuel burning and industry. [76] In morning hours, the CST 

values are high compared to the Gacuriro ones. This is associated to the location and how busy 

are the nearby roads. The CST station is near two busy roads one is used by many public buses 

and another one which is very busy in morning during the rush hour is used by the primary, 
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secondary and university students and staffs. On the other hand, the station in comparison is 

located at The Belle Vue Estate in Gacuriro, a residential area in northern Kigali. 

 

During nighttime, exactly after 20:00 pm, the PM2.5 concentrations were significantly decreased 

because of trickle traffic flow and reduction of other anthropogenic activities (low emission rate). 

A noticeable increase in PM2.5 concentrations was observed after midnight. The probable reason 

for this may be the built up of particles under inversion conditions and/or atmospheric stability. 

Srimuruganandam et al.(2010) also have reported the similar results for the study at near an 

urban roadway in Chennai city, India (Bathmanabhan et al., 2010). 

 

3.1.1.2.Day-of-Week Pattern 

 

Weekend in Kigali is characterized by a reduction in anthropogenic activities, decrease in traffic, 

car free day on every first Sunday of the month etc… that reduce emission levels of air pollutants 

in the atmosphere compared to the weekdays. Variations in PM2.5 levels based on day of week 

patterns, found to be minimum in weekend with the lowest values on Sundays in July and on 

Saturdays in August for both stations. 

 

Regardless of the month or weather conditions, PM2.5 concentrations in dry season across the city 

are significantly lower on Saturdays and Sundays and high on the other days of the week. The 

pattern of mean concentrations for specific days of the week in July and August for CST and 

Gacuriro stations is shown as a representative case in Fig. 3.3. The two months of dry season are 

slightly different both in concentration levels and fluctuation in day of week behavior. In July, 

the mean concentrations rise to a significant peak on Tuesday at CST and Thursday at Gacuriro 

with 45±7.65µg/m
3
 and 43±13.17µg/m

3
 respectively before falling to a Sunday minimum of 

30±7.90µg/m
3
 and 34±8.85µg/m

3
 at CST and Gacuriro respectively. On the other hand, August 

was characterised by lower values in PM2.5 when compared to July. The maximum in August 

was observed on Monday with the concentrations near 29±9.9985µg/m
3
 and minimum on 

Saturday with the value close to 23±6.6185µg/m
3
. These results show that human activities are 
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primarily responsible for the daily PM2.5 peak. This can also be explained by the no work system 

for all government institutions and almost all private institutions in weekend that followed by  

the lower car and truck traffic on Sundays compared with midweek. 

 

However, the influence of meteorological factors played a big role in reduction or increase in 

PM2.5 concentrations. According to (X Li et al., 2017), PM2.5 concentrations have a positive 

correlation with pressure and negative correlation with temperature, rainfall, RH, wind speed and 

wind direction, which is consistent with the decline of PM2.5 levels in August. Even if it was in 

dry season, the total rainfall in August was 20mm with the mean relative humidity (RH) of near 

52% while in July the RH was 45% and totally zero of rainfall.   

 

3.1.2. Wet season patterns 

 

3.1.2.1.Diurnal patterns of PM2.5 concentrations in SON 

 

On the other hand, the diurnal pattern of PM2.5 in wet season (September, October and 

November) is not different from the dry season in the mornings, afternoons and nights 

fluctuations. Only the changes on the peak hours and the time when the extrema were observed 

with their corresponding values, otherwise the general picture of the day remain the same. 

 

For individual months, it is found that in wet season, Kigali has one significant peak in 

September with about 34μg/m
3
 and this value has been observed at CST station exactly during 

the rush hour between 7:00-8:00 AM (Fig 3.4.). The same reason for CST station is its location 

near the busy roads and many other human activities in Kigali city center that influence the 

higher PM2.5 concentrations near the area.  As the traffic flow around CST station is always 

larger than that of Gacuriro station (resident area), it consequently has higher PM2.5 

concentrations in each month. Similarly, the lowest value that appeared in November (about 

9μg/m
3
) was measured at CST station between 15:00-16:00 pm. This may be caused by the same 

reason as in dry season of reduction in traffic volume in the afternoon, dilution of aerosols 

associated with the deeper Planetary Boundary Layer depth and higher wind speed. During the 

night, the Gacuriro concentrations are higher than the CST values. This is a consequence of 
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significant reduction in vehicle circulation and almost no human activity in the city center at 

night. On the other hand, as Gacuriro is a residential area, some home activities may raise the 

PM2.5 concentrations any time during the night. 

 

3.1.2.2.Day-of-week patterns in SON 

 

Based on the day of week variations in wet season (fig 3.5-7), we observed generally the lower 

concentrations of PM2.5 compared to the dry season. This is due to the many factors especially 

the meteorological ones such as the abundance of rainfall in wet season that washes out the 

particles in the atmosphere or due to wet deposition. 

 

The weekday and weekend values are not much different except for September where the 

Fridays and Saturdays have the highest values compared to the rest of the week. Only in 

September the highest and lowest mean values are much different (were observed on Saturday 

and Monday both at CST station) with mean concentration of 34±8.95μg/m
3
and 18±5.59μg/m

3
 

respectively, the rest of wet season has almost the same values from Monday to Sunday.  

October and November are the moths that have the lowest values compared to the rest of the wet 

season. The low PM2.5 concentrations in these two months come from the rainfall abundance 

where the total rainfall of 61mm in October and 93mm in November have been measured in 

Kigali, which is around five times the August total rainfall (Table II). 

 

The similar concentration throughout the week in SON is due to the washed out of PM2.5 almost 

every day of the week, which implies an insignificant impact of the traffic emissions during the 

weekend compared to dry season. 

 

3.1.3. Seasonal patterns comparison of PM2.5 concentration  

 

The CST station has been chosen to study a seasonal pattern of PM2.5 concentration in Kigali as 

one of the stations that recorded regularly data for the entire period. The average diurnal 

variation of PM2.5 for each month is shown in figure 3.6 It shows a very little difference when 

comparing the similar seasons, i.e. the dry (July-August and December-February) or wet (SON 
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and MAM) seasons.  For the whole considered period, it is found that Kigali had three significant 

peaks in January, February and July. All maximum levels appeared in morning hours between 

7:00- 9:00 am with the main reasons discussed in previous sections; and all have been recorded 

in dry seasons. The highest level (around 55μg/m
3
) appears in January, while November and 

May (wet season) are associated with the minimum levels in the late afternoon with the values 

around 9μg/m
3
 each. Even if they have the similar variations when looking at the diurnal 

patterns, wet and dry seasons are much different in PM2.5 concentrations.  During SON (wet 

season), the PM2.5 highest value reduced by 14μg/m
3
 compared to its previous July-August dry 

season highest value, and is less than DJF dry season highest value by 19μg/m
3
 . From the 

Figure 3.6, it is clearly evident that, the level of PM2.5 in dry seasons is higher than wet seasons 

and all four seasons in Kigali had crossed the WHO and USEPA standard. 

The PM2.5 concentrations in December are so much lower than January and February of the same 

season (figure 3.6). The reason is because, December is the first month of DJF (Dry season), that 

follows SON (Wet season); even if DJF is a dry season, December is likely to have similar 

meteorological characteristics as its previous season  that were much responsible for the 

variation of PM2.5 levels as will be discussed in section 3.2. It is the same reason for September 

that had high PM2.5 levels compared to the rest of SON. 

 

3.2.IMPACT OF METEOROLOGY ON PM2.5 CONCENTRATIONS 

 

Some meteorological parameters such as temperature, Humidity and Wind speed have been 

selected to assess their influence on PM2.5 levels. Table III represents the correlation between the 

diurnal variation of PM2.5 concentrations measured at CST and Gacuriro stations, and 

meteorological parameters. It is clear from the table that Kigali PM2.5 is positively correlated 

with the relative humidity with Pearson correlation coefficients of 0.878 and 0.680 at CST and 

Gacuriro respectively. This shows how the PM2.5 levels at night and early morning hours are big 

compared to the rest of the day. In a different way, PM2.5 decreases as wind speed and 

temperature increase. They are negatively correlated. This may be caused by the increase of the 

boundary layer height during the day, which is also associated with higher temperatures and drier 

weather[79]. Furthermore, during the day, Kigali is characterized by high wind speed that can 
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reach to 4m/s and temperature of 26
o
C maximum; while at night, it is temperate and less windy. 

Decreasing in PM2.5 level is due to the ability of wind speed to blow away the particulate 

matter[80]. 

 

3.3.PM2.5 VARIATION IN SPECIAL DAYS OF THE WEEKEND 

 

In weekend, Kigali is usually characterised by reduction in business activities and air pollution 

main contributors. This decrease is more significant on special weekend days set by the 

government for different puporses. A part from the public holidays in Rwanda, community work 

day known as Umuganda and Car free day, are two special days known by all kigali citizens. 

Umuganda is a practice that takes root from Rwandan culture of self-help and cooperation [81], 

it takes place on the last Saturday of every month countrywide, where all citizens aged 18-65 

come together from 8am-11am to undertake community maintenance activities and to assess 

their socio-economic conditions, define their priorities and decide what to do in order to improve 

their well-being[82]. At this time, there is no any other personal or public activities are allowed 

except for emergency purposes. 

 

In a similar way, The City of Kigali initiated a Car Free Day event at every first Sunday of the 

month and always starts at 7 am and ends at 12 pm. Major road corridors are closed and made 

free of vehicular traffic. The aim of this event is to encourage people to walk, jog and cycle as 

part of active transport and health lifestyle promotion[83] 

 

3.3.1. Car free day levels 

 

We have chosen the CST station to study the variability in PM2.5 during the car free Sunday. The 

figure 3.7 shows the comparison between the variation in PM2.5 of the car free Sundays and the 

normal Sundays. Even if Kigali has low levels of pollution in weekends, the car free Sunday 

shows a big contribution in reduction. In 2017, the diurnal variation illustrated the no much 

variation of PM2.5 levels during the car free day hours especially before noon i.e. 7am-11am. The 
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peak during the normal Sunday is higher than of car free Sunday by almost 10µg/m
3
. From 

morning (during the event hours) to the late afternoon around 5pm, the car free Sunday PM2.5 

levels are low compared to the normal Sunday with the significant difference in morning hours; 

this is due to the resume of the weekend activities after mid day. Normally, the car free Sundays 

contributed a big part in reduction of PM2.5 levels when applied. 

 

3.3.2. Umuganda day levels 

 

Gacuriro, a residential area is a good example to sudy the Kigali PM2.5 variation in levels during 

the Umuganda days. Gacuriro satation was chosen to study the diurnal variation of PM2.5 

concentrations of the normal Saturdays and umuganda Saturdays. The levels of those two 

different days are not much different during the umuganda hours(Fig.3.8). This may be due to 

the fact that during Umuganda time, the activities that contribute to the PM2.5 concentrations like 

construction, traffic, etc can be done even if are at low  levels in some areas. The umuganda day 

is characterised by low levels as any other weekends, but does not contribute more to the point 

that can be one of the way of implementing the policy of reducing  air pollution in Kigali. 

 

3.4. CONTRIBUTION OF BC TO THE PM2.5 LEVELS 

 

Initial measurements of black carbon (BC) concentrations at both 880 nm and 370 nm, obtained 

from CST station in five months from July to November, have been analyzed in order to provide 

its relative contribution to PM2.5 levels both in dry and wet seasons in Kigali. The ratio of BC to 

PM2.5 is illustrated in table IV. The estimated level of BC at 370 nm was higher than that of BC 

at 880 nm in all months. This is because, in Kigali, the source of BC at 370 nm (especially the 

vehicular emissions) is higher than that of 880 nm (from the biomass burning). The 

concentrations of BC show clear seasonality, as their levels were low during the wet season and 

high during the dry season; the minima found in October and maxima in July for both 370nm 

and 880nm. The contribution of BC to PM2.5 levels is high in wet season compared to dry season 



26 
 

with the highest contribution of 30.7% and around 30% of the total PM2.5 for 370nm and 880nm 

respectively. This significant ratio of BC to PM2.5 in wet season is may be due to the fact that in 

Kigali, The emissions from vehicular traffic, biofuel usage, and industrial activity can be 

assumed to be fairly constant throughout the year, while other components of PM2.5 are low and 

high in wet and dry season respectively due to the meteorology impact as stated in previous 

sections. 

 

The additional PM2.5 variations with their correlations to other parameters’ figures, both in dry 

and wet seasons for both stations can be found in appendix. 
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CHAPTER4. CONCLUSIONS AND RECOMMENDATIONS 

 

4.1.Conclusions  

 

The spatial and temporal characteristics of PM2.5 concentration in Kigali between July 6
th

 2017 

and May 31
st
 2018 were analyzed based on the hourly observations at 2 stations.  

 

As shown in all plots both in dry and wet seasons, a definite diurnal cycle in PM2.5 

concentrations is evident among all the two stations. Overall, the diurnal variation of PM2.5 is 

observed with higher concentration at night than daytime, the minimum concentration generally 

appears in the early afternoon between 2:00-4:00 pm. The peak appears in the morning between 

7:00-9:00 am and in the evening between 8:00-9:00 pm. These observed facts indicate that the 

variations of PM2.5 concentration are influenced by human activities and complex meteorological 

factors such as daytime high wind speeds followed by nighttime subsidence as the air is 

stabilized and wind speed decreases. 

 

 We also found that PM2.5 concentrations are higher on weekends than the other days of the 

week, which are related with the reduction in human activities and special days (Umuganda and 

car free days) implemented in weekends. 

 

 In dry season, the PM2.5 concentrations are high compared to the wet season which characterised 

by the growth of total rainfall from August to November that influences the low PM2.5 levels in 

this season due to the washout or/and wet deposition. 

 

The contribution of BC to PM2.5 in Kigali was found to be meaningful as it can reach at 30% of 

total PM2.5 concentrations in wet season. This usually shows a high contribution of traffic 

emissions in PM2.5 levels particularly and the air pollution in general. 

 

 In addition, many days recorded at both two sites, PM
2.5 

concentrations had crossed the WHO 

and USEPA guidelines for PM2.5 that should not exceed 25μg/m
3
 and 35 μg/m

3
 24-hour mean 

respectively. 
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4.2.Recommendations  

 

All relevant sources that are known to contribute to PM2.5 should be evaluated. Such sources 

include but not limited to the vehicle emissions especially from the old vehicles and industries, 

which found to be major contributors of PM2.5 in Kigali. 

 

Local authorities should monitor and assess air quality in their area. Environmental protection 

agencies can divide big areas of the country into regional air quality management districts, by 

considering local characteristics. It will enable the government to set priorities for reducing 

progressively concentrations of air pollutants and to draw up an air quality management plan. 

 

Government through local authorities should inform the public about local concentrations of air 

pollutants, possible effects on health, and the action to take to minimize any health risks. This 

will improve the public’s understanding of the Pollutants’ issue which is an education function. 

 

The city of Kigali should increase a number of car free days and car free zones. This will 

encourage people to use other means of transport like bicycles, and at the same time will 

contribute to the air pollution reduction.  

 

Introduce technology cooperation with research institutions and business partners on emission 

control equipments and technologies.  

 

Last but not least, supporting the continuous monitoring of air pollution and related research will 

be of high value. Decision makers in the country should identify opportunities, including an 

innovation calls, supporting new and innovative air quality research and technologies. The 

outcomes from this programme of supporting research will provide us with valuable knowledge 

in developing our approaches to improve air quality in Rwanda. 
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ADDENDUM  

 

Addendum1. FIGURES 

 

 

Figure 2. 1 BC 1054 Multispectrum Black carbon located at CST 

 

 

Figure 2. 2 RAMPs and the PM sensors 
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         Figure 3. 1 Diurnal variation of PM2.5 in Dry season 

 

 

Figure 3. 2 Variation of PM2.5 with respect to the wind speed in Kigali (Gacuriro station) 
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Figure 3. 3 Day-of-week pattern for dry season in Kigali 
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Figure 3.4  Diurnal variation of PM2.5 concentrations in SON 
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Figure 3. 5-7 Day-of-week patterns for wet season in Kigali 
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Figure 3. 6 Seasonal patterns of PM2.5 

 

 

Figure 3. 7 Normal and car free Sunday 
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Figure 3. 8 Normal and Umuganda Saturdays 
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Addendum2. TABLES 

 

Table I PM2.5 Maxima and Minima values recorded in dry season 

CST_STATION EXTREMA RECORDS OF 2017_DRY SEASON 

MONTH MINIMUM MAXIMUM MEAN STD TOTAL 

RNFL(mm) 

 value in 

µg/m
3 

time of the day the 

value was recorded 

value in 

µg/m
3
 

time of the day the 

value was recorded 

   

JULY 26 Between 2:00-3:00 pm 49 Between 7:00-8:00 am 36 6.71 0 

AUGUST 21 Between 2:00-3:00 pm 36 Between 7:00-8:00 am 28 4.33 20 

GACURIRO_STATION MAXIMA RECORDS OF 2017_DRY SEASON 

MONTH MINIMUM MAXIMUM MEAN STD  

 value in 

µg/m
3 

time of the day the 

value was recorded 

value in 

µg/m
3
 

time of the day the 

value was recorded 

   

JULY 27 Between 2:00-3:00 pm 50 Between 8:00-9:00 pm 39 8.1 0 

AUGUST 20 Between 3:00-4:00 pm 32 Between 7:00-8:00 am 

and Between 8:00-

9:00 pm 

26 4.15 20 

 

Table II Kigali Rainfall distribution in SON 

Month Total rainfall 

July 0 mm 

August 20 mm 

September 27 mm 

October 61 mm 

November 93 mm 
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Table III Correlation between meteorological parameters and PM2.5  

 

PM2.5_CST T_CST RH_CST PM2.5_Gacuriro T_ Gacuriro RH_ Gacuriro WS 

PM2.5_CST 1 -0.8714 0.878 0.857 -0.900 0.871 -0.854 

T_CST – 1 -0.968 -0.817 0.977 -0.913 0.899 

RH_CST – – 1 0.723 -0.978 0.980 -0.814 

PM2.5_Gacuriro – – – 1 -0.805 0.680 -0.811 

T_ Gacuriro – – – – 1 -0.964 0.827 

RH_ Gacuriro – – – – – 1 -0.712 

WS – – – – – – 1 

 

Table IV Contribution of BC to PM2.5 at CST station 

Month BC at 370 nm BC at 880 nm PM2.5 BC 370 /PM2.5 

(in %) 

BC 880/PM2.5 

(in %) 

July 8.0±1.88 5.5±1.20 34.1±9.23 23.5 16.1 

August 6.0±2.21 4.1±1.40 26.6±8.55 22.6 15.4 

Sept 5.4±2.31 3.8±1.56 24.9±12.3 21.7 15.3 

October 4.4±2.55 3.0±1.52 17.4±6.92 25.3 17.2 

November 4.7±2.59 3.2±1.48 15.3±4.05 30.7 20.9 
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APPENDIX 

 

A. PM2.5 VARIATIONS AT CST AND GACURIRO STATIONS 

 

A.1.  CST station 

 

 

Figure A. 1   Correlation of PM2.5 with RH and T in JJA Season 

 

 

Figure A. 2  Correlation of PM2.5 with RH and T in SON 
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Figure A. 3 PM2.5 variations in DJF 

 

 

Figure A. 4 PM2.5 variations in JJA 

 

 

Figure A. 5 PM2.5 variation in MAM 
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Figure A. 6 PM2.5 variations in SON 

 

A.2.   Gacuriro Station 

 

Figure A. 7 PM2.5 variations in JJA 

 

 

Figure A. 8 PM2.5 variations in SON 
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