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Abstract 

This work will look into PM-10 particulate matter collected from Nairobi City, Kenya (metropolitan 
city) and the remote forest on Mount Kenya (Timau Hills 3,875 m) for background monitoring. Previous 
work was done along the roadside, where total suspended particulate matter was collected and zinc, lead, 
and bromine were identified as highly enriched elements. The nine main elements analyzed by EDXRF were 
found to account for 20% of the total mass. In this work we hope to account for more mass by including 
AAS and ion chromatography in the analytical methods. Indoor (industrial) samples will also be collected 
using Personal Samplers with a PM-10 Cyclone Head. Receptor modelling will be done taking into account 
the indoor data. Variations of the data with seasons and changes in weather will be analyzed. The 
background data will be used to assess long-range transfer of particulates. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

In the last half of the 20th century air pollution has become a very important aspect 
in human health. Several pathogenic bacteria are transmitted in the air we breath. It is 
also a fact that some viruses have substantial lifetimes in air; a good example is the 
common cold virus that is transmitted in the fine saliva droplets. Pollutant gasses have 
been on the increase since the industrial revolution. These likewise are known to affect 
human health, such as carbon monoxide, which combines and destroys haemoglobin in the 
blood. Some gases in the air are poisonous or are a nuisance because of their smell, such 
as acidic gasses, sulphates, nitrates, etc., which are corrosive to the lungs. 

Aerosols found in the air are very important; these include liquid droplets and solid 
particles or a combination of both. Apart from their capability to have pathogenic bacteria, 
viruses, corrosive gasses, and poisonous gasses, they also contain metallic elements. All 
these pollutants, when they reach the lung, are deposited there and some affect the wall 
lining of the lung's alveoli, which can result in an inflammation of the lungs. Some get 
absorbed through into the blood system, which can lead to blood poisoning. 

Aerosols in the air scatter light, causing fog and smog conditions. These reduce 
visibility and have been responsible for a number of accidents on the roads, airports, and 
harbours. Aerosols are known to affect plants, because fine particles get inside the 

145 



stomata of the leaves and interfere with the plant perspiration. Corrosive aerosols can 
scotch the leaves, while dust layers on the leaves reduce photosynthesis. Aerosols are 
known to damage materials, e.g. furniture by wear and tear with constant dusting, and 
corrosive aerosols also damage paints, metallic items, and even wooden furniture. 

The most important fraction of aerosols with respect to human health is the 
respirable fraction which has particles less than 10 //m in diameter. This fraction has 
further been divided into course and fine particles at 2.5 //m. More work is going on 
heading for the ideal situation i.e. to have a complete separation between particles and 
gasses. 

Much of the environmental pollution studies done in Kenya are in water, soil, and 
vegetation, but very little has been done on air/precipitation pollution. Research has been 
done on suspended particulates in the three stone open fire smoke and improved jiko 
smoke. This work looked at the carcinogenic compounds (to be submitted as MSc. thesis) 
[1]. Another one looked at suspended particulate in the kitchens in a rural area (Maragua). 
Residential wood combustion is the major source of pollutants in the rural areas, where 
wood energy is used for cooking [2]. The emissions from wood burning are higher than 
from oil or gas [3]. A relationship between the particulate matter and Acute Respiratory 
Infection (ARI) in children (under five years) was not established [2]. The other research 
was a pilot study on S02 gas in open environment [4], In 1982-83 the Ministry of Health 
was running two High Volume Samplers and collected data on Total Suspended Particulate 
matter (TSP) and Sulphates. This was part of the global Environmental Monitoring System 
(GEMS) and the samplers were donated by WHO [5]. 

From August 1990 to April 1991, we undertook research to measure Total 
Suspended Particulate (TSP) in Nairobi city. The samples were collected at a distance of 
20 meters from the road curb and 1.5 meters high (pedestrians' breathing height). A total 
of eleven stations were covered in the City Centre, Industrial Area, and one Residential 
Estate. We found that the nine elements (K, Ca, Ti, Mn, Fe, Zn, Br, Zr, and Pb) analyzed 
by the X-ray fluorescence (XRF) method constitute about 20% of the TSP [6]. We intend 
to use other analytical methods to analyze the rest of the suspended particulate matter 
collected in this proposal. Indoor samples will be collected from possible pollutant sources; 
mainly from industries in the Industrial Area of Nairobi City. 

Nairobi is the capital city of Kenya, with an estimated population of two million 
people. It is found at 1.19° south and 36.49° east, the temperature throughout the year 
varies between 15° and 25° Centigrade, and the annual rainfall is 800-900 mm [7]. There 
are two major rainy seasons --the short rains, October to December and the long rains, 
March to May. Most of the industries found in Nairobi's Industrial Area are of medium size 
and fall in the following categories: 

-Iron and steel. 
-Engineering. 
-Vehicles. 
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-Chemical/fertilizers. 
-Cement. 
-Textiles/clothing. 
-Foods and drinks. 
-Tobacco processing. 
-Paper/pulp/wood products. 
-Power plants. 

Low pollution areas will be covered with samples taken from rural areas and/or 
forests. Cr.c of the !cw pollution areas to be covered is Mount Kenya (5199 meters) where 
samples will be collected at the highest possible site (Timau Hill 3,875 m) [81. This will be 
a collaborative work between Kenya Medical Research Institute, University of Nairobi, and 
Kenya Meteorological Department. The principal investigator has attended training on 
"Application of nuclear analytical techniques to air pollution, research fellowship at Illinois 
State water Survey (Atmospheric Science Division) and Harvard School of Public Health. 
The other investigators are the Coordinator, Centre for Nuclear Science Techniques, 
University of Nairobi, and the Assistant Director, Kenya Meteorological Department. 

2. METHODOLOGY AND DESIGN. 

2.1 Sampling area. 

The present work will be done in the city of Nairobi, Kenya. Two major sampling 
sites, shown in Figure 1. , will be: 
1.) University of Nairobi, Engineering department. This will be on top of a four story 

building with a flat roof and has meteorological instruments on it. This site is on the 
northern edge of the city centre. 

2.) Kenya Medical Research Institute. This site is situated south west of the City centre 
5 km from the city centre and also 5 km west of the Industrial Area. 

Personal Samplers will be used to assess indoor pollution in the factories. The 
signals recorded from these indoor samples will be used in chemical mass balance. 
Background sampling will be done on the slopes of mount Kenya. As mentioned above, 
this will be in conjunction with the Kenya Meteorological Department, who are building a 
station on Timau Hill, 3,875 m above sea level [8]. 

2.2 Sampling. 

The two major sites will be sampled using a High Volume Sampler with a PM-10 
Head. While the International Atomic Energy Agency (IAEA) is providing one High Volume 
Sampler with a PM-10 Head, there is a possibility of borrowing another one from the 
Ministry of Health [51. If this is so, we shall order an extra PM-10 Head to attach on it. 

147 



Indoor sampling at the Industrial Area will be done using Personal Samplers with a 
PM-10 Cyclone Head attachment. There are three available personal samplers at Kenya 
Medical Research Institute. The Department of Factory Inspectorate will give us 
introduction letters to facilitate express permission to sample within the industries. 

Figure 1. Proposed sampling sites. 

2.3 Laboratory analysis. 

Samples collected both by the High Volume Sampler and the Personal Samplers will 
be analyzed using Energy Dispersive X-Ray Fluorescence (EDXRF) method for elemental 
composition. Acid digestion will be done on a fraction of the filters and Atomic Absorption 
Spectrometer (AAS) used to analyze elements with low atomic weight. It will also be used 
as quality control by analyzing some of the elements analyzed with EDXRF. As EDXRF is 
a non-destructive technique, a quarter of the samples will be analyzed twice in a blind 
method for quality control [9]. Standard Reference Materials (SRM) and Inter-laboratory 
comparison work will be done routinely as a quality assurance measure. 

Organic extraction will also be done on a fraction of the filters and chromatography 
used to determine organic compounds extracted. Laboratory analysis will be done both at 
Kenya Medical Research Institute and University of Nairobi. 
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3, RESULTS - DATA ANALYSIS 

Data handling will be done in two ways, the whole data and data divided into four 
seasons. Kenya is on the equator and Nairobi is 1.19° south of equator, with the four 
seasons being two rainy seasons and two dry seasons. Basic statistics will be done on the 
data, this includes means and standard deviations. Enrichment factors will be calculated 
on all elements. The weather data which will have been collected simultaneously with the 
samples will include, temperature, rainfall, relative humidity, wind speed and wind 
direction. Correlation between the weather data and elemental concentration will be 
^!-!?,yzer| Correction between elements will be analyzed, principal component analysis will 
be used to maximize the correlation. This will give possible pollutants sources, after which 
Chemical Mass Balance (CMB) [10-12] will be done on the data, industry emission signals 
from literature and the indoor sample signals will be used. 

4 . FUTURE PLANS 

First year: 
-setup two stations in Nairobi --sample all the year round. 
-collect weather data at the two stations. 
-Use Personal Samplers to sample inside industries. 
-Analyze samples by EDXRF, AAS, and Chromatography. 
-Setup receptor modelling model and statistical packages like STATGRAPHICS for 
factor analysis and Chemical Mass Balance (CMB). 

Second-Fourth year: 
-Set up the Mount Kenya station. 
-Collect weather data at the mountain. 
-Continue to periodically collect samples in the City. 
-Analysis of samples by EDXRF, AAS, and Chromatography. 
-There is a possibility of using Cascade Impactor to analyze the size distribution of 
the particulate matter. 
-Analysis of data and report publication. 
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