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Abstract— This paper presents aerosol studies carried out
in the capital city of Botswana. The use of backivair
mass trajectories has shown that elevated conceéois of
fine particles correspond to situations when the raass
originated in the Pretoria and Johannesburg region
South Africa. This illustrated transboundary palumt and
also served as an example of long distance transftre
results also show a significant contribution of acal
generated pollution. The data has been subjected to
principal component analysis (PCA) in order to make
source apportionment.
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l. INTRODUCTION
Some air pollutants are known to circulate globalyd
deposit on land and water bodies far from theirrcest
There are generated in one country and felt inrethEhese
require international actions and collaborationctntrol
their formation and effects. Transboundary air ygalhts
can survive for periods of days or even years and le
transported 100s or thousands of miles before #ffact
the air we breath, soils, rivers, lakes and/or @ood.
Transboundary air polutants cause a number of rdifte
problems: e.g formation of particles, ground leegbne
which are hazardous to health, the formation ofl aein
which can damage buildings and sensitive ecosysterds
some that are toxic to human health and the enwieo
(http://naei.defra.gov.uk/ 2016). Transboundary air
pollution is a particular problem for pollutantsathare not
easily destroyed or react in the atmosphere to form
secondary pollutants. This is why routine monitgriaf
transboundary atmospheric particles (Clarke et1@99) is
very important.
An understanding of transboundary pollution is oéa
importance since a data base on concentration t&nd i
fluctuations at different representative sites giveen urban
area is of particular relevance to any future piagn
towards the improvement and control of air quality
countries.
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In Botswana air pollution surveillance is carrieat by the
Department of waste management and pollution cbntro
pursuant to the Atmospheric Pollution (Preventié} of
1971 (Air Pollution Control, 1995). Most air polioh
stations throughout the country are designed tosorea
sulphur dioxide (S¢ and total suspended particulates.
Thus, only a few aerosol characteristics have Ineessured

so far.

I. EXPERIMENT
Sampling took place in the capital city of Botswana
(Gaborone (22.78, 25.9E)) with a population of 250 000.
The sampling site lies in a residential area |latat800
meters on the western side from the city centree Th
measurement campaign extended from th& 030" of
August, 1999. The sampling duration was 12 hrsywéeh
8:00 am and 20:00 pm local time.
Aerosol particles were sampled with a dichotomaisial
impactor (Anderson model 245) operating at a téitam
rate of 16.7 I/min. In the impactor used in 1992 tut-
point between coarse and fine particles wasut5and the
upper cut-off for coarse particles was futh, while the
lower and upper cut-off for the impactor used he 1997
measurements were 3. and 18um respectively. Teflon
membrane  filters, manufactured by  millipore
(SA240PR100), were used. These filters have aralaeri
density of 0.9 mg cify a diameter of 37 mm and a pore size
of 2.0 um. The filter material had been evaluated before
sampling with regard to its blank values, and wasas to
be very clean.
All impactor samples were analysed by multielement
energy dispersive X-ray fluorescence (EDXRF) teghai
The characteristic radiation from the sample i®died by a
Si (Li) detector (active area 80 MpFWHM at 5.9 KeV of
173 eV). The X-ray tube was operated at a voltdge&kV
and a current of 25 mA. The live time of each speotwas
1000 s. For a detailed description of the specttemsee
papers by e.g. Standzenieks and Selin [1979] alil Seal.
[1991].
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Sulphur dioxide was sampled with a self-containégh h
sensitivity pulsed fluorescence analyser Model 438n
Thermo Environmental Inc. operating at a flow rafed.5
I/min (Thermo Environmental Instruments Inc., 1996¢n
minutes averages were logged in a logger (Campbell
CR10). The logger also recorded supporting weather
variables like wind speed and direction.

[l RESULTS AND DISCUSSION
3.1.  Diurnal variation of elements
The particulate pollution in Gaborone is a mixtaféocally
produced and long distance transported aerosolvfach
the daily concentration is also dependent on metegical
conditions. This is illustrated by the large didrmariation
shown in Figures 1 and 2. Notice the maximum and
minimum values obtained on the"™Bugust 1999 and 19
August 1999 respectively.
Some indications of whether a source is nearbyoaiay
can be obtained by studies of the relative conagotrs of
SO, and fine particulate sulphur, S (f). For most stro
sulphur sources sulphur is emitted in gaseous fam5Q.
In the atmosphere S@&, however, oxidised into sulphate at
a rate of a few percent per hour [Seinfeld, 198Hkel et
al., 1998]. Thus, a good approximation to the situeais to

regard SQ@ as “young” and S (f) as “old” sulphur. It is
therefore interesting to study the two speciesufblaur in
the same diagram, as shown in Figures 2 and 3her t
measurement period. From these figures it appéatsttie
ratio between the species is similar for the peripd -16"

of August and 28 -28" of August, while there is higher
ratio between SQand S (f) in 1% —229 of August,
indicating that the nearby source has a relatiyghater
impact during this period. For the period™722" of
August, the local wind direction was blowing frorhet
direction of the Gaborone city centre and hence tieiarby
source is likely to be the Gaborone city centrecivhinas
many emission sources. The periodd' 126 " of August
and 25" -28 ™ of August therefore indicate a larger
proportion of long distance, transboundary polltgarA
study of the regression diagram of S&nd S (f) for the
entire period (Fig. 6) shows an almost linear refat
between the two, except for the period with undguagh
ratio between SQand S (f), mentioned before and one
outlier value with a very high level of S (f) (ohet 12" of
August). The slope of the regression line in Figreers
thus to the relative amount of gaseous and fingighar
sulphur in the case of long distance transport.
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Fig.1: Time series of Zn (f). Zn is mostly foundhe fine particle mode and hence it's most propavithropogenically
generated.
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Fig. 3: Regression diagram of $S versus S (f) for Gaborone 1999. The regresan@réfers to the cases of long distance
transport (plotted as dots). The equation of thgression line is: y = 13.5 x +5960 nginThe regression coefficient i$ R

3.2.
trajectories

In order to elucidate the contribution of transbdany
pollution to the aerosol of Botswana, 4 days (9Grhpair
mass backward trajectories were calculated for dags
corresponding to the sampling period as illustratelig. 4
a, b, c and d. The trajectories have been evaldatetivo
times at 6 a.m. at three heights 50, 150 and 30@rse
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Variations in levels of trace elements with air sas

0.88.

During some days in the measurement period thdsefe

anthropogenic fine particle elements were very hifgh

example on the 5and the 28 of August (refer to Figure
1). Thus, when one compares the air mass trajectory
diagrams with days of very high concentrations, onoices
that the two days correspond to occasions wheaithmass
trajectory had passed through the Pretoria andniasédurg
region as illustrated in Figures 4 a and b respelsti It is
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not surprising that anomalies of most of the angbgenic
trace element are correlated to the air masses 8ouath
Africa, since Pretoria and Johannesburg are somthef
most heavily industrialised cities in Africa. A&amparison
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the trajectories of occasions with low levels ofaird other
anthropogenic elements (1@nd 28' August) are shown in
Fig 4 ¢ and d. Notice, that in this case the ttajées avoid

Johannesburg and Pretoria regions.
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Backward Trajecteries Ending- 06 UTC 29 AUG 99
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Fig. 4 a, b, c and d. Modified 4 days (96 hoursjkwveard air mass trajectories evaluated at threeghts 50, 150 and 300 meters
for 6 a.m. and 12 noon respectively. The trajeet®have been evaluated from the National Oceardcéamospheric
Administration (NOAA) air resource laboratory ananche found on its web site (NOAA, 2000). Notd, dhahe 18 and 25" of
August the air mass trajectories reach Gaboronerdftst Passing the Johannesburg and Pretoria oaegi Arrow indicates the
direction of movement of the air mass. G-Gabor&Bretoria, J-Johannesburg.
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3.3Principal Component Analysis

In order to make source apportionment the dataixnatis
subjected to principal component analysis (PCAat&ift,
1994) with Kaiser normalisation. Tables 1 and 2v&ho
factor loadings obtained for the fine and coarsetions
treated separately. It can be noted from Tablesdl2athat
the factors la and 1b consists of both natural
anthropogenically derived elements. The likely scEnis
that anthropogenic elements have over time beeasitep
on the soil (Fergusson, 1986) and they become pesdgd
in the atmosphere with the soil particles. As aaneple
evidence from Pb studies has shown that surfaddbois
predominantly from petrol Pb in studied areas (Cht®v0;
Gulson et al., 1981).

and

Factor 2a is likely to be linked to fossil fuel cbustion and
biomass burning. The elements K and Rb are theefing
prints of biomass burning (Gaudichet et al., 1995|oi et
al., 2000).

Factor 2b, is likely to be traffic emissions andrbass
burning. Traffic emits both Br, Pb, BC and S®b and Br
are finger print of traffic leaded gasoline (Haonsand
Sturges, 1983; Liu et al.,, 1995). Fossil fuel costlmn
emits both BC and SO

Table.1: Factor loadings from principal component
analysis (PCA) for the fine elements.

Fine Factor 1a  Factor 2a

elements

Si .659 512

K 534 .789

S .748

Ca .896

Ti .887 417

Cr 752 .406

Mn .821

Fe .903

Ni .789 409

Cu .906

Zn .816

Br .941

Rb .808 .498

Pb .952

SO, 482 478

BC .783
www.ijeab.com

Table.2: Factor loadings from principal component
analysis (PCA) for the coarse elements.

Coarse Factor 1b Factor 2b
Elements

Si .949

K .942

Ca .974

Ti .961

Cr .607

Mn .934

Fe .964

Ni 773

Cu .862

Zn .909

Br .709 .556
Rb .937

Sr .912

Pb .817 463
SO .790
BC .629 .584

V. CONCLUSION
The diurnal variation of elements fluctuates a \tich
could be a sign of locally generated pollution asllvas
transboundary pollution.
Transboundary pollution from South Africa is notbée.
Elevated concentrations of elements correspondht t
situation when the air mass went through the reg&ound
Pretoria and Johannesburg in South Africa.
Principal component and regression analysis hastqubito
a few sources, which contribute to the Gaboronesamér
The results indicate relatively high levels of lbcar
pollution originating from both the natural and
anthropogenic sources. As an example it can beiomet
that Pb and Br show a very high correlation cogffit
indicating that they come from the same source kvlic
this case is traffic. Meanwhile the results of pijral
component analysis have shown that the Gabororesaer
is heavily influenced by several sources includimgmass
burning.
It is desirable that measurements with longer singpl
times be undertaken in the future in order to frth
elucidate some of the observed phenomena. Longer ti
sampling measurements will give results with more
statistical significance, which can help in giviagbetter
resolution of factors when principal component gsial is
applied.
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