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Summary

The project “Air Pollution Monitoring and Surveillance Program for Botswana”
(BAQMAP) was initiated in November 1996 with a “kick-off” seminar in
Gaborone, Botswana. All participating experts from Botswana and Norway
participated at the “kick-off” seminar held at President Hotel in Gaborone. All
monitoring sites (both DoM and BCL) have been visited by the Norwegian team,
and are described in Appendix F. The design and decision of the new national
monitoring program for Botswana will be performed in January/February 1997.

A status report of the present air quality monitoring program, the present status of
the chemical laboratory, and a preliminary proposed new monitoring program is
presented in Chapter 4 and Chapter 6.

The Appendices presents examples of air quality data from the monitoring stations
presently operating, examples of meteorological data for Botswana, inventory lists
both for the laboratory and the monitoring sites and new work plan and budget for
1997,
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BAQMAP
Air Quality Monitoring and Surveillance Program
for Botswana

Mission 1 Report
4-22 November 1996

1. Introduction

As part of the development of an Air Pollution Monitoring and Surveillance
Program for Botswana (BAQMAP), the project was initiated with a “kick-off*
seminar in Gaborone, the capital of Botswana, the first week of November 1996.

The project is funded partly by NORAD and partly by the Botswana Government.
The project is a co-operation betweeen Norwegian Institute for Air Research
(NILU) in Norway and Department of Mines (DoM) in Botswana. NILU shall
provide professional assistance in the fields of:

Siting and establishment of an air pollution monitoring network.

Laboratory techniques, methods and routines.

Quality control and quality assurance procedures (QA/QC).

Emission data bases.

Statistical data analysis and reporting.

Atmospheric dispersion model estimates for air quality planning and impact
assessment analysis.

The main objectives of the first visit was to hold an introductory seminar on “Air
Pollution Monitoring and its Applications”, perform a screening analysis of the
present monitoring program for Botswana, look at the laboratory facilities in
Selebi-Phikwe and Gaborone, and to introduce the Botswana experts to the
different types of air pollution model that are used at NILU.

The persons participating in this first visit to Gaborone were:

e Tone Bekkestad (Project leader)

e Svein Knudsen (Modelling expert)

e Rolf Dreiem (Field instrument expert)

e Ove Hermansen (Chemical laboratory expert)

e Bjarne Sivertsen (Responsible for “kick-off” seminar).
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2. Seminar 4-8 November 1996, President Hotel, Gaborone
2.1 Introduction

The seminar was the first of its kind in the Air Quality Monitoring and
Surveillance Program for Botswana. The “kick-off” seminar indicated the start-up
of the three year co-operation between the Norwegian institute for air research
(NILU) and Department of Mines (DoM) establishing an air quality monitoring
and surveillance system for the country of Botswana. The funding of the project
and the “birth” of the project is thanked to the Norwegian Agency for
Development Co-operation (NORAD) which is financing the Norwegain
contribution to the project. The seminar program is shown in Appendix A.

2.2 Monday 4 November 1996

Mr. R. C. Gabonowe (Chief governmental mining engineer, DoM) opened the
seminar giving a brief summary of the preparations for the project and the
participating institutions before handing the chair to the Honorable Minister of
Mineral Resources and Water Affairs, Botswana. The Honorable Minister
welcomed the Norwegian representatives and thanked Norway and NILU for
participating with some of its best scientists in this mutual 3 year co-operation on
air pollution monitoring, modelling and chemical analysis. A copy of the address
is given in Appendix B.

The Honorable Minister of Mineral Resources and Water Affairs then continued
summarizing some of the main goals of the project. He also expressed that they
are more than aware of the possible additional air pollution problems that might
arise as a result of further development of Botswana (and other developing
countries). He therefore stressed the need for a national air pollution monitoring
program to determine whether emitted pollutants in different areas are within the
air quality guideline values.

Another issue he stressed was ‘How to achieve the human resources needed to be
sustainable when the project terminates?’. One of the main aspects in order to
achieve this goal is the on-the-job training of the DoM personnel.

A special thank was therefore directed towards Norway and NILU contributing
with some of it’s best scientists for the purpose of the project. The Honorable
Minister expressed that rumours tell that NILU is one of the best in the field of air
pollution monitoring and modelling and that he very much appreciated that NILU
would accomodate the transfer of knowledge in these fields to Batswana experts.

Mr. R. C. Gabonowe drew the attention towards the last 10-year increase in the
vehicle park in Botswana, especially in Gaborone. The vehicle park has increased
10 times during the last decade with the negative effects the increased emissions
have on the local air quality.

The last remarks by Mr. R. C. Gabonowe was to the old way of solving the
problem with air pollution:

SOLUTION TO POLLUTION IS DILUTION.

NILU OR 71/96



During the 1960s and 1970s most factories were allowed to emit at high altitudes
(tall stacks). However, now they know that what is emitted into the atmosphere
will eventually come down to the earths surface in one way or another, either as
deposition or as acid rain, and that after this project they will have the knowledge
to monitor, analyze and model the air pollution - and to take action to reduce it.

Participants at the seminar
Mr. Bjarne Sivertsen introduced the participants from NILU:

=> Ms. Tone Bekkestad : Project manager. Modelling and statistics.
=> Mr. Svein Knudsen : Modelling and statistics.

= Mr. Ove Hermansen : Chemical analysis.

= Mr. Rolf Dreiem : Instruments.

Mr. B. Sivertsen then gave a short presentation of NILU and the other
environmental institutes in Norway (NIVA, NINA, NIKU), and stressed that
quality assurance (QA) will be an important part of the project here in Botswana.
Mr. Sivertsen also expressed that the initiation to this co-operation was a result of
a project with the SADC-countries 4 years ago.

Ms. Britt Hilde Kjglas (First Secretary at the Norwegian Embassy in Botswana)
introduced herself and NORAD (Norwegian Agency for Development Co-
Operation).

Mr. Choma J. (Principal air quality inspector) introduced the participants from
DoM:

= Mr. R. C. Gabonowe :  Chief governmental mining engineer.

= Mr. Moabi D. Mmolawa : Instruments.

= Mr. Tioroyaone Tshukudu : Computer specialist, modelling.

= Mr. Selogilwe M. Mosinyi : Technical assistant in laboratory (Collects
samples, ensures that they are collected
properly).

= Mr. Albert Mukuwa . Mechanical electrical officer, instruments
(Selebi Phikwe).

=> Mr. Mothusi Sereetsi . Instruments, field personnel. Supervisor for
office in Selebi Phikwe.

= Ms. Kene C. Lenyatso :  Chemist.

= Ms. Gorata L. Motshwane : Just finished high school. Now at DoM (air
pollution control division) to serve her civil
service which contains a one year training with
an institution/department. She will be “floating
around” to get a total picture.

= Mr. Kabelo K. Mogami : Leading chemist (Analysis).

= Ms. Orabile M. Serumola  : Environmental engineer/water pollution
engineer (waste water from mining).
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= Ms. Lesego Modisane :  Chemist. Trainee. (Selebi Phikwe).
= Mr. Hentie J. P. Hough : Representative from the Ministry of
Mines, Namibia.

See participant list in Appendix C for further information on adresses and tele-
phone numbers, etc.

Mr. B. Sivertsen opened the lectures giving a short presentation of all the subjects
that should be covered during this 5 day seminar. The topics of the seminar were:

e Air Qality Indicators

e Monitoring Program

¢ Meteorology

¢ Air Pollution Modelling
e Data Presentation

e Impact Assessment

Mr. B. Sivertsen summarized the day’s session with some questions pinpointing
the highlights of the lectures. Mr. Mukuwa and Mr. Matale contributed with a lot
of interesting questions throughout the session.

2.3 Tuesday 5 November 1996

Mr. C. J. Matale opened the second day of the seminar commenting yesterday’s
interesting lectures before handing “the floor” to Mr. Bjarne Sivertsen.

Mr. B. Sivertsen started the day’s lecture repeating some of the basic points from
yesterday pointing out the importance of quality assurance and quality control

(QA/QQ).

Sensors/ Data Data Models  Output/
monitors transfer base reports/GIS
QA ¥
USER

Mr. B. Sivertsen then gave a brief overview of the lecture’s highlights throughout
the day which was primarily concerned with the following three subjects:

e What?
e Where?
e How?

Mr. B. Sivertsen continued summarizing some of the basic points of environ-
mental indicators such as:

e What kind of air quality indicators (AQIs) are needed?
e Criterias for selection of AQIs
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After a short breake Mr. B. Sivertsen continued explaining and defining air quality
guidelines (AQG) and standards. DoM had a lot of interesting questions at this
point clarifying i.e. the difference between short and long term indicators/
effects/AQG-values. Mr. B. Sivertsen then pointed out the most important AQI for
urban areas which should be used in Botswana (SO,, NO,, PM,; (PM,5), O3 and
CO).

Mr. R. Dreiem continued after a 20 minute coffee break describing the most
important factors in siting and siting studies.

After a short break Mr. O. Hermansen explained the different analytical methods
used at NILU for SO,, NO,, particles and precipitation (cations, anions). Different
types of monitoring equipment were then presented by Mr. R. Dreiem.

Mr. B. Sivertsen rounded off Tuesday’s session with a presentation on air quality
assurance, data storage and a round on questions from the participants.

2.4 Wednesday 6 November 1996

Mr. B. Sivertsen started Wednesday’s lecture repeating some of the highlights
from yesterdays lecture.

Ms. Tone Bekkestad then gave a presentation on the basic theory of meteorology,
the importance and use of meteorological data, and an introduction to transport,
turbulence and diffusion. There were a lot of questions from the participants
during this presentation, because this was a new subject for most of the
participants.

After the morning coffee break Mr. Svein Knudsen presented the major aspects of
emission estimates, air pollution modelling (ROADAIR, CONTILINK, CONCX,
KILDER) and emission data bases. The air pollution models were divided into
classes based on the following:

e Gaussian

e Box

e Statistical
e Numerical
e Trajectory

After lunch Mr. S. Knudsen continued presenting the different types of models
that NILU use for dispersion calculations from point, area and line sources.

Mr. B. Sivertsen continued after a short afternoon break giving examples on how
some of the models work, the interpretation of the results and rounded
Wednesday’s session off with questions to the participants regarding today’s
lectures.
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In the evening the Norwegian participants (NILU), Mr. C. J. Matale and Mr. R. C.
Gabonowe (DoM) were invited for dinner with Charge d’Affaires Oskar
Oskarsson and First Secretary Britt Hilde Kjglas.

2.5 Thursday 7 November 1996
Mr. B. Sivertsen summarized the last three days in three points;
o What? Indicators:

SO, (BCL, Selebi Phikwe)

NO, (Traffic, NO (95%), NO, (5%)

CO (Traffic)

Lead (Traffic)

CO, (Fossil fuel. Not important locally. Most important
global pollutant)

* Oy (HC+NO,+0,=0;) Slow transformation. O; formation
a summer/daytime problem (need sunlight).

¢ Where?

Street (lead, CO, NOy, PM,) (NMHC, O3)

Urban (SO,, NO,, PM,(/PM; s, Mr. B. Sivertsen)
Residential (SO,, NO,, PM,(/PM, s, Mr. B. Sivertsen)
Industrial (SO,, TSP—element analysis (Ni, Cu, Ar)
depend on type of industry)

* Background (Os, precipitation (analyze for chem. comp.),
SO,)

X . e

e How?

*  Samplers (Individual, Sequential)
*  Monitors

After the morning coffee break Mr. B. Sivertsen talked about data evaluation,
trend analysis and presentation (air pollution statistics, use of meteorological data
and air quality data interpretation):

e time series

e scatter plots

e cumulative frequency distribution
e Breuer diagram

e trend analysis

e average concentrations vs. time

e joint frequency distributions.

After lunch Mr. B. Sivertsen showed different ways to present measured and
estimated data (scatter plots, tables, cumulative frequency distributions, Breuer
diagram, etc.).

Mr. B. Sivertsen continued after a short afternoon coffee break to talk about
environmental impact assessment (EIA), critical loads, health effects, etc.
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2.6 Friday 8 November 1996

Mr. B. Sivertsen started the last day of the seminar asking the participants whether
there were any subjects that had not been covered properly during the last four day
seminar, or if there were something that should be repeated or covered in more
detail. One of the questions was to repeat the classification of different types of
particles. Particles are commonly divided into 3 groups:

e dustfall >PM,,)
e inhalable (PM,,)
e respiratory (PM, s)

Mr. B. Sivertsen continued explaining the main features of environmental impact
analysis (optimal abatement and strategy planning) and air quality management
strategy, presenting an example on emission inventorying and AQ monitoring in
Bombay.

After the morning coffee break the content of an annual report was discussed. Mr.
B. Sivertsen showed an example of an annual report from the State Pollution
Control Authority in Norway (SFT). The annual report for Botswana should
contain:

e Industrial pollution

e Traffic

e Urban/residential air

e Acid rain

e Tropospheric ozone

e Vertical distribution of ozone layer
e (Climate change)

All the above topics should contain description of:

e Goals
e Current trends
e Outlooks

The closing of the seminar was performed by Mr. Oskar Oskarsson (Charge
d’ Affaire at the Norwegian Embassy), together with Ms. Britt Hilde Kjglas (First
secretary at the Norwegian Embassy) and Mr. Choma J. Matale (DoM). Before the
formal closing of the seminar Mr. B. Sivertsen summarized in a formal manner
what had been the basic points of the 5 day seminar on Air Quality Monitoring
Systems and its Applications.

In the closing speach Mr. Oskarsson stressed the two words co-operation and co-
financing. The co-operation of this project lasts for more than the 5 days of the
seminar and will hopefully result in a long term relationship and mutal co-
operation between the two countries of Norway and Botswana. A special thank to
DoM for arranging the seminar was also given before Mr. Oskarsson declared the
seminar for closed and the “kick-off” of the project fulfilled.
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The seminar was ended with the Charge d’Affaires giving out certificates of
attendance to the participants.

3. Site visits to sampling stations in Botswana
3.1 Site visits

The sampling stations operated by both the Department of Mines (DoM) and the
(BCL) smelter in Bamangwato Concession Limited in Selebi-Phikwe were visited
during the second week. Figure 1 shows the distribution of air quality monitoring
sites in Botswana. From the site visits we produced site visit reports presented in
Appendix F. Some of the towns/villages found in Figure 1 contain more than one
monitoring site. The exact location of the stations can be found in Appendix F.

The sites owned and operated by BCL were visited together with Mr. Jo
Madumela, who is the main responsible for air quality measurements and analysis
at the BCL laboratory; Mr. Albert M. Mukuwa and Mr. Mothusi Sereetsi,
responsible for the air quality measurements and analysis at the DoM laboratory in
Selebi Phikwe; Mr. Moabi Donald Mmolawa, responsible for the monitoring
stations in Gaborone and Lobatse; and Mr. Choma J. Matale Principal air quality
inspector at DoM.

The sites visited are presented in Table 1 togehter with the site owner and their
position given in UTM reference co-ordinates. The UTM co-ordinates are found
from 1:50.000 scale maps. The exact UTM co-ordinates will later be found by
using a Global Positioning System (GPS). This work will be done by DoM.

Most of the maps were achieved from the Department of Survey and Mapping in
Gaborone. City maps with street names (without co-ordinates) were used to locate
the stations on the 1:50.000 scale maps. The city map for Selebi-Phikwe was
given to us by Mr. Lawrence G. Mosweunyane (environmental engineer at the
BCL Limited).

The siting of most of the stations was good and representative for urban,
residential and industrial areas. The reason for the extensive monitoring program
in Selebi-Phikwe compared to the other monitoring locations around in Botswana,
is the large emissions from the BCL smelter. The smelter emits approximately
280000 tonnes SO,/year. The BCL smelter is the largest single source in
Botswana and burning of vegetation due to high SO, concentration is likely to
occur.

Production data, emission rates and stack parameters for the emissions from the
BCL stack is achieved from Mr. Lawrence G. Mosweunyane (environmental
engineer at the BCL Limited), who was very helpful when we visited BCL
Limited.
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Table 1:  Air quality monitoring sites in Botswana with locations given in UTM
reference co-ordinate locations.
Site name Place Site owner UTM (from map)
X Y

DoM Laboratory S. Phikwe DoM 355,865 3,575,709
Botshabelo Police Station S. Phikwe BCL 355,899 | 3,575,702
Hospital S. Phikwe BCL 355,864 | 3,575,706
BCL Clinic S. Phikwe BCL 355,868 | 3,575,705
Low Density S. Phikwe BCL 355,872 3,579,691
Railway station S. Phikwe BCL/DoM 355,844 | 3,575,714
Railway track S. Phikwe DoM

S. Phikwe Sec. School S. Phikwe DoM

Township West S. Phikwe DoM

Water Utility Co S. Phikwe BCL 355,886 3,575,746
Makobe Hill, Jr. Sec. Sc Mmadinare | DoM

Possible Curb-side St. Francistown | DoM 355,521 3,576,599
Francistown Town Council Francistown | DoM 355,520 | 3,576,600
Francistown Airport Francistown | Met. Office | 355,506 | 3,576,602
Tonata Tonata DoM

Palapye Primary Hospital Palapye DoM

Serowe Teacher Tr. College | Serowe DoM 354,684 | 3,575,231
Lobatse Lobatse DoM 353,659 3,572,091
Civic Center Gaborone DoM 353,907 | 3,572,728
Therisanyo Prim. School Gaborone DoM 353,891 3,572,704
Gaborone Fire Brigade Gaborone DoM 353,888 | 3,572,728

The stations are generally well located. At some stations, however, there is too
much vegetation around the monitoring site (the air intake). This can be solved
placing the air intake higher above the ground (generally 2-3 m above ground) and
away from building walls, brick fences and nearby vegetation in accordance with
the general specifications. Most of the intakes must be improved if the sites are to
be used for future monitoring.

Monitoring stations

The monitoring stations generally have good technical equipment. However, there
are no calibration possibilities at the stations in Mmadinare and Tonota (Monitor
Lab equipment). The monitoring station in Serowe has good technical equipment
from Horiba. The Horiba instruments were new.

The meteorological towers were generally too low. The meteorological towers at
Mmadinare and Tonota were not rigged properly. The wires for supporting the top
of the tower were missing. This causes the tower to vibrate, which again will
affect the horisontal standard deviation of the wind direction, which is a measure
for turbulence. In Serowe, however, the meteorological tower was properly
rigged. Although the meteorolocical tower was too short, this was the best
location of the meteorological measurements in a relatively flat, homogenous
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terrain. In Selebi-Phikwe there was a meteorological tower outside the DoM
laboratory. This was not in operation.

The data collection procedures of the monitoring stations were generally good.
The data were stored both on the hard disk at the monitoring station, on a hard
disk in the laboratory in Selebi-Phikwe, and on diskettes. At the Horiba station in
Serowe the data were only on the hard disk. The reason for this is that the software
that is used to extract the monitored data is only installed on this computer.
Hence, there is no backup of the data on the Horiba station. None of the stations
had any routine for logging of data.

SO, bubblers

In Selebi-Phikwe the stations were located in the predominant wind direction from
the BCL in the maximum areas for diffuse emissions and emissions from the stack
plume. Most of the stations used the British produced sequential 24 h average SO,
sampler from AGL Engineering. The samplers are built into a wooden box. Each
wooden box contains 4-8 samples. The maintenance and the state of the sequential
samplers was generally poor. The tubes should be replaced with Poly Carbonated
tubes, which absorbs less SO,. Also, the tubes should, if possible, be shorter.

The stations in Selebi-Phikwe owned by DoM with only 4 bubblers on each site
were not running at the moment. The reason for this was that Mr. Mukuwa and
Mr. Sereetsi the last week had joined the seminar on Air Pollution Monitoring and
its Applications held by NILU in Gaborone. Since they are the only ones
responsible for the sampling and analysis in Selebi-Phikwe there are no one to do
the sampling if they are not present.

The wooden boxes that are used for the bubblers does not seem to be cleaned
regularly and some were placed more or less directly on the sandy ground. The
boxes seem to have been out in the field for several years without cleaning. A
general comment to this is that the boxes should be placed higher above the
ground both for the working environment and to reduce the possibility of
contaminating the samples, and that they should be cleaned regularly.

Sierra high volume samplers

The Sierra high volume samplers were generally also too dirty. They should be
taken back to the laboratory for cleaning at least once per year. Normally the filter
backing/filter holder shall be cleaned every time the filters is changed (once a
week). The samplers should be moved away from local dust sources such as
dirt/gravel roads.
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3.1.1 Selebi Phikwe
Bubblers

All the bubblers were British made AGL 24 hours sequential samplers consisting
of 4 or 2x4 bottles. The air volume is an average of the total sampling time (3 or 7
days).

The wooden boxes covering the sampler was in poor conditions and should be
repaired/upgraded as soon as possible to prevent dust to enter the sampler.

The air inlets were generally in poor condition and the length of the air inlets
varied from 5 cm to 3 m long, and between 75 cm and 3 m above ground. This has
to be corrected to international standard (2 m above ground, and at least 1 meter
away from walls, roofs and leaves). The air inlets were often located under roof.
The funnels were also in bad condition or missing. The funnels presently in use
must be replaced with new funnels.

The tubings inside the bubbler has to be replaced by new ones (polycarbonat or
heavy wall silicone tubing) that do not collapse due to underpressure in the
system.

High Volume samplers

The high volume samplers (Hi-Vol) used to measure PM,; and TSP were Grasby
Andersen model 2000. The Grasby Andersen samplers were running in sequence
of 4 hours a day, 6 days per week. The Partisol sampler was not in operation at
present. New filters have been ordered from South Africa but not yet delivered.

The Grasby Andersen samplers (TSP) generally needed cleaning, flow control and
adjustment.

The location of the samplers were generally not good. Most of the samplers were
located along building walls (approximately 20 cm away) and close to gravel
roads. The location of the samplers close to the road might lead to too high dust
collection originating from the road and is therefore only representative for road
dust.

Monitors
The monitors (analysers) presently in use are SO,, NO,, CO, CH; and NMCH.

The monitor park consists of instruments from Monitor Lab, Horiba, Dasibi
Byron, API and TE (Termo Elektron).

The location of the monitors were generally very good. All sites had air
conditioned caravans to keep the temperature constant.

All air inlets were made of good materials and U-shaped so that they matched
international standards. The inlets made of glass needed cleaning.
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A fan was connected to the inlets to keep the flow high (correct flow rate). All the
tubings inside were made of teflon.

All the analysers were in good working condition except for two SO, analysers at
the laboratory in Selebi Phikwe. These two SO, analysers were stored at the
laboratory uncalibrated, without calibration equipment.

There 1s calibration gas only at the Horiba station at Serowe (single point gas
blender). At the other stations span check was performed by permeation tube. The
last calibration was performed in March 1996 by a South African company.

The monitoring data were recorded at different intervals (1-3) weeks from the
stations on diskettes and brought to the laboratory for plotting and storing. At the
Horiba station the data were collected on paper prints only. This is because this is
the only station (PC) with the Horiba software for plotting of measured data
installed.

Meteorology

The meteorological equipment is generally in good working condition except at
the laboratory in Selebi Phikwe where the meteorlogical station (data) is not
logged.

The height of the meteorological towers is generally too low, and the masts are
not rigged properly.

The meteorological data are collected together with data from the monitoring
station.

3.1.2 Gaborone
Bubblers

All the bubblers were British made AGL 24 hour sequential samplers consisting
of 4 or 2x4 bottles. The air volume is an average of the total sampling time (3 or 7
days).

The steel boxes covering the samplers were generally in poor conditions and
should be made dust proof as soon as possible to prevent dust to enter the sampler.

The height above ground of the air inlet at the station in Lobatse was too low. This
has to be corrected to the international standard (2 meters above ground and at
least 1 meter away from walls, roofs and leaves). The funnels were also in bad
condition and must be replaced.

The tubings inside the bubbler have to be replaced by new ones (polycarbonat or

heavy wall silicone tubing) that do not collapse due to underpressure in the
system.
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High Volume samplers

The high volume samplers (Hi-Vol) were of the Sierra and Graseby type PM;,
samplers. The Sierra samplers were running in sequences of 4 hours a day, 6 days
per week.

The Sierra samplers (TSP) generally needed cleaning, flow control and
adjustment.

The location of the samplers were good.

Monitors

The monitors (analysers) presently in use are SO,, NO,, CO, CH, and NMCH.
The monitor park consists of instruments from Monitor Lab and Dasibi Byron.

The locations of the monitors were very good. All sites had air conditioned
caravans to keep the temperature constant.

All air inlets were made of good materials and U-shaped so that they matched
international standards. The inlets made of glass needed cleaning.

A fan was connected to the inlet to keep the flow high (correct/constant flow rate).
All the tubings inside were made of teflon.

All the analysers were in good working condition.

At the stations span check was performed by permeation tube. The last calibration
was performed in June 1996 by a South African company.

The data were collected every day from the monitoring stations on diskettes and
brought to the laboratory for plotting and storing.

Meteorology

There is at present no meteorological stations running in the Gabarone/Lobatse
area.

3.2 Air Quality data retrieval and storing
3.2.1 Emission inventory

Existing data on emission data in Gaborone was discussed with Mr. Choma J.
Matale and Mr. Tiroyaone Tshukudu at Department of Mines Thursday 14
November 1996.

Department of Mines, under the supervision of the Principal air quality inspector
Mr. Choma Matale, is at the moment undertaking an emission inventory study for
Botswana. The Gaborone emission inventory is planned to be finished in
December 1997. The data will be stored in DBASE 3 and will be connected to the
GIS system ARCVIEW.
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The emission inventory will contain data for consumption of oil, gas and coal
from industries and institutions in the country. Institutions is in this context
referred to as official institutions, restaurants and small scale industry. The
inventory will not include area sources and consumption statistics for calculating
emissions from domestic use of fossil fuels. The inventory will not cover
emissions from traffic. Traffic is the main source for air pollution in some of the
major cities in Botswana.

3.2.2 Future work on emission inventories

The emission inventory should include a national inventory which summarizes the
emission on the national scale. The next level include splitting on the different
activities such as industry, traffic etc. This splitting can also be done for the
different geographical areas of the country.

A very important issue with the emission inventory is quality assurance and
quality control (QA/QC). Emission inventories have to be checked through sales
statistics on the different types of fossil fuels. This way it is possible to control
that the inventory covers the total consumption of the different fossil fuels.

To get the traffic emissions it is necessary to use a model. The data needed for this
are traffic countings or a traffic model of the type that is used by city planners.
The model calculate emissions along a road network based on traffic intensity,
road lengths and emission factors.

A complete emission inventory is needed to be able to establish air quality
abatement strategies.

3.2.3 Available air quality data from monitors

Department of Mines have several monitors in and around the main cities and
around the large industries in the country. The stations are not at present
connected to a central computer via networks. Personnel from DoM go and make
a copy of the data on a diskette and bring this back to a central computer for
treatment. These procedures are different from station to station because the
different stations have different suppliers and therefore use different software to
treat the data. In general the data from the monitoring stations in Gabarone (Civic
Center and Fire Brigade) are collected every day and time plots of each parameter
is produced every day. The data from the stations in Mmadinare, Serowe and
Tonota are collected once a week. The data are treated in Selebi Phikwe.

3.2.4 Missing data handling

Missing data is given the value of 9999 by the system. Data that is clearly wrong
(according to quality control procedures) must be substituted with 9999 after the
quality control at the station and before the data is stored as official data. The data
that are given as missing data by the logger program is kept as 9999 today, but
there are no procedures on how to treat erronuous data but are not recorded as
9999 by the system.
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3.2.5 Data storing

The data are stored in flat files as original files from the logger program and as
processed files. The files are stored at several locations.

In Gabarone, the files are stored at a central computer at DoM (Civic Center
and Fire Brigade) and on the hard disk at the monitoring station.

In Selebi Phikwe the data from the stations Tonota and Mmadinare are stored
at the stations and at the Selebi Phikwe laboratory.

The data in Serowe is only stored at the station. This station have a different
software for processing the data and the instruments are from another supplier.
For convenience these data are processed at the station and stored there.

The data files have different conventions for storage:

In Gabarone the Civic Center files are stored as CCXXX.xls, where CC
denotes Civic Center and XXX Julian day. At the Fire Brigade the CC is
substituted with FB.

At Mmadinare the files are called rep_aXXX.dat and at Tonota rep_bXXX.dat
where XXX is Julian day and a and b refers to the respective stations.

At Serowe the files are stored under month name in EXCEL files.

3.2.6 Statistical programs

DoM is at present using three types of programs for statistical treatment of the
measured data. The spreadsheet EXCEL is used for plotting of time series. The
EXCEL spreadsheet is also the format the data are stored as in the files used for
statistical treatment. The plots of the different days are also stored in these files.

The equipment made by Monitor Labs are treated in a program called ENVAID.
This program has various options for statistical treatment:

Wind roses

Pollution roses

Histograms (frequency distributions)
Special reports (change of format)
Statistics (mean, sigma's, percentile)
Scatterplots

Diurnal plots

Time versus value plots

Change of averaging time

Pollutant standard

Index files
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The ENVAID program together with the EXCEL spreadsheet has got the
possibilities to treat the measured Monitor Lab data and the Young meteorological
data adequately.

For the data measured by HORIBA (Air Quality data) and Aanderaa
(meteorology) the data are given by the logger program on a form that can be read
directly into EXCEL. The HORIBA station at Serowe comes with an EXEL
spreadsheet that 1s equipped with macros that calculate basic statistics such as;
number of observations averages over the period, minimum and maximum values,
and standard deviation of the parameter for a given periods. In addition to this the
meteorological data can be treated in LABVIEW, but special procedures for this
must be developed. LABVIEW can provide wind roses.

3.3 Air quality measurements

Table 2 gives an overview of the different stations and parameters measured in
Botswana. Some possible locations that does not have measurements at the
moment is also included for possible use later in the project.

Table 2:  Parameters measured at the sites visited. FF denotes wind speed, DD
wind direction, Rh relative humidity, sig. standard deviation of wind
direction, TSP total suspended particles.

Site name Place Site owner
Air quality Meteorology
DoM Laboratory S. Phikwe DoM
Botshabelo Police Station S. Phikwe BCL SO
Hospital S. Phikwe BCL SO,
BCL Clinic S. Phikwe BCL SO,
Low Density S. Phikwe BCL SOy
Railway station S. Phikwe BCL/DoM S0,, TSP
Railway track S. Phikwe DoM S0,,. TSP
S. Phikwe Sec. School S. Phikwe DoM SO,
Township West S. Phikwe DoM SO
Water Utility Co S. Phikwe BCL SO
Makobe Hill, Jr. Sec. Sc Mmadinare | DoM SOy, CO, FF, DD, sig., T, Rh
PMqg
Possible Curb-side St. Francistown | DoM - -
Francistown Town Council Francistown | DoM SOy, TSP
Francistown Airport Francistown | Met. Office FF, DD, sig, T, Rh,
radiation, pres.
Tonata Tonata DoM SO» FF, DD, sig., T, Rh
Palapye Primary Hospital Palapye DoM SOy
Serowe Teacher Tr. Collage | Serowe DoM S05,NOy, NO, | FF, Gust, DD, T, Rh
NO,, CO
Lobatse Lobatse DoM SO,
Civic Center Gaborone DoM S05, NO, NOy,
NOs, Oz, CHy,
NMVOC
Naledi (Th. Prim. School) Gaborone DoM SOp
Gaborone Fire Brigade Gaborone DoM CO, NO, NOo,
NOy, CHg,
NMVOC
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Sequential samplers

Samples from the sequential samplers are analyzed at the laboratories in Selebi
Phikwe and Gaborone. The data are treated manually and are not on files in a
systematic way. Because of the chemical method used for analysis the data have a
poor quality.

Problems with data storage

The analysis of the data show a lack of consistency in storing the data. The data
should to be stored at one location and with a unified system of storing with
backup procedures. The analysis of data show that the data are stored in files and
plotted. If non valid data is found the data is not corrected. This will affect the
statistical treatment of data at a later stage. Procedures must be implemented to
ensure that the data used for statistics are quality checked. The original data must
also be stored.

Measurements of meteorology

There are presently measurements of meteorology at three stations. These are
Mmadinare, Tonota and Serowe. The measurement equipment seem to be
functioning well. The standard deviation of wind direction measured at Tonota
and Mmadinare are quite high which indicates a high occurrence of unstable
atmospheric conditions. The diurnal cycle of the turbulence and temperature is as
expected. The wind speeds are generally low. The maximum wind speed recorded
at Tonota was 9 m/s, and the most frequent wind direction is winds from west to
south west. The wind at Mmadinare have the same characteristics as Tonota. Only
one month of data was available at Serowe and these data look good.

Brief analysis of Air Quality measurements

The analysis of air quality will concentrate on the measurements done by
monitors. The analysis of the data from the sequential samplers are not treated
here because they are sufficiently treated in the annual report issued by DoM. The
annual report for 1993 is enclosed.

Tonota

The SO,-data from Tonota for the months April, May, June and July 1996 are not
valid data and have to be removed from the final data. Data for other months that
are available looks good and clearly shows the impact from a large point source.
This can be seen by the normal low concentration and the episodes with relative
high concentration as seen in Figure 2.

These high concentrations occur with wind direction from East to South as seen
from Figure 3 .This is the direction towards the BCL smelter in Selebi Phikwe.
The highest ground level SO, concentrations occurred with wind from the east and
was slightly under 80 pg/ms3.
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Tonota August 1996
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Figure 2: Concentrations of SO, at Tonota in August 1996.
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Figure 3: Measured concentrations of SO, at Tonota as a function of wind
direction.

Mmadinare

The SO, concentrations at Mmadinare have the same characteristics as at Tonota.
However, the concentrations are higher because the station is closer to BCL. At
Mmadinare there i1s also measurements of CO. These show that the CO
concentrations are close to zero with some small peaks that are most likely caused
by local sources.
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From the Serowe station only data from October 1996 was presented to us. These
show that there is a substantial amount of SO, at the station (approximately
260 pg/m3 as an 1 hour average). The station is also equipped with a NO, monitor.
These measurements show only a small amount of NO, (approximately 30 pg/m3)
and the NO, concentrations were very low the whole month. The SO,
concentrations are probably coming from the powerplant between Palapye and
Serowe.

The three stations Tonota, Mmadinare and Serowe show impact from plumes
emitted some distance away.

Gaborone

In Gabarone there are two monitoring stations (Civic Center and Gaborone Fire
Brigade). Both stations are located close to roads and show a clear impact from
traffic. Measurements from these stations show clear diurnal cycles with high
concentrations in the morning and evening rush hours during workdays. A typical
diurnal cycle is presented in Figure 4. For weekdays and public holidays the
diurnal cycle is different and not so pronounced.

Pollutants Measured at Civic Center on 01/7/96

Concentration(pg/n?)

Figure 4: Typical diurnal variation of pollutant concentrations for a work day
at Civic Center, Gaborone, July 1996.

Plotting SO, concentrations versus NO, concentrations, SO, is an indicator for
industry and diesel cars. In a scatter plot it is seen that the data group into two
groups (Figure 5). One of the groups is related to traffic (NO,) and the other is
related to a source with low NO, emissions compared to SO, emissions. In this
case, this is probably the boiler of the nearby hospital.
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The measurements at the Fire Brigade did not show any obvious statistical
characteristics and simultaneous meteorological measurements will be needed for
such an analysis.

Civic Center July 1996
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Figure 5:  Simultaneous measurements of NO, and SO, at the Civic Center,
Gaborone, in July 1996.

4. Future air quality monitoring program. Preliminary Proposal
4.1 Strategy

The monitoring sites for the future national air quality monitoring program is
selected based upon available information on:

monitoring objectives,

meteorological conditions, prevailing winds,
existing data,

major air pollution sources.

The measurement sites will cover different scales of air pollution, as stated in the
international requirements for air pollution monitoring (UNEP/GEMS program);

e central urban roads and street canyons (curb side),
e urban scale regions and residential areas,

¢ industrial areas,

e background areas.

Different air pollution indicators will be measured at the different sites dependent
on the specific sources and the problems at that site.

The first priority air pollutants as presented by UNEP/GEMS, WHO, OECD and
others are:

e Sulphur dioxide (SO,),

e Total suspended particular matter (TSP), or better PM; (suspended particles
with a diameter less than 10 micrometers),

e Nitrogen dioxide (NO,) and nitrogen oxides (NO,),
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e Ozone (03),
e Carbon monoxide (CO).

Not all parameters will be measured at all sites. This will depend upon site
specifications and typical dominating sources. At some sites also dust fall could
be measured on a monthly basis with simpel dust fall collectors.

Meteorological data on an hourly basis will be needed to explain the air quality
data collected. Wind speeds, wind directions and atmospheric turbulence
(stability) are the most important parameters.

As part of the monitoring program a few automatic weather stations (AWS) will
be established at representative air quality monitoring sites. At present there are
three meteorological monitoring sites in Botswana operated by DoM. These
locations have been evaluated for the new national monitoring program for
Botswana.

4.2 Site selection
Measurements with passive samplers

To evaluate the representativeness of some of the monitoring sites, simplified field
studies using inexpensive samplers should be applied after the first screening
study performed in November 1996. The samplers should measure at least two
months and be analyzed at NILU. The first week of February 1997 will be
suggested for such a study combined with the yearly meeting between NORAD
and DoM, where Ms. Tone Bekkestad from NILU will be attending as an
observer.

The results from this study will act as additional information to the proposed
future monitoring program for Botswana, and may imply changes in the proposed
program.

Site visits

The sites visits reported in chapter 3 and Appendix F, represent the main basis for
the proposed new national monitoring program for Botswana. These sites
represent the measurement program operated by Department of Mines (DoM) and
also the sites operated by BCL in Selebi-Phikwe. The sites in Selebi-Phikwe have
mainly been selected for evaluation of health impact as a result of emissions from
the BCL smelter.

Some of the sites represent different area types, and where locations, representa-
tiveness and infrastructure have been found adequate, the sites have been selected
also for the future modernised national monitoring program for Botswana.

Air quality and important emission sources

Available air quality data and subjective information about major air pollution
sources have also been used to select sites for the future air pollution monitoring
program in Botswana.

NILU OR 71/96



2

One of the major air pollution sources in Botswana is the BCL (Bamangwato
Concessions Limited) copper smelter in Selebi-Phikwe, approximately 400 km
northwest of Gaborone. Average emissions from the 152 m tall BCL-stack
(furnace) is approximately 280,000 SO, tonnes/year. In addition there are 2
smaller stacks and also substantial diffuse emissions. See Appendix V for further
information on emissions and also information on the monthly coal consumption
for the different processes for January to September 1996. Selebi-Phikwe is a
fairly small industrial town and is not considered to have any major problems as a
result of emissions from vehicles. Hence, the main concern here are the emissions
from the BCL smelter. Estimated ground level SO, concentrations show that the
SO, level is higher than the guidelines presented by World Health Organization
(WHO).

For Gaborone, traffic is one of the major sources for air pollution. Extensive use
of vehicles; a high percentage of diesel cars/trucks and many non-catalyst cars.
This problem is mainly confined to the main roads in the city center, where the
density of the traffic is substantial during the morning rush hour, the lunch hour
rush and the evening rush hour. The highest impact can be seen as a result of the
evening rush hour when the atmosphere stabilizes and the vertical mixing of the
ground level pollutants is restricted by the stably stratified atmospheric layer.

In Francistown, industry and traffic are expected to be the major sources for air
pollution to the atmosphere. This respresent a large area with various types of
industries.

For most of the measurement sites (cities, villages) the major problems is burning
of waste in the late afternoon/evening when the atmosphere stabilizes as a result of
sunset and net outgoing radiation. This stably stratified layer set up in the evening
resist vertical mixing of the ground level pollution and causes the pollution from
waste to maintain in a shallow layer (approximately 50 m) above ground. This
effect is most visible in high density areas.

4.3 Preliminary proposed national monitoring program for Botswana.
Presented to DoM (C.J. Matale) 22 November 1996

Gaborone:
1 curb side: co
NO,
PM,, with filter to be analyzed for heavy metals
HC, NMHC

PUF sampler PAH, dioxines

2 suburban: High density
SO,
NO,
PM,, with filter to be analyzed for heavy metals
PUF sampler (PAH, dioxines)
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1 background:

Meteorology:

Selebi-Phikwe:
Max. stack:

Low stack/:
diffuse

Urban area:

Suburban area:

Background:

Meteorology:
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Low density

SO,

NOg

PM,, with filter to be analyzed for heavy metals
PUF sampler PAH, dioxines

05

PM, /TSP (with filter to be analyzed in laboratory)
NO, bubbler (glas filter)

SO, bubbler

FF

DD

T

AT

RH

Gust

Radiation

Turbulence (c,, 6, and o©,)

SO,
PM, /TSP (analysis at laboratory for heavy metals)
PUF sampler (PAH, dioxines)

SO,
PM, /TSP (analysis at laboratory for heavy metals)

SO,

PM, /TSP (analysis at laboratory for heavy metals)
NO,

PUF sampler (PAH, dioxines)

CO

HC

SO,

PM, /TSP (analysis at laboratory for heavy metals)
NO,

€O

He

O,

TSP

FF (2) (minimum 30 m or 36 m tower)
DD (2)

&

AT (7]

RH

Radiation
Turbulence (o, and 6,) with GIL-anemometer
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Francistown:
Curbside: NO,
PM, /TSP (analysis at laboratory for heavy metals)
SO,
CO
HC
Airport: 0O,

Power Plant:

Meteorology:  FF
DD
T
AT
RH
Radiation
Turbulence

Serowe(?):

Industrial: SO,
0O,
PUF sampler

Lobatse:

Urban: NO
SO,
HC
Met. ?

Maun:

Background: Precipitation(mm precipitation. Analyze for sumNOs.,
sum NH4, pH, cations/anions, Ca, K, Mg, Cl and conduc
tivity).

Precipitation (Analyze for heavy metals)
NO>
SO;
03?

There should be 2-3 more of the background type station as is proposed for
Maun. The exact location for these stations is not yet decided, but Ghanzi might
be one possible location. The background stations should be representative for
most of the country and should cover the national parks and game reserves.

The total national monitoring program as proposed here summarizes to a total
mumber of monitors as given in Table 3.
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Table 3:  Total number of monitors and bubblers for the preliminary proposed
national monitoring program for Botswana.

Component NO, | SO, | PMy, | CO HC Og Met.
Number of monitors 9 10 9 4 5 4-5 4

5. Field equipment
5.1 Type of equipment needed

Some of the equipment already in use in Botswana can be used in the future
national air pollution monitoring program. A discussion of quality of the sampling
equipment inspected used in the presented DoM laboratory monitoring program
can be found in the site study report given in Appendix F and chapter 3.2.

A complete report on equipment needs with lists including procurement
specifications will be developed in February 1997 after discussions with DoM on
the details on the future national air quality monitoring program.

5.2 Monitoring station facilities

At some of the monitoring sites selected for the future national monitoring
program for Botswana, some of the facilities needed are already available.
However, the sites have to be re-visited before installation of expensive
equipment.

Each monitoring site should be secured and have (preferably) an air conditione
room, or a place where the room temperature do not exceed 30-35 degrees C.

Power (220 V) and telephone lines have to be available. Power is normally a
minor problem. However, new telephone lines have to be ordered and installed at
all sites. These also have to be secured and made unavailable for private use.

In some cases a small shelter/box have to be built or purchased for the NO, and/or
SO: bubblers. For the monitoring sites with automatic monitors these shelters
have to be of the same size and standard as the one’s that are already in use at
some of the monitoring stations owned by DoM.

All air intakes have to be standardized and facilities for this will be specified and
prepared before the first installation.
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6. Chemical laboratory
6.1 Present status
6.1.1 Gaborone

The laboratory in Gaborone consist of a small room in DoM office building.
Approximately 500 samples are analysed per year. Water samples are analyzed on
metals by atomic absorption (Fe, Cu, Ni, Mn, Co, Cd, Pb, Al) and SO, in air is
analyzed in bubbler bottles by a pH-titration method. Filters from high volume
samplers are weighed on the laboratory balance. Water is purified by distillation
and deionising but not checked. A UV-visible spectrophotometer is installed in
the laboratory but not in use. A new GC/MS system with cryodesorption
equipment for VOC analysis was installed during the visit. A complete list of
laboratory equipment can be found in appendix G.

Method development can be done with the use of existing equipment but there is
not enough space in the laboratory for installation of new instruments. The present
building does not satisfy the needs for space, ventilation, temperature control or
air quality (dust contamination problems).

Method descriptions exist for the analysis methods in use but there are no
procedures for other laboratory activities. There is no procedure for checking the
water quality or the chemicals. The laboratory balance is not checked or calibrated
and the pH meter is only sporadically calibrated. The atomic absorption
instrument is calibrated each time a series of samples are analyzed (multilevel and
blanks). Field blanks are always analyzed for all SO, stations. Control samples are
not in use for any of the methods.

All readings and analysis results from the SO,-method are written down in a
notebook. Analysis results and calibration data from the atomic absorption method
are stored digitally in EXCEL worksheets.

6.1.2 Selebi Phikwe

The laboratory in Selebi Phikwe is in a separate building that should be sufficient
to cover all needs for the present chemical analysis activities in Selebi Phikwe.
Only one analysis method is in use (SO, by bubbler bottles, pH-titration). The
analysis procedure is the same as in Gaborone. Water is purified by distillation but
not checked. Chemicals are not checked. There is a refrigerator in the laboratory
but the H,0O, is stored in a cupboard with no temperature control. The same
chemicals are used both in Selebi Phikwe and Gaborone. The laboratory balance is
not checked or calibrated and the pH meter is only sporadically calibrated. Field
blanks are always analyzed for all SO, stations. Control samples are not in use.
All readings and analysis results from the SO,-method are written in a notebook in
the same way as in Gaborone.

A complete list of laboratory equipment can be found in appendix G.
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6.2 Type of equipment needed

The need for equipment in the laboratory is dependent of the activities that should
be carried out in the laboratory at the end of the three years of the project. A
tentative list of measurement programme parameters has been made by the
Department of Mines (appendix H). This list will be the basis for an evaluation of
the needs.

The present laboratory situation gives no room for any significant extension of the
activities. Most of the equipment will not be purchased until the new laboratory is
finished. A detailed list of equipment to be purchased can not be made until the
needs are evaluated in detail and discussed with experts in different fields.

A tentative list could look like this:

Ion chromatograph

High performance liquid chromatograph

Gas chromatograph (FID/ECD)

Equipment for thermodesorption of adsorption tubes on GC
Equipment for handling of a wide range of organic sample matrices
High performance laboratory balances

Water purification system (higher capasity)

Instruments for measurement of conductivity (precipitation samples and
control of water quality)

X-ray diffraction spectrometer

Automatic titrator

6.3 QA/QC workshop

A system for Quality assurance and quality control (QA/QC) is essential to run a
modern laboratorium for chemical analysis.

A QA/QC-system was presented and discussed as part of the workshop at the
chemical laboratory in Gaborone. The discussion is summarized in Appendix .
Appendix I will be used as a basis for establishing a QA/QC-system at the
chemical laboratory.

More detailed guidelines for a complete QA/QC-system will be designed and
presented at the next workshop in Gaborone.

6.4 Planning of a new laboratory

Department of Mines plan to build a new laboratory to fulfil future needs within
the air quality monitoring and surveillance program. A workshop at the chemical
laboratory was held to investigate the space requirements. The discussion is
summarized in Appendix J including sketches of possible laboratory facilities to
cover these needs.

The sketches indicated roughly a space requirement for the chemical laboratory of
about 350 m’. A rough estimate of the manpower needed to run such a laboratory
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could be 7 to 10 chemists, in addition to 6 to 10 laboratory assistents, a total of 15
to 20 persons. Personnel for administrative work is not included.

7. Training assessment

The training of DoM personnel can be divided into two groups:

e training of DoM personnel in Botswana,
e training of DoM personnel in Norway.

The training can be divided into three topics:

e Maintenance, calibration and treatment of data from the monitors.

e On-the-job training at NILU’s chemical laboratories to get an overview of how
a modern chemical laboratory is run.

e To understand what causes the impacts measured, use of results from the
monitors, chemical analysis and training in use of models.

The different topics covered in this project have different needs of training, and
individual persons from DoM have been assigned to the different topics.

Training of DoM personnel in Botswana:
Chemical analysis

A workshop on QA/QC system will be held in Gaborone spring 1997. The
workshop will include a development of a QA/QC system for the laboratory in
Gaborone. This QA/QC system will have to be revised when the new laboratory is
finished and new methods and new procedures are introduced.

On-the-job training at the laboratory will be performed.

Instrumentation

The training in handling of instruments and development of procedures for the
monitoring stations will be performed as an on-the-job training because the
procedures will be different for the different stations. The procedures at NILU will
be used as an example.

Analysis of data and modeling

The training will be conducted as a combination of workshops and on-the-job
training. The training will include;

e analysis of measured data

e modeling with single source models for long and short concentration estimates
e use of models and measurements for planning purposes

e consequence analysis of industries

e writing of reports.
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Training of DoM personnel at NILU:
Chemical analysis

Personnel from DoM should undertake a long term training program at NILU on
procedures on how to run an accredited laboratory. This person will also work at
the laboratory with analysis techniques applicable to his/her work at DoM and
which NILU can use later. This person will have to stay at NILU for a minimum
of 6 months and the living allowance and expenses must be paid by DoM. NILU
will also need to agree on the allowance so that NILU is sure that the person can
maintain a minimum standard of living.

The training program can start in spring 1997 (March/April) and will last for
approximately 6 months.

The training will contain the following activities:

e General information about NILU and NILU activities.
e General information on how the laboratories are run at NILU
e The QA/QC system at the NILU laboratories

* inorganic analysis

sample handling

analysis of air and precipitation by IC

analysis of air and precipitation by photometric methods
analysis by ICP-MS

PM,

SO OO

* organic analysis

0 sample handling

0 VOC method development

0 aldehyds/ketons,HPLC, air/indoor

0 PAH

0 pesticides and other persistent organic pollutants (POPs)

e Evaluation of 1. training visit
This training program is planned to end before December 1997.

A second training visit to NILU for DoM personnel is planned for January 1998
and will last for approximately 4-6 months. A third training visit can take place
during the last year of the project.

Instrumentation

NILU does not use all the different brands of instruments/monitors that DoM have
purchased. This means that personnel from DoM will only have a limited
possibility to get a fruitful training at NILU. However, one DoM person should
visit NILU for a short period (4-8 weeks) to get an introduction to how the
instrument laboratory at NILU works. The training program will contain:
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e Calibration of monitors

e Calibration of bubblers

e Repair and maintenance of bubblers, monitors and particle collectors

e QA/QC on the above mentioned equipment

e Inspection of monitoring stations concerning routines, calibration and control
e Data inspection and QA/QC

e Evaluation of further training

This training should take place during the first year of the project.

Analysis of data and modeling

Personnel from DoM also need training in use of air quality data (AQ) and
meteorological measurements. This training is planned so that the DoM person in
training enters into the workforce at the local department at NILU to participate in
normal project work at the department. This training should last for approximately
6 months.

The training will include:

e Modeling

e Analysis of data

e Consequence analysis

e Writing of reports

o Evaluation of training and plans for future training.

This training period will take place when NILU have relevant projects that are
suitable for training and should probably be scheduled for the second year of the
project.

8. References

Sivertsen, B. (1995) Planning mission in July 1995 to establish a project proposal
for NORAD in Botswana. Kjeller (NILU RR 5/95)
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Air quality Monitoring Programme for Botswana
Seminar and workshop programme

Seminar at the President hotel, Gaborone

Monday 4 November 1996

0900

Welcome address and opening of the seminar

0915  Presentation of participating institutes
Norwegian Institute for Air Research (NILU)
Environmental Institues of Norway
Department of Mines Botswana
Environmental Council of Zambia
0945  The modern air pollution monitoring and surveillance programmes
1030  Coffee
1100  The complete monitoring system (AirQUIS):
sensors - data transfer - data control -data bases -statistical and
numerical models - geographical information systems - user
friendly presentations)
1300 Lunch
1400  AirQUIS (continued)
1600  Questions ,exercises
1700 End
Tuesday S November 1996
0900  The monitoring programme:
Siting and siting studies
1030  Coffee
1100  Air Quality Indicators, Air Quality Guidelines and Standards
1130  Instruments (samplers - monitors for air quality and meteorology)
Data transfer
Quality assurance
1300  Lunch
1400  Sampling procedures and chemical analyses
1530  Data presentation ,
statistical programmes
1630  Questions
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Wednesday 6 November 1996

0900  Meteorology:
the importance and use of meteorological data;
introduction to transport, turbulence and diffusion
1030  Coffee
1100  Air pollution modelling
emission modelling
emission data bases
1200  Different type of models (single source, industrial complexes,
multiple source, advanced numerical models)
1300  Lunch
1400  Model application
Monitoring network design using models.
1630  Questions

Thursday 7 November 1996

0900 Data evaluation and presentation
Data transfer and data bases
Air quality data interpretation,
Use of meteorological data

1030  Coffee

1100  Statistical programmes

1200  User friendly presentations
The use of GIS

1300 Lunch
Environmental impact of air pollution
Trend analyses

1500 Revision and control of air pollution control strategies

Friday 8 November 1996

0900  The content of the annual report (Typical examples)
Impact assessments
Consequence analyses
Control strategies
1030  Coffee
1100  Summary, questions, comments
1330  Finalizing the seminar
Lunch
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Appendix B

Opening speech by the Hounourable Minister of
Mineral Resources and Water Affairs
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MINISTRY OF MINERAL RESOURCES AND
WATER AFFAIRS

DEPARTMENT OF MINES

OPENING SPEECH FOR A TRAINING SEMINAR
ON
AIR QUALITY MONITORING PROGRAMME
FOR
BOTSWANA

By
The Honourable Minister of Mineral Resources

and Water Affairs

The President Hotel, Gaborone. Monday, November 4, 1996.
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OPENING SPEECH FOR TRAINING SEMINAR
ON
AIR QUALITY MONITORING PROGRAMME FOR
BOTSWANA

Ladies and gentlemen, it gives me great pleasure to Welcome
you all ‘to this very important seminar which will address
among other things air pollution dispersion modeling. In a
special way, I would like to welcome the team of Norwegian
scientists from the Norwegian Institute for Air Research.
They have come here to share with our professionals and
technicians, their experiences and expertise in preventing and
solving air pollution problems.ll have been informed that the
Institution has given us some of the best scientists they have in
the area of air pollution researc@l am therefore confident that
this training seminar will be a great success. I hope that
during their stay in Botswana they will also have the

opportunity to learn something about our country.
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Mr. Chairman, Botswana and Norway have a long standing
cordial relationship. In May 1985 the two countries entered
into an agreement focusing on cooperation for Promotion of
the Economic and Social Development of the Republic of
Botswana. That agreement was extended by an addendum in
March 1990. It was on the basis of this main agreement that a
specific agreement on Assistance to Air Pollution Monitoring
and Surveillance System was reached by the two governments.

Mr. Chairman,‘/;/utzhfi);es e;é/reement is}){; rzﬂection of a mutual
commitment by the two countries to curtail the effects of
environmental pollution and promote the concept of
sustainable development in Botswana. That is, to ensure that
our economic development efforts meet the needs of the
present generation without compromising the ability of the

future generations to meet their own needs. The driving forces
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behind undertaking such a programme are numerous. There is
mounting scientific evidence that pollution can have local,
regional and global consequences. Our vulnerable environment
in Botswana with its limited natural resources constitute some
of the major driving forces for better pollution control in the
country. In addition Botswana recognises herself as a member
of the world community. Therefore, as a nation we need to play
our role in addressing some of these environmental issues
which threaten the very existence of manﬁ(MThese represent
challenges for us to develop and implement a reliable and
effective pollution monitoring and control management system
for the country. Our need to diversify the economy of the
country from heavy dependence on the mineral sector to
manufacturing industry requires us to take stock of our
environmental performance and establish objectives an;d,

targets which will ensure that we do not depart from the
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pursuit of sustainable development. We therefore need to take
a snap-shot of the current setting so that we can define the path
of our progress. Perhaps the best way to do this is through
legislatfve framework. I will confine myself to air pollution
legislation but you should bear in mind that pollution does not
respect media boundaries. We know that what goes up in
smoke stacks comes down with rain and pollutes our surface

water resources. 2

Mr. Chairman, the Government of Botswana promulgated the
Atmospheric Pollution (Prevention) Act in 1971. The act
defines the powers and functions of the Air Pollution Control
Officer and sets out procedures for the issue of registration
certificates to all persons or companies operating industrial
processes involving the emission of objectionable matter to th'é'

atmosphere in designated controlled areas. The regulation of
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air pollution and requirements for installation and operation of
air pollution monitoring and abatement facilities is thus
effected by the Air Pollution Control Officer through
conditions set forth in the registration certificate for each
individual industrial process. A procedure for appeals from
decisions of the Air Pollution Control Officer and penalties for
conviction_of an offence under the act are set out in the

legislation.

The Atmospheric Pollution (Prevention) Act is administered
under the direction of the Ministry of Mineral Resources and
Water Affairs through the Department of Mines. The
department has established thirteen air pollution monitoring
stations throughout the country. Six of these stations are
equipped with automatic instruments that give hourly average

concentrations of pollutants and other parameters. There are
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two laboratory facilities; one in Gaborone and the other in
e . . s i ately
Selebi-Phikwe. The laboratory in Gaborone is congested and

over-crowded and needs upgrading.

Mr. Chairman, it is from this situation and position that we
would like the Norwegians to help us move forward and this
programme has been established for this purpose. The
ultimate géal of the programme is to prevent the pollution of
the atmosphere by industries and other anthropogenic
activities. The specific objectives are to:

e establish a sound specific basis for policy development

e determine compliance with statutory criteria

e assess eco-system and population exposure

e establish a base for public environmental information

and awareness

e identify pollution sources and risks
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e evaluate long-term trends; and

e establish a basis for abatement strategy planning.

These objectives provide a comprehensive and systematic
approach to the problem. They sharpen the focus as we press
forward towards better environmental performance. One of
our policy goals in the mineral sector is safeguarding the
environment. The objective of the policy is to ensure that
Botswana’s practices are consistent with international
standards and the National Conservation Strategy goal. To
fulfill the specific policy, the following three prerequisites have

to be considered.

1. an air pollution monitoring and surveillance system;

2. national environmental laboratory

NILU OR 71/96



53

3. training programme for Batswana experts at the
Department of Mines’ Air Pollution Control Division
so that the Division can operate at a higher level of
-efficiency, internationally comparable to other

organisations of similar nature.

Mr. Chairman, let me elaborate on these three pre-requisites
for achievfng our objectives. We know that t!lere are different
sources of anthropogenic activities that emit various
contaminants into the atmosphere, especially in the urban and
industrial areas. If the concentrations of these pollutants are
left to increase beyond certain levels, they could cause human
health problems and also have negative impacts on the
environment. We also know that our development activities
may add more pollution into the atmosphere. The proposed

¥

air pollution monitoring and surveillance system will be able to
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show us the limits within which to operate so that we do not
over-load the overall environment. This means that we
constantly need to monitor certain key environmental

indicators of pollution to determine if our hypothesis is correct.

Mr. Chairman, this leads me now to briefly discuss the need
for a national environmental laboratory. Air pollution affec.ts
biological as well as non-biological systems. It is within these
éystems that indicators can be selected and tested in a
laboratory to determine any evidence of impacts. The
laboratory should use techniques that are sensitive enough to
give warning signs rather than show a problem that has
already developed. This requires accurate analytical methods
using reliable and sensitive laboratory facilities. The
government of Botswana is committed to establishing -a

i

National Environmental Laboratory in Gaborone. This will be
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a replacement of the one at the Department of Mines’ offices in
Tirelo House, which is over-crowded and potentially unsafe.
Some analysis cannot be carried out at the present
environmental laboratory at the Department of Mines because

the building was not originally designed to house a laboratory.

Mr. Chairman, so far I have been talking about programmes
and facilities that will enable us to fulfill our objectives and
realise our goal. I now need to address myself to the human
resources that would be required to implement these
programmes and run the facilities. If we do not address the
aspect of human resources development we would have missed
out an opportunity to implement one of Botswana’s four
national principles, self-reliance. But what does self-reliance
mean in the context of this programme? How can it Pe

achieved or realised?
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Mr. Chairman, Batswana believe that as a nation we must take
the initiative and responsibility for running the affairs of our
own country with minimum assistance from other countries.
We owe it to the Norwegian government and the people of
Norway that at the end of this agreement period we should be
able to run these programme and facilities on our own. The
generosity of the Norwegian government. in making this
programme possible makes it necessary for us to make this
programme sustainable. But this cannot be accomplished
without a comprehensive training programme that has clear
objectives. I have been informed that Norway has some of the
best technical experience and expertise in air pollution
monitoring and control in the world. I therefore hope that this
training seminar is only the beginning of a concerted effort in

human resources development and capacity building.
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Mr. Chairman, at the beginning of my speech I mentioned that
we are carrying out this exercise in pursuit of sustainable
development. I would like to point out that the World

Commission on Environment and Development states that

“sustainable development is not a fixed state of harmony,
but rather a process of change in which the exploitation of
resources, the direction of investments, the orientation of
technological development, and institutional change are

made consistent with future as well as present needs.”

I interpret this to mean that we are constantly in a learning
process. As we acquire knowledge we need to adjust our
objectives in the light of what we know so that we will continue

i

in the path of sustainable development.
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Mr. Chairman, indeed the history of mankind has been like
that. When man started knowing how to light and use fire his
main concern was to eliminate smoke and other pollutants
known to have adverse effects on human health. The ideal and
desired situation was to burn the fuel completely so that carbon
dioxide and water vapour were the only products of
combustion. But we now know that carbon dioxide is one of
the major potential threats to life as we know it on this planet.
The United Nations Framework Convention on Climate

Change is aimed at addressing this problem.

In the early 1920s the addition of lead to petrol was viewed
with great enthusiasm. It improved the octane rating and
therefore reducing refinery costs of petrol. But we now know

that lead emissions from motor vehicles constitute a serious
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health threat especially to our children. We now have to phase

out leaded petrol in order to clean up our atmosphere.

In the sixties and seventies we thought that the solution to
pollution was dilution. We built tall stacks so that our
industrial emissions could be released at high altitude and
allow them to disperse into the atmosphere so that when they
reach ground level they will be diluted to lower concentrations.
We now know that this approach is partly responsible for acid
rain in many parts of the world. We have since realized that
eliminating the production of sulphur and nitrogen oxides
from stack gases is a much better way to deal with this

problem.

Mr. Chairman this state of affairs should present a challenge
=,

to our scientists and engineers. The Science and Technology

NILU OR 71/96



60

Policy for Botswana which is being developed will create a
conducive environment for our scientists and engineers to

compete and interact with the rest of the world.

Finally ladies and gentlemen I wish to end my speech on this
note; that the natural resources of this country, or indeed this
planet, are not unlimited, and this includes the quality of air
that we breathe, and it is our collective responsibility to
safeguard our environment and natural resources. Let us use
them in a sustainable manmer. I now have pleasure in

declaring this seminar officially open.

PULA!
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SEMINAR ON AIR QUALITY MONITORING PROGRAMME FOR BOTSWANA
(4 - 8 November, 1996)

LIST OF PARTCIPANTS

Bjarne Sivertson
Norwegian Institute for Air Research (NILU)
Instituttveien 18
P.O. Box 100
N-2007 Kjeller
Norway.
Tel. 00-47-63 89 80 00
Fax. 00-47-63 89 80 50
E-mail. bjarne.sivertson@nilu.no

Tone Bekkestad
Norwegian Institute for Air Research (NILU)
Instituttveien 18
P.O. Box 100
N-2007 Kjeller
Norway.
Tel. 00-47-63 89 80 00
00-47-63 89 80 87 (Direct)
Fax. 00-47-63 89 80 50
E-mail. tone@nilu.no

Svein L. Knudsen
Norwegian Institute for Air Research (NILU)
Instituttveien 18
P.O. Box 100
N-2007 Kjcller
Norway.
Tel. 00-47-63 89 80 00
Fax. 00-47-63 89 80 50
E-mail. sofus@nilu.no

Ove Hermansen
Norwegian Institute for Air Research (NILU)
Instituttveien 18
P.O. Box 100
N-2007 Kjeller
Norway.
Tel. 00-47-63 89 80 00
00-47-63 89 82 16 (Direct)
Fax. 00-47-63 89 80 50
E-mail. ove.hermansen@nilu.no

Rolf Dreicm
Norwegian Institute for Air Research (NILU)
Instituttveien 18
P.O. Box 100
N-2007 Kjeller
Norway.
Tel. 00-47-63 89 80 00
Fax. 00-47-63 89 80 50
E-mail. Rolf.@nilu.no

Choma J. Matale
Department Of Mines
Private Bag 0049
Gaborone,
Botswana.
Tel 267-352641
Fax. 267-352141

Tiroyaone Tshukudu
Department Of Mines
Private Bag 0049
Gaborone,

Botswana.

Tel. 267-352641
Fax. 267-352141

Kabelo Kenneth Mogami
Department Of Mines
Private Bag 0049
Gaborone,
Botswana.
Tel. 267-352641
Fax. 267-352141

Kene Carol Lenyatso
Department Of Mines
Private Bag 0049
Gaborone,
Botswana.
Tel 267-352641
Fax. 267-352141
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Moabi Donald Mmolawa
Departiment Of Mines
Private Bag 0049
Gaborone,
Botswana.
Tel. 267-352641
Fax. 267-352141

Selogilwe Mokubukubu Mosinyi
Department Of Mines
Private Bag 0049
Gaborone,
Botswana.
Tel. 267-352641
Fax. 267-352141

Gorata Lesedi Motshwane
Department Of Mines
Private Bag 0049
Gaborone,
Botswana.
Tel 267-352641
Fax. 267-352141

Supervisor Mothusi Sercetsi
Department of Mines
Private Bag 0027
Selebi Phikwe
Botswana
Tel. 267-810680
Fax. 267-810680

Albert Mukuwa
Departiment of Mines
Private Bag 0027
Selcbi Phikwe
Botswana
Tel. 267-810680
Fax. 267-810680
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QOarabile Moanza Serumola
Department of Water Affairs
Private Bag 0029
Gaborone
Botswana
Tel 267-3607173
Fax. 267-303508

Lesego Modisane

BCL Ltd

P.O.Box 3

Selebi-Phikwe

Botswana
Tel. 267-810211 (extension 375)
Fax. 267-810441

Hentie J.P. Hough
Ministry of Mines & Energy
Private Bag 13297
Windhoek
Namibia

Tel. 2484300

Fax. 238643

P+ Ha M,L}&czro\.o\gqco‘_’t
ofkce ot Has aulrport n

Fro~cosYoisn tue Mmak:

He &6.G. Mbadwooo

Chhief Techrnicall Pssistont

Ms . Patrcio. G. Mboikdurm
Tecdhnica . Assistand
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4 (BSC,M.S.)
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A\ ,ﬁ!i L CHIEF GOV. MINING ENGINEER
DEPARTMENT OF MINES TEL: (267) 352142
PRIVATE BAG 0049 TELEX: 2503 BD
GABORONE FAX: (267) 352141
BOTSWANA

M. D MWIO/[I\!’G OTD (Electrical & Mechanical Engineering.

Botswana Polviechnic

SENIOR TECHNICAL OFFICER
Air Pollution Controt Division
Department of Mines

MINISTRY OF MINERAL RESOURCES AND WATER AFFAIRS

TEL: (267) 352641 (W)
FAX: (267) 352141

PRIVATE BAG 004S
GABORONE
BOTSWANA

T. Tshukudu 8sc. (Chemical Engineering), Kansas State University
ASSISTANT GOVERNMENT MINING ENGINEER
Air Pollution Control Division
Department of Mines

MINISTRY OF MINERAL RESOURCES AND WATER AFFAIRS

TEL: (267) 352641 (W)
FAX: (267) 352141

PRIVATE BAG 0049
GABORONE
BOTSWANA

WATER &

AFFAIRS ¢
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ENVIRONMENTAL SCIENTIST (POLLUTION SECTION)
DEPARTMENT OF WATER AFFAIRS
MINISTRY OF MINERAL RESOURCES AND WATER AFFAIRS

TELEX 2557 BD
TEL. (09267) 3607173 Bus.
TELEFAX (267) 303508

PRIVATE BAG 0029
GABORONE
BOTSWANA

Oskasr Oskorsson
At ildacitived

FRETSEBRETARY—
CHARGE D'AarFARES A-L.

ROYAL NORWEGIAN EMBASSY

Development House

Postal Address: Telephone: (267) 351501
P.O. Box 879 Telefax: (267) 374688
Gaborone, Botswana Home/Fax: (267) 371092
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Choma J. Matale

B.ENG. (HON) FUEL & ENERGY ENGINEERING
(LEEDS U.K.) MSC. ENVIRONMENTAL

i POLLUTION CONTROL (LEEDS U.K.)
==\ A, 72 PRINCIPAL AIR QUALITY INSPECTOR

DEPARTMENT OF MINES TEL: (267) 352641
PRIVATE BAG 0049 TELEX: 2503 BD
GABORONE FAX: (267) 352141
BOTSWANA

KC. Le nya LSO Bsc (Chemistry), Univ. of Botswana

ASSISTANT CHEMIST
Air Pollution Control Division
Department of Mines

MINISTRY OF MINERAL RESOURCES AND WATER AFFAIRS

TEL: (267) 352641 (W)

PRIVATE BAG 0049
FAX: (267) 352141

GABORONE
BOTSWANA

K. K. MOGAMI ssc. (Physics & Chemistry), Univ. of Botswana
ASSISTANT CHEMIST
Alr Pollution Control Division
Department of Mines
MINISTRY OF MINERAL RESOURCES AND WATER AFFAIRS

TEL: (267) 352641 (W)
FAX: (267) 352141

PRIVATE BAG 0049
GABORONE
BOTSWANA

BCL Limited

Laurence G. Mosweunyane
BSc (Hons) FRSH
ENVIRONMENTAL ENGINEER

P.O. Box 3

Selebi Phikwe
Republic of Botswana
Tel: 810211 ext 260
Telex Site 2219 BD

Private Bag X 10055
Randburg 2125
Republic of South Africa
Tel: (011) 781-2352

Fax: 810441 Fax: (011) 781-2364
Britt Hilde Kjoelaas
FIRST SECRETARY
ROYAL NORWEGIAN EMBASSY
Development House
Postal Address: Telephone: (267) 351501
P.O. Box 879 Telefax: (267) 374685

Gaborone, Botswana Home/Fax: (267) 371092
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Appendix D

Reports from seminar i national newspapers
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Appendix E

Meeting between DoM, NILU and NORAD
14 November 1996
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To . OEH, PB, StL

Copy : NORAD v/ Brit Hilde Kjglés
From : TOB

Date : Kjeller, 10 December 1996
Ref. ;o 0-96082

Meeting between DoM, NILU and NORAD 14 November 1996 at the Royal
Norwegian Embassy in Gabarone, Botswana.

Norad had called for a meting with DoM (Departement of Mines) and NILU
(Norwegian Institute for Air Research) to discuss;

e present status of the BAQMAP - project,
e what type of information should be copied to NORAD, and
e adate for the annual meeting between NORAD and DoM

Persons attending the meting:

1. Ms. Brit Hilde Kjglas (NORADY/ 1. secretary at the Norwegian Embassy)
2. Mr. Choma J.Matale (Department of Mines (DoM) )
3. Ms. Tone Bekkestad (NILU)

e Present status of the project was summarised by Mr C.J. Matale and Ms T.

Bekkestad. The visit by NILU has after the seminar of the first week consisted
of a screening study of all the monitoring stations owned by DoM and BCL
Limited in Selebi Phikwe. The third week of the visit, NILU and DoM will put
up a working plan for at least the next year.

Ms B.H. Kjglés stressed the importance of including expenditures by DoM (i.e.
to buy instruments) in the budget for the next year. She also stressed that this is
a co-operation between DoM and NILU and that the annual reports and plans
should be sent as a draft copy to DoM for acknowledgement. Mr C.J. Matale
also explained to Ms B.H. Kjglas that he has now, after the initiation of the
project, fully understood the need of practical training of his experts in order to
achieve the main goal for the project; to be sustainable after the end of the
three-year contract. Mr C.J. Matale stressed that he would like as much
resources as possible of the project money be set aside for the on-the-job
training of the DoM personnel.

Ms B.H. Kjglas pinpointed the necessity of sending a copy of all
correspondence between DoM and NILU to NORAD.

According to the singed contract between DoM and NORAD there shall be an
annual meeting between the two parties in November each year. However,
since the start-up of the project was a bit delayed, this meeting will have to be
in January 1997. ( The date has been set to 29. or 31. of January 1997. The
date will be confirmed by Mr C.J. Matale)
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Appendix F

Site visit reports.
Air quality sampling stations in Botswana
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BAQMAP

Botswana Air Quality Monitoring and Sueveillance Programme

(i{)

Selebi-Phikwe

Air quality monitoring network

Site Name
Co-ordinates

Access/availability
Buildings and rooms available:

Area description
Local sources
Representativity

Parameters measured
Data quality
Measurement equipment

Infrastructure:
Power
Telephone lines 3
Sampler/monitor locations :
Air intake

Personnel

Other

Future monitoring station

Site visit report

: DoM laboratory in Selebi Phikwe
bS8 20257538

E: 27°50°16s UTM:355865 (x) - 3575709 (y)

Easy. Parking outside DoM laboratory. Fenced.
DoM facilities.

Residential area. Some trees around. Telephone mast 150 new
degrees. The BCL smelter is approximately 3.5 km NE (45°).

Traffic from minor roads. Burning of waste. Industrial area 0,5-1
km west.

Suburban/residential. Can measure downwind concentrations

from BCL smelter.

None.

2 data loggers and 2 SO2 monitors (API and TE).

220 V available at DoM laboratory.
Yes, in DoM laboratory.
In laboratory.

Mr. A. M. Mukuwa (DoM) and Mr. S. M. Sereetsi.

PC equipment: TWM LR 4G (screen), Mecer 6000 (hard disk),
Samsung Syncmaster 3 (screen), Compaq ProLinea 3/25S (hard
disk), HP LazerJet 4L (printer).

Have fax modem in laboratory. Measurement data are sent to
Gaborone once per month.

The site is not downwind in the main wind direction from the
BCL-smelter. The population of Selebi Phikwe is in general
located in the least frequent wind direction, this means south-
west of the BCL stack. The site is well located to measure the
SO, impact from BCL on the population of Selebi Phikwe, but
not the maximum impact. The site is also representative for
residential areas and could measure NO,, PM,, in addition to
SO,.
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Botswana Air Quality Monitoring and Sueveillance Programme

Air quality monitoring network

NILU OR 71/96

Site visit report

Selebi-Phikwe
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : DoM laboratory in Selebi Phikwe

Co-ordinates : S: 21°57°53s E: 27°50’16s UTM:355865 (x) - 3575709 (y)

NILU OR 71/96






DERARTMENT OF
HiEs & A ouaLiT
LABORATORY M

NILU OR 71/96



BAQMAP

Botswana Air Quality Monitoring and Sueveillance Programme

83

Selebi-Phikwe

Air quality monitoring network

Site Name
Co-ordinates

Access/availability

Buildings and rooms available:

Area description
Local sources

Representativity
Parameters measured
Data quality

Measurement equipment

Infrastructure:
Power
Telephone lines 2
Sampler/monitor locations :
Air intake

Personnel

Future monitoring station

Site visit report

: Botshabelo (Police station)
S5 UL°58p23

E: 27°52°18s UTM: 355899(x) - 3575702(y)

Easy access. Parking outside police station. Fenced. Need
permission to get through gate.

Sampler located in a small elevated wooden box close to bulding
walls (ca. 1 m). Space enough to put up a shelter. (Not likely that
any rooms inside police station may be used.)

Residential area. 20 m from road. Sandy ground. The BCL
smelter is approximatly 3.4 km NNW (340°) of the station.

BCL ~3.4 km NNW. Some emissions from local burning of
waste.

The site is representative for the influence from the BCL.
SO,.
The maintenance of the instrument was generally poor.

Old type sequential sampler (bubbler) from AGL Engineering in
England (4 bottles) for 24 h average sampling of SO,.

220V

Possible through/via police station (?).

1 m above ground level.

1.5 m above the ground, ca. 1m from building walls on two sides.

Mr. Jo Madumela (BCL smelter) is responsible for the collection
of the bottles. Analysis are performed at the BCL laboratory.

The site is located in the Botshabelo residential area. It is suitable
to monitor the impact from BCL and general residential area.
Measurements: SO,, PM o, NO,.
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe

Air quality monitoring network
Site visit report

Site Name : Botshabelo (Police station)
Co-ordinates : S: 21°58’23s E: 27°52°18s UTM: 355899(x) - 3575702(y)
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Botshabelo (Police station)

Co-ordinates : S: 21°58°23s E: 27°52°18s UTM: 355899(x) - 3575702(y)
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Botswana Air Quality Monitoring and Sueveillance Programme
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Selebi-Phikwe

Air quality monitoring network

Site Name

Access/availability
Buildings and rooms available:

Area description

Local sources
Representativity
Parameteres measured
Data quality

Measurement equipment

Infrastructure
Power
Telephone lines :
Sampler/monitor locations :
Air intake

Personnel

Future monitoring station

Site visit report

: Hospital (306°)
Co-ordinates : S: 21°58°08s

E: 27°50°14s  UTM: 355864(x) - 3575706(y)
Easy access. Parking at hospital properties. Fenced.
Sampler located in a small elevated.

Residential area. Sandy ground. BCL smelter is locaded

approximatly 3.9 km NE (041°) of the station.

150 m to incinerator (Hs=15m). Any impact from hospital??
Residential. Possible impact from BCL stack?

SO2.

The maintenance of the instrument was genrally poor.

Old type sequential sampler (bubbler) from AGL Engineering in
England (4 bottles) for 24 h average sampling of SO2.

20V

No

0.5 m above ground level.

1.5 m above the ground, approximately 10 m from road.

Mr. Jo Madumela (BCL smelter) is responsible for the collection
of the bottles. Analysis are performed at the BCL laboratory.

This site is representative for residential areas in Selebi Phikwe
both for emissions from local sources and the BCL emissions,
and could measure SO,, NO, and PM ;.
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Hospital (306°)

Co-ordinates : S:21°58°08s E:27°50’14s UTM: 355864(x) - 3575706(y)

Hospital

Tumelo Rd.

Hospital Avenue

Cite old caravan E :7 m 5
Airinlet 2 m 15m

Cars
Hospital

Waste,

Stack
i2m
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Hospital (306°)

Co-ordinates : S:21°58°08s E:27°50’14s UTM: 355864(x) - 3575706(y)
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BAQMAP

Botswana Air Quality Monitoring and Sueveillance Programme

gl

Selebi-Phikwe

Air quality monitoring network

Site Name
Co-ordinates

Access/availability
Buildings and rooms available:

Area description

Local sources
Representativity
Parameteres measured
Data quality

Measurement equipment

Infrastructure:
Power
Telephone lines $
Sampler/monitor locations:
Air intake

Personnel

Future monitoring station

: BCL Clinic
g 50 21°08 108

Site visit report

E: 27°50°28s UTM: 355868(x) - 3575705(y)

Easy access. Parking along road (Matlogele 1614). Fenced.
Sampler located in a small elevated wooden box.

Residential area. Sandy ground. Medium densed vegetation close
to sampler and air intake. The BCL smelter is approximatly 3.6
km NNE (35°) from the station.

i3

Residential. Possible impact from BCL stack?

SO2.

The maintenance of the instrument is generally poor.

Old type sequential sampler (bubbler) from AGL Engineering in
England (4 bottles) for 24 h average sampling of SO2.

220V

Yes

0.5 m above ground level.

2.5 m above the ground, on building wall and 2 m under roof,
behind hospital.

Mr. Jo Madumela (BCL smelter) is responsible for the collection
of the bottles. Analysis are performed at the BCL laboratory.

This site is representative for residential areas in Selebi Phikwe
both for emissions from local and the BCL smelter. The
measurements could be SO,, NO, and PM ;.
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : BCL Clinic

Co-ordinates :S:21°58°10s E:27°50’28s UTM: 355868(x) - 3575705(y)
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No 1614
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : BCL Clinic

Co-ordinates : S:21°58’10s E: 27°50'28s UTM: 355868(x) - 3575705(y)
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BAQMAP

o

Botswana Air Quality Monitoring and Sueveillance Programme ' Selebi-Phikwe

Air quality monitoring network

Site visit report

Site Name: Low Density (Kagiso 11043)

Co-ordinates: S: 21°58°50s

Access/availability

Buildings and rooms available:

Area description

Local sources
Representativity
Parameters measured
Data quality

Measurement equipment

Infrastructure
Power
Telephone lines

Sampler/monitor locations :

Air intake

Personnel

Future monitoring station

E: 27°50'42s UTM: 355872(x) - 3579691(y)

Easy access. Parking along street. Residential property (Kagiso
1103). Inside backyard. Fenced.

Sampler located in a small elevated box inside a 2 m2 brick wall
in the backyard of residential property. The intake (tube) was
stuck in some green plants on top of the brick wall.

Residential area. Approximately 40 m from road road in
residential area. Sandy ground. Lots of vegetation and trees
around the air intake. The BCL smelter is approximatly 4.6 km
NNE (022°) of the station.

No??

Residential. Possible impact from BCL stack?

SOs.

The maintenance of the instrument was generally poor.

Old type sequential sampler (bubbler) from AGL
Engineering in England (4 bottles) for 24 h average
sampling of SO,.

20

Possible?

0.5 m above ground level.

2 m above the ground stuck in some green plants on top
of brick wall.

Mr. Jo Madumela (BCL smelter) is responsible for the
collection of the bottles. Analysis are performed at the BCL
laboratory.

This site is representative for a low density area and also for
impacts from the BCL smelter in inhabitant areas. The site
could be used to collect SO,, NO,, PM,,.
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Botswana Air Quality Monitoring and Sueveillance Programme

Selebi-Phikwe

Air quality monitoring network
Site visit report

Site Name

: Low Density (Kagiso 11043)
Co-ordinates : S:21°58°50s E:27°50°42s UTM: 355872(x) - 3579691(y)
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Low Density (Kagiso 11043)

Co-ordinates :S:21°58°50s E:27°50°42s UTM: 355872(x) - 3579691(y)
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme
Air quality monitoring network
Site visit report
Site Name : Railway station

Co-ordinates : S:21°57°41s E:27°49°04s UTM: 355844(x) - 3575714(y)

Access/availability : Easy access. Parking outside. Dead-end road. No fences. Close to
railway tracks.

Buildings and rooms available: Enough space for a monitoring station. No suitable house nearby.

Area description ¢ Sparsely vegetated, fairly open, sandy ground. 20 m from railway
tracks. The BCL smelter is approximately 5 km NE (065°) of the
station.

Local sources ¢ The station is in the main wind direction from the BCL stack.

Good siting for registration of impact from the BCL smelter
(could smell SO,). An incinerator approximately 500 m away.
Impact from local industry?

Representativity : Industrial area. Possible impact from BCL stack?

Parameters measured : SO,, TSP

Data quality :  The maintenance of the instrument was generally poor.
Measurement equipment : Old type sequential sampler (bubbler) from AGL Engineering in

England (4 bottles) for 24 h average sampling of SO,. Sierra (Hi-
vol) for measurement of TSP.

Infrastructure g
Power : 220V
Telephone lines : Possible??

Sampler/monitor locations: SO,: 0.5 m above ground level.
TSP: 2 m above ground level.

Air intake : 1 m above the ground (SO,), on top of the measurement box.
Close to old building. Air intake for Andersen is approximately 2
m above ground.

Personnel ¢ Mr. A. M. Mukuwa and Mr. S. M. Sereetsi collects the samples
for this station and brings them to DoM laboratory in Selebi
Phikwe for analysis.

Future monitoring station : The site is adequate for measuring SO, from the BCL smelter. It is
not good for particle measurements because of gravel road close by.
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Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe

Air quality monitoring network
Site visit report

Site Name : Railway station

Co-ordinates : S:21°57°41s E:27°49°04s UTM: 355844(x) - 3575714(y)

Railway station

i0m 10m
b

Air inlet
on top of
bubler
0.7m

Store

Railroad

Smx

@ Andersen TSP
h=2m

'\1 m

Road

™,

Railway station
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Railway

Co-ordinates : S: 21°57°41s E:27°49°04s UTM: 355844(x) - 3575714(y)
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Railway track
Co-ordinates : S: E: UTM:
Access/availability : Access along a sandy bush road across the railway tracks from

the monitoring station at the railway. Parking. Dead-end road.
No fences. Close to railway tracks.

Buildings and rooms available: Enough space for a monitoring station. No houses nearby.

Area description : Sparsely vegetated, fairly open, sandy ground. 20 m from
railway tracks.

Local sources : The station is in the main wind direction approximately 2 km
from the BCL stack (95 new degrees west of BCL stack).
Good siting for registration of impact from the BCL smelter?
Impact from coal fired train passing by only 20 m from

sampler.
Representativity : Possible impact from BCL stack with some influence from
trains?
Parameters measured : SO,
Data quality : The maintenance of the instrument was generally poor.
Measurement equipment : Old type sequential sampler (bubbler) from AGL Engineering
in England (4 bottles) for 24 h average sampling of SO2.
Infrastructure
Power : Battery. No power. Possible at high cost?
Telephone lines : No. Railway telephone lines 500 m away.
Sampler/monitor locations: 0.7 m above ground level.
Air intake : 1.2 m above the ground, 5 cm out from the “shelter’/box. The

air intake is on the lewar side of the measurement box from
the railway tracks.

Personnel : Mr. AL M. Mukuwa and Mr. S. M. Sereetsi collects the
samples for this station and brings them to DoM laboratory in
Selebi Phikwe for analysis. The sampler had not been in
operation the last week because Mr. Mukuwa and Mr. Sereetsi
attended the NILU seminar on Air Pollution Monitoring and
its Applications in Gaborone. There is no personnel available
to do the sampling if Mr. Mukuwa and Mr. Sereetsi is away.

Future monitoring station : The site is good for measuring SO, from the BCL smelter and
is located south of the main wind direction.
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Botswana Air Quality Monitoring and Sueveillance Programme

Site Name
Co-ordinates

NILU OR 71/96

Air quality monitoring network
Site visit report

: Railway track
1S3

Selebi-Phikwe

BCL

Railway track

Airinlet 5 m
tubing upwards h= 1.2 m

Battery opperated

—

Railway track
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BAQMAP )
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Railway track
Co-ordinates : S: E: UTM:
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : SPSS - Selebi Phikwe Secondary School
Co-ordinates: : S: E: UTM:
Access/availability ¢ Easy access. Parking ouside school. Fenced.

Buildings and rooms available : Sampler is located in room inside biology/science building at
school properties.

Area description : Flat, sandy ground, fairly open outside school properties.
School buildings around in all directions from air intake.

Local sources : The station is in the main wind direction approximately 1.6 km
south of the BCL stack. Good siting for registration of impact
from the BCL smelter.

Representativity : Set up to measure possible impact from BCL stack and other
industry.

Parameters measured : SO,.

Data quality : The maintenance of the instrument was generally poor.

Measurement equipment : Old type sequential sampler (bubbler) from AGL Engineering

in England (4 bottles) for 24 h average sampling of SO,.

Infrastructure
Power : 220V
Telephone lines g Yes
Sampler/monitor locations : On bench, ~0.7 m above floor.
Air intake ¢ 2.5 m above the ground, underneith roof in corner of school
building. 3 m tall tree 20 cm from air intake.
Personnel : Mr. A. M. Mukuwa and Mr. S. M. Sereetsi collects the samples
for this station and brings them to DoM laboratory in Selebi
Phikwe for analysis.
Future monitoring station : The site could be used for SO, bubblers.
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Botswana Air Quality Monitoring and Sueveillance Programme

Air quality monitoring network

Site Name
Co-ordinates: : S:

Site visit report

: SPSS - Selebi Phikwe Secondary School

E: UTM:
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe

Air quality monitoring network
Site visit report

Site Name : SPSS - Selebi Phikwe Secondary School
Co-ordinates: : S: E: UTM:
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Botswana Air Quality Monitoring and Sueveillance Programme
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Selebi-Phikwe

Air quality monitoring network

Site Name
Co-ordinates : S:
Access/availability

Buildings and rooms available

Area description

Local sources

Representativity

Parameters measured
Data quality

Measurement equipment

Infrastructure

Power
Telephone lines

Sampler/monitor locations:

Air intake

Personnel

Future monitoring station

Site visit report

: Township West.

)55 UTM:

Easy access. Parking along Lapologang road (Lapologang Rd
C38). Fenced. In the backyeard of residential property.

Sampler is located inside residential home, underneight
kitchen bench

Residential, sandy ground, sparse vegetation with some trees
ouside house on property. Minor road approximately 10 m
from air intake.

The station is approximately ?? km southeast of the BCL
stack. There are some industrial sources north of measurement
site.

Residential. Set up to measure possible impact from BCL
stack and other industry.

SO,.

The maintenance of the instrument was generally poor.

Old type sequential sampler (bubbler) from AGL Engineering
in England (4 bottles) for 24 h average sampling of SO».

220V

Yes.

On the floor under kitchen bench.

1.8 m above the ground, underneath roof, close to building
wall. Approximately 20 m from residential road.

Mr. A. M. Mukuwa and Mr. S. M. Sereetsi collects the
samples for this station and brings them to DoM laboratory in
Selebi Phikwe for analysis.

SO, bubblers could be used here.
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe

Air quality monitoring network
Site visit report

Site Name : Township West.
Co-ordinates : S: E: UTM:
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Botswana Air Quality Monitoring and Sueveillance Programme
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Selebi-Phikwe

Air quality monitoring network

Site Name
Co-ordinates

Access/availability

Buildings and rooms available

Area description

Local sources

Representativity

Parameters measured
Data quality

Measurement equipment

Infrastructure
Power
Telephone lines

Sampler/monitor locations:

Air intake

Personnel

Future monitoring station

Site visit report

: Water Utilities Corporation
: S:21°56°26s E: 27°51°32s

UTM: 355886(x) - 3575746(y)

Easy access. Fenced. Need permission to get through gate.
parking on Water Utilities Corporation properties.

Sampler located in a small elevated wooden box close to a
bassin, 2 m below ground level. Space enough to put up a
shelter?

Industrial area? 10 m from road inside industrial area on
WUC-property. Concrete ground.The BCL smelter is
approximately 300 meter NW (305°) of the station.

BCL; 300 meter NW (305°).

The site is representative for the diffuse emissions from the
BCL smelter.

SO,.
The maintenance of the instrument was generally poor.

Old type sequential sampler (bubbler) from AGL Engineering
in England (4 bottles) for 24 h average sampling of SO,.

220V

1 m above ground level.
1.0 m above the ground.

Mr. Jo Madumela (BCL smelter) is responsible for the
collection of the bottles. Analysis are performed at the BCL
laboratory.

The site could be used to measure SO, and represent low and
diffuse emissions. It should, however, be slightly relocated.
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe

Air quality monitoring network
Site visit report

Site Name : Water Utilities Corporation
Co-ordinates

: S$:21°56’26s E:27°51'32s  UTM: 355886(x) - 3575746(y)
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Selebi-Phikwe
Air quality monitoring network
Site visit report
Site Name : Water Utilities Corporation

Co-ordinates : S: 21°56’26s E: 27°51°32s UTM: 355886(x) - 3575746(y)
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Air quality monitoring network

Site Name
Co-ordinates : S:

Access/availability

Buildings and rooms available

Area description

Local sources
Representativity
Parameters measured

Data quality

Measurement equipment

Infrastructure

Power
Telephone lines

Sampler/monitor locations :

Air intake

Personnel

Future monitoring station

Site visit report

: Makobe Hill Junior Secondary School

E: UTM:

Easy access. Turn right from main road to Mmadinare. 500 m
from main road. Sandy road. Station is locked. Need key from
DoM.

Separate shelter (2x3x2.5 m) inside fenced area on school
property. 2 rooms inside shelter. Air-conditioned.

Close to school buildings. Sandy ground. Some small hills ca.
180 m SE of station. Medium dense vegetation N, W and E.
6 m tall trees 2 m away from monitoring station.

School kitchen. Burning of wood and waste?
Background. Rural. Put up to measure influence from BCL.
Meteorology (FF, DD, RH, T) at 9 m. SO, and CO.

Meteorological tower is not wired to the ground. The tower
might meander in strong winds, causing large o-values.
Tinsige=27°C and Toy5ige=33°C.

Sierra Hi-Vol (10 um cut-off) PM, (24 hr). The laboratory
personnel from Selebi-Phikwe change the filter every day. R.
M Young Sensor Interface (meteorology); Wind model
05103; TCL temperature sensor Model 3503. Monitor Lab
(CO, SO,).
PC equipment: Macer (monitor), Macer 6000 (Hard disk).

220V

Not now. Possible to get from school building. DoM will
apply for telephone line in 1-2 weeks time.

On top of 0.8 m bench inside shelter.

5 m above the ground.

Mr. A. M. Mukuwa and Mr. S. M. Sereetsi collects the data
on diskette and bring them to Selebi-Phikwe for plotting and
storing (backup on hard disk at Selebi-Phikwe laboratory and
on diskette).

This monitoring station is suitable to monitor SO, impacts
from the tall BCL-stack.
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Mmadinare
Air quality monitoring network
Site visit report
Site Name : Makobe Hill Junior Secondary School
Co-ordinates : S: E: UTM:
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BAQMAP
Botswana Air Quality Monitoring and Sueveillance Programme Francistown
Air quality monitoring network
Site visit report
Site Name : Possible kerb side station in Francistown

Co-ordinates : S: 21°09°47s

Access/availability

Buildings and rooms available

Area description

Local sources

Representativity
Parameters measured
Data quality
Measurement equipment

Infrastructure
Power
Telephone lines

Sampler/monitor locations :
Air intake :

Personnel

Future monitoring station

E: 27°30°38s UTM: 355521(x) - 3576599(y)

Easy access. Main road through downtown Francistown. Very
busy at rush hours in morning, during lunch hours and in the
evening. Parking along street. The site is fenced and access is
available through main. The possible station location is at
Botswana Telecom property. Will need permission from
Botswana Telecom.

Available space for shelter (2x3x2.5 m) inside fenced area.
Building at property used to belong to Dept. of Transport and
Registration. The building is not occupied at the moment, but
is rented by Botswana Telecom.
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