NILU : OR71/96
REFERENCE : O-96082

DATE : DECEMBER1996
ISBN ;. 82425-0835-6

BAQMAP

Air Quality Monitoring and
Surveillance Programme, Botswana
Mission 1 Report, 4 - 22 November 1996

NILU

Norwegian Institute Department
of Air Research of Mines



NILU P RR71/96
REFERENCE : 0-96082

DATE :  DECEMBER 1996
ISBN ;. 82-425-0835-6
BAQMAP

Air Quality Monitoring
and Surveillance Program
for Botswana
Mission 1 Report
4-22 November 1996

Tone Bekkestad, Rolf Dreiem,
Ove Hermansen and Svein Knudsen



Contents

Page
111111 UL U OR— 5
1 I O IO < cumei e siminiwirtonihesmsini st smsimant seamapssmatio dtmssas o s s e o s ¥
2. Seminar 4-8 November 1996, President Hotel, Gaborone .........ccccoceeeeeeerenneeee 8
2, AT O I Y comnt s o won hivammerse s A A A A At R R e 8
2.2 Monday 4 November 1996 ..........ccccoviiiiiiiiiiniinniciee e 8
2.3 Tmesdan S INomeniBer 1900 s simsimaiissimiomanisssnmatoss i ha m-moms 10
2.4 Wednesday 6 November 1996 ..........coccooiiiiiiiiiiiiiciieieceeeeee e il
Z. 5 Tiiinisday 7 N eRerriiai BODE. o s it s s iris s s s
2.6 Friday & Noveniber 1986 ... coe s bmmmiisg sy sy s g 13
3. Site visits to sampling stations in Botswana ........ccieiiiecnnieicssceeiicennessssenenns 14
e N I e e e e 14
8 1] el P s secsismmeprs s s mmmprs s seom s o S Sy 18
AP €770 o)1) F R BTSSP B SO 19
3.2 Air Quality data retrieval and StOTING .........ccceeeiiiiniiiiniiieniiicniceiecee 10)
S 2l R o IR oot ol oo i ey bt ekl 20
3.2.2 Future work on emission INVENLOIIES .......ccoceerouiriiiinieeniieeniieaiieanieans 21
3.2.3 Availdble air qaality dafa from mEMIrs.. ciw . oo 2l
824 BN sei 2 A AN oiaaiioiusdeshins s hiskbabissaskb khaaxsanik b ien s Ay} bA|
B LA B TR oot e i e T e MO S O 22
3.2 6 ‘SEatiaECaT P PRI o st e dsaserssaat e s amsa s s s 23
S A qualtiy TN SRR e s A G 3
4. Future air quality monitoring program. Preliminary Proposal.................. 27
Gl ATTRIEIET ... om0 TP IS TR R A A A S TR AR SR RSO SEETO S a D S35 Zi
o O SRR MITINL oot i adeoc i feh ee 28

4.3 Preliminary proposed national monitoring program for Botswana.
Presented to DoM (C.J. Matale) 22 November 1996 ..........cccccoeeoveiinnenennn. 29
S FELA @y UIRIRIENIL, o s s ik o B s o kAR 32
5.1 Typa.of Seuipmiomt WIS s e s b s A s 2
5.2 Monitwiing stigifl on SGETINEE . wuuu. st mumumnnhisiniorsakbsassissmb s 32
6. Chemical 1aboratory .........ccccevvvercecsnnences NS 33
6] Progemil STAMIS.. ..o mssmtsomssmsamssssmsn e smams oo ecessmoms sz ds s 33
G Rl IR e cindingiiinis s+ s i T R e o A s G a9 %
AR R ST 1L S R e V% P rre v errr Tt B W TPROE T 33
6.2 Type of equipiiefl realed. s ppmnass sromosmprassssssmampprye aswmasasass 34
G R Ot O VO 5 i i R i B R R 7 g 34
6.4 Planning of a new 1aboratory ............cocvvvviriiiniiiiiiiic e 34
7. Training AsSeSoMENt. ... sooimanmissamemitbmimnitipa i A A st s 35
O TR O O BINGES oo oo i A s o s s i s s S 37
AppendiXx A Seminar Programi ........ecsecneicssenisseisssesssessssssssasssssessssssasssssssasases 39

NILU OR 71/96



Appendix B Opening speech by the Hounourable Minister of

Mineral Resources and Water Affairs .....cccceceeevereererneresreernsseesssseseescssssessoses 43
Appendix C List of participant and people we met...........ceerervevereerenesenenne 61
Appendix D Reports from seminar i national newspapers.............oceeeevevernen. 67
Appendix E Meeting between DoM, NILU and NORAD

14 NoVEMDER 1996 cxrvensarenisveromssonensmoesssmssnss imsnsss sme s sopmsasansonssmasssssssivgd ons shsit 71
Appendix F Site visit reports.

Air quality sampling stations in Botswana..........cccoccevevveerersanceeseececsaesneencens 7%
Appendix G Inventory lists for the laboratories for

chemical analysis in Gaborone and Selebi Phikwe.........cccoceeruincurcceccuncranene 173
Appendix H Laboratory measurement programme parameters................. 177
Appendix I Workshop QA & QC in the Iaboratory............eeccniccenccsnenes 181
Appendix J Air Quality Monitoring and Surveillance Program -

Botswana — Planning of new 1aboratory..........c..coeieninnicnccsssssenceeenne 189
Appendix K Visit at the water laboratory, Department of Water

Affairs 8 November 1996............couiveeninsenssinsncsnasenisisssissasessssssssoscsasesasssssce 201
Appendix L. What, How, Who and When for the chemical

JADOTBOITY scssssmponssmasesssucssesrsmissmms s TSI R 205
Appendix M Inventory list. Gaborone Calibration Laboratory ........c.eccv.... 211
Appendix N Inventory list. Equipment at site........cccceevureiicneriscnrcscnersonnnsssnns 215
Appendix O Description of procedure for calibration of Monitor

Lab Nitrogen Oxides Analyzer, Model 9841(A)......cccoccecruecrueccrucsssusssanranaees 219
Appendix P Selected air quality data from Gaborone............ccceceeerercruenenncee b7 04
Appendix Q Selected air quality data from Serowe .........cccceeeveeccerverereanes 237
Appendix R Selected air quality data Tonota ...........ccceveerueesserssnsosesssesssanene 243
Appendix S Selected air quality and meteorological data

from MmMAdINATe........ocvevvrievursrnssenseissesssncsassseossesssesssssssssssssesssssessssssssasnsonnes 247
Appendix T Example of forms from emission inventory ....c...cceeeeeecessserssacene 257
Appendix U Dust sampling at the Lobatse clay Works........ccocccersvrccnsescvnssanes 261
Appendix V Emission data from the BCL smelter in Selebi-Phikwe ......... 270
Appendix W Pictures of the BCL smelter in Selebi-Phikwe........ccccccceuveee. 284
Appendix X Environmental Control Report September 1996 BCL

LAMUted....ucoieiirincrernsrenseinsenssncssensnssoissnsssnsssessssssesssssssssassssssasossessassssssssssstssns 288
Appendix Y Reports from the Meteorological Office in Gaborone.............. 311
Appendix Z Annual Report 1993

Air Pollution Control Dept. of MNes........ccoceevervrecsuecsnisacsscsssessassserssessocsans 338
Appendix AA Main goal, main functions and objectives for the Air

Pollution Control Division at DOM .........cciriveisninsiensiinseisssnnssenssacssssces 363

NILU OR 71/96



Appendix BB Working plan for November 1996 to November 1997........... 367
Appendix CC Budget for November 1996 to November 1997...................... 371

NILU OR 71/96






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.
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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.
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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 monito