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Summary

The Norwegian Institute for Air Research (NILU) was asked by the Norwegian
State Pollution Control Authority (SFT) for support in defining the ambient air
pollution component of the Industrial Pollution Prevention Programme (IPPP)
operated by the Environmental Council of Zambia(ECZ).

This is the report of the second mission to Zambia0l to 19 April 1999. The main
purpose of this mission was to undertake a screening study of the present ambient
air quality, related to some major emission sources, and to design a measurement
programme for ambient air quality measurements in Zambia.

Visits to the main industries in the Copperbelt area and in Mazabuka and Maamba
were undertaken in order to collect information about the present knowledge on
emission rates and conditions, ambient air concentration levels and complaints
from the population around industrial areas. Passive samplers were installed in the
industrial areas and in Lusaka, as part of the screening study of the present

ambient air quality. A report of the visits, information collected and conclusions
from the screening study is given in this mission report. As a result of this mission
the measurement programme for ambient air quality measurements in Zambiahas
been designed.
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Ambient air quality monitoring system for Zambia

Mission report no. 2 to Zambia, April 1999

1 IntroductÍon
The Norwegian Institute for Air Research (NILU) was asked by the Norwegian
State Pollution Control Authority (SFT) for support in defining the ambient air
pollution component of the Industrial Pollution Prevention Programme (IPPP)

operated by the Environmental Councll of Zambia (ECZ).

The IPPP is funded by NORAD and was started in 1995 with a training course in
air pollution emission monitoring. IPPP contains several different individual
projects, such as:

. Cleaner production,
o Air Pollution regulations,
o 'Water quality guidelines and regulations,
c Hazardous waste Regulations,
o Environmentalinformationsystem.
The air pollution component also includes ambient air pollution measurements;

instruments, chemical analyses and training.

2 Purpose and programme for the visit
The main purpose of the mission to Zambia0T to 19 April 1999 was to undertake
a screening study of the present ambient air quality, related to some major
emission sources, and to design a measurement programme for ambient air quality
measurements in Zambia.

A plan for the establishment of such programme should be developed including
capacity building, instrument procurement, installation and training. As a result of
this mission, an updated proposal to the measurement programme for ambient air
quality measurements in Zambia is presented in chapter 5, complementing the
proposal presented in the Appendix P of the Mission Report NILU OR 61i98.

Cristina Guerreiro participated from NILU and Lemmy Namayanga and Ruth
Zimba participated fromECZ during the second mission to Zambia. People met
during this mission are presented in Appendix A. A programme for the visits had

been discussed before the arrival, and a final version is presented in Appendix B.
The purpose of the mission is presented in Appendix C.

3 Meetings

3.1 Wednesday 07 April L999

I was met at the airport on Saturday by Edward Piery (driver) and Lemmy
Namayanga, who we talked to on the way into Lusaka.
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Meeting at: ECZ
Present: From ECZ: Paul Banda (chief inspector at ECZ), Lemmy Namayanga,

Ruth Zimba, Douglas Nkolonganya (from the water quality unit)
From NILU: Cristina Guerreiro

Mr. Banda informed us that the evaluation of the IPPP programme would take
place from 15 to 23 April 1999.

I insisted on the need of establishing a national laboratory for environmental
analyses, which should preferably be independent, as a necessary step to establish
an ambient air quality monitoring system for Zambia. Mr. Banda answered that
NORAD would also prefer the use of an existing independent laboratory, which
would be adapted to undertake the analyses of ambient pollution, and that ECZ
was considering that solution too. He also mentioned that they are working on a
Canadian project on nutrient load in the Kafue river, for which they will also need
such a laboratory.

I was informed that the project proposal, which we had prepared in the end of our
first mission in October, has not yet been submitted. They are planning to work on
a proposal covering all the areas of the IPPP project, including air pollution, after
the evaluation in April and after meeting SFT in May.

Meeting atz ECZ
Present: From ECZ:Lemmy Namayanga, Ruth Zimba

From NILU: Cristina Guerreiro

The meeting was held to discuss the programme of the visit, and to agree on
details in the proposed programme. The final version of the programme is
presented in Appendix B. The general feature of the programme for the visits in
Mazabuka, Maamba and the Copperbelt area was based on meetings with
industries and visits to the areas, townships and surroundings included location of
passive samplers.

3.2 Thursday 08 April 1999

Meeting at: Nakambala Sugar Estates, Mazabuka
Present: From ECZ:Lemmy Namayanga, Ruth Zimba

From NILU: Cristina Guerreiro
From Nakambala Sugar Estates: John Zulu (served officer), Israel
Zandonda (environmental officer)

The sugar plantation has 10 000 hectares, divided into smaller fields. They burn
the sugar can fields before they can cut the sugarcane in order to get the insects

out and open space between the cans. The dry leafs of the cans and the grown
vegetation burns. The amount of leafs that bum was estimated by F;CZto be about
33 to 45 kglm2. Burnings are carried out everyday, at the same time, between 2

and 3 separated fields with a size of 200 to 300 hectares. The open air burning
takes normally place during the early morning, by sunrise or in the evenings,
before sunset. They justify this choice by the fact that these are the periods of
calm wind conditions and it is therefor easier to control the burnings. They were
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informed that those are the worst hours to burn in terms of air pollution dispersion
conditions. In the day of our visit the burning took place in the middle of the day,
at 13.00 hours. This time was preferred because it was the end of the rain season;

the sugarcanes had more green leafs than usual, and it was easier to burn them
during the hottest time of the day.

The sugar factory has 3 stacks for the 5 boilers and uses bagasse as fuel
(Appendix D). The stacks emit CO, particles and fluorides. They add sulphate to
the sugarjuice to bleach the sugar. All sulphate should be absorbed into the

sugarjuice, but there are sometimes accidental releases of SOz, which together
with bad ventilation, can be a problem for the workers.

3.3 Friday 09 April 1999

Meeting at: Maamba Collieries Limited
Present: From ECZ:I-emmy Namayanga, Ruth Zimba

From NILU: Cristina Guerreiro
From Maamba Collieries Limited: Mr. O. Lee Davey (managing
director), Mr. Elpher Ngwata (technical services superintendent)

The total area of the open mine is 7900 hectares. An estimated area of 350 to 400
hectares of the open pit mine is under spontaneous combustion, emitting unknown
amounts of SOz and particles. As an example, the old cool pit field of Kanzinze
has been burning for 13 years and they estimate it to continue burning the next 50
years!

During wintertime and under stable conditions the pollution emitted by the open

pit mines is transported with high concentration over long distances. Communities
as far as 10-15 km away from the mine have complained. The wind blows along
the valley (SSW-NNE), predominantly from NNE.

Mr. O. Lee Davey estimated in 10 million US$ the cost of rehabilitation of the
mine, in order to prevent the old part of the mine from continuing to burn. The
mine is presently in a difficult economic situation, after a drop in coal price and

demand inZambia. To reduce the emissions from spontaneous combustion,ECZ
has suggested to them to cover the open pit mines with inert material like clay, but
the mine has answered that they do not have a compacting machine.

The coal extracted has a sulphur content of l,5%o in average and of maximum
3,5Vo. After processing, they sell the coal with l%o sulphur. SO2, nitrogen fumes,
CO and particles are emitted during the coal processing. Water sprays are used to
keep down the particles in the processing area, but this method has a low
efficiency.

NILU OR 44199
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3.4 Saturday 10 April1999

Meeting at: Bwana Mkubwa Mining Limited
Present: From ECZ:I-emmy Namayanga, Ruth Zimba

From NILU: Cristina Guerreiro
From Bwana Mkubwa: Mr. A. Scott (company secretary)

Bwana Mkubwa Mining Limited has an acid plant and an electro- weaning plant
to recover the left copper in the tailing dumps. This last one produces 30 tons Cu
per month. Bwana Mkubwa Mining started its activity in January 1998, the
application for Permit to Emit Air Pollutants (Appendix E) was only submitted in
March 1999 and the permit has not been issued yet.

They impoft 99,5Vo raw sulphur from South Africa to produce the sulphuric acid.
They produce an average of 300 tons H2SOaaday. The acid is both used in the
electro-weaning plant and sold to the copper smelters.

At the time of our visit they had been having problems with the design of the new
cooler since 3 of March. In the last 5 weeks they had been emitting all the SO*
that should be transformed into acid directly into the atmosphere, blown by the
fans of the cooler, as a low fugitive source. They have received complains from
farmers, which saw their crops damaged, and from INDENI, which is about 1,5

km downwind from the acid plant. Mr. Scott said they would close the acid plant
the day after (11 April) until the cooler had been replaced.

Mr. Scott informed that under normal conditions, when the acid concentration is
too high in the acid plant, they have to release SO2 through the stack. The total
amount of SOz released due to such conditions in October 1998 was 120,4 tonnes,
as an example. Appendix F presents the estimated amount of SOz released
through the stack during 4 months.

Meeting at: INDENI Petroleum Refinery
Present: From ECZ:I-emmy Namayanga, Ruth Zimba

From NILU: Cristina Guerreiro
From INDENI: Mr. Nioka (Plant section head), Mr. Hany Moamza
(Process engineer)

We were informed that the plant has been shut for 5 days and that they plan to
open within 3 days. Mr. Nioka showed us the only boiler in work. Mr. Hany
Moamza complained about the SOz emissions from Bwana Mkubwa acid plant,
which had been going on with critical concentration levels for 5 weeks. He was
afraid the acid would lead to corrosion of the equipment and conducts of the
refinery, which were not dimensioned to tolerate such concentrations of acid. He
mentioned that a case of rupture in the equipment or conducts could cause a major
accident in the plant. He was also concerned about the health of the workers in the
plant. He was encouraged to make a formal complaint and a claim of
compensation for damages.

Meeting at: Ndola Lime Company
The lime factory was temporarily closed down. The visit was therefore cancelled.

NILU OR 44199
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Meeting at: Chilanga Cement Factory
Present: From ECZ:I-emmy Namayanga, Ruth Zimba

From NILU: C. Guerueiro
From Chilanga Cement: Mr. H. K. Mwenya (Works technical manager)

The most important air pollution problem caused by the Lime factory emissions is
dust. The processes producing dust are: quarry, crushing, conveyor, screening,
lime burning and hydrating. The highest dust emission is produced by lime
burning. The other dust emissions are mainly fugitive.

During our visit the cement plant was under normal operation and the electrostatic
precipitators were in function.

The cement factory measures the dust emissions on its two stacks daily, these
measurements are reported weekly and sent toECZ on a yearly basis. Appendix G
presents dust emission measurements for 6 months in 1998.

The factory is placed upwind from the town centre and the ltawa Township. The
area of maximum impact is the Itawa Township, about 3 to 4 km downwind from
the factory.

An attempt was made to measure PMro ambient air concentrations in ltawa. We
have placed the measuring instrument2,7 km West from the factory's main stack,

at the most exposed side of ltawa. Unfortunately the tied time schedule did not
allow us to measure over more than one hour, at 10 am. During the measurement
hour there was unstable conditions, the wind was blowing from around east, with
unstable wind direction and varying low wind speed. The average PM10
concentration measured over one hour was 16 Vg/m3. This value is very low and

not representative of the impact of the cement factory on the Itawa Township. It
was measured under good dispersion conditions and unstable wind direction.

3.5 Sunday 11April1999

Meeting at: Roan Antelope Mining Corporation (RAMCZ)
Present: From ECZ: Lemmy Namayanga, Ruth Zimba

From NILU: C. Guerreiro
From RAMCZ: Mr. A. P. Mukherjee (manager-metallurgical)

Mr. A. P. Mukherjee informed us that the smelter is closed for at least a year.

They are in the process of renewing the smelter into US technology. They will
build an acid plant and will therefore be able to reduce the SOz emission
substantially. At present they are still looking for investors, and will need 56

million US$ for the conversion of the smelter.

3.6 Monday 12 April1999

Meeting atz ZCCM Nkana smelter offrcials
Present: From ECZ: Lemmy Namayanga, Ruth Zimba

From NILU: C. Guerreiro

NILU OR 44199
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From ZCCM: Mr. Alexie Npishi (DESO), Mr. Mathews Chunga Mwale
(Environmental off.)

Mr. Alexie Npishi informed us that ZCCM Nkana is in the privatisation process,
they expect to be sold to Anglo-America in June. In May they will close down the
plant for reparations. Their acid plant efficiency has been decreasing (see

Appendix H), they hope to invert this tendency after the repairs in May.

We asked for meteorological data from the last year and were informed that the
meteorological station has not been calibrated and has not been working since
November 1998. But ZCCM is willing to give ECZ meteorological data in the
future, under request. They are planning to have 3 more sequential samplers in the
townships. They have 4 of them sampling presently.

Mr. Mathews Chunga Mwale provided us with their SOz measurements, taken at
the same time as our measurements with passive samplers in September, for
comparison. The measurements with the sequential samplers (ZCC}I4) and with
the passive samplers (NILU) are presented in Table 1. SOz is analysed atZCCM
from total acidity based on titration, while NILU uses ion chromatography for
SO2 analyses. These results illustrate the difference in detection limits and
precision of the two analysis methods. Appendix I presents the monthly average
concentrations of SO2 (mg/m') measured by ZCCM at the 4 stations from July
1995 until December 1998.

Table I: Measurement of SO2 @g/m3 ) in Nkana, from 25 to 27 of September
1998.

Averaoino period of measurements
ZCCM Nkana measurements NILU measurements*

Station 25/09198 26109/98 27109198 25109198 11:50 h to
27109/98 12:40 h

CentralShaft < 0.001 1.544 0.707 1.493
Fire briqade < 0.001 < 0.001 < 0.001 0.385
Wusakile Hosoital < 0.001 < 0.001 < 0.001 0.019
Nkana Hospital < 0.001 0.023 < 0.001 0.055
*(Guerreiro & Sivetsen, 1998)

Mr. Alexie Npishi had on his desk a copy of "External Environmental Audit of
the Nkana Mining Licence Area - L}llL 2"' by SRK Consulting (Engineers &
Scientists), from December 1998, of which ECZ can officially request a copy.

Meeting at: Mines Safety Department
Present: From ECZ:Lemmy Namayanga, Ruth Zimba

From NILU: C. Guerreiro
From MSD: Mr. Godfrey C. Kabilo (Director), Mr. Henry C. Mutafya
(Inspector of Environment)

After presentation of the ambient air pollution monitoring programme, Mr.
Mutafya informed us that the MSD is doing campaigns of air quality
measurements around the different smelters in the Copperbelt. They use 2

NILU OR 44199
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sequential samplers and analyse SOz from total acidity based on titration, at the
Mines Safety Laboratory. In the last campaign they had collected samples during
2 weeks in Mufulira, 2 weeks in Luanshya and 20 days in Ndola, near Bwana
Mkubwa acid plant. The results were not available yet, but they would be sent to
ECZ. MSD showed great interest in a new, clean environmental laboratory for
Zambia. With such a laboratory operating inZambiain the future, they could send

their samples to the new laboratory for analysis, instead of continuing analysing
SO2 by total acidity.

3.7 Tuesday 13 April1999

Meeting at:. ZCCM Mufulira
Present: From ECZ:l-emmy Namayanga, Ruth Zimba

From NILU: C. Guerreiro
From ZCCM Mufulira: Mr. James Kalowa, Mr. Vincent K. Chalwe,
Mr. Chipangano G. Zulu (chemist)

Mr. James Kalowa provided us with ZCCM's SOz measurements, taken in
Mufulira, at the same time as our measurements with passive samplers in
September, for comparison. The measurements with the 4 sequential samplers
(ZCCM) are presented in Appendix J. SOz is analysed atZCCM from total acidity
based on titration. From the comparison of the data (Guereiro & Sivertsen, 1998),

the question if the passive sample from Clinic 3 had been changed with the
sample from Clinic 5 was raised. Since there were no meteorological
measurements from these 4 days to answer the question, we hope to obtain it from
the comparison of equivalent measurements taken in April 1999. ZCCM Mufulira
was also interested in the possibility of using a future clean environmental
laboratory inZambia for the analysis of their samples.

We were also informed that ZCCM Mufulira is under privatisation.

3.8 Wednesday 14 April 1999

Meeting atz ZCCM Chingola, Nkana smelter officials
Present: From ECZ:I-emmy Namayanga, Ruth Zimba

From NILU: C. Guerreiro
From ZCCM: Mrs. Sampa A. B. N. Chitah (Divisional Environment
Services Officer)

There are three major processes/ activities at ZCCM Chingola; open pit and

underground mining, concentrator of copper ores, and tailings leach plant. The
open pit emits mainly dust, there is no spontaneous combustion. The concentrator
emits dust and SO2 through two stacks, from the coal combustion and from the

drying of sulphate copper, which releases sulphur. The leach plant uses HzSO¿ to
extract the copper from the oxide copper (tailings) and releases fugitive SO2

emissions from the tank.

'Wet gas scrubbers, with an estimated efficiency of 90Vo, are installed in the two
stacks of the concentrator (see Appendix K). No measurements of the stack
emission have yet been done by ECZ. Mrs. Chitah informed ECZ that the
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conditions were createdforF;CZ to measure the emissions at the stacks and that
she was expecting them shortly.

The tailings leach plant uses 'mist', which are balls of a inert material that float in
the beaching tank to prevent SO2 fugitive emissions. Nevertheless, ZCCM has

received complaints from the school and population near the bleaching plant. A
passive sampler for SO2 was placed at the refened school. The bleaching plant
was working at 77Vo of its average production rate at the time of the visit. Mrs.
Chitah would send a mass balance for the use of sulphur in the bleaching plant to
ECZ.

3.9 Thursday 15 April 1999

Meeting aEB,CZ
Present: From ECZ:Lemmy Namayanga, Ruth Zimba

From NILU: C. Guerreiro
From IPPP Evaluation team: Jon Jerre (DNV), Tore Laugerud
(Norconsult), Dr. ? (Professor in University of Zambia)

Lemmy Namayanga presented the unit of Air and Noise atECZ, composed by 4
members:
. one senior inspector, Mr. Gentile Chasaya, presently in USA (from 03.04.99

to 27.04.99),
o two inspectors, Lemmy Namayanga and Ruth Zimba,
. one technical officer, Bwembya Mwanza, presently in South Africa (from

Feb. to Nov. 1999).

Lemmy Namayanga continued referring the work done by the unit within the
IPPP project.

Within this project the unit members learned to make stack emission
measurements in Norway and received the measurement equipment in March
1997. The unit has done 4 stack measurements in industries until now. The unit
wishes to have automatic equipment to decrease the time and work associated to
these measurements. This point was discussed between the participants in the
meeting and many doubts were raised about the cosl benefit of such a"

substitution. The unit would like to measure the stack emissions in I industries in
1999, which they estimate will cost 24 to 30 days of labour.

The unit has also been working on the licensing process of the industries in
Zambia. They covered 78 industries in 1998. They do not know how many
industries are left to license in Zambia. The evaluation team proposed that they
would consult the register of industries in Zambia.

Concerning ambient air quality monitoring, Lemmy Namayanga informed the
evaluation team that there had been a first screening study in September 1998 and

that the second one was finishing now. NILU had been involved in both screening
studies. NOz and SOz have been sampled in Lusaka, the Copperbelt arca, Maamba
and Mazabuka and will be analysed in Norway. Doubts about the need of an

ambient air pollution monitoring programme for Zambia were raised by the
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evaluation team. NILU means that that air pollution monitoring will be a

necessary basis for ECZ's work on issuing emission permits and future planning
on emission reduction.

3.10 Friday 16 April1999

Meeting at: NORAD
Present: Gudbrand Stuve NORAD

Cristina Guerreiro

A meeting with Gudbrand Stuve at the NORAD office in Lusaka was held to
present the NILU mission and the main outcome of the first and second missions
to Zambia. Gudbrand Stuve was given the first mission report (Guerreiro &
Sivertsen, 1998).

I insisted on the need of an ambient air monitoring programme for Zambia and on

the necessity in establishing a clean chemical laboratory outside ECZ as a first
step.

The IPPP project, which began in May 1999, is in its 3'd and last year. An
evaluation team has been contracted by NORAD to evaluate the project so far.
From this evaluation it is expected an indication of what a second phase of IPPP
project should consist of, in case the evaluation team concludes that there should
be a second phase. In the middle of May there will be a meeting between SFT and

ECZ to discuss the project future, based on the report from the evaluation team.
NORAD expects ECZto deliver a project proposal for a second phase of the IPPP
project in Sep-Oct 1999.

Meeting at: Environmental Council of Zambia(ECZ)
Present: From ECZ:Paul Banda, Lemmy Namayanga, Ruth Zimba

From NILU: C. Guerreiro

The results of the two missions to Zambia were presented to P Banda. I stressed

once again the importance of establishing an ambient air quality monitoring
system for Zambia and the need for a"cleaî" environmental laboratory as a basis

for starting analyses of samples from ambient air. I also stressed the fact that both
the Mines Safety Department and ZCC}II showed interest in using such a
laboratory for their own analysis. Mr. Banda is expecting the conclusions and

recommendations from the evaluation team to pronounce himself in this aspect.

After the current evaluation process and meeting SFT in May, Mr. Banda is
planning a meeting with NORAD in June to discuss the project proposal for a

second phase of the IPPP project.

4 Passive sampling
As part of a second screening study to develop a plan for ambient air pollution
monitoring in Zambia,34 SO2 and l'7 NO2 passive samplers were placed inside
Lusaka, Maamba, Mazabuka, Ndola and around industries in the Copperbelt area.

The passive samplers were installed in field to measure ground level
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concentrations as a result of emissions from traffic and industry. The location and
results from the 32 SO2 and 15 NO2 passive samplers that were found and
analysed are reported below.

In Lusaka three sites were selected to measure NO2 and one to measure SO2l one
in the city background area, inside ECZ; a second one in the city centre, near a

road with heavy traffic (Lumumba rd.), and a third one, measuring both SO2 and
NO2, in the city business centre, near the main street (Cairo rd.).

In Mazabuka three sites were selected to measure NO2 and SO2 around the

Nakambala sugar factory and plantations. Two sites were located in townships,
surrounded by sugarcane plantation, and about 500 m north and 1.5 km northeast
of the sugar factory. The other site was placed about 1.3 km southwest of the
sugar factory, near the office area.

In Maamba 3 sites were chosen to measure SO2 ambient air concentrations around
Maamba Collieries. One site is located inside the industrial area stretching along
the valley, between two open pit mines under spontaneous combustion. Another
site was located south of the old cool pit field of Kanzinze that has been burning
for several years, and about 4 km southwest of the present open pit mine in
operation. The third site was placed in a residential area, about 1.6 km southeast,

not affected by the main winds which blow along the valley (northeast /
southwest).

In Ndola six sites measured NO2 and SO2. Two sites were placed in the city
centre, one in one of the streets with most traffic and the other at the Savoy hotel.
Another site was in the Mukuba hotel, downwind of the INDENI Petroleum
Refinery and Bwana Mkubwa Mining. The other three sites were placed around
Bwana Mkubwa Mining, two in the industrial area, downwind of the acid plant
and one in the agricultural area southwest of the plant.

In Luanshya the smelter was closed. One site was chosen to measure SO2 and

NO2 in a township near the smelter and to compare the present measurement of
SO2 with the previous one, taken when the smelter was in operation. Another site

was chosen to measure NO2 in the crossing of two main streets in the town centre.

In Nkana seven sites were chosen to measure SO2 ambient air concentrations
around theZCClld Nkana smelter and the Scaw Zambialtd. foundry. The Central
Shaft site was located inside the smelter area, about 1 km downwind from the

smelter. The Fire brigade site was located about 500 m south of the smelter, on

the border between the industrial area and 'Wusakili township. The Wusakili
hospital site is located about 750 m upwind of the smelter, and the Nkana hospital
site is located inside the city 1.5 km north of the smelter. The Mumana Clinic site

was placed 2 km southeast of the smelter. No residential arca is located in the

main downwind direction from the industrial area, instead there is a golf court2-3
km west of the industries. One site was placed in the golf court area. The last site

was placed in the Mines Safety Dept. in Kitwe.

In Mufulira five sites measured the SO2 ambient air concentrations around the
ZCCM Mufulira smelter. Four of the sites were located inside townships,
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downwind (SW and NW) and at different distances from the smelter. The fifth site

was located 4 km upwind of the smelter in a residential area.

In Chingola five sites were selected to measure SO2 and one to measure NO2
ambient air concentrations around ZCCI|I4 Chingola. The Faith Rise pre-school
site was located very close to the leach plant, on the border between Chingola
town and the industrial area. Two other sites were located at different distances

east of the leach plant, in residential areas. The site of Malemba primary school

was placed downwind, about I.2 km southwest of the plant, and measured both
SO2 and NO2. This site is also affected by emissions from scrap dealers and

copper melting in the close neighbourhood.

Table 2 describes the sampling sites in terms of location, main emission sources,

position in relation to the emission sources, measured compounds and sampling
periods. The maps in Appendix L give a picture of the spatial distribution of the
sampling sites and residential areas in relation to the main sources, for each city.

Table 2: Sampling sites for the SO2 and NO2 passive samplers

City/
Town

Site name
(position)

Area Emission
source

Position to
emission
source

UTM co-
ordinates

Passive
samplers

Sampling
period

X Soz Noz (days)

Mazabuka Ngamona,
house 2

Township

industrial

Nakambal
a Sugar St

=1km
NW

583.8 250.6 1 1 20

Mazabuka Kaleya
Clinic

Township
/rural

Nakambal
a Suqar St

=2kmNE 584.5 251.6 1 1 20

Mazabuka Kabika lndustrial Nakambal
a Sugar St.

=2km
SW

581.7 248.7 1 1 20

Maamba house of El.
Nqwata

Residenti
al

Maamba
Collieries

= 1.6 km
SE

522.3 080.7 1 21

Maamba Substation
Kanzinze

Rural/
lndustrial

Maamba
Collieries

= 4km
SW

519.0 078.8 1 20

Maamba Power st. lndustrial Maamba
Collieries

=1kmW 519.9 081.7 1 20

Lusaka Cairo rd
(Phonix)

City
centre

Traffic Main road 637.5 295.4 1 1 24

Lusaka Lumumba
rd.

City
centre

Traffic Main road 637.2 295.1 1 24

Lusaka ECZ.
church rd

City
backq.

639.4 295.5 1 24

Ndola Bwana
Mkubwa
train st.

lndustrial Bwana
Mkubwa

= 1.6 km
WNW

683.5 558.4 2 1 11,23,23

Ndola BDM
Na'Andwe
Farm p|.28

Rural Bwana
Mkubwa

= 1.2km
SW

684.8 556.9 1 1 21

Ndola Bwana
Mkubwa A6

lndustrial Bwana
Mkubwa

=2.4km
NW

684.0 559.8 1 1 21
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City/
Town

Site name
(position)

Area Emission
source

Position to
emission
source

UTM co-
ordinates

Passive
samplers

Sampling
period

X Y soz Noz (days)

Ndola Savoy
Hotel

City
centre

Traffic Main road 681.3 551.9 1 1 23

Ndola Ndola
Chemists

City
centre

Traffic Main road 681.0 552.5 1 1 22

Ndola Mukuba
Hotel

City/ lnd INDENI/
Bwana
Mkubwa

=1.5 km
WNW

682.5 558.0 1 1 22

Luanshya Section 5
clinic

Township

lndustrial

RAMCZ
(closed)

=1 kmW 650.0 548.3 1 1 23

Luanshya Zaone-
Chachacha
cross

City
centre

Traffic 1 24

Mufulira Clinic 5 Township
I
lndustrial

zccu =1km
NW

633.2 614.8 1 4

Mufulira Clinic 7 Township
I
lndustrial

ZCCM = 4km
NW

630.5 616.2 1 22

Mufulira Clinic 3 Township/
lndustrial

zccu =1kmSW 633.0 613.8 1 4

Mufulira Clinic 2 Township/
lndustrial

zccu =2kmSW 632.5 612.7 1 22

Mufulira Clinic I Township zccv =4kmESE 638.0 612.7 1 22

Nkana Central
shaft

lndustrial zccM/
Scaw

=1kmNW 630.0 580.9 1 3

Nkana Fire brigade lndustrial/
Township

ZCCMI
Scaw

=0.5kmS 630.9 579.9 1 3

Nkana Mumana
Clinic C-7

Township zccMt
Scaw

=2kmSSE 632.6 578.9 1 23

Nkana Wusakili
hospital

Township zccu/
Scaw

= 0.75 km
E

631.6 580.2 1 23

Nkana Nkana
hospital

Town zccM/
Scaw

=1.5kmN 630.7 58't.8 1 23

Nkana Golf - club
900m east

Leisure zccM/
Scaw

=2.1 kmW 628.6 581.5 1 23

Kitwe/
Nkana

MSD Town zccu/
Scaw

=3.5kmN 631.4 583.6 1 23

Chingola Faith Rise
pre-sch.

Town/
lndustrial

ZCCM =0.2kmE 593.0 612.8 1 20

Chingola 9'n st. Clinic Town ZCCM =2kmSE 593.7 6',12.4 1 20

Chingola Malemba
prim. sch.

Township/
lndustrial

zccM = 1.2km
SW

591.8 612.0 1 1 22

Chingola Chawama
health c.

Township zccM =3kmSW 591.5 610.3 1 22

Chingola Ms. Chitah
house

Residen-
tial

zccM = 4.5 km
ESE

596.8 612.1 1 20
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4.I Measuredconcentrations

The passive SO2 and NO2 samplers were brought to NILU for analysis. The
results from the analysis are presented in Table 3.

Table 3: Measured ground level daily concentrations averaged over the
sampling period.

Sampling period Site name (position) UTM co-
ordinates

Concentration
(uq/m3)

From To: X Y Soz Noz

date: hr: date: hr:

8.4.99 12:25 28.4.99 12:2O Mazabuka. Ngamona. house 2 583.8 250.6 10 5

8.4.99 12:42 28.4.99 12:35 Mazabuka. Kaleya Clinic 584.5 251.6 3 3

8.4.99 12:58 28.4.99 12:55 Mazabuka. Kabika 581.7 248.7 1 2

8.4.99 17:45 29.4.99 08:55 Maamba. house of Elpher Ngwata 522.3 080.7 2

9.4.99 10:50 29.4.99 16:07 Maamba. Su bstation Kanzinze 519.0 078.8 I
9.4.99 11:05 29.4.99 12:1O Maamba. Power station 519.9 081.7 20

10.4.99 10:00 3.5.99 09:40 Ndola. Bwana Mkubwa train st. 683.5 558.4 NR"

10.4.99 11:45 3.5.99 09:37 Ndola. Bwana Mkubwa train st. 683.5 558.4 2

22.4.99 14:10 3.5.99 09:38 Ndola. Bwana Mkubwa train st. 683.5 558.4 36

10.4.99 12:12 1.5.99 12:O2 Ndola. BDM Na'Andwe Farm.28 684.8 556.9 NR* 1

10.4.99 13:00 1.5.99 12:35 Ndola. Bwana Mkubwa A6 684.0 559.8 I 2

10.4.99 15:10 3.5.99 11:08 Ndola. Savoy Hotel 681.3 551.9 I 8

11.4.99 08:40 3.5.99 10:20 Ndola Chemists. Mr. Kosavi 681.0 552.5 I 10

11.4.99 09:10 3.5.99 09:55 Ndola. Mukuba Hotel 682.5 558.0 18 2

11.4.99 11:50 4.5.99 19:14 Luanshya. Section 5 clinic 650.0 548.3 <1 3

11.4.99 12:25 5.5.99 13:50 Luanshya. Zaone-Chachacha cr 5

12.4.99 1O:47 5.5.99 15:06 Nkana hospital 630.7 581.8 48

12.4.99 11:35 5.5.99 15:14 Nkana. golf club 900m east 628.6 581.5 188

12.4.99 11:50 15.4.99 09:15 Nkana. Centralshaft 630.0 580.9 2330

12.4.99 12:00 15.4.99 09:30 Nkana. Fire brigade 630.9 579.9 6

12.4.99 12:10 5.5.99 14:58 Nkana. C-7 Mumana Clinic 632.6 578.9 <1

12.4.99 12:2Q 5.5.99 14:49 Nkana. Wusakili hospital 631.6 580.2 5

12.4.99 13:05 5.5.99 15:35 Kitwe. Mines Safety Dep 631.4 583.6 4

13.4.99 11:14 't7.4.99 14:30 Mufulira. Clinic 5 633.2 614.8 524

13.4.99 11:28 5.5.99 17:2O Mufulira. Clinic 7 630.5 616.2 94

13.4.99 11:42 17.4.99 14:21 Mufulira. Clinic 3 633.0 613.8 105

13.4.99 11:49 5.5.99 17:40 Mufulira. Clinic 2. Kariba st. 632.5 612.7 14

13.4.99 12:41 5.5.99 '17:05 Mufulira. Clinic I 638.0 612.7 1
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*NR: Non reliable result in analysis.

4.2 Air quality guidelines

The air quality guidelines for SO2 and NO2 from the Norwegian Pollution Control
Authority (SFT, 1992) and World Health Organisation (WHO) are given
in Table 4.

Table 4: Air quality guidelines for SOz and NOz. Unit: ¡rg/m3

Component Control
Authority

Period

24h 6 months Year

SO2 health
SO2 vegetation
NO2 health
NO2 vegetation

WHO
WHO
WHO
WHO

125
100

150

50
30

30

SO2 health
SO2 vegetation
NO2 health
N02 vegetation

SFT
SFT
SFT
SFT

90

50

75

40

50

20

30

4.3 Discussions and conclusions

The averaging time of the measured concentrations corresponds to the sampling
time, which was for the majority of the sites between 20 and 24 days. Exceptions
were made for 4 sites, where the sampling time was 3 to 4 days, due to the high
ambient air concentrations expected. The measured concentrations are compared
both with the 24 hours averaging time guideline, which represents a non-
conservative comparison, and with the I year guideline, which represents a

conservative comparison.

In Mazabuka SO2 and NO2 concentrations were measured at 3 sites. The
measured concentrations for both compounds are low, but higher than background
concentrations, indicating some emissions in the area. The highest SO2 and NO2

Sampling period Site name (position) UTM co-
ordinates

Concentration
(uo/m3)

From To: X Y soz Noz

date hr: date: hr:

14.4.99 1O:12 4.5.99 16:23 Chingola. Faith Rise pre-sch 593.0 612.8 37

14.4.99 10:25 4.5.99 16:30 Chingola. 9'n st. Clinic 593.7 612.4 28

14.4.99 10:55 6.5.99 12:2O Chingola. Malemba prim. sch 591.8 612.0 40 5

14.4.99 11:25 6.5.99 12:35 Chingola. Chawama health c. 591.5 610.3 NR*

't4.4.99 11:50 4.5.99 16:39 Chingola. Ms. Chitah house 596.8 612.1 30

16.4.99 13:42 10.5.99 10:04 Lusaka. Cairo rd. (Phoenix) 637.5 295.4 21 20

16.4.99 15:12 10.5.99 1O:12 Lusaka. Lumumba rd. 637.2 295.1 19

16.4.99 15:40 10.5.99 08:55 Lusaka. ECZ. church rd 639.4 295.5 9
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concentrations, 10 and 5 Wgl^', respectively, were measured at Ngomona site,
about 1 km northwest of the sugar factory.

In Maamba, 3 sites measured SO2 concentrations. In this area the wind blows
along the valley (SW-NE), predominantly from NE. The site located in a

residential area, outside the main wind directions, about 1.6 km southeast of an

open pit mine under spontaneous combustion, measured a typically SOz

background concentration of 2 ¡tglm3, The other two sites were located along the
valley, downwind of the open pit mine under spontaneous combustion. The
closest site, about 1 km west of the mine, measured 20 ¡tg/m3 of SO2, clearly
indicating the existence of SO2 emissions in the area. The third site, located
further downwind of the mine, about 4 km southwest, measured as expected a
lower concentration of SO2 (8 pglm3). All measured concentrations were well
under the air quality guidelines, both for daily and one year average. Nevertheless,
under light stable and stable conditions, occurring most frequently during the
winter and night time, high concentrations of SO2 may occur several kilometres
downwind of the open pit mines under spontaneous combustion.

At the two sites in Ndola city centre the measured SO2 concentrations indicate
that there are emissions of SO2 in the area. The background concentration in the
Copperbelt area is expected to be higher than in Lusaka, due to the industrial
activity that characterises this area, but not as high as 10 pglm3. The concentration
measured at the Mukuba hotel, located 1.5 km west-northwest of the INDENI
Petroleum Refinery and about 2.5 km west of Bwana Mkubwa, indicate emissions
of SO2 in the area and the possible occurrence of episodes with high SO2
concentrations, depending on the emissions from INDENI and Bwana Mkubwa
and the wind direction. The concentration measured from 2214199 to 315199 at
Bwana Mkubwa train station, about 1.6 km downwind from Bwana Mkubwa acid
plant, indicates emissions of SO2 in the area. This sampling period occurred
immediately after the testing of the new cooler, during which large amounts of
SO* were emitted from the cooler, as a low fugitive source. The analysis of the
sampler that should have sampled SOZ during the last days of the testing period
(from l0l4l99) gave non-reliable results. The same happened with the sampler
placed in a farm, about 1.2 km southwest of Bwana Mkubwa acid plant. The
sampler placed at Bwana Mkubwa 46, about 2.4 km northwest of the acid plant,
gave the same level of SO2 concentration as the background concentration
measured in the centre of Ndola, probably due to the seldom occurrence of winds
from south and southeast during the sampling period.

The highest NO2 concentrations in Ndola were measured in the city centre, due to
the traffic, but they are still well below the WHO air quality guideline for health.
The Concentrations measured at the other 4 sites in Ndola were very low;
typically background concentrations, indicating no exposure to traffic or to other
NO2 sources in the area. The NO2 measurement at Mukuba hotel, about 1.5 km
downwind of INDENI Petroleum Refinery would be expected to be higher if the
refinery re-opened during the sampling period, after the shutdown period during
ECZvisit the 10 April 1999.

In Luanshya the SO2 concentration measured was very low, as expected, due to
the temporary shutdown of the smelter. The 2 NO2 concentrations measured in
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Luanshya were very low. The NO2 concentration atZaone - Chachacha crossroad
was higher due to the traffic.

In Nkana, as opposed to Mufulira, there are no townships in the main downwind
direction from the industrial area. The measured SO2 concentration in the Central
shaft site, inside the smelter's area, is extremely high (2330 pglm3), due both to
the proximity of the smelter and to the fact that the wind blew much more often to
its direction, than to the Fire Brigade site or to the Wusakili hospital site. These
measurements indicate that in the periods the wind blows from south or from
northwest, Nkana West and Wusakili, respectively, will be exposed to very high
concentrations of SO2. This was not the case during the 3 days of measurements at
the Central shaft and at the Fire brigade, neither during the 23 days sampling
period for the other sites. The SO2 concentration measured over 23 days at the
Nkana hospital site was close to the WHO air quality guideline for one year
average. The measuring site located in the Golf camp, in the main downwind
direction, 2.1 km from the smelter, registered a high SO2 concentration of 188

Vglm3, above WHO air quality guidelines for daily and one year average.

In Mufulira the measured SO2 concentrations indicate that there are very large

emissions of SO2 in the area. The sites located 1 km from the source in the
northwest and southwest directions, both inside townships, measured 524 and IO5

Vglm3 SO2, respectively. The first concentration is 4 times higher than the WHO
air quality guideline for health of 125 pglm3 for 24 hours and 10 times higher than
the guideline for one year, while the second is close to the guideline for 24 hours
and2 times higher than the guideline for one year. The SO2 concentration dropped
as expected between 1 and 4 km from the source along the northwest direction,
probably due to the importance of the fugitive emissions for the measured
concentrations close to the source. Nevertheless, the concentration measured 4 km
northwest of the smelter is still considerably high. It is close to the WHO air
quality guideline for 24 hours and above the guideline for one year. The site
located 2 km southwest of the smelter measured a much lower concentration than
the one at I km distance from the source. This difference is probably due both to
the higher distance from the source and to the location about 10 degrees further
east (see location of sampling sites in appendix L). The Clinic 8 site is located
about 4 km upwind of the smelter, giving an extremely low background
concentration of SO2 for Mufulira, most probably not representative for the year.

In Chingola the measured SO2 concentrations indicate that there are emissions of
SO2 in the area. The SO2 concentration measured at Faire Rise pre-school site,

located about 200 m east of the tank of the tailings leach plant, was expected to be

higher, due to the proximity of the tank. Nevertheless, in days with stationary
winds from west, it is likely to register SO2 concentrations above the WHO air
quality guidelines at this site. The SO2 concentrations measured 2 km southeast
and 4.5 km east-southeast of the plant were 28 and 30 ¡rg/m3, respectively. The
similarity in concentration level between the two sites, despite the distance to the

source, may be explained by the fact that the closest site is still influenced by the
low emissions from the tank of the tailings leach plant, while the other site is more
exposed to the concentrator stack emissions. The Malemba primary school site

registered the highest concentration of SO2, 40 Vglm3, and a NO2 concentration of
5 ¡rgim:. This site is very close to an open-air scrap depot, where copper is melted.
The emissions from such local activities contribute to higher SO2 and NO2
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concentrations than would be expected if only the plant emissions and the low
local traffic activity would be considered.

The SO2 concentration measured at Cairo rd. in Lusaka indicates some SO2

emission source in the neighbourhoods. SO2 background concentrations in Lusaka
are expected to be lower, probably under 5 ¡lglm3, as measured in October 1998
(Guerreiro and Sivertsen, 1998). The measured NO2 concentrations indicate traffic
emissions, specially at Cairo rd., in the city business centre, and at Lumumba rd.,
with heavy traffic.

5 Updated proposal to the Ambient Air Pollution Measurement
Programme for Zambia.

5.L Objectives and scope of work

The main objective of this programme is to provide support to ECZ to enable the
establishment of an ambient air pollution measurement programme for Zambia.

To meet this objective several sub-objectives are defined as input to the
description of tasks:

o Establish background at ECZ for ambient air pollution measurements and

reporting,
o Select laboratory for chemical analyses,
o Procure instruments and equipment,
o Undertake training of ECZ and laboratory personnel,
o Perform ambient air quality measurements in Zambia,
o Plan and perform measurement quality assurance,
o Establish database, data handling and reporting.

The plan presented below is a design proposal for a simple air quality
measurement programme in Zambia. A complete programme for its establishment
is described in the Appendix P of the mission report NILU OR 61/98.

To meet the objectives of this programme, several tasks and sub-tasks have been

identified. These have been further defined in the Appendix P of the mission
report NILU OR 61198. The main tasks are:

o Institutionalsupport,
o design of monitoring programme,
o establishment of an environmental laboratory,
o procurement of equipment,
o training,
o measurementprogramme,
o quality assurance (QA/QC),
o data management.
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5.2 Design of ambient air pollution measurement programme

As a background for designing an ambient air pollution measurement programme
visits were paid to the major industries and screening studies were undertaken
using simple samples for measurements of SO2 and NO2. Emission sources,
prevailing wind directions, existing measurements and potential impact areas have
been evaluated and discussed as an input to the programme.

The visits to the industries in the Copperbelt area have been described in the
Mission report NILU OR 61/98 and in the present report. These reports together
with the results of the passive sampling (NILU OR 63198 and NILU OR 43199)

represent the background for the design of a measurement programme.

5.2.1 Criteria for selection of representøtive sømpling sites and øir qualíty
indicators

The following criteria represent the basis for the selection of the sampling sites:
o locate sampling sites in the expected highest impacted areas downwind from

industrial sources,
o undertake sampling in areas with dense population,
o measure close to streets and roads with high traffic load.

Based on these criteria a critical selection of the sites must be undertaken, due to
the scarcity of instruments.

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:

o Sulphur dioxide (SOz),
o Total suspended particular matter (TSP), or better PMro (suspended particles

with a diameter less than 10 micrometers),
o Nitrogen dioxide (NOz) and nitrogen oxides (NO,.).

At some sites also dust fall could be measured on a weekly basis with simple dust
fall collectors.

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

5.2.2 Existing monitoring stations and da.tø

Existine air qualit.v monitoring stations

A few measurement stations have been operated by ZCCM at Nkana and Mufulira
and some sporadic measurements have been undertaken by the Mines Safety
Department (MSD) in different industrial areas in the Copperbelt. Results from
these measurements indicated that the impact downwind from some of the
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smelters has been considerable ((Guerreiro and Sivertsen, 1998, Appendix I
and J). Diurnal and monthly average concentrations at some sites exceeded the
World Health Organisations (WHO, 1987) air quality guideline values as well as

theZambian air quality standards (Government of Zarnbia, 1996) with a factor of
5 ro 10.

The sampling method used by ZCCIN4 and MSD was adequate, but the chemical
analytical method of determining total acid in an absorption solution may give too
low SO2 concentrations, as shown in Table 1.

Exis tin g mete o rolo g ic al s tations

ZCCl|i'{ has been operating two automatic meteorological stations, located in
Mufulira and Nkana. With some upgrading and routine calibrations of the two
ZCCM meteorological stations,ECZ could use the collected data to represent the
meteorological conditions in the Copperbelt area.

M easurements with passive samplers

SO2 is particularly a problem in the Copperbelt area, due to the high industrial
activity that characterises this area. The V/orld Health Organisation's (WHO) air
quality guideline for SO2 for 24 hours average is exceeded in Mufulira and Nkana,
downwind from the smelters (Guerreiro, 1999).In Luanshya the same guideline
was also exceed in 1998, downwind from the smelter, but the smelter has been

closed in 1999 for renovation and a substantial reduction on the SO2 emissions is
expected after the construction of an acid plant. V/hile in Luanshya and Mufulira
the high SO2 concentrations can have a very serious impact on both vegetation
and population leaving downwind from the smelters, in Nkana the population is
less often exposed to extremely high SO2 concentrations, since the townships are

not located on the prevalent downwind direction from the industry.

The SO2 ambient air concentrations measured in Maamba, Ndola and Chingola
were below the WHO air quality guidelines for both 24 hours and one year.

Nevertheless, under episodes with high local emissions of SO2 and / or poor
meteorological dispersion conditions in these areas, high concentrations of SO2

are likely to occur in neighbouring areas, exceeding the WHO air quality
guidelines.

The measured NO2 concentrations are well below the WHO air quality guideline
for 24 hours average and do not represent presently a major motive of concern.

5.2.3 Preliminary proposed monitoríng progrøtnme for Zambiø

The final objectives of an ambient air quality monitoring programme should be to

enable ECZ to use the data for planning pu{poses, and to indicate strategies to

reduce the air pollution load.

As a starting point we propose that the air quality measurement programme will
include:
o The establishment of an environmental laboratory,
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o

a

dust fall measurements in the surroundings of cement and lime stone
industries,
5 sequential samplers for SO2, NO2 and PM10 (after the establishment of the
lab.),
upgrading the two ZCCM meteorological stations and installing an AV/S
meteorological station in Lusaka.

5.2.3.1 Lusaka

One curbside station should be installed in Lusaka business centre, in one of the
streets with most traffic. This station should be equipped with a sequential
sampler, measuring SO2, NO2 and PM10, in order to monitor the traffic, industrial
and domestic pollution characterising the ambient air quality in the city centre.

As part of the monitoring program an automatic weather stations (AV/S) should
be established in Lusaka, to characterise the meteorological conditions in this part
of the country and to unable the interpretation of the air quality measurements.

5.2.3.2 Ndola

In Ndola, one industrial site should be placed near the Mukuba hotel, downwind
of Bwana Mkubwa Mining and INDENI Petroleum Refinery, at the edge of the
townships in the south of Ndola. This station should be equipped with a sequential
sampler, measuring SO2, NO2 and PM10, in order to monitor the pollution coming
from these two industrial sources. Bwana Mkubwa Mining emissions are mainly
characterised by SO2, while INDENI refinery emits mostly NO*, in addition to
S02 and particles.

An inexpensive and simple way of monitoring dust around Ndola Lime Company
and Chilanga Cement factory in Ndola is to place some particulate fallout
collectors around the lime and cement factories and in Itawa township, about 3 km
downwind from the plants. Dust fall could be measured on a weekly basis in the
environmental laboratory.

5.2.3.3 Mafulira

ZCCM is operating four sampling stations in townships around the smelter,
equipped with sequential samplers of SO2. The stations presently in operation are:

Clinic 3, Clinic 5, Clinic 7 and Clinic 8, as indicated in the map of Mufulira in
Appendix L. The samplers collected at these 4 sampling sites can be used, but the
chemical analysis to determine SO2 concentrations should be done by ion
chromatography, instead of by determination of total acidity, correctly in practise.
ZCClld could send their samples to the environmental laboratory, when in
operation, for such analysis.

One sequential sampler measuring SO2, NO2 and PM10, should be operated by
ECZ, in addition to the four ZCCM sequential samplers. This sampler would
unable the monitoring of NO2 and PM10 and would serve as a control for one of
the ZCClll4 measurements of SO2. It could be placed in Clinic 3, located in a

township about 1 km downwind of the smelter, which is the site registering the
highest S02 concentrations.

a
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ZCCll0d has also been operating an automatic meteorological station, located at one
of the clinics near the smelter in Mufulira. With some upgrading and routine
calibrations, the meteorological data collected at this station could be used by
ECZin the future Ambient Air Pollution Measurement Programme.

5.2.3.4 Nkana

ZCCM is also operating four sampling stations, equipped with sequential
samplers of SO2, in the industrial area and townships around the smelter in Nkana.
The stations presently in operation are: Fire Brigade, Central Shaft, Nkana
Hospital and 'Wusakile Hospital, as indicated in the map of Nkana (Kitwe) in
Appendix L. The samplers collected at these 4 sampling sites can be also used, but
again the chemical analysis to determine SO2 concentrations should be done by
ion chromatography.

One sequential sampler measuring SO2, NO2 and PM1s, should be operated by
ECZ, in addition to the four ZCCM sequential samplers. This sampler would
unable the monitoring of NO2 and PM10 and would serve as a control for one of
the ZCC}I4 measurements of SO2 in Nkana. It could be placed at the Nkana
Hospital, in Nkana 'West, about 1.5 km north of the smelter. This site has not
measured the highest SO2 concentrations around the smelter, but it is placed in a
residential area inside the town and it has measured daily average concentrations
above the WHO air quality guideline.

ZCCM has also been operating an automatic meteorological station in Nkana.
'With 

some upgrading and routine calibrations, the meteorological data collected
at this station could be used by ECZ in the future Ambient Air Pollution
Measurement Programme. This meteorological station and the one in Mufulira
should be enough to represent the meteorological conditions in the Copperbelt
area.

5.2.3.5 Luønshya

In Luanshya, one sampling station should be placed at Section 5 clinic, where the

highest SO2 concentration was measured in September 1998 (Guerreiro and

Sivertsen, 1998), while the smelter was in operation. Section 5 clinic is located
about 1 km downwind of RAMCZ smelter, in Roan township (see map for
Luanshya in Appendix L). This station should be equipped with a sequential

sampler, measuring SO2, NO2 and PMro, in order to monitor the pollution coming
from the smelter after its reopening.
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List of people met during the mission

NILU: Cristina Guerreiro

NORAD: Gudbrand Stuve

ECZ:

Air quality unit: Lemmy Namayanga, Ruth Zimba

Water quality unit: Douglas Nkolonganya

Chief inspector: Paul Banda

Nakambala Sugar Estates: John Ztilu (served officer), Israel Zandonda
(environmental officer).

Maamba Collieries Limited: Mr. O. Lee Davey (managing director), Mr. Elpher
Ngwata (technical services superintendent).

Bwana Mkubwa Mining Limited: Mr. A. Scott (company secretary).

INDENI: Mr. Nioka (Plant section head), Mr. Harry Moamza (Process engineer).

Chilanga Cement: Mr. H. K. Mwenya (Works technical manager).

RAMCZ: Naz S Phiri (Head of Environmental Services), Mr. Moyo (smelter

resp.), Mr. John Nghlowo (ventilation engineer), Mr. Sloya
(Laboratories), Mr. Kapaluska (Env. Service).

ZCCld Nkana: Mr. Alexie Npishi (DESO), Mr. Mathews Chunga Mwale
(Environmental off.).

Mines Safety Department: Mr. Godfrey C. Kabilo (Director), Mr. Henry C.

Mutafya (Inspector of Environment).

ZCCìI,{ Mufulira: Mr. James Kalowa, Mr. Vincent K. Chalwe, Mr. Chipangano

G.Zulu (chemist).

ZCCMChingola: Mrs. Sampa A. B. N. Chitah (Divisional Environment Services

Officer).

Univ. of Zambia:

Norconsult: Tore Laugerud

DNV: Jon Jerre

NILU OR 44199



30

DET NORSKEVERITAS

JonJERRE u.s..
Head of Section
SHE-managanmt
Consulting

DET NORSKE VERITAS AS
Region Nomay
Veritæveien I
N-1322 Høvik
Noruay
w,dnv,com

Tel: +47 67 57 SqOO
Direct line: +47 67 b7 Bl gb
Fur +47 67 57 99 tl
Home: +47 67 1499 49
Mobile: +47 906 13 996
E-mail: Jon.Jeme@dnv.com

[@
@

Norconsuh å
Tore Laugetud
Senior Adviser

Environment

Tel. office: +47 67 57 1239
Private | +47 67 13 BB 20

E-mail :tla@norconsult.no

Coñ3ulün8 EnSin€eß, ArchkocB and Économtts

Vestfjordgt. 4, 1300 Sandvika, Norway

Telephone : +47 67 57 l 0 00

felefax i +47 67 54 4576
lnternet : http://www.norconsult.com

¡

Nfula,va
Lodge & Restaurant

.P O Box 21216
Ktwe

Zambia
Tel: 260 2 224266

Fax: 260 2 224266
trekaf @zamnet.zm

For Lodge Reseruation
Tel: 260 2 227217

Fax: 260 2 224266

&TIDNBOANfrE FINXS LIUIîED
HOÎTLIIRI ¡ CAlDruRg

Bwelyr U. C. Httbt lBrc. cler-f
D¡¡q¡tfv¡ Dlroctor

20PrrpAvrnn
P.O.lor tt0lf
Kfrrr.
ZrrÛl¡

ØtpÒ

-

T.l. 2221¡ll:ü¡0¡ala
C¡ll :01-70lll4

Ftr:22Alfl218l0
Efiil: ¡h.rùoezÍr-.zn
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3 1 50 Langaslre Strect
P.O. Box 21006

RËPtiBLlc OF ZAùfI}IA

Henry C Mutafya l,Sc.(Ctrcntíst4)

Inspector of Environment

Nf INES SAFETY DEPARTN{ENT
I\,linistr'¡, of Mines and l\'linerals Development

3T

REPUBLIC OFZAMB]A

Godfrey C.KaIiIo
ÞIRECÍOR OF TTTES SAFEÍY
Mines Safety Dept. Tel '- OFF- t2-211ñ
3î50KANYANTAAve. RES-û2-228470
P.O. Box 21006

KITWE,ZAMBIA

Zambia Consolidated Copper Mines I¡imited
Vincent K Chalwe
Divisional Enuironme ntal Se ruice s Oficer

,: Mufulíra Dlvlsion
P O Box 40062
Mufr¡lira, Zarnbia

M.C.L.

0. Lee Davey
Manag¡ng DirÊctor

BENICON

MAAMBA COLUERTES L|M|TED

Tel

Fax :

E-mail

+2(r0-2-2220SS
+260-2-230347
+260-2-220503

msd@zamnet.znt
Kitrve
Zanlbi¿

Zambia Consolidated Copper Mine¡ l¡imited
SampaÃBNChitah
Divisional Envi¡onment Setvices Ofrcer

Tel: 260 (02) 344481
Res: 260 (02) 31 1046
Fax: 260 (02) 312498

E-mail:chitah@Ehnel.?ßñ. m

Nchelgre Dlvlaloa
P O Box 10063
Chingola, Zambia

g,M.C.L.

BENICON

MÂÂ

ELPHER NGWATA B.Min, Sc.
Technical Services Superintendent

MBA COLLIERIES LIMITED

Tel: 02-44l9lg
Telex; ZA,57150

Fax02-4I2838

LUSAKA OFIICE
Plot No 2156, Lumumbâ Road

PO. Box 31197
Luska
Zambie

TeUFd26ù'l-Ð.5!/¡

HEAD OFFICE:
P.O. Box 99
Maamba
Zambia
Tol: 260-32-78079
Fax: 260-32-781 83

LUSAKA OFFICE:
Plol 2156, Lumumba Road
P.O. Box 31197
Lusaka
Zambia
Tel/Íax: 260-1 -225440

HEAO OPFICE
PO. Box 99
Maamba
Zembia
Tol: 26G32-78079t8188
Fâx:26ù32-7$83n8132
Res:26G32-78175
E-mâil: maæl@zamnetzm

H. K. MWENYA
WORKS TECHNICAL MANACER

CHILANGA CEMENT PLC

NDOLA WORKS

P.O. Box 71572

Clcveland Park

Ndola, Zambia

Tel: 260 02 6l 1938/41

Tclegrams: "Cement" Ndola

'l'elex: ZA 33421 Fax: 61562012l
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Date Activities
Wednesday

7t4
Arrival to Lusaka (12.15).
Meeting withECZ to discuss the programme.

Thursday
8t4

Meeting with Nakamballa Sugar Estates
Location of passive samplers in Mazabuka
Measure PM10 concentrations during an open air burning

Friday
9t4

Meeting with Maamba Collieries Limited
Location of passive samplers in Maamba
Travel to Ndola.

Saturday
t0t4

Meeting with Bwana Mkubwa Mining Limited, Indeni Refinery
Officials, Ndola Lime and Chilanga Cement.
Location of passive samplers around the industrial arca and in Ndola.
Screening of PM10 levels near the cement and lime factories.

Sunday
lU4

Location of passive samplers in Luanshya (RAMCZ).
Travel to Kitwe.

Monday
tzt4

Location of passive samplers in Nkana and Kitwe. Meeting atZCCM
Nkana.

Tuesday
t3t4

Location of passive samplers in Mufulira. Meeting atZCCM
Mufulira.

Wednesday
t4t4

Location of passive samplers in Chingola. Meeting atZCCM Nkana -
Chingola.

Thursday
l.st4

Travel to Lusaka.
Meeting with the IPPP programme evaluators atECZ

Friday
t6t4

Meeting at NORAD. Meeting ECZ &. NILU
Locate passive samplers in Lusaka.
Summing up, conclusions.

Saturday
1714

Work on mission report

Sunday
t8,t4

Departure from Lusaka

35
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Ambient Air Pollution Measurement
programme for Zambia

Second Mission to Zambia

1. fntroduction
NILU was asked by Norwegian State Pollution Control Authority (SFT) for
support in defining the ambient air pollution component of the Industrial Pollution
Prevention Programme (IPPP) operated by the Environmental Council of Zambia
(ECZ).

A second mission to Zambia is planned for April 1999 to perform a second

screening study of the existing ambient air quality and to make the final design of
a measurement programme for ambient air quality measurements in Zambia.

2. Objectives

The main objectives of this programme are to provide support to ECZ to enable
the establishment of an ambient air pollution measurement programme for
Zambia.

This second mission has the following sub-objectives:
o Undertake trainin g of ECZ personnel in the use of passive samplers and

reporting,
o Perform ambient air quality measurements in Zambiawith passive samplers,
o Design an air pollution monitoring programme for Zambia,
o Reporting.

3. Tasks

Short descriptions of the different tasks are presented in the following.

3.1 A. Institutional support

The institutional support programme aims at establishing a trained group of
experts at ECZ and at a national laboratory for environmental analyses for
undertaking the measurements and the analyses of ambient air pollution in
Zambia.

ECZ experts will be trained in using the passive samplers for field measurements

of SOz and NOz and to design a simple air quality measurement programme for
Zambia. Measurements will be performed in the Copper-belt area and in Lusaka.

A chemical laboratory in Zambia, capable of performing analyses of ambient
samples of air and water at low concentrations, should also be identified during
this mission. This will be done taking into account the five laboratories visited
during the first Mission to Zambia in September/October 1998 (NILU OR 61198)
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and the fact that such an environmental laboratory should be established outside
ECZ and preferably not be part of the industry.

3.1 B. Perform ambient air quality measurements in Zambia with passive
samplers and collect meteorological data.

As a background for designing an ambient air pollution measurement programme
a second screening study will be undertaken using simple samples for
measurements of SOz and NOz. These samples must be taken back to NILU for
analyses, since an environmental laboratory in Zambia is not yet established.

For passive samples a similar approach as the one used in September 1998 will be
further evaluated;
o locate samples in the expected highest impacted areas downwind from the

sources, perform control samples upwind from major sources,
o undertake sampling in areas with dense population,
o collect samples in urban areas and residential areas,
. measure close to highly trafficked streets and roads.

Screening measurements of PM10 levels near the cement and lime factories in
Ndola will be undertaken with a portable screening type instrument.

Meteorological data must be collected, preferably for a whole year and for the
period of exposure of the passive samplers. Two actual meteorological stations
with good hourly data arc placed at Mufulira and Nkana and are owned and run
by ZCCM.

3.1 C. Design ambient air pollution measurement programme

The passive sampling undertaken in September 1998 (Guerreiro and Sivertsen,
NILU OR 63198) will be used in the detailed design of the measurement
programme, together with meteorological data and some simple modelling.
Emission sources and potential impact areas will also be evaluated and discussed
as input to the design of the measurement programme.

The sampling programme will include descriptions of:
. Sampling sites,
o instruments at each site,
. averaging times,
. sampling periods,
o data retrieval procedures and frequencies.

A meeting with NORAD and ECZ will be held during this mission to Zambia in
order to discuss and plan the following points:
1. Next phase of the project,
2. Establishment of laboratory,
3. Purchase of instruments.

NILU OR 44199



4l

The selection of representative sites and the final monitoring programme design
will be finalised after the Mission and when the final decisions concerning
budgets and the establishment of a laboratory has been decided.

3.1, D. Reporting

The results of the screening study and a proposed final design for the monitoring
programme inZambia will be reported. A Mission report with the visits, collected
information, conclusions and proposition for future work also be available after
the Mission.

3.1 E. Project management

The project management includes the preparation, travels between Norway and

Zambia, meetings and reporting and chemical analysis at NILU.

Meetings and correspondence are included in the project management and project
support. However, much of this type of work, such as meetings with SFT and
preparations of workshops and seminars, will not appear in the cost estimates.

4. Cost estimates

The cost estimate for the second mission is given as follows:

Month Year Description Units Costs
(1000 NoK)

April r999 Passive samplers (SOr) 40 7

Passive samplers (NOr) 20 3,5

Preparation (man hours) 20 15

Travel hours (man hours) 24 17,5

Field studv (man hours) 88 64

Reporting (man hours) 30 22

Support, travels and transport 25

Total 154
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FORlvf AP3

SECO¡ID SCITEDTJLE

(RegulatíonIt)

Pn¡scnnep Fonvs

REPIIBLIC OF ZAMBIA

Erynor,rreNTAt C ouNcrr,

Tm Am, Poutmox Coxrnol (LIcENcnfc AND EùsssroN Sr¡"rio¡Bosl
RrculATroNs, 1996

Appuc¿rroN FoR PeRwr ro Ew'r An Porrur.*rs

(Io be completed in triplicare)

The Chief Inspector (Pollution Control)
Environmental Council of ?¿mbía
P.O. BOX 35131
Lusaka

and
Zf'ivrÊ,tç\ çui6ÉrR PLC,

Êì iC Êr'Ìvi rl ç< cÊr ?É ut (-
a

2. Location of Planíacrivic¡ l ¿ (- )( t1r"¡.ii ,1 L r- aç i- fì t-F

f

To:

3. Type(s) of activiry (eg copper mining, cemenr manufacrure etc)
€t t(. ¡ìå P'¿c'>i¿ < T-rcrL-)

4. Name(s) of deparmrenr(s)/section(s)/unit(s) where air emissions IF ñ l¿TTv1çJi ,
ú,e- tL€lL Í1 f c-r-tcAr

5. Name(s) and rype(s) of raw materiats used in the process(es) ÉtÊ crìru8

()CI 'ÎcñS
6. Amount of each raw marerial used yearly (kg)

Êt: Fr N:'t È Çr.C(rf\Q- c<S<¿ ,re*Lì grr Çt\ Q7. Name(s) and rypes of producrs

8. Sources ofair Gc. rr-.¿iL 5 Î\C¿ç

9, Name(s) and rype(s) of air
-.2--f t <-ui L ô-t-ã M rl a--i-t¿

c ú\ RÞc t''t l'n g:.¡\r c )lr-Þ.Ê. C ¡\,î*'êcN DrÎ-) ). ìD.E

10. Rare of emission oi esch air pollunnt discharged into rhe ambien¡ air (kg/h,ton yÐ-----!:9---2gI-l------

11. Concentradon of each air pollutant.discharged into the ambient air (¡rglm3,mg/m3,ppm etc¡---19-9----D--ASâ

12. Energy source used (eg coal, diesel È
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13. Amoun¡ of each energy source used yearly (kg) +2q ,, 6 1,,2 -r.¡ N S

14. Amoun¡ of each energy source used per day (kg) -----------?-+l*--Çlf------!-9-i:-:--------

i5. Type of producrion operarion (conrinuos or intermir¡enr)--------:-Ç-l!-I$-"-:1-Q-!i:!-----É:-ß----1t-(tÍ-f
t\-,r f-, ;,, ?-t.{ <_

q r( ?f Y16. Total number ofhours of
F-"¡li )1r(-' S.å1T 

(perdav,per w:ihrå"| month, per

I
17. Number of stacks in ope

18. Physical stack height for each

ti¿ E:r:-

F.ciL'c'2 =?5rn .Por¿-<r¿ 3 :'Ã3Slr¡ $viLîn(+ls-)
'= â7 r''l

Itc'
¡t9. 

Stack gas volume for each (m3/s, m3

20. Internal suck diameter at gas exit level for e¡ch
c€Ê Ñc" ? l'¡r ¿L ni

21. Stack gas exit temperature fór each (o
ctau c-

22. Exitgas velociry ar each srack (n/s)-_--Ài:--.} Ê]-* 
--

23. Pollution conrol operation /to be
N\ÉctsiÀio ¡<4¡ étrZr

z-jri \-F(-

c "1,
24, Reliabiliry of the pollution conr¡ol rechnology

C¡t(-É A .l Ê25. How often do you conducr maintenance of tbe installation?

26. When was/were the Plant(s)/process(es)
tL€r¿ç i

= ì(ì
27. Expected life time of the ic{¿ê

28. How is rhe potential ro produce other air pollutants? Name the

e = lQ[e í7crlt(. 3'-- 1q67, øciaß' 4
¡ Ac tc'L
-<-r#c¡j TL-"r <i ì\)I

\L-

a

D

LE\¡ELS OF EMISSIOIIS (complete parts only relevant to your organisation)

Industry/process Parameter

COPPER PRODUCTION
29, Smelters and converters

i"Jg¡". 
dioxide(so.,)

30. Coal preparation Dust
31. Ore concentrator dryer Dus¡

so_
CE}ÍENT À\TD L[}[E PRODUCTIO\: 2

3?. Cement production - Dust
33. Lime production Dust

}-ITRIC ACID Aì\:D SULPT{LRIC ACiD PRODUCTIOI\
34 Nitric acid production NO;¡ as NO2
3-s. Sulphuric acid producrion SO,

FERTILIZER PRODUCTION
36. Ammonium nirrare prorJucrion . Dust
37. Coal lrestmenr Dusr
38. NPK production Dust

-----mg/Nm3-
------ms/NmJ
----m!rut3
'----mg/N¡¡r
------mg/N¡¡r

------mg/Nml
--------ms/¡¡mr

Emission tevel

----kgiday
------kg/day

-----kg/da,v
-------kg/day

----kglday
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COMBUSTION UMTS
39. Oilfired, < 5gy'y(l)

40. Coal fired, < ¡6¡ay¿@)

41. Coal fired, 10-50 ¡ufw(2)

QTI{ER
I

¡-r-â, ßbqess€ - Fi¿tl')
PROCESSESÃINTTS

CC NtTA fu CË Þ-r=wAN (r'las)
Name

Dust
sq
co
Dust
sq
co

. Dt¡st
Soz
co 1-

3ttiSÎ
Crs

----mg/l'{r¡3
--.--mg/ì,¡mJ
---¡¡g7¡¡¡¡J
-_--mg/|Imf

-.-mg/ì,¡mJ_--¡¡g¡¡¡¡¡J
--.--.mg^{mJ
----m$/lrl¡¡J
-------mS/N¡J
Nct'¡Rrtl
ñ<- ¡)OrA

Signature

ÊNU,PclN cflÇruTî¡¿- M rlr$, È6ç.È
Daæ

(l). The limia sball be nornraliæd ø?íT3K ar l0l.3pa and,3 vol,-% O,
(2). The limia shall be norma.lised ¡o273Kat l01.3pa u¡d7 vol,-% $

]l^é-^^" lqqq.

FOR OMCIAL USE ONLY

Application received Fee paid

Chief Inspecror @ollution Conrrol)
Environmental Council of Zambia
Inspectorate
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F()ltivl 
^¡'ì

.\L{(}.\'I} 5tÏIni)r ir.!i

(Rcgulotionl0l

FrrEscR¡snn Fc¡H.rts

R.U'l.lB!.lt: OF Z:\]lBIÂ

E:v¡n o¡,¡ ugsr¡r ¡- t-' o t¡;c IL

T ur Am Po ll i.; r' lr:.r- C oNraor (I¡ cnxcrlc ;\\ D- Eì\dIssIrlN S rat rDARD.s )

i(rct¿luot{.s, reeó

.!ppi,¡(:,','¡'u).r ¡'orr PonltIT to ElrIl A¡a Po¡-tur.c,rrs

(1'o be ccrrnpleted in triplicatc)

'I'liu Chi; f lrts¡)ecro r (Pol lutii¡¡r Ccrnrrol)
Ençironnrental Council of Zar¡lria
P.O. BOX 3_513t

l.usaka

2_?.

+. *-anrc(si uf ç!eplr¡menr(s),,scc:rirtn(s)iunir(s) u,herr-r air cmissions oar."tr----.-Æ-.9/ê.-.

1û

3utÞauR*¡, Nen¡c(si antl t¡perls.; t:f rarv n':i¡ti.:ri¡l¡: ¡rgÉrl irr dte prr:c-:ss(cs) -

ij- z\rrtourlr ¡f t:rich ru\^ :Ìì,lt!'i'iill tlgcqi ve¡rl\. 3c^ 9.a-a_

7. ì'.Ír.r.nre(.i) anil types çrr lrrocui.-rs ---?-8--?-=-----Í-l*LyAç------&tè,-----

s, sc,r¡¡ce.r r:f ¡ir crrris¡ior \\ ----nç-18----f--a-2*.2.-----çl?-2 -.--W
_.._ãk,E_._tç._---_Ë.Q!¡-:È-y_E-N.?:..__.ÍÊ.t_s-AÊ,-J_-_____

+- 
-6.. 

4.. .......( fu gt l t-tt- -e- -.

a
g. it. a rnc (.',i I nd :r'¡q:(5, c.r i' a i r i.,.1 I I urar ^ rt -- - - - - -lf-*?-!l ø-ß. o /ò¿i

9=sr0,
:ä::äü:'.Ë"t:'H,.Ëiäjltlþ:F::.:i3.:å.ä::.:l:: jï.::::l:: t air (kgrh¡¿f¡---

I !. co¡¡ce¡¡tr¡rion r-rf each air ¡rollurarrr rlisr:hargctl inrcr ¿he ¿¡¡lhient air c¡rad-.g¡Erfñl .F**-..13. # /*
3

12. Enl:rg1, So¡¡r'r-'e used (cg Cr)¡ll, rlies¿l <a/
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'ì. ,^rr'¡lr.\t-JOl r.rl e¿:;iì elÌef-!'. ':ir.)1.!J'J¿ ü.fed -v-Säf l)' (kg)----'
L.

;4. .,\rtìÒulìt of t:;i(:ir elìÉlgi s:'uic'J r'¡:ìeC l)el da' (kg)

f,tLlTtNtec¿S
ii. l ype of prorluctron çrpcrå!itlrl (qronrinuo-\ 0r itltelmittent)'-----

ÞÊy9 ___L _._. ..,\ 5c
1ó. TCrr¿l nuurber ol'-b*#of oPeriìtioI) (per day, per rveek, ¡)er ntonrh, pcr ycllr)-------'----::----- ùn>s

1 7. .\trmber of stacks in 0peratiotr'-- --------89'9'-"""'"

i.1, Physical stack heighr ftrr cuclt lrtt)--
75"n.

19, Snck gas volurrre tbl'each (m3/s, nl3ih) 44 l" ¡'

?(j. Int.:rnsl staLlk cliamètùr rt gas erit l:rcì fi':¡ each (rn)--.--

)
2l . -\¡¿ck g¿rs Ërit tÈnPeriti:rt: ftlr e¡u'h (-cì)--------------""'å)--9

"L,

2i, Exit gas velocit¡' ¡t eoilr s¡açk ¡rnls)--'""
/Ò - tL

d!-ç----a!/-sl!-Q-
23. Prrlltrlir:tri crrntrol tËchtÌologf in r-rprrarion ito he

Ê
24, P.eliabilit¡ of rhe pollurion +Dlì¡rol Lechiolog,r' -

l-5 How iri¡err do you ci'rrtduct maintËrìt¡ìcÈ of the installatio¡tl' ...I*a.vx. G'/) : - Pæ YêaA.

! 5. !1' hr:n s r¿$,' rvere tlie Pltlrrt (s)i¡r r'crcess(es) insmll ed?-' ËùHtû/ss/a,\rÈJ) : - lrz*ø'cRY /7?8
(reu) Y€nnJ

27. E,r¡lected litc tirne oirhe Pfirnt(s)iin

2ä. Horv,is tlre ¡lOreruiiil tq pr¿tluce other ai¡ pOllutant.slr Nanle thc p0llu6ût5'-'--' ...NPN.E_

I.EVÊùLS OF Eilf¡SSIOIiS (complotc parts onl¡- relevtnt to l'our organisation)

Ittdtstry'proccss Percncler Ën¡issìon level

Sulohr¡r dioxide(SOr)
Duôt

.10. Coal preprrrriort Dust

-ìl. O¡'e cotrcentratùr dryer Dust
so-

ÇEMËNT A1\Ð LI:\ÍE PRODUCTÍO¡i t
3?. Cerncnt productiotl Dust

-{3. Li¡ne p:'oductic'n Dust

NTTRIC,{,CTD A}iD SUT,NIL;RTC,TCID PRODUCTION
34 Nirric acid producrion NO,r¡ as l{Or
3-(. Sulphuric acid protlucrion SO,

COPPER PRODUCTION
29, Smeltets and c(ìnvÈrrers

FERTII,IZER I'I{C)TX;CTIOI{
30. Arnnro¡riu:n nirate procluction

37, Coet t¡'eatment

38. NPK production

.......msi}¡mr
--------niglxm]
-------nrg/Nntr
--------me/Nmr
------*!ltçt3

:.------mgiNm
--------mglNnr

--------kg/d¡y
'"'"'.-'kglda¡r

-------kg/daY
-------.tg¡day
-------kg/day

5

Dus¡
Dust
Dusr

NILU OR,ø/99
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C( )M t{ ti,\T r O }.. Lil{ITS

39. C)il firctl, < 50U\\'(l)

4i.), Co¡l fired, ( 19Yry(2)

41. CoÈl fired, 10-50 t{lv(z)

O1'HER PR()CESSES/U¡if T.C

rl . g. Sa¿rr

Dust
soz
co
Dus¡
soz
co
Dust
soz
co

'-------ms''Nml
--------mci NmJ
--------n,!iN,n3
-------mqiNnrr
-------n't!'""-tl
--'---mg/Nmr
--""--mg/ìimr
------..m9/Nmr
--------ntgiNmJ

Signature

/€. *3 - /??1
Datc

(1), The limits shsU be nr-rrmâlised to 273K.lt 101'3Pa and3 val.-Vo Q,

(2), The tinrits sh¿ll be normalised to 273K ¡rt l0l.3Pa and 7 vol,-96 O2

FOR OFFICI.{L USE ONLY

r\pplication rece Fee ¡laid

Chief inspector (Pollution Control)
Ënvironmcnsl Courtcil of Zanrbía

Inspeetor;rrc

NILU OR 44199
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Estimated gaseous emission at Bwana Mkubwa
Mining Ltd.
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Mines Form MMRER I

REPUBLIC OF ZAMBIA

The Mining { Minerat Resource Extraction) Regulations

Gaseous Emission Return

Bwana Mkubwa Mlnlng Llmlted Mlnlng Rlght.. Month: September 1998

(.'r{

Sulphur Dioxide Weight
(Tonnes)

Nit

ATMOSPHERIC DISCHARGE
VIA FUGITIVES

Sulphur Weight
(Tonnes)

N¡I

Sulphur Dioxide Weight
(Tonnesl

1t7.4

ATMOSPHERIC DISCHARGE
VIA STACK

Sulphur Weight
(Tonnes)

53.7

Sulphur Dioxide Weþht
(Tonnes)

N¡I

SulphurWeigM
(Tonnes)

N¡I

FINAL NON-GASEOUS
WASTE DISCHARGE

Weight
(Tonnes)

Nit

Sulphur Weight
(Tonnes)

æ83.9

Sulphur grade
(Percent)

æ.s%

CONCENTRATE TREATED
(elemental sulphur)

æ6

Signed..
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Mlnec Form MMRER I

REPUBLIC OF ZAMBIA

The Mlnlng ( Minenl Resource Extracüon| Regulaüons

Gaseor¡s Emlssir¡n Reü¡rn

8w¡nr lllubvn Mlnlr¡g LHted ùlonth: OctoöGr lltû

ATMOSPHERIC DISCHARGE
VIA FUGITIVES

Sulphw

NI

Wttgtr

ATÏTIOSPHERIC DISCHARGE
VIA STACK

FINAT NON.GASEOUS
WASTE DISCHARGE

s.æs

CONCENTRATE TREATED
(d€rnGnbl $¡þhur)

S,lgnGd...
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Mlnes Fonn MMRER I

REPUBLIC OF ZAMBIA

The Mlnlng ( Mlnenl Re¡ou¡ce Ertracüon| Regulaüonr

6¡scou¡ Emíssfrrn Rctr¡rn

Brvm¡ Mkubrn Mlnlng Llnlted MlnlttgRbht.. Monft: l,lovan¡bar lStl

L¡I
\o

ATTI/IOSPHERIC DISCHARGE
VIA FUGMVES

Suþtur Dloûla Wclgfrt
fTonnæl

NI

Sdph¡rWdgtt
fTmncs|

MI

ATMOSPHERIC DISCHARGE
VIA STACK

sulphur Dbxih w€iúr
fTonrrl

t31

Sulptil¡r Wdgfrt
(ïonneg)

65.5

F¡NAL NON.GASEOUS
WASTE DISCHARGE

sulphur Dþ)dde Wbþtrt
(Torrrerl

Nil

SulphurWeiglìt
fTonms)

Nil

WeiCht
fioruueì

Nlt

CONCÊ.NTRATE TREATED
(ehmenhlsuþhw)

SuþlrurWeþht
ffmncs)

3'74.7

Suþhur grade
(PüE€fltl

s.s%æ79

SlSncd......

rrñ.offichl
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Mines Form MMRER r

REPUBLIC OF ZAMBIA

The Mlnlng ( Mlnenl Resource Extncfion| Regulafions

Gaseous Emission Return

Bvran. tlkubrvr Mtnlng Llnltcd Mlnlng Rlght... Monlh: Jrnurry 1099

Slgned.

ATMOSPHERIC DISCHARGE
VIA FUGITIVES

Suþhw Dlo{deWeffi
lTonnes)

Nit

SulphurWdght
lTonn€s)

Nil

ATMOSPHERIC DISCHARGE
VIA STACK

Suþhur Dlodde Weigfil
(Tonnes)

1æ.5

SulphurWebht
(Tonnes)

æ.7

FINAL NON€ASEOUS
WASTEDISCHARGE

Sulphur Dþ)d& Welght
{Tonnes)

Nit

SulphurWeigH
(Toflneo)

Nil

Weight
Oonnes)

Nil

CONCENTRATE TREATED
(elemsntal sulphur)

SulfiurWeight
fionnes)

æ.1

Sufphur grade
(Percent)

æ.92%3æ



Appendix G

Emission Rates at Chilanga Cement
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CHILANGA CEIITENT PLC- CHILANGA WORKS
E¡MRONIVÍENTAL POLLUTION CONTROL QUARTERLY REpoRT: APRIL - JTJNE, 1998

SOURCE OF AIR EMISSIONS

Comments

Waler being sprayed

Okav

Dedusting plant under consideration
Measuring points being prepared
All the results were below the
maximum allowable emission rates.
All results were below the
maximum allorvable emission rates.

Dust confined in the enclosure

Vo Run
June

100

100

100

M¡v

100

99.22

99.34

100

100

April

r00

99.76

99.85

100

100

Measured Average Emission

1mg[rim3)
June

96.7

88

Mav

t7 5.9

15.5

April

I10.7

62.5

Emission

Iimit(mg/I\m3)

180

180

100

Dedusting Equip.

Water Sprat,

Bag Filter
Enclosure

Electrostatic Precipitatol

Electostatic Precipitator

Eiecirosf atic Precipitator

Bag Filter
Enclosure

Pollutant

Dust
Dust

Coal Dust
Dusl. Nox

Dust. Nos

Dust

Dust
Dust

Prim"rf'Crusher
Secondan'Crusher
Coal Mills
Kiln 2 rvith coolers

Iüln 3 ç'ith coolers

Cement Mills

Packrng Plant

z
t-
oñ
àÀ€\o

lerials Stores

Other Comments

A.
o\
lJ)

I<.

CH.MANAGER
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CHILá.NGA CEMENT PLC. CHIII\NGA WORKS
ENVIRONMEhITALPOLLTITION CONTROL QUARTERLY REPORT: JULY - SEpTEMBER, 1998

SOURCE OFAIR EMISSIONS

Commcnt¡

Water

under consider¿lion

Result was rn August due to a

defective rapping q'stem in baú B
needs atlenlion.

was in August due fo
accnmulation in the ESP

Dust c@fined in the enclosu¡e

'Á Run
Sept

100

99.89

99.95

100

r00

Aus

100

98.9?

99.94

100

100

Jutv

100

98.00

99.96

t00

100

lllee¡ured Avenge Emb¡lon
(mr/Ì{m3)

lilpt

I78.8

97

Aus

254"7

168.3

Juh

t35.2

77.1

Emí¡rbn
Limit(ms/Iìn3)

180

!80

100

Dedurtlng Equlp.

Water Spray

Filter
Enclosure

E lectolatic hecipitator

ElecÛostatic hecipitator

E lectrostalic Precipitator

pqgfilter
Enclosure

Þollut{nt

Dusl
Dusl

Coal Dus¡
Dust Nox

Dust. Nox

Dust

Dust

Production

Primary Crusher
Secoudary Cn¡sher
Coal Mills
Kiln 2 u'ith orl.rt-

Kiln 3 wifh crnlgrs

Cement Mills

Plant

S¡ores

rer Comments

\T'ORKS TECH.MANAGER

I\-



CTIILANGA CEMENT PLC. NDOLA WORKS

ENVIRONMEi\TAL AIR POLLI1TION CO\TROL QUARTERLY REPORT

OF AIR E\I¡SSIO]{S

TiILN I .{.\D 2 F,I-E('TROFIL ER OT'TAGES

JLI-\'
KILN 2

AUGTJST SEPTENÍBER
Fdtd oûâges dæ lo h.in tffi @sllEs)

Filter oúages d@ lo hCr ('( x'ir6)

Frlt* outa¡æs dæ t.. odær rcas..re(lre)

TOTAL

0.00

0.00

0.00
0.00 -3.9t

Jtil-\'
0.70

2.90
0.30

3.90 t2.42

E!.¡¡ I
AL,GTJST

r.5E

1.08

1.25

SEPTE\AER
t.25
0.3E

I 0.50

t2.t3

7.92

3.13

1.37

3.12

r.13
0.t2
4..t7

Commenls

Filttr neÈds anfltiou

ofhât
strætêd

SEPTEMBER

100

100

100

lo0

96.4

9t.7

AUGiST
t00
t00
t00
100

98_6

98.-3

Runo/o

Jt'L\
100

100

t00
0

99.2

SEPTEMBER
'.3'13 

./ 3.J
. t53 i 2.5

--1 :E,0.2

AI,lGUST

l0l / 3.3

I\feasured Emission (mg/Nm'¡ I lKgfhr¡
IULY

1006 14.1

66 ' 3.9

Emission

IjmitlmeA(m3l

98

98

98

98

98

Elætw¡ric Prccioit¡tor

Dedustins Equir.

Electrosts¡ic Precipilstor
Electros¡¡tic P¡ecipi¡tor

Eloctüt¡¡ic Procbitlft

Elætrosr¡tic Precirit¡ttr

Pollut¡nt

tìst

fhßt
tì¡st

Dtst
DusLNq
DurNoiiit¡ 2

Prcduction Equipm enU.-\rea

Raw Mill I
R¡w Mill 2

CæilMill2
I

Comments

Under Mecbuical D6t for rñâiß
Unde¡ Electric¡l Dept. for reprin

¡*eeds werhaul

Lrder Prcjects Depr fo¡ fu fabiicatig¡ md inst¡ll¡rion

tì¡der \lech¡nic¡l I)eDt for rm¡irs

Unde¡ Mechuic¿l DeDt for ræaiß

Emission obsen'ed
T¡rce
Trace

Trace

Trace

Tr¡ce

Trace

Tr¿ce

T¡¿ce

Trace
Tr¡ce

Trace

Trace

CO\ÐITIOÀ-

SEPTEMBIR

Aveil¿ble

Avail¡ble
Not Available I Not Avsihble

l'íot,{vailable
Av¿il¡ble
Areilable

Not Arail¡ble
Available

Not -{r'¿ileble
Avail¡ble
Available
Availeble
Av¿ilable
.Avail¿ble

Nor Ar'¡ihble
Availeble

Available
Not,{v¡il¡ble
Not Ardl¡ble

AUGUST
Av¿ilable

Ar'¡ilable

Not A\ailsble
Av¿il¿ble

Available

Not Available
Av¡il¡ble

Not Awil¡ble
Ar:ilable
Av¡ilable
Ar,ailable

Available
Av¡ilable

\ot.{v¡il¡ble
Av¿ilable

-Available

Nol Avsilsble
Not Ar'¿il¡ble

'L'LÏAvailable
Av¿il¡ble

\or Av¡ilable
Not Available

Available
rþail¡bie

Ìrlot Available
Available

Not Av¡il¡ble
Av¡ilable
Avail¿ble

,Availeble

.Available

-Ar'¡ileble
\ot Ar'¡il¡hle

Available
Arailable

Not Ar,¡il¡ble
Nol Avaii¿ble

Emission

Limit(mg/lrim3ì
98

98

98

98

98

98

98

98

98

9t
98

98

98

98

98

98

98

98

.98

Bae Filtu
B¡e Filtq
Il¡s Fiirq

FilLr
B¡s Filtã
Bae Filter
BæFilrr
B¿! Filte¡
BrÈ Filtq
B¡s Filtø
B¿s Filts
Bae Filter
BæFilts
Il¡e Filts
Bag Filter
B¡s Filter
BaE Filts
Bæ Filta
B¡e Filts

Dust

DBt
DËt
DNt
D6t
I)ust
Dut
DNt
DGt i
DNt
D6t
I)ut
l)ßt
I)ust
DEt
Dùst

Dûsl
Dut
DEt

\lsterial tlmDoÎt (Gl0ó)

iUaterial traæpon (H122)

Ì\'lixing Pi¡nt (Top)

Nlixi¡e Pl¡nt (Bonom)

Cemar Traupon(Old)
Cli¡liEr Hoppes
Cli¡ker Støe
Pætq I
Pæker 2

Co¡l Plut -\eu'
Cli¡lier Hoppe¡ -Neu

Point Tl0.r-Y202-l{eq
Point YI03-L,-l0l-Nel
Rrw Meal Tmspot-Nen
Packing Plut Shsließ
Kiln 2 C¡tibr¡tion Hom¡

stone Cruhd
,hale

Poi¡l Ì l0l

.BNOR\IAL EMISSIO\S
JNt qisi@ ôn ns frilJ I s,G hdr in ttP nont]¡ of July.

-'\1i
\\'.t\ftïA!{z{

.{ \Ã'o¡ks Technic¡l \lanager

o\
UI
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Acid plant effTciency
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ZCCM . NKANA DIVISION SULPHUR CAPTURE ( COLLECTION EFFICIENCY )
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ZAMBIA CONSOLIDATED COPER MINES LIMITED
NKANA DIVISON
ENVIRONMENTAL SERVICES

METALLURGICAL SULPHUR BALANCE

NKANA M¡NE- SMELTER, ACID PLANTS AND COBALT PLANT

MONTH

* Cobalt Plant Roaster on Plant shut down

Mwale Chunga Mathews
09/03/99

lmu / ftr,,/,*trí,
1

{t,1, \ ¿ r t,frri-,t,t/- lrrn
''t''l /tn:'/

é---z

Collectlon Efficiencv f % I
48.26
53.14
49.65
56.E6
63.EE
44.26
62.9E
63.44
53.66
45.19
47.71
35.46
35.15
10.19
52.42
57.03
43.42
36.67
52.25
56.33
53.52
53.44
46.20
47.68
13.79
46.65
39.16

% Emlsslon
51.72
46.86
50.35
43.14
36j2
55.74
37.02
36.56
46.34
54.61
52.29
64.54
64.Es
89.81
47.58
42.97
56.5E
63.33
47.75
43.67
46.48
46.56
53.E0
52.32
86.21
53.35
60.84

s lt[ EMtssloN
5373.12
4191 .E3

4607.10
4340.10
3390.66
5134.40
3547.53
3432.20
4676.20
5433.10
4129.00
3654.00
4854.00
1648.00
5286.00
3E33.56
6142.40
7675.72
4601.96
429E.75
4690.19
43E9.0E
5705.30
5016.4E
4015.04
3413.09
5066.8E

S IN ACID & EFFLUENT

4943.12
4691.36
449E.E0
5660.50
5933.57
39E1.20
5960.96
5894.74
5350.00
4404.50
370E.00
1948.00
2566.00
1E35.00
5764.00
5087.27
4714.32
4444.45
5036.01
5546.06
5400.99
5037.63
4900.10
4571.89
642.02

2985.00
3260.77

S IN CALCIN E, CIN DER & SLAG
1707.O0
1363.60
1437.50
1299.10
1360-99
1556.60
1756.20
1619.70
1470.60
1755.40
995.00
411.00

1254.O0
1146.00
14E4.00
1439.3E
1436.42
1454.11
1563.61
162E.69
1470.54
1438.00
1687.61
1428.82
172.99
1871.17
148E.47

S IN FEED

12096.00
1030E.E0
105EE.40
1 1360.70
1074E.22
10767.20
11339.71
1 1006.60
1 1561.80
11668.00
E892.00
6073.00
8739.00
2981.00
12594.00
10360.21
12293.14
13574.2E
11201.58
11473.50
11561.72
10864.71
12293.O1
11017.19
4830.05
E269.26
9816.12

ocT 94
NOV 94
DEC 94
JAN 95
FEB 95
MAR 95
APRI 95
MAY 95
JUN 95
JUL 95
AUG 95
SEP 95
ocT 95
NOV 95
DEC 95
JAN 96
FEB 96
MAR 96
APR 96
MAY 96
JUN 96
JUL 96
AUG 96
SEP 96
ocT 96*
NOV 96
DEC 96



ZAMBIA CONSOL¡DATED COPER M¡NES LIMITED
NKANA DIVISON
ENVIRONMENTAL SERVICES

METALLURG¡CAL SULPHUR BALANCE

NKANA MINE. SMELTER, ACID PI-ANTS AND COBALT PLANT

MONTH

z
t-c
F
À5€€

Collec'tlon Efflclcncy { % I
40.19
40.92
s3.28
22.12
49.E0
51.E6
40.13
57.96
51.65
52.36
41.57
54.08
28.33
47.79
40.89
29.5E
52.77
44.21
41.98
51.5E
47.54
56.80
52.'lg
40.72

% Eml¡slon
s9.E1
59.08
46.72
77.88
50.20
48.12
59.E7
42.O4
48.15
47.64
5E.43
45.92
71.67
52.21
59.11
70.42
47.23
55.79
58.02
4E.42
52.46
43.20
47.81
59.28

s lil EMtsstof{
5029.44
4943.23
4144.33
4157,79
4695.68
3787.40
44A6.67
3399.75
3226.7E
3E25.06
4002.78
3939.95
6003.38
3076.26
3802.27
3769.55
4199.31
4504.97
4720.18
4203.06
3950.19
3112.70
3760.90
43'17.OO

S IN ACID & EFFLUEf{T
3379.0s
3423.52
4727.A5
11E0.66
4659.04
4082.57
2954.09
46E5.31
3475.06
4203.E9
284E.28
4639.57
2372.80
2815.64
2630.44
1591.82
4691.35
3570.31
3415.15
4477.28
3579.74
4091.90
4106.25
2966.00

s tt{ cALc[{E, ctf{DER & SIAG
1492.88
1440.09
1565.99
1539.s1
1655.41
1779.61
1729.51
1550.1 1

1531.36
75E.41
163A.22
1593.64
1602.24
1416.35
13E6.19
1138.70
1307.E3
1257.45
1340.62
14E2.66
1306.3E
1620.79
1

1670.00

S If{ FEED

1

.96
1 1010.13
9649.5E

9636.17
8233.20
E7E7.36
8481.28
10173.16

1019E.49
9332.73

14163.72
EE36.31
EE25.39

97
MAY 97
JUN 97
JUL 97
AUG 97
SEP 97

97
NOV 97
DEC 97

9E
JUN 98
JUL 9E
AUG 9E
SEP 98

-l



Appendix I

Ambient air SOz concentrations, Nkana
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CONCENTRATIONS OF SULPHUR D|OX|DE tN AMBTENT AtR ( mg/m3f
NKANA MINE .MONTHLY AVERAGE

75

0.130
0

0.351

MONTH
JUL 95
AUG 95
SEP 95
ocT 95
NOV 95
DEC 95

Fire Brigade CentralShaft Nkana Hospital Wusakile Hospital
South of Smelter NAfúest of Smelter North of Smelter East of Smelter

0.004 0.369 0.036 <0.001
0.019 o.287 o.077 0.016
0.055 0.518 0.038 0.03
0.044 0.518 0.038 0.030
0.293 o.462 0.161 0.134
0.403 0.372 0.062 0.143
0.767 o.171 o.137 0.286
0.577 0.562 0.139 4.240
o_412 0.939 0.167 0.195
0.079 0.890 0.097 0.098
0.554 0.034 0.135 0.066
0.002 0.887 0.097 0.003
0.031 1.625 0.083 0.030
0.152 1.813 0.169
0.066 0.595 0.034
0.071 0.30s 0.061 0.031
0.032 0.155 0.069 o.o27
0.565 0.859 0.314 0.368
1 0.451 0.164 o.324
1.899 0.379 0.101 0.514
0.200 0.788 0.093 0.200
0.032 0.155 0.069 o.o27
0.274 1.754 o.424 0.110
0.082 1.294 o.187 0.013
0.0s0 1.826 0.090 0.090
0.505 2.270 0.540 0.230
0.o71 0.305 0.061 0.031
0.113 1.800 0.099 0.033
0.670 0.720 0.160 0.390
0 0.060 0.034 o.M2
0.591 1.070 0.161
0.723 o.754 0.186
0.302 1.380 0.106 0.145
0.215 1.250 0.164 0.325
0.192 1.086 0.461 0.031
0.01 1.224 0.082 0.019
o.o27 '1.372 0.07s o.o24
0.013 1.412 0.165 0.015
0.000 0.000 0.000 0.000
0.121 o.312 0.018 0.010
0.426 0.686 o.247 0.166
0.151 0.703 0.105 0.257

NB: October 1994 to June 1995 AGL samplers were not working oþ
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Ambient air SOz concentrations, Mufulira
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ATT; .. ;, . ,: Divsional Environmental,se¡vices Officer .

SULPHUR DIOXIDE EMISSION FROM MUFULIRA SMELTER MONITORED AT
cLtNlcs 3,.5,7 AND g.

The monitoring of sulphur dioxide emissions at clinics 3, s, 7 and g continued
during the month. The following sulphur dioxide levels were recorded for the
month of September 1998 t

CONCENTRATION OF SO2 m3

DATE cLtNtc 5 cLtNtc 7 cLtNtc I
54
82

Note : Numbers less than or egual to five are entered as 5
r Some valùes were not obtalned for cllnlc 7 because the A.G.L. Unlt was withdrawn for repalr,

7
1

1

1

1

SOMONTH
BLM/CGZ

cLtNtc 3

5
02-Sep-98
,01-Sep-98

91
31
332

5
5

11 301 5 5
65 178 / 127

05-Sep-98 165 1549 t 5
06.Sep-98 5 67 x 64
07-Sep-98 73 44 I 5

131 244 I 122
483 236 T 263

l0-Sep-98 77 180 x 13
11-Sep-98 26 675 f 5
12-Sep-98 212 1653 ¡ 5
13-Sep-98 345 3424 ¡ 5
1 48 3371 ¡ 66
15-Sep-98 42 942 ¡ 44

't31

146
59

693 82
38
50

l-Sep-98 3g 94 25
)-Sep-98' 680

20-Sep-9u
59
156 961

12
6 ----

60
40
5

1

12
258

751
2414 14

37
5

50
22 68 5

24-Sep-98 65 689 5
5
5

25-Sep-98 37 417 27 128
26-Sep-98 33 76 86 48
27-Sep-98 14 189 55 5
28-Sep-98 37 87 { 96
29-Sep-98 5 2350 t 176
30-Sep-98 103 532 ¡ 80

*âverage 4,*È 97 763 26'

Operational
Limlt 500 500 500 500

NILU OR 44199
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STRICTLY CONFIDENTIAL¡

ATT , i Divsionat Environmental Seruices Officer
SULPHUR DIOXIDE EMISSION FROM MUFULIRA SMELTER MONITORED AT
CLINICS 3, 5, 7 AND 8.

The monitoring of sulphur dioxide emissions at clinics 3, 5, 7 and g continued
during the month. The following sulphur dioxide levels were recorded for the
month of Octobér 19g8

CONCENTRAT¡ON OF SO2 ug m3

EATE cltNtc 3 cLrNtc 5 cltNtc 7

24 237

:Oct-98

cLrNtc I
804 5

5
147
5
5

93
q

39
7o
r06
47

1

11-Oct-9

1070
ct-98

15-Oct-98
16-Oct-

18-Oct-98

peration
Limit

Note : Numbers less than or equal to five are entered as 5

1

1

70
35

l47
94
128

103
5

154
5
10
29
13
39
5

----t

500

220

500

t53

500

SOMONTH.WK4
BLM/CGZ

1-Ccþ98
02-Ocþ98
03-Oct-98 '

24
2q 893

845 1

56
57 1024 119
44 1049 111
41 1089 103

64

12
81

1086

406
1 136

89
65

110
177

143

122
84

5
25e

12-Oct98 130 13
1835

100 3724

23
54
5

586 61
1513
1164
118

3062" 
2s46

150
sog- 22

152
g+o

19-Oct-98
20-Oct-98

99
36

1112
1 166

21621:Oct-98

24-Oct-98 :

22'Oct-98
23-Oct-98

431

200
244

1107--nT
1348
eag

96
60ì
319

30't
53Ó
r53

25-Oct-98 72 676 171
180 879 59
72 600 97

28.Oct-98
29-Ocþ98

36
27

421
53

5 5
31-Oct-98', 5 61
Average 934

11 52
10

45

5
5

5

5
5

NILU OR 44199
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STR ICTLY CqN EIDEIIIIAL

ATT : DivsionalEnvironmentalservices Officer
SULPHUR DIOXIDE EMISSION FROM MUFULIRA SMELTER MONITORED AT
cltNtc's 9,5,7 AND g.

l-he monitoring of sulphur dioxide emissions at clinics 3, s, 7 and g continued
during the month. The following sulphur dioxide levels were recorded for the
month of Novembei 1998

CONCENTRATION OF SO2 m3

t

BLM/CGZ

DATE cLtNtc 3 cLtNtc 5 cLtNtc 7 CLINIG 8

36 30 5 5
18 293 5 5
36 179 5 17
5 198 5 5

ov-98 27 68 5 20
ov-98 32 137 30 12

0 54 5 19 23
5 26 33 23I 22 170 100 14

10-Nov-98 ' 18 1602 48 5
1 27 883 15 183

63 290 107 87
57 474 5 47

1 5 145 56 28
15.Nov-98 121 202 271 25
16-Nov-98 5 226 194 34

.Nov-98 96 78 19
18- 5

5
234 194 25

19,Nov-98 128 242 34 37
64 291 108 8720-Nov-98

21-Nov-98 57 47
22-Nov-98 . 72 160 78 5

295 508 110 12s23-Nov-98
24-Nov-98 451 159 113 90
25-N 328 330 117 97
26-N 97 139 121 108

178 130 5 5
28-Nov-98 , 48 206 5 5
29-Nov-98 5 469 5 5
3 329 5 162 5

Average 89 276 68 40

Operational
Limlt 500 500 500 500

Note : Numbers less than or equal to five are entered as S

NILU OR,l4l99
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STRICTLY CONFIDENTIAL

ATT : Divsional Environmentatservices Officer
SULPHUR DIOXIDE EMISSION FROM MUFULIRA SMELTER MONITORED AT
cLlNlcs 3, 5, 7 AND g.

The monitoring of sulphur dioxide emissions at clinics 3, 5, 7 and g continued
during the month. The following sulphur dioxide levels were recorded for the
month of Decembei 1998

Note : Numbers less thin or equal to five are entered as 5' *tt AGL Unit was wlthdrawn for repair* AGL Unltwas belng callbrated

/l;h, L
t¡/n/1r

cltNrc 3 cltNtc 5 cltNtc 7 cLtNtc I
I 145 5 90 0

02-Dec-98 110
03-Dec-98 ***

5 5
04- ***

5 5***
5 5

5 5
09-Dec-98 ***

5
5 5

I 5
1 72 56
1 63 91 129 56
13-Dec-98 182 129 57
14-Dec-98 59 5
15-Dec-98 104 60

1 60 179
17 112 105 108 71

76
1 77 161 l9 55
2 80 226 101

67
64 155 5

23- 5 120 185
24-Dec-98 232 99

95
**

20 14 ** 35
100

31 32 32 5 139
Average r09 74 44 50

Limit 500 500 500 500

NILU OR 44199

oM/cGz
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ATT ,. i Divsional Environmental Services Officer
9!¡!PHUR DroxrDE EMrssroN FRoM rüiGüiiRÀ'ðrtiËirËn MoNrroRED ArcLtNlcs 3, 5, 7 AND 8.'

The monitoring of sulphur dioxide emissions at clinics 3, s, 7 and g continued
duríng the month.'The foilowing surphur dioxide revers were rãcorded for themonth of Januar¡¡ lggg

STRICTLY CONFIDENTIAL

DATE

14-Ja

NCENTRATION OF SO2 m3

Note : Numbers less thãn or egual to flve are entered as 5*** AGL Unlt had some electrlcal problemc* No resu.lts due to the damage caused by the rains on the system

cltNtc 3 cltNtc 5 cltNtc 7 cLtNtc I
0t 13 l6 7 95

192 5 130 7503-Ja 5 t6 13 35
5 23

65 65 4006-Jan-99 102 26 485 27407-J 42 13
an-99 149 77 43 6509-Jan:99 31 5 21

1 177 102
1 89 81 86 28412-J 728 131 5 359an-99 5 150 97

6l 5 5 5
1 ***

5 37 18
1 *** 30 33 46***

45 22 27
1

5
19-Jan-99 ***

5
5 44 6420-Ja I ***

94 22 5521-Ja ***
76 29 18

202 0 21 *
0

o
. , ,r25 *

@.:gr¡{ur¡-i,an-99
1

57 25 *
2 r00 166 60 *
26:Ja 34 91 50 *

17 66 61 *
0 5 *

29-Jan-99 91 77 79 77
30-Jan-99 196 66 5 531-Jan-99 ¡ - 757 88 112 5Average 122 54 6l 95

Operational
Limit 500 500 500 500

NILU OR,+4/99
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STRICTLY CONFIDENTIAL

ATT .' ': Divsional Environmer¡tatSeù¡ces Officer
SULPHUR DIOXIDE EMISSION FROM rr¡UrUIrNÀ Srr¡ÈirÈN MONITORED ATcltNlcs 3, 5, 7 AND g.

The monitoring of sulphur dioxide emissions at clinics 3, s, z and g continued
during the month'. The following sulphur dioxide levels were recorded for the
month of February 1gg9

Operational
Limit

Note : Numbers löss than or equal to five are entered as 5

SOMONTH.WK4

| ,t,,t,,r

l1 itl.J¡,¡ -,r¡¡

I

CONCENTRATION OF SO2

DATE

m3

cLtNtc 3 cLtNtc 5 cltNtc 7 cLtNtc I
01-Feb-99 102 81 170 35
02-Feb-99 j

68 85 230 228
03.Feb-99 115 29 60 12
04-Feb-99 153 22 5 I
0$-Feb-99 136 23 93 5
06.Feb-99 70 181 67 35
07-Feb:99 54 86 37 52

484 5 48 14
08-Feb-99
09-Feb-99 290 255 5 21
10-Feb-99 326 74 166 24
1 1-Feb-99 224 119 B1 381

oo ¿o 52 53
1 2-Feb-99
I 3-Feb-99 51 7 15 59
14-Feb-99 73 19 29 107
15-Feb-99 77 282 33 11
16-Feb-99 .- 232 346 48 Þ
17-Feb-99 335 55 54
18- eb-99 63 72 70 126
1 108 83 5 200

eb-99 181 68 67 59
1-F 193 68 29 111nL b-99 78 76 5 21623-Feb-99 ., 5 388 100 59

137 203 37 148
241 41 37 71
223 38 70 2227 37 58 2728- 37 55 41 45

Average 138 112 63 82

500 500 500 500

NILU OR 44199
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ATT . ',, , : Divsional Environmentalservices Officer
SULPHUR DIOXIDE EMISSION FROM MUFULIRA SMELTER MONITORED AT
CLINICS 3, 5, 7l\ND 8.'

The monitoring of sulphur dioxide emissions at clinics 3, s, 7 and g continued
during the month. The following sulphur dioxide levels were recorded for the
month of March 1999

Note : Detection llmit of the method is 5. Therefore values less than or equal to five are entered as 0

cltNtc 3 cLrNrc 5

CONCENTRATION OF SO2 m3

DATE cLtNtc 7 cLtNtc I
01-Mar-99 74 82 37 98
02-Mar-99 . 299 983 48 135
03-Mar-99 ' 186 137 63 224

293 172 74 119
05-Mar-99 38 339 144 0
06-Mar-99 586 219 89 131
07-Mar-99 154 534 111 43
08-Mar-99 124 90 151 86
09-Mar-99 112 99 168 126
10-Mar ¿oo 153 110 216

. 11-Mar-99 98 316 184 140
12-Mar-99 137 274 129 43
13-Mar-99 689 206 132 21
1 ar-99 842 300 147 85
15- 113 148 157 I
1 106 160 15 59
17:-Ma 212 389 221 34
18-Mar-99 236 I 53
1 316

385
189 19 0

20-Mar-99 40 38 19 44
21-Mar-99 63 719 26 35
22-l'Aar-99 118 38 45 79
23-Mar-99 218 38 30 309

ar-99 59 95 11 155
25-Mar-99 182 721 68 62
26-Mar-99 69 1102 131 147
27-Mar-99' 0 971 35 236
28-Mar-99 . 19 947 123 329
29-Mar-99 44 570 99 151

ar-99 37 1 338 141 235
31-Ma 31 650 88 422
Average 186 400 9l 123

s.l. t41
Limit

125 125 125 125

SOMONTH.WK4

NILU OR 44199
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Appendix K

Application for Permit to Emit Air Pollutants for
ZCCM Chingola
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Pnescnl¡eu Fon¡rs

REPUBLIC OF ZAI\ßIA

E ¡.r'rn omvrcNTÄL CouÀ'c ll.

Træ Arn Po¡,luno¡'icoirrnor, (LrcENcDtc AÀD EÀ{rssroN STANÐÅRDS)

Recur,erroNs, 1996

Appuc¿r¡ox ron Punlrrr ro E¡rrrr An pollurnnrs

rorìil ..\ì'l

To.

' :' .,Ì,;.É"¡;:,", ".. 
-.,'-{9, 

-F- 
r$Jtrg'"t:t y''tlilt)

' '. . .: .

The Chief Inspector (Pollurion Control) ,' -

Environmental Council of .Z¿mbia

P.O. BOX3513t , ::
Lusak¿

L Name and addrcss of appti"à*
.--.:1

ZAMBIA CONSOIIDATED COPPER MINES tTD

?. Loca¡ion

4. Name(s) .a¡r cm¡6s¡ot¡5 DRYER CTION

the procæs(æ) ES'

ó. Amounr of each raw mareri¡l uscd yearly (kg) 320. 000 , 000

- )iarn¿(si and t¡-pes of products DRY COPPER CONCE .¡_{.T.8_4.TE-S-. _ -_ _ _ -- - - -_ _ -_- -. - - -..

E. Sourccs of¿ir ç¡¡i55is¡¡5___pRoBqqTs_a!'-_ç.'o_a¡_tp-_M_B-JJS_Tr-O-N_-

Name(s) and rype(s) of air DUST AND SUT R XIDE

TÔ of each air pollunnr dischrrged in¡o the ambicn¡ aii (kg/h.rcrn.,¡ -,--IIE-SS---TII-A-N---QN-E

li.. ,ppm ec)---
il. Energ¡'source used (eg ccat, diesel

NILU OR ¿14199
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.¡. r 'j¡.i1: t

I 3. Amounr of each cnergy sõürðè

l.l . ,A,nrouni of each energy source used per day ftg) 10,000

l--s. T.rpe of prrrducrion operarion (conrinuos o¡ inrermiucn,)-------9-9--li-T-lN-iJ--qF-.--

I 6, Tot¡l number of hours of operation (per day, pcr week, per monûr, per EEN

I 7. N u nr be r o f sucks in operation-------U!-A--Gé UE-$J-æ- Ë T-A-Ç-K S )

19. Srack gas volume for each (rn3¡s, m3A)--------ær--q-qgM-A--EB-----r-------------

10. Inrsrnat strck diamerer at gas exit level for each (m)------8t-68 M

21. Suck gas exit remperarure for e¡ch (oC) ?00 c

21. Exi¡ gas velocity at e¿ch suck 22.0

23. Potlution control technology,in operarioñ lto bc.rliíitoyø-Æ-D!Så-!9-F-L-ç.4-S-$B-U-B-EE-B--

__v-EB_Y_.gEal-Q m N r. _ r1lT-- n T f sa. ___

:¡f..t'-.i..:

36. When was/werc

37. Expected-lifE rime,

2S o¡her air lgranrs! Name ¡l¡e polluunls----

ii-i:..,-

'=PARTS 'DONE. AS REQUIRED.

LEVEI-S OF EllISSIOfriS (complere parrs onl.v relevant to your organisation)

ItrCustn/proccss Parannclcr

'lCrl'PER PRODLTCTIO\
39. Smelters and converrers Sulphur dioxide(SOr;

Duí
30. Coal preparation Dust
3l Ore concenrnror dn'er Dusr

Sor
(; E ) f Ê\T,I\D LI]\,ÍE PRODUCTIO\*

-13. Cemen¡ produaion Dt:st
33.Limcprod*iqrl . .qry

\ITRIC ACID A}¡D ST]LPEI]RJC ASID SRODÛCTION
' 3: Nirric acid producrion NOX as NQ

35. Sulphuric acid produuion _ !.O,

FERTILIZER PRODUCTION
3ó. Ammoniùm nirare producrion Dus¡
-r-. Coal tre¡,rmenr Dusr
i!. ¡.fPK producrion Dusr

Entission level

- -----mg'/srmj
- -----mg/Nr¡:
--------ms/NmJ
------ri¡Nr3 )

----mõlxm3 )

------mgiNmJ
;--mg/Nmr

NOT IVIEASURED

------kg/day
----kg/day

-------kg/da-v
-- ------kglday-
--------i:g''¿"

NILU OR 44199
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CON{BUSTION UN'ITS

39. oil fìred, | soMw(l)

40. Coat fireo, )tOtrlw(2)

41. Coal fired, 10-50 ÀlW(2)

O'I'I{ER PR O CESSEST'I-h'ITS

l-NVS.pN. lrç.àa¡n
Nalne

Designat

Dust
sq
co
Dust

Sor
co
Dust
SO:
CO

'-'---'mg/Nm3
--------mr/ìinrr
--------rilx,n3
--"-"'mg/l'i¡13
'--"---mgiNtì'r
--------nrt,'À-rx-î

'---"-'mg/N¡¡r
'---'rll! r\"'l

. --"'---nl!'r\i::j

T
-- -- --l----- ---- - ---- --

Signature

q lef¿tP b€rq I)arc

(l). The limirs shall be normslised to273K at l0l.3Pa and3 vol,-% O,
(l). The limiu shall be normalised to 273K ¡r l0l,3Pa andT vol,-% 02

FOR OFFICTAL USE ONLY

,{pplication receiv Fee paid kl,¿+qq,quo oo

Chief lnspecroi (Polluiion Con¡rol:
Environmen¡el Council ol Zambi:r
lnspectorlrc

NILU OR,{4/99



Appendix L

Location of sampling sites
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Appendix M

Wind roses
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Wind roses for 1995 at Mufulira Smelter
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