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Summary

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 Councll of Zambia
(BCZ).

This is the report of the mission to Zambia 19 September to 2 October 1998. 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 i¡Zambia.

Visits to the main industries in the Copperbelt area 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 Lusaka and the Copperbelt
areas, as part of the screening study of the present ambient air quality.
Meteorological stations were visited to get an overview over the meteorological
data available in Zambia. Several laboratories were visited and a common
laboratory for air and water chemical analyses is proposed in this report. 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.

NILU OR 61198
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Ambient air quality monitoring system for Zambia
Mission report no. L to Zambia, Sep-Oct L998

L. Introduction
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).

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:

o Cleaner production,
o Air Pollution regulations,
o Water quality guidelines and regulations,
. 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 Zambia 19 September to 2 October 1998 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. The first
phases should meet the financial and technical limitations specified in the
NORADÆCZ project documents. As a result of this mission, a proposal to the
measurement programme for ambient air quality measurements in Zambia is
presented in Appendix P.

Bjarne Sivertsen and Cristina Guereiro participated from NILU during the
mission to Zambia. Christel Benestad from SFT visited Zambia at the beginning
of the visit. Karl J. Aanes from NIVA also participated in our visits to some of the
laboratories. The objective of these specific visits were to find a common
laboratory for air and water chemical analyses.

People we met during our mission are presented in Appendix A. A programme for
the visits had been discussed before the amival, and a final version is presented in
Appendix B.

NILU OR 61198
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3. Meetings

3.1 Saturday 19 September 1.998

'We were met at the airport on Saturday by Edward Piery (driver) and Lemmy
Namayanga, who we talked to on the way into Lusaka.
A short meeting was held between Paul Banda (chief inspector atECZ), Christel
Benestad and Bjarne Sivertsen.

3.2 Sunday 20 September 1998

Meeting at: Holiday Inn
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga,

From NILU: Bjarne Sivertsen.

The meeting was held to discuss the programme for the visit, and to agree on

details in the proposed progfamme. The final version of the programme is

presented in Appendix B. The general feature of the programme for the visits in
the Copper belt area was based on meetings with industries in the morning (from
09:00 hrs) and visits to the areas, townships and surroundings included location of
passive samplers in the afternoons.

From a report that had been produced for ECZ it was stated that SO,

concentrations at Nkana and Mufulira exceeded the Air Quality Standards as

much as30Vo of theyear. (SinkilaandThompson 1998).

3.3 Monday 2l September L998

Meeting at: NORAD:
Present: Gudbrand Stuve NORAD

Cristina Guerreiro, B. Sivertsen NILU

A meeting with Gudbrand Stuve at the NORAD office in Lusaka was held to
present the NILU mission, and to introduce NORAD to some of the problem we

face in establishing an air monitoring programme within the financial and

technical framework of this IPPP programme. The necessity in establishing a

chemical laboratory outside ECZwas clearly understood and supported.

The proposal that we present together with ECZ may also have to contain
development in the future which exceeds the present funding from NORAD. This
development of a total ambient air quality network for Zambia has to be seen in
connection with the intentions of the World Bank appraisal report (V/orld Bank,
t9e7).

We also discussed the possible use of the NCSR Mount Makula Research Station
Laboratory, that was established in the early 1990s funded by NORAD. It would
be interesting to use this laboratory for air pollution analyses, but Mr Stuve was

not sure about the present situation concerning financial support including the

scientific status at the laboratory.

NILU OR 61/98
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3.4 Tuesday 22 September 1998

Meeting at: INDENI Petroleum Refinery
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga

From NILU: C. Guerreiro, B. Sivertsen
From INDENI: Mr Molenga (Safety Officer), Mr Nioka.

After presentation of the ambient air pollution monitoring programme and the
purpose for the visit to Indeni, the experts from the company presented production
rates and provided some emission figures, which are presented in Appendix Cl
(Mwale et al, 1998). In addition to the sources described in the table, there was a

flare burning and emitting black smoke. A considerable amount of fugitive VOC
emissions could be identified by the smell.

The draft of "Conditions for Air Pollution Permit, Indeni Petroleum Refinery
Company Ltd.",byECZ, is in AppendixC2.

The laboratory has 20 people, of which 4 professionals. The environmental
analysis performed in the laboratory are water analysis and air measured inside the

plant.

Meeting at: Ndola Lime Company
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga

From NILU: C. Guerreiro, B. Sivertsen
From Ndola Lime: David E Ng'andu (Manager), Mr Joseph Zulu
(production manager), Mr Dan Chileske and Mr Walubita Lubinda
(Env. Engineer).

Behind the desk of the environmental engineer was a poster typical for the

schedule we had to fight : "Time is not your friend!".

The most important air pollution problem caused by the Lime factory emissions is

dust. The experts of the factory listed the processes which produce dust: quarry,

crushing, conveyor, screening, lime burning and hydrating. The highest dust

emission is produced by lime burning and emitted through a 50 m high stack

(Table 1). The other dust emissions are mainly fugitive. The factory has a
electrostatic precipitator which is not operational.

Table I: Emission conditions for the main stack, April 1998.

Measurements of particles inside the factory has been done and reported to ECZ.
The area of maximum impact is the Itawa township, about 4 to 5 km downwind

Main stackStack
Stack height (m)
emission velocity (m/s)
Flow rate (m'/s)
Dust emission rate (g/s)
Emission te re

50
13.6
71.3
60
300
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from the factory. The factory measures their stack emissions of dust once a month
with isokinetic dust samplers.

Meeting at: Chilanga Cement Factory
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga

From NILU: C. Guerreiro, B. Sivertsen
From Chilanga Cement: Chaws Wamulwalge

After presentations and a short explanation of the goal of the visit, the experts of
the factory presented their production rates and the available information
concerning the air pollution caused by the factory.

The average production rate in this factory is 800 tons cement lday, which
corresponds to 70%o of the factory's production capacity. They burn 96 tons

coal/day with a sulphur content of 0.4Vo in average (maximum is 1.187o). The

main emission of the factory is dust, both through stacks and fugitive emissions.
The stacks are equipped with either bag filters or electrostatic precipitators, which
are not always in function. The dust measurements undertaken in April-June 1998

are presented in Appendix D1. Reporting of emissions toECZ on a monthly basis

have not yet been started. Other emission sources of dust and diesel exhaust are

the 30 to 40 trucks/day, transporting the cement out of the factory.

The factory is placed upwind from the town centre and the Itawa township

Measurements of dust levels in the working environment (inside factory area)

have been undertaken with "condometers", measuring particles/cm3. Some of
these measurements results are presented in Appendix D2.

As part of the future air quality monitoring system some particulate fallout
collectors (see Appendix D3) could be installed in the area around the lime and

cement factories, including Itawa township.

The draft of "Conditions for Air Pollution Permit, Chilanga Cement PLC,
Chilanga W'orks", by ECZ, is in Appendix D4.

The factory's laboratory has 19 people. The environmental samples analysed are

mainly water samples.

Meeting at: Meteorological service at Ndola Airport
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga

From NILU: C. Guerreiro, B. Sivertsen
From Met Service: Mr Zulu (meteorologist).

The meteorological data were collected every second hour at the airport in Ndola.
V/ind speeds and wind directions were read from a wind sensor. The readings of
the wind directions did not seem to work properly, while the wind speed sensor

had a starting velocity too high for air pollution study purposes. ("Calm
conditions" occurred 37Vo of the time).

NILU OR 6Il98
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Climatological data from the site was presented on a poster indicating the

following wind direction frequencies:

It can be seen from these climatological records that the predominant wind
direction in the area both winter and summer afe from the East + 45 ". The

frequency of calm (as observed at the airport) was 22Vo in Summer, 37Vo tn

Winter.

3.5 Wednesday 23 September 1998

Meeting at: Roan Antelope Mining Corporation (RAMCZ)
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga

From NILU: C. Guerreiro, B. Sivertsen
From RAMCZ: Naz S Phiri (Head of Environmental Services), Mr'
Moyo (smelter resp.), Mr John Nghlowo (ventilation engineer), Mr.
Sloya (Laboratories), Mr Kapaluska (Env. Service)

Mr Phiri presented the total activities at the RAMCZ. The ores are transported

from underground mines in Baluba and Luanshya to the concentrator and further
to the smelter. The first part of the processes mainly produces dust, while the

smelter produces large emissions of SO, and particles containing various elements

into the atmosphere.

V/ind blown dust from 4 tailing dams have created some environmental problems.

The older dams are now being covered by vegetation. At the newest dam; the

Mosi dam, however, there have been complaints from the Mpatamatu township.

The smelter is operating with old converters (from the 1930s). There is no

cleaning or any sulphuric acid plant installed at present. However, there are plans

to build a sulphuric acid plant, when new open pits are to be opened (see last page

in Appendix El, under "Improvement programmes").

The SO, emissions are estimated to be 88 tonnes of SO, per day. For further
information on stack data and emission data see Appendix 81. Analyses of dust

collected at the bottom of the stack is undertaken to identify the concentrations of
copper and other elements. An example is presented in Appendix E2.

The only measurements of SO, were undertaken in the working atmosphere inside

the smelter. For this purpose Drager tubes have been the only instruments used.

They usually measure several ppms. The maximum working atmosphere limit
value is 20 ppm. Levels above 20 ppm have been measured.

We visited the laboratories which is heavily based upon Atomic Absorption
analyses. They also use XRF and old gravimetric methods. The laboratories was

Wind dir N E S w C

Sep-Nov 3 7 t6 18 15 7 3 3 2 1,5 1 1,5 22

Mar-May 2 4 l2 l5 t2 8 3 2 2 I 1 I -tt
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typically designed and maintained as a mining and smelter (product) laboratory.
'We concluded that this laboratory probably will not be suited for ambient air
pollution analyses.

After meetings, visits and lunch, passive samplers were located at 5 locations in
the surroundings: one upwind from the smelter and 4 stations down wind. See

Chapter 5.

3.6 Thursday 24 September L998

Meeting at: ZCCM Kululushi laboratory
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga,

and experts from the water quality unit (Israel Zandonda, Chris
Kashinga, Douglas Nkolonganya)
From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From ZCClr'4 Kululushi: James Kalowa (Environmental Manager),

J.M. Hamududu.

The Kululushi laboratory has 24 employees; 6 with BSc degrees. The laboratory is

being privatised and will in the near future have to rely on their own ability to get

money.

'Water samples are collected and analysed on a weekly basis. They have a Perkin

Elmer UV/Vis spectrometer, on which they analyse nitrates and sulphate from
water samples. Lower detection limit is typically 0,02 ppm for nitrites, 0,5 ppm

for nitrates.

The laboratory has 3 Atomic Absorption Spectrometers (AAS). They analyse

heavy metals for exploration (detection limit = 0,05 ppm for Cu,0,25 ppm for Pb

and 0,005 ppm for Cd). A dihydride generator are used together with AAS to find
Hg, As, and other trace elements. On an AAS Perkin Elmer AS-700 they analyse

Pb (>0,3 ltg/g), bismuth and antimony.

An ICP Perkin Elmer Optima 3000 is used to analyse 70 elements. Trace elements

as Sc and As are analysed. (Pb detection limit 0,3 ¡tg/g , Zn: 0,05 ppm). Typical
levels analysed are about 10-100 times higher than water from mines in Norway.

A list of analysis and prices practised by this laboratory is given in Appendix F.

Meeting at: Copperbelt University
Present: From ECZ: Gentile Chasaya, Bwembya I|lfwanza, Lemmy
Namayanga, and experts from the water quality unit (Israel Zandonda, Chris

Kashinga, Douglas Nkolonganya)
From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From Copperbelt University: Dr Maseha (Head of Institute of
environmental Management), Fred Chileske (Assistant Dean).

NILU OR 61/98
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V/e visited the Institute of Environmental Management, which is divided into four
areas: water, air, solid waste and legislation and management. A presentation of
the institute is included in Appendix G.

The laboratory of the institute is equipped for, and can function as a training
laboratory. It has no equipment nor employees' for environmental analysis on
routine basis.

Meeting at: Mine Safety laboratory
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga,

and experts from the water quality unit (Israel Zandonda, Chris
Kashinga, Douglas Nkolonganya)
From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From Mine Safety Lab: Mr Christopher Nkandu (Senior Inspector of
Environment).

The laboratory works mainly with safety and health in industry. Measurements of
dust concentration levels in the working environment have been done with
gravimeter samplers and "condometers"; "Drager tubes" were used to measure

SO, in the working environment. The environmental sector of the lab is more

recent, a AGl-sequential samplers had measured SO, in Kitwe township,
sometime in the past. They have 2 new sequential samplers, which were not in
operation yet. SO, is analysed from total acidity based on titration. There are 2

graduated, 1 senior inspector, 2 research assistants and one lab assistant working
in the lab, and they have no extra capacity.

It was not possible to visit the lab.

Meeting atz ZCCM Mufulira Laboratories and ambient measurements
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga,

and experts from the water quality unit (Israel Zandonda, Chris
Kashinga, Douglas Nkolonganya)
From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From ZCCM Mufulira: Mr. Kululushi, V/illiam Muhula (Head of
environmental division).

Most of the environmental analyses are based upon water samples. SO, and dust
are also analysed on a routine bases from 3 sequential samplers (Type AGL). SO,
is analysed from total acidity based on titration.

An ICP instrument analyse Fe, Mn, CO and Cu on a routine bases

The Mufulira smelter produces about 10 000 tonnes of el. cathodes each month.
Emission data can be seen from copies taken from an Environmental Impact
Assessment report (Robertson S. et a1.,1996) in Appendix H1.

I Two technicians, which could be seen due to one of a series of student strikes

NILU OR 61198
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We visited 3 sampling sites, where we left passive samplers (see Ch. 6). An
automatic weather station (Type: R.M. Young) operating since 1995 was installed
at Clinic 5 in Mufulira; about 1 km WNW of the smelter stacks. The observations
at the visit was 1,9 m/s from East and North (varying). 'We obtained
meteorological data for l-24 September 1998. Wind roses from this station are in
Appendix H2.

The draft of "Conditions for Air Pollution Permit, Zarnbia Consolidated Copper
Mines Ltd. (ZCCM), Mufulira Smelter",by ECZ is in Appendix H3.

3.7 Friday 25 September 1998

Meeting at: ZCCM Nkana smelter officials
Present: From ECZ: Gentile Chasaya, BwembyaMwanza, Lemmy Namayanga,

and experts from the water quality unit (Israel Zandonda, Chris
Kashinga, Douglas Nkolonganya)
From NILU: C. Guerreiro, B. Sivertsen
From ZCCM: Mr. Alexie Npishi (DESO), Mr. James Kalowa (GESO),

Mr. Freddie Katebe (Chemist), Mr. Edward Luchembe
(electronics/instrumentation), Mr. Charles Chandia (env. services

officer), Mr. M. Kapasa (ventilation eng.), Mr. L. Kayombo (ventilation
off.), Mr. Muale Mathews (Environmental off.).

The industrial complex is composed by the underground mines, the concentration
plants and the smelter plants. There arc'4 furnaces and 6 converters. The
converters have three 84 meters high stacks, the oxide-furnaces have one l2O m
high stack and the conventional furnaces have one 78 m high stack. The three
converter stacks do not emit continuously, since there are two acid plants, which
transform 45-60Vo of the SO, emissions into sulphuric acid. The gas emitted from
the acid plants, through 30 meters high stacks,has l%o SOr. The acid plants have

an efficiency of 96Vo.

The total sulphur emissions from the whole plant was calculated by mass balance

by the industry experts and was given as 5 000-10 000 tons/month. In the
dispersion calculations done with the ISC model for Nkana smelter's EIA
(Robertson S. et al., 1997) (Appendix 11) they have assumed that all sulphur is
emitted through a stack. Dust emissions, mainly from the furnaces and emitted
through stacks, were also estimated by mass balance and were given as 900-1000
tons/month.

They have 4 sequential samplers measuring SO, and particles. Results of these

measurements are presented in Appendix 12. They have a Anderson high volume
sampler, but do not know how to measure PM,o. Measurements of dust inside the
plant are presented in Appendix 13.

The draft of "Conditions for Air Pollution Permit, Zambia Consolidated Copper
Mines Ltd. (ZCCM), Nkana Smelter and Acid Plant", by ECZ is in Appendix 14.
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Meeting at: Scaw Zambia Limited offîcials.
Present: From ECZ: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga,

and experts from the water quality unit (Israel Zandonda, Chris
Kashinga, Douglas Nkolonganya)
From NILU: C. Guerreiro, B. Sivertsen
From Scaw Zambia Ltd: Richard Wanza

This foundry has 750 employees and produces cast iron and manganese steel for
ZCCM. They produce 15000 tons millballs/year and 2000 tons casting/year from
local scrap metal and alloys from RSA. There are 5 ARC furnaces (5 stacks),
which use 11000 KW electricity. As an extra energy source for the furnaces they
used 150 tons coal/month, which have now been replaced with 61 tons/month
imported pit coak, containing 0.467o S.

No emission measurements have yet been done, but will be done in the near future
on two of the stacks. The industrial hall emits particles. These emissions should be
reduced after reparation of the duct .

3.8 Saturday 26 September L998

'We worked on the mission report and on planning the tasks and sub-tasks for
implementation of an ambient air quality monitoring system for Zambia, at

Mukuba Hotel, Ndola.

In the evening we had a meeting and dinner with Bwembya Mwanza and Edward
Piery (driver).

3.9 Sunday 27 September 1998

Bwembya Mwanza and Edward Piery collected the passive samplers in the
Copperbelt area.

3.L0 Monday 28 September 1"998

Seminar on t'Air Pollution Monitoring Systems" at Mukuba Hotel.
Held by: B. Sivertsen.
For: ECZ and representatives of various industries.
Present: see Appendix A.

The seminar's program and content are presented in Appendixes Jl and J2,

respectively. The documentation distributed to the participants is in Appendix J3.

3.LL Tuesday 29 September 1998

Meeting at: The Meteorological Institute in Lusaka
Present: From ECZ: Bwembya Mwanza

From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From MI: Mr. Jacob Nkomoki (senior forecaster), Mr. Niambi,Mr
Nawa (data)

NILU OR 6Il98
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The goal of this visit was to get an overview over the locations of the
meteorological stations and which meteorological parameters are measured in the
different stations. We also wanted to collect the available meteorological data for
Lusaka and the Copperbelt area.

A map with the different meteorological stations in Zambia is presented in
Appendix Kl, and the list with the co-ordinates of each station is in Appendix K2.
A list of measured parameters for each station was not available. The main
measured parameters, which are available on a data base, are precipitation (daily
averages), wind velocity (observed every 2 hours), temperature and radiation.
Wind direction, the most important parameter for us, is observed but not
registered on the data base. There were no statistics on wind frequency
distribution nor wind roses. The only statistics available of some relevance to us

was rainfall (Appendix K3). An example of meteorological parameters measured
in Lusaka international airport is in Appendix K4.

Meeting at: The National Research Council of Zambia
Present: From ECZ: Bwembya Mwanza

From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From NRCZ: Mr. Chishimba (researcher), Mr. Hayumbu

The laboratories are placed in a background area, outside Lusaka. The first lab of
the NRCZ visited was the Nuclear analytical Laboratory, where they analyse

radioactivity, heavy metals and elements. In this lab there were, among other
instruments, a neutron activator, a mass spectrometer and a isotopic X-ray
fluorescense XRF. In this lab the AAS was down. The water used in this lab is de-

ionised and double distillate.

'We visited several labs of the NRCZ. Instruments in the other labs included a
Mossbauer spectrometer (for ferromagnetic materials), a neutron generator (to
analyse heavy metals), a gamma-spectrometer, an IR spectrometer (PU 9714
spectrometer, Philips), which was down, and 2 UV-visible spectrometers (DMS
1005 Varian and UY-240 Graphtcort). They are 3 scientists and 4 technicians
working in this lab. They do mostly research, but can also do other assignements
based on contract.

The wet chemistry part has 2labs and 4 people. We visited the water lab last,

where they make physical, chemical and microbiological analyses. They can not
analyse pesticides and they can not analyse Pb on the ppb level. SO, is analysed

from total acidity based on titration, as everywhere else in Zambia. They had not
tried to analyse NO, but had done a few element analyses on air filter samples.

The list and prices of the analytical services in this lab is in Appendix Ll.

Scientists working in the NRCZ labs:
Dr. Nomai - head, chemist
G. M. Chishimba - physicist
P. Hayumbu - chemist
P. C. Chigali - C.T.O. chemist
D. M. Sikabbubba - S.T.O. chemist
M. Maswabi - inst.
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R. Katebe
P. Shaba
S. Mansange

- Tech. Microbiology
- Microbiology
- Tech. chemist

Meeting at: University of Zambia
Present: From ECZ: Bwembya Mwanza

From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From UZ: N4r. Ronald

V/e visited the Department of Environment Engineering Lab. There arc 2
technicians working in this lab. The lab is clean and they used distillate water, but
they have few instruments and no experience in air analyses.

The list and prices of the analytical services in this lab is in Appendix L2.

Meeting at: NCSR head quarters laboratory Mount Makula
Present: From ECZ: Bwembya Mwanza

From NILU: C. Guerreiro, B. Sivertsen
From NIVA. Karl J Aanes
From NCSR: Robby Banda, S. Chikaloe

The lab for soil analyses has 15 people, I senior chemist, 2 assistants and 1 chief
technician. Two of the scientists have a PhD. They analyse nitrites and nitrates

with high detection limits. They have an AAS (operating on the ppm level) and a

spectrophotometer. They use de-ionised and distillate water.

Meeting ah NORAD:
Present: Gudbrand Stuve NORAD

B Sivertsen NILU, Karl J Aanes NIVA, BMwanzaECZ.

In a summary meeting with Gudbrand Stuve at the NORAD office in Lusaka the
main outcome of our mission toZambia was on the agenda.

The Draft Project Proposal for the establishment of an ambient air pollution
measurement programme was presented and discussed. A total budget of 1,5 mill
NOK had been estimated, from which 0,5 mill NOK was to be used to establish a

clean environmental chemical laboratory. This new laboratory will be designed to
analyse samples of air and water, and may also be used for samples from
vegetation, soil and waste.

Alternative ways for obtaining the goals defined in the air quality programme
were discussed. A programme divided into 3 phases was further developed after
the discussions. A first phase in 1999 may establish simple equipment including
further studies with passive samplers. Simultaneously a clean laboratory may be
established based upon a share of contributions from the IPPP water, air and waste

component.
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In a second phase (year 2000?) the final procurements and installations, including
training, data bases, data handling and presentation (training and QA/QC) will
complete the programme presented. A future possibility for a modern monitoring
system, such as indicated in the V/orld Bank appraisal report (V/orld Bank 1997),
was discussed, but will have to be postponed to a later phase of the establishment
inZambia.

3.1,2 Friday 2 October 1998

Meeting at: Interconsult International (ICI) Zambia
Present: Arne Dahlen - Interconsult Zambia Limited.

B Sivertsen - NILU.

ICI has been established inZambia for about 20 years. The offices are pleasantly
located behind the Kabulonga Supermarket (191 Shindu road) not far from the

Norwegian Embassy. The office has all infrastructure available and could serve as

a perfect base for NILU in Zambia. as NILU now is part of the Interconsult
Group. The present station manager is Davis Haywood. D.J.Bhatt is functioning
as director. The unit has 8 -10 expatriate experts and presently about 60 persons

assigned to projects.

The largest project is the Urban Reconstructing and'Water Supply Project. (Nine
towns water supply and sanitation rehabilitation) supported by NORAD. A
summary of Progress report no.6 is presented in Appendix M.

A key person in the co-operation with Ministry of Environment is Gilbert
Mudenda, a well known environmentalist and journalist in Zambia. The co-
operation between Norconsult and NILU in Zambia will certainly be to the best

for both parts. NILU can use the Interconsult channels from Norway to Zambia
and the knowledge that Interconsult have within the country in our future work.

We also discussed the possibilities for establishing a similar infrastructure in
Mozambique. A Dahlen would be very interested in following up this idea.

Meeting at: Environmental Council of Zambia (ECZ)
Present: Chief Inspector Paul Banda, and inspector B MwanzaECZ.

B Sivertsen NILU.

The results of the mission to Zambia was presented to P Banda. We stressed the

importance of establishing a "clean" environmental laboratory as a basis for
starting analyses of samples from ambient air and water. The total cost estimated
for this effort (575 000 NOK) will have to be taken from both the air and water
component, and possibly also from waste. Banda was positive to the plan even if
the ECZ steering board had decided that this laboratory was to be established at

ECZ.

I explained the impossible situation if starting from scratch atECZ, the problem in
obtaining skilled chemists, laboratory facilities, costs and the advantage of having
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an independent laboratory, such as in most other countries. All these arguments

will be brought forth when deciding the further progress.

If the plans are within the IPPP budgets Mr Banda believed that it would be

possible to start air quality measurements next year, and to establish the necessary

laboratory capacities. The final decisions have to be taken in meetings with
NORAD.

'We also discussed the personnel situation both for the air and water component at

ECZ. Mr Banda was aware of the situation and hoped that at least for air it would
be solved by Mr B. Mwanza and Lemmy Namayanga.

The Canadian mission to Zambia was also mentioned. V/e believed that they also

were looking for the possibility of finding an environmental laboratory. However,
Mr Banda stressed that this Canadian mission was only a first look into the

opportunities to establish some project related to the environment and the mining
industry in Southern Africa.

4. Laboratories

To identify a chemical laboratory in Zambia capable of performing analyses of
ambient samples of air and water at low concentrations, eight different
laboratories were visited during the Mission to Zambia in September/October

1998. These visits are reported in the previous pages.

This environmental laboratory should be established outside ECZ and preferably
not be part of the industry. The laboratory may in the future serve as a clean

laboratory for all types of environmental samples. In addition to air and water they

may also be able to analyse samples from vegetation, soil and waste.

A total of 8 laboratories were visited in the Copperbelt area and in the Lusaka
area. The objectives of these visits were to find a good quality chemical laboratory
in Zambia, which can undertake the analyses of environmental samples from air
and water.

4.1 Selection of environmental laboratory for Zambia

The quality of all the laboratories visited in Zambia varied considerably, and a
summary "classification" was necessary to select the proper candidate.

After visits to five laboratories in the Copperbelt area and three laboratories in the

Lusaka area, an evaluation was performed based upon an objective classification
of the following criteria:
o Cleanliness, potential contamination indoor and outside the lab.,
o the present concentration levels normally analysed,
. experience in analyses of environmental samples,
o personnel experience and training,
o personnel capacity,
o instruments available at present,
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o interest and future prospects related to environmental analyses

From the evaluation of laboratories undertaken, four laboratories were classified
in priority sequence:
1. The National Council for Scientific Research of Zambia (NCSR) head quarter

laboratory outside Lusaka,
2. The NCSR Mount Makula Laboratory 15 km south of Lusaka,
3. ZCC}I4 laboratories in Mufulira and in Kululushi.

The NCSR head quarter laboratory is located in a clean environment away from
local pollution sources, it has a multiple of instruments at different laboratory
facilities and it seemed to have a well qualified staff. Their interest in undertaking
the task as an environmental laboratory was also positive.

As at all other laboratories the wet chemistry laboratory will have to be

rehabilitated and a clean room plus a room for balances will have to be prepared.

They will also have to procure an ion chromatograph for SO, analyses (this was

the case for all laboratories visited), more sensitive balances and various clean
benches and tools. A good quality Atomic Absorption Spectrometer should be

obtained within one of the laboratories at NCSR.

5. Passive sampling

As part of a screening study to develop a plan for ambient air pollution monitoring
in Zambia, 20 SO2 and 10 NO2 passive samplers were placed inside Lusaka,
Ndola and around industries in the Copperbelt area. The passive samplers were
installed in field to measure ground level concentrations as a result of emissions
from traffic and industry, and later brought to NILU for analysis.

Table 1 describes the sampling sites in terms of location, main emission sources,
position in relation to the emission sources, sampling periods and measured

concentrations. The maps in Appendix N give a picture of the spatial distribution
of the sampling sites and residential areas in relation to the main sources, for each

city. A more detailed description of the passive sampling is described in Guerreiro
and Sivertsen (1998).
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Table 1: Sampling sites and measured concentrations with the SO2 and NO2
passive samplers.

City/
Town

Site name
(position)

Area Emissio
n source

Posit¡on to
emission
source

UTM
coordinates

Measured
conc. (uq/m")

Sampling
period

X SO, NO, (days)

Lusaka Embassy
of Norwav

City
backo

640,3 295,3 2 7 11.13

Lusaka Featex
buildinq

City centre Traffic 20m W from
main road

637,3 295,0 4 t4 7.24

Ndola Buteko
Avenu

City centre Traffic Main road 10 18 5.78

Ndola Mukuba
Hotel

City/ lnd. INDENI -1,5 km WNW 38 2 5.10

Luanshya Phiri office Township/
lndustrial

RAMCZ =1 km NE 651,9 548,4 14 6 4.00

Luanshya Section 5
clinic

Township/
lndustrial

RAMCZ -1 kmW 650,0 548,3 t94 3.96

Luanshya '14 shaft
clinic

Township/
lndustrial

RAMCZ =2 km WNW 649,1 549,2 t07 3.96

Luanshya Section I
clinic

Township/
lndustrial

RAMCZ =3kmW 647,8 549,0 t67 3.96

Luanshya Section 25
clinic

Township/
lndustrial

RAMCZ =8kmW 642,8 s50,5 91 3.96

Mufulira Clinic 5 Township/
lndustrial

zccM =1 kmNW 633,2 614,8 382 7 2.73

Mufulira Clinic 7 Township/
lndustrial

zccM =4kmNW 630,5 616,2 t9 2.73

Mufulira Clinic 3 Township/
lndustrial

zccM =1 kmSW 633,0 613,8 6',12 2.70

Mufulira 47
Entebbe
street

Cityl
lndustrial

zccu I
Traffic

= 2,5 km SE 636,0 612,6 6 7 2.68

Nkana Central
shaft

lndustrial zccMt
Scaw

=1 kmNW 630,0 580.9 1493 2.05

Nkana Fire
briqade

lndustrial/
Township

zccMl
Scaw

=0,5kmS 630,9 579,9 385 2.O4

Nkana Wusakili
hospital

Township zccMl
Scaw

= 0,75 km E 631,6 580,2 t9 10 2.O5

Nkana Nkana
hospital

City zccut
Scaw

=1,5kmN 630,7 581,8 55 11 2.O0

Nkana Golf - club
housa

Leisure zccut
Scaw

=3kmW 627,7 581,8 80 1.99

Nkana Golf - club
900m east

Le¡sure zccMt
Scaw

=2,1 kmW 628,6 581,5 t07 1.98

Nkana Miseshi
shop

Township zccM/
Scaw

=4kmNNW 629,3 585,3 44 1l 1.92
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5.L Discussions and Conclusions

The SO, concentrations measured at 2 locations in Lusaka indicate low
background concentrations, while the measured NO, concentrations indicate
traffic emissions, specially at the site "Featex", in the city business centre.

In Ndola city centre the measured SO, concentration indicate that there are

emissions of SO, 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 pg/mt. The concentration measured at

the Mukuba hotel, located 1,5 km West-Northwest from the INDENI Petroleum
Refinery, indicate that there are emissions of SO, in the area and that there may
occur episodes with high SO, concentrations. The NO, concentration measured in
Ndola main street, Buteko Avenue, is relatively high due to the traffic, but it is
still well below the air quality guidelines. The NO, concentration measured in
Mukuba hotel was very low. This site is not exposed to traffic, but a higher NO,
concentration was expected due to the Petroleum Refinery.

In Luanshya the SO, concentrations measured indicate that there are large
emission sources in the area. The measured concentrations inside townships,'West
and W'est-Northwest from the smelter, are close to or above the WHO air quality
guideline of 125 þElm3 for 24 hours. Specially the sites'West from the smelter, on
the prevalent downwind direction (see wind roses in Appendix O), measure very
high SO, concentrations, decreasing with the distance from the source, as

expected. The site in Phiri office is located upwind from the source, as a reference
to the downwind measurements. Here the measured SO, concentration is down to
14 Vg/m3 and the NO, concentration is 6 ¡rglm3.

In Mufulira the measured SO, concentrations indicate that there are very large
emissions of SO, in the area. The sites located 1 km from the source in the North-
west and South-west directions measured 382 and 672 pglm3 SO, respectively.
These concentrations are measured inside townships and are 3 and 5 times higher
than the WHO air quality guideline. From the wind rose of Mufulira (September

1998, in Appendix O), it is expected that even higher SO, concentrations have
occurred in the township West from the smelter, since this was probably the

prevalent downwind direction during the measuring period. The SO, concentration
dropped considerably between 1 and 4 km from the source along North-west
direction. This is probably due to the importance of the fugitive emissions for the

measured concentrations close to the source, and to the fact that the wind only
blows from South-east 10-15 Vo of the time. 47 Entebbe street site is located
upwind from the smelter, giving the background concentrations of SO, and NO,
for Mufulira. From the comparison of the NO, concentrations measured at 4'l
Entebbe street and at Clinic 5 sites, one can conclude that the smelter's emissions
of NO. are relatively low, and its impact on the NO, ambient air concentration is
not visible, compared to the impact of the SO, emissions.

In Nkana, as opposed to Luanshya and Mufulira, there are no townships in the
main downwind direction from the industrial area. The measured SO,
concentration in the Central shaft site, inside the smelter's area, is extremely high
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(1493 pg/m3), due both to the proximity to the smelter and to the fact that the
wind blew 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 North-west, Nkana V/est and Wusakili, respectively,
will be exposed to very high concentrations of SOr. This was not the case during
these 2 days of measurements. Never the less, during the measurement period, the
Fire Brigade site, located on the border between Wusakili township and the
smelter's area, registered a very high SO, concentration (385 ¡rg/m3), due to its
proximity to the smelter. The two measuring sites located in the Golf camp, in the
main downwind direction,2,l and 3 km from the smelter, registered high SO,
concentrations of IO7 and 80 pglm3, respectively. The measured NO,
concentrations indicate some NO. emissions in the area, but these concentrations
are presently well below the WHO air quality guideline of 150 VE/m3 (for 24
hours) and do not represent a motive of concern.
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List of people met during the mission

NILU: Bjarne Sivertsen, Cristina Guerreiro

NIVA: Karl J. Aanes

SFT: Christel Benestad

NORAD: Gudbrand Stuve

ECZ:

Air quality unit: Gentile Chasaya, Bwembya Mwanza, Lemmy Namayanga
'Water quality unit: Israel Zandonda, Chris Kashinga, Douglas Nkolonganya

Chief inspector: Paul Banda

INDENI: Mr Molenga (Safety Officer), Mr Nioka.

Ndola Lime: David E Ng'andu (Manager), Mr Joseph Zulu (production manager),
Mr Dan Chileske and Mr V/alubita Lubinda (Env. Engineer).

Chilanga Cement: Chaws'Wamulwalge

Met Service in Ndola airoport: Mr Zulu (meteorologist).

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

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

Copperbelt University: Dr Maseha (Head of Institute of environmental
Management), Fred Chileske (Assistant Dean).

Mine Safety Lab: Mr Christopher Nkandu (Senior Inspector of Environment).

ZCCI'I Kululushi: James Kalowa (Environmental Manager), J.M. Hamududu.

ZCCM Mufulira: Mr. Kululushi, V/illiam Muhula (Head of environmental
division).

ZCCM Nkana: Mr. Alexie Npishi (DESO), Mr. James Kalowa (GESO), Mr.
Freddie Katebe (Chemist), Mr. Edward Luchembe
(electronics/instrumentation), Mr. Charles Chandia (env. services

officer), Mr. M. Kapasa (ventilation eng.), Mr. L. Kayombo (ventilation
off.), Mr. Muale Mathews (Environmental off.).

Scaw Zambia Ltd: Richard Wanza.

Meteorological Inst.: Mr. Jacob Nkomoki (senior forecaster), Mr. Niambi, Mr.
Nawa (data).

NRCZ: Mr. Chishimba (researcher), Mr. Hayumbu

Univ. of Zambia: Mr. Ronald

NCSR: Robby Banda, S. Chikaloe

Interconsult Zambia Ltd. : Arne Dahlen
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ndola
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Joseph K. Zulu Bsc.(Miri) MErz.

Production Manager
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25 41 3011

+47 63 63 89 00
aa

Fax

260 222 50 82
260 231 27 77

mail

54 40 98

25 41 64
25 41 64
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aa

Address 2
Ndola
Ndola
Mufulira
Kitwe
Chinqola
Kitwe
Kitwe
Chingola

Lvanshva
Kitwe
Ndola
Ndola
Lvanshva
Lvanshva
Kululushi

Lusaka
Lusaka
N-2007 Kieller
N-2007 Kieller

Addressl
Box71572
Box71572
Box 40067
Box 22000
Box 10063
Box 22000
Box 22000
Box 10063

Box 90456
Box 20418
Box 70057
Box 70057
Box 90456
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Box 35131
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Box 100
Box 100
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Chilanqa Cement Plc
Chilanqa Cement Plc
Z.C.C.M. Mufulira Div
Z.C.C.M. Nkana Div
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Z.C.C.M. Nkana Div.
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Z.C.C.M. Nchanga Div

Ramco E\ Plc
Scaw Limited
Ndola Lime Companv
Ndola Lime Companv
RAMCZ
RAMCZ
GESO-AIr
Manaqement

Quality

ECZ
ECZ
NILU
NILU

Name
Watson Mwanzq
Joseph Munthau
Chipanqano G. Zulu
Fredson Katebe
Musonba Sithole
Euoene Nqabwe
Alevie Moishi
Yotham Phiri

John Ndhlovu
Richard Mwarola
Walubita Lmbiwda
Joseph Chishimba
Thomas Kapalasha
Ester Banda
l.J. Kalowa

Bwembva Mwanzq
Richard Banda
Biarne Sivertsen
Cristina Guerreiro
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'I'able sltowing lhe aml¡icnt air ¡lronitoring programnre

3r

Datc Activitv Rentarks
I 9 Sept 98
Siturclay

Arrival of B. Sivertsen, B.,r-'Mrvanza and
Congress in Durban

Chasaya from the

20 Sept 98
Srrnr"lay

Plarrning for first air quality screening Meeting atECZ

2 I Sept 98
lrÍonday

Depart for Copperbelt province

22 Sept 98
Tttcs<liry

¡ Meeting rvith Indeni Petroleum Refinery, Chilanga Cement plc
and Ndola Lirrrc Olficials

. Visit their Labs
o Location of Passive Samplers in industries and ltawa township

Dust and Odours
r ,i ' i.C '¡'v ¡\,, I . r'.r- ,/ li, ':'

gc¡..cê lncttwi/r ìl(r'l

t', ,¡u L.,-t t\a,l¡-...,
23 Sept 98
Wednesday

. Meeting with Roan Antelope 'Mining Corporation smelter
officials ,- o(t'cc V*5

. Visit their Lab
r Location of Passive Samplers in industries and Roan township rq: i

SOz and Dt¡st

(r - [(.'.CcV-
24 Sept 98
Thursday

r Visit taboratories in the Copperbelt province
,14'ao

*:ø

1:07

r-t 15'fn'

. Copperbelt - : c'. .'t.'"
University
E¡rvironmental Lab

. Mine Safety ir . ; c t,

Department Lab
. ZCCM Kalulushi

Technical Services
Lab Q-1-'. oc\*t

o -ñlÈle€fråGif r :i
f,?-

---

lr{ilt*ab+-,{-..:r \.

25 Sept 98
Friday

I

Meeting rvith ZCCM Nkana smelter officials - c q '' ' tì \-s

Meetin tt, with Scaw 7-ambia Limited officials - :.r '.¡c\s
¡4'. cc \^s

SO2 and Dust

2ó Sept 98
Saturday

o Location of passive samplers at the industry and Wusikili
townshiP in Kitwe - úq" c Þ

. Location of passive samplers at the industry and Miseshi

townshiPin Kitwe - i( 1 cc \'"s
Location of passive samplers at the industry and Kankoyo torvnship

inMufulira *ilr<,.r \-c

SO: and Dust

27 Sept 98
Sunday

Preparation of a paper presentation

28 Sept 98
Monclay

a Paper presentation on air quality sanipling and nrgnitoring at -one
of the industries ¿- ,rc\ ' -¡ c \. s A/ Ihl"L, t1f4 (

Travel back to Lusaka

o¿C1 '. iC
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(continued)

Date Activity
a Visjl Meteorological tation for data collection ¿f:-jc'h.'i
a Visit Laboratories in Lusaka

+

Renlarks
29 Scpt 98
Tuesday

:'i tl q

University of Zarnbia
Labs.

NCSRMount -,q.c
It,lakulu' Research
Stations Lab
NCSR Head quarters

Labs lr'.tic Vv,i

Othe¡s

ta
a

a

a

30 Sept 98
Wednesday

a Development of ambient air nronitoring Programme
ì(r\¿ry ltl:¡() id..,.l t.r,-

0l Oct 98
Thursday

o Development of anibient air monitoring Progranrme

Travel back to Copperbelt to collect samplesa

*)
One person plus Dliver
to travel to the

Copperbelt
02 Oct 98
Friday t . Development of ambient air nlonitoring Programme

r-¡ Collection of samples and travel back

t¿
ll
¿.i

: Jc:, S ¿r.rc.

_.o. ß.,r."C, ^'..'-i'r 
t.\

It o cr. !-
ü

03 Oct 98
Saturday

( B. Sivertsen travels back rå
tc: JC.

l^d-tL 1¡¡çu
t\,1,r ".r¡/.

ÞJô'
| ¡!v<

v-j
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Appendix C

INDENI Petroleum Refinery
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Appendix C L

Emission Rates
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Appendix C 2

Conditions for Air Pollution Permit
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4T

ist Ma1' 1997

Enclosure
Draft

Conditions for
Air Pollution Permit

Indeni Petroleum Refinery Company Limited

I Process Specification

The permit covers emissions to air from Indeni Petroleum Reñnery Process, which consists of
urilities ptant (3 boilers. instrunrent and service air corrpressors), desalting unit, primary

dis¡illarion unir (t crude oil furnace), hydroreatin-e unit (l furnace), sccondary distillation

uni¡ (first and second reboilers), peuol forming uniVcatalyric reforming unit (3 furnaces with

one coñtmon *ack). vacuun distillation unit (1 furnace), hot oil unit (1 furnace), storage

tanks and the refinery blowdown fla¡e.

The design capaciry is 1 100 000 tonnes per year of crude oil

Oxygen merers a¡e ins¡alled for process steering of the combustion units but no abaternent

equipnrent is in place.

Emissions ro air are suþhur dioxide (SO: ), nitrogen oxides (NO^ ). carbon monoxide and

ca¡bon dioxide (CO/CO" ). dust (particuiate), fu-eiùives of volatile organic corpounds
(VOCsl and occasionally H2S fugitives.

Emissions of SO- is re-euiated in this permit.

Dischar-ees to water may contain oil and salts.

2 Raw materials. fuel. products and waste

Raw materia.ls

Crude oil from va¡ious oil suppliers.

Additives (TEL and others).

Fuels

Fuel gas

Heaqv tuel oil (FIFO)

koducts
Kerosene

Gasoline
Heavv tuel oil (HFO)

Bitumen
Liquefied petroleum 

-eas 
(LPG)

Light tuel oü (LFO)

NILU OR 61198



7 Monitoring of emissions

A complere monitoring progmmme for dust and SO. shall be submined w ECZ before lst
October, 1997.

The monthly average emission levels for SO. shall be reponed to ECZ quanerly within one

month after the ind of the quarter.

I General conditions

Major changes of operating facilities that have environn¡ental inpact, shall be presented to

EQ, n advance. If necessary Ê,Qrmy change the condition of this permit.

ECZ inspectors shall be allowed to enter the plant facilities fot inspection of docunrnts,

collection of sanples and gathering of data in order to detcrmine co¡rpliance to this permit.

9 Improvement prograrûnes

A conceptuat plan for approaching the long term emission limits shall be worked out and

submined n ECZbefore 1st January, 1998.

The steam line to the biowdown fla¡e shall be put in a p¡oper operating condition before the

lst of October, 1997.

l0 Permit fees i
The piant is conside¡ed to be a moderate polluter and is therefore rated in Class tr.

42
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Appendix D

Chilanga Cement Factory
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Appendix D 1

Dust emission measurements
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CHILANGA CEIUENT PLC- NDOLA WORKS

ENVIRON I\{ENTAL AIR POI,I,IITION CON'T'IìOL QTIAI{TERI,Y RIIPORT:

SOtiRCE OF AIR ItI\,IISSIONS

KILN I AND 2 EI,DC'I'ROIü,]];Iì OLITAGI.]S

Fllter outage! due to ki.ln stsft ups(hß)

Filter outåg$ due to high Co(hs)

Filter outages due to other reasons(hG)

TOT¡J.

Point Yl0l-

AI)RII,
0.50
0.08
0.92

1.50

KII.N I
lvlAY
r.08
0.47

1.00

Jt.ÌNIi
z- -r-1

0. l7
0.17

2.67

APRII
Ll7
l.s7
0.30

3.04

KTI.N 2

lr'tÀ:-'
2.08
2.77

0._r3

5.18

JLNIi
6.00
8.93

2. l8
2.55 l7.ll

Necds olcrh¿¡ul

fo¡

Scciion to

\lechanic¡l I for

\lech¡nical Ì for

on it.

À\¡

z
l.

F
o\

æ

ABNORI\ÍÄL DNIISSIONS
No abnmol mússions in tho oxa¡1er

-th\^",l.II.K.IIIWENYA

Conrments

l;iltcr nccds attcntion

liiltct nccds ¿rttcntion

l;iltcr ok
i\lcasurins noints rrrrt but kiln stopncd

Iìun
JLINIì

r00
100

100

100

-q9.5

99.0

I\fÀY
100

100

100

¡00
99.5
99.0

,1.PRIL

t00
100

100

t00
t)9.8
99.2

Nleasured llmission (me/Nn5) / (Kg/hr)

JT]NI.:

ll2 ! 2.3

275 t lt.9
27 I $.2

226 I tz.O

NfAY,\PRII,
.t08 / 4.5

288 / 6.0

Enrission

Limit(ms/Nm\

98

98
98

98
98
98

Dedusting Equip.

Illcctrostatic Prccipitato

lÌlcctrostatic I)recipitato

Electrostatic Pl ecipitato
Iilcctrostatic Prccipitato
Iilcctroslatic l.)rccioit rto
E lcctrostatic [ì ecinitato

Pollutant

l)ust
l)ust
Dust
Dust

l)ust-Nor
[)ust.Nox

Production EquiÞmenVArea

R¡rv lVfill I
Rarvlrlill 2

Cement lvfill I
Csment lvfill 2

Kiln I
Kiln 2 ('( )

l,ìo,',n"n,.

Lrndcr lrlcch¡nical l'or

[.lnder I:lccllic¡l lor ls

I

t

Emission ohscrved
'l'racc i
l race

lrace
I'racc

f racc

l'racc
'I racc

'I'racc

'l racc

Tìacc

Tracc

CONDITION

NNE
Ävailable
.\'ailable

Not Availablc
Not Âvailable

.\,ailable

.{vailable
Not.{vailablc

,\v¡ilable
Not Àv¡ilablc

Avail¿blc
Amilatrle

Not ¡\'ailahlc
Available
Availablc

Not Available
.tvailable
Alnilable

Not,\'ailablc
Not Availablc

Nf.\\'
,'\vailablc
rþailable

Not ¡Nailal¡le
Not r\r.ailable

¡Nailablc
,'$ailable

Not.{r.ailnble
Àvailable

Nor.\.lilahlc
,\vailablc
,\vaìlable

Not .\'ailable
,.Nail¡ble
,,\r'¡ilable

Not ¡\r'ailable
,\vailable
;þailablc

Not Availablc
Not Available

A?RII,
,\vailable
,,$ailable

Not Avail¡ble
Not Available

.'\vailable
,þailable

Not Àvail¡ble
,þailable

Not Âr'¡il¡blc
--Ãri;i,,¡ti,-

,,þailable
Not Availablc

,Nailablc
,\r,ailable

Not ¡$ailable
.\'ailable

^.\r'ailable
Not.,Nailable
Not Ävailable

Bmission

Limit(mp/Nm3)
98

98

98

98
98
98
98
98
98
98
98
98
98
98
98
98

98
98
98

Bag Iìilter
Bae Þ'ilter

Bae l-iltcr
Bag Filter
Bag Filter
Bas F-ilter

Baq Filter
Bas Filter
Ilag F iltcr
Ilas I.'iltcr
Bas ljiltcr
Bae Filter
Bae Filter
Bae Filter
Bae Filter
Bae Filter
lae l'ilter
Ilag Filter
Bas. Filter

[)ust

Dust

Dust
Dust
f)ust

L)ust

[)ust
I)ust
I)ust
I )ust
I)ust
l)ust
Dust
I)ust
Dust

I)ust
Dust
[)ust
[)usl

Listone Crusher

Shale Crusher

ìvlaterial lransool ( G I 06 )

Material transoort Oll 22)

Misins Plant (1oo)

lvlixine Plant (llottom )

Cement Transport(( )ld )
Clinks Honoers
Clinkcr Storc
P¡cker I

Packer 2
Coal PIant -Nerv

Cli¡rlier lloooer -Nerv

Point Tt05-Y202-Ncw
Point Y103-U10l-Nerv
Rarv Mcal'f¡ansoof-Ncu,
Packine Plant Shakers

Kiln 2 Calibration IIor¡ncr - I;-lcctrìcal l)cnt to sourc c it



AppendixD 2

Dust levels inside the industry
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MINE SAFETYI'EPT,
P.OBOX2llIJ61.
KTTUÚE.

April 21, 1998

The Director of Mine Safety

Dear Sir ,

Ref: Ventilation Quarterlv RepoÉ - First Quarter 1998

Please find enclosed a copy of the above report for the Quarter ending
31th March 1998 as per requirement of MR 939 Part 3.

The twenty seven high dust counts above the maximum allowable dust
concentration of 350PPCC were recorded but the results of the samples
were found satisfactory.

Yours truly,

Chilanga Cement PLC,

Ndola Works.

lrtt
l\¡¡/

v./
_-/

lM Shansonga
Manaqer/Holder

NILU OR 61198
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.,;HILANGA CEMENT PLC
NDOLA WORKS

VFNTILATION INFORMATION SYSTEM

REPORT No 1 PAqE 1

FOR PERIOD: O,lST ¡RIr¡UNRY TO glTH MRRCH IggS

DATE RUN AND TIME: 10.04.98 AT 09:30HRS

REMARKSTEMPERITURE oc

DRY BULB

26.1
26.1

26.1

25.5
28.3
28.9
28.3
27.7
27.7
26.7
23.8
23.8
24.9
24.4
26.1
26.1

WET BULB

20.0
20.0
26.0
20.6
20.6
21.1

20.6
20.6
21.1

20.6
18.9
18.9
18.4
19.4
20.0
20.0

VENTILATION

OUANTITY
(m3/sec¡

TYPË

TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV

POStTION

Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face

DUST

RESULTS

(ppcc)

50
56
6ô
52
68
60
58

46
43
40

310
450
394
410
395
181

No OF

SAMPLES

2
2
3

2
3

2

3
1

1

I
2
4
4
3
3
3

NUMBER

OF MEN

2
1

6

52

2
120
2
1

1

2
1

1

1

1

1

WORK IN

PROGRESS

Office work
Grinding
Bathinçl

Eating
Cookinq
Eatinq
Office work
Office work

Pokinq sand
Loading sand
Loadinq sand
Conveyinq
Conveying
Conveying

LOCATION

Shift mgr's office
Laboratory
Chanqe House
Gen Toilets
Staff Canteen(snr)
Kitchen
Staff Canteen(jnr)
Acconts office
Pavroll office
Main office reception
Shale Crusher
Shale Crusher
Shale Crusher Chute
E101 Conveyor
E101 Conv/No1 Bridoe
E101 Conv/No2 Bridqe

ITEM

I'lo

1

2

3

4
5

6

7

8

I
10
11

12
13
14

. 15
16

I
,. S

TV = Through Ventilation
FV = Force Ventilation
GA = GeneralAtmosphere

Ventilation Engineer Name

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue n Mufulura.
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JHILANGA CEMENT PLC
NDOLA WORKS

VENTILATION INFORMATION SYSTEM

REPORT No 1 Paoe 2

FOR PERIOD: OlST JANUARY TO 31TH MARCH 1998

Ventilation Engineer Name:

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue , Mufulura.

DATE RUN AND TIME: 10.04.98 AT 09:30HRS

{-í 7t 
^,,,r,

TV = Through Ventilation
FV = Force Ventilation
GA = GeneralAtmosphere

L¡I(,

REMARKS

Top of Crusher
Bottom of Crusher

TEMPERATURE Uc

DRY BULB

26.1
24.5
24.9
24.9
25.5
25.5
25.5
24.9
24.9
:26.1

26.1
26.7
26.7
27.2
27.2
26.1

WET BULB

20.0
19.4
18.9
18.9
20.0
20.0
20.0
19.4
1s.4
20.0
20.0
20.0
20.0
20.6
20.6
20.0

VENTILATION

OUANTITY

1m3/sec)

TYPE

TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV

POStTTON

Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face

DUST

RESULTS

(ppcc)

237
245
202
339
486
562
383
331
268
397
500
500
416
457
500
535

No OF

SAMPLES

3
3
2
3

4
4
2
6
2
2
2
1

2
2
2
2

NUMBER

OF MEN

2
2
1

1

1

1

1

4
2
2

2
2
4
1

1

1

WORK IN

PROGRESS

N¡I

Conveyinq
Loadinq
Conveying
Crushinq
Crushing

Mech Lashinq
Tippinq
Gen Maint
Gen Maint
Gen Maint
Gen Maint
Gen Maint
Gen Maint
Gen Maint

LOCATION

Shale store
UStone Ext Tunnel
Ustone store
8101 conv
Ustone crusher
Ustone crusher
US crusher Cont room
UStone Quarry Face 3
Ustone Tippinq bay
Parking Plant
Parking Plant
Parkinq Plant
Parkinq Plant Elevators
Clinker store
Coal/Gypsum Store
Coal/Gypsum Tunnel

ITEM

No

17

18

19

20

t 21

t22
23
24
25
26
27
28
29
30
3 1

32

Signatu
'lr r
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.JHILANGA CEMENT PLC
NDOLA WORKS

VENTILAT¡ON INFORMATION SYSTEM

REPORT No 1 Paoe3

FOR PERIOD: OlST JANUARY To 31TH MARCH 1998

Ventilation Engineer
'/l / 'rf

rrlame: ,A -j 
"L'Ít\ñ;\ù

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue , Mufulura.

DATE RUN AND TIME: 10.04.98 AT 09:30HRS

,"b '' {sig +
L

REMARKS

,2+.e

, 21.9
' 2l]

47.t

27.7

4e.4

27.2

DRY BULB

26.1

26.1

26.1
26.1

26.7
27.2
27.7

24.e
29.4 -

' 2010'
1þ:4'

. P0,0

TEMpERRIURe oc

WÊT BULB

20.0
20.0
20.0
20.0
2At0
2A..0',

20.0

' 20.0

I 20,0 ,

; 1916
18.6
20.6
19.4

OUANTITY

(m3/sec)

¡
r'lii

VENTILATION

TYPE

ÏV
TV
TV
TV
FV
TV
TV
TV
TV
FV
TV
TV
FV
TV
TV
ÏV

POSITION

Face
Face
lntake
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face

DUST

RESULÏS

(ppcc)

373
356
110
273
170
250
331

369
349
200
500
500
216
500
500
500

No OF

SAMPLES

2
3
2
2
2
1

1

1

1

1

1

1

2
2
3
2

NUMBER

OF MEN

1

1

1

1

3

1

1

1

1

1

1

3

3

1

WORKIN
PROGRESS

Convevinq
Convevinq
Convevino
Conveying

Millino

Millinq
Storaqe

blendinq
Storaqe

Convevino
Convevino
Convevino

LOCATION

Y101Conv
Y Joint
Clinker tunnel
Clinker Drag chains
Kiln control room
Coal Mill2
Raw mill 1

Cement Mill 1

Clinker store

Mixinq plant

1101 Conv
M106 Screw

Millcontrol room
Mixinq plant

M/ Plant Control room

D101/E101Srew

ITEM

No

JJ

34
35
5b

37
38
39
40
41

42
43
44
45
46
47
48
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CHILANGA CEMENT PLC
NDOLA WORKS

VENTILATION INFORMATION SYSTFM

REPORT No 1 Paoe4

FOR PERIOD: OlST JNNUARY TO 31TH MRRCH 199A

Ventilation Engineer
/) -. ./

ruame: l( -) '/-'lrr-'n',,h

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue , Mufulura.

DATE RUN AND TIME: 10.04.98 AT 09:30HRS

-\'J-¡t ì
l_,ll TV = Through Ventilation

FV = Force Ventilation
GA = GêneralAtmosphere

REMARKS

CM 345 lR Riq
CM 345 lR Ris
cM 345lR Rig

TEMPERATUREOc

DRY BULB

28.9
28.2
28.9
29.4
26.8
26.8
26.8

WET BULB

20.0
19.4
19.4
20.0
20.0
20.0
20.0

VENTILATION

QUANTITY

(m3/sec)

TYPE

TV
TV
TV
TV
GA
GA
GA

POSITION

Face
Face
Face
Face
lntake
Face

Return

DUST

RESULTS

(ppcc)

395
413
569
620
87

318
433

No OF

SAMPLES

2
1

1

1

1

1

I

NUMBER

OF MEN

4
4
2
2
3

3

3

WORKIN
PROGRESS

Cleaninq
Cleaning
Feedinq
Feedinq
Drillinq
Drilling
Drilling

LOCATION

K1071L105 Screws
K10ô Elev Head
C04806 Cellular feeder
Raw mill Schenk
Limestone Quarry
Limestone Quarry
Limestone Quarry

ITEM

No

49
50
51

52
53
54
55
56
57
58
59

60
61

62
63
64
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CHILANGA CEMENT PLC
INTERNAL MEMORANDUM

To : Works Manager

From : Isaac M. Shansonga.

Subject: Discussion on second Quarter ventilation results for 1998

Copies : Tech HODs, AOI\{/FIO, WNICW, HO Float file

Date : July09 1998

This exercise covered the entire scheduled area (including offices) and considering 350 ppcc (parts per cubic

centimeter) as the allowable maximum dust concentration - as given by the Mining Regulations- please note the

following observations.

a) Eight ofthe total sampled points fall out of the top allowable limit with CoaVGypsum tunnel at

399 ppcc being the highest

b) There is a marked improvement from the last run where the raw meal schenk on Kiln 2 recorded the highest

(610 ppcc)

c) There has to be a positive change in both dust levels and attitude between now and the next run. Responsible

Departments, therefore have to take this report very seríousþ remembering that it is sent to Mine Safety

Department where prog¡ess is monitored.

d) AII støkeholders should meet ønrl discuss these results øs soon as possible Their recommendations and

programs of action shall then be summarized and sent with these results to Mines Safety Department.

IM Shansonga
Manager/Flolder (. Statutory)

NILU OR 61198



I

,TÍILANGA CEMËNÏ PLC
/DOLA WORKS

VENITI I ATION I NFORMA-TION SYSTËM

REPûRT' No 2 Par:e 1

alf.r. r sr' 

^,t-f-¿ 
il l-a: .il lNf: 1qqß

DA,TE RUN AND TIME: 29.06.98 AT 13:20HRS

I':(ifì i)ERl (l 3oT'l

z
t.
o
o\
€
æ

/t --* *¿

K : ',/--( ,,:¡rí,iL:
\ -*.,

(I.n-':-è ¡ TV = Through Ventilation
FV = Force Ventilation
GA = General Atmosphere

Ventilation Engineer

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue , Mufulura. L¡I\ì

D/truck driver's cabin
Convevor covers out

Rubber worn out

REMARKS

22.1
21.1
21.1
2?.1
21.1

DRY BULB

20.6
20.6
21.1
21.1
23.8
21.1
21.1

21.1
2A.6
20.6
20.6

15.2
14.5
'15.0

15.0
18.0
150
15.0
15.5
15.0

TEMPERATUREUC

WET BULB

16.0
16 0
16.0
15.8
18.0
15.0
15.0

OUANTITY
(m3/sec¡

TV
TV
TV
-rv

TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV

VENTII-ATION

TYPE

Face

Face
Face
Face
Face
Face
Face
Face
Face

POStTIOT't

Face
Face
Face
Face
Face
Face

Face

DUST

RESULTS

lpocc)

187
192
123
143
164
100
89
103
182
222
121
226
206
297
232
103

3
3

3
2
2

I'lo OF

SAMPLES

4
4
2
2
2
2
2
2
2
2
3

NUMBER

OF MEN

2
2
2
2
1

f)

3
Ã

1

2
2
2
1

1

I
1

Tippincl
Conveying

Crushinq
Crushing

Conveying
Convevinq
Repairino
Repairino
Repairing
Crushing
Tipping

Conveving
Convevino
Convevinq

WORK IN

PRCGRESS

Shale Crushe¡
Shale Crusher tipping bay
Shale Crusher tipping bay
Beit 8101 feed end

Eelt E101 No 1 bridse
Belt E101 No 2 bridoe
Shale store

Lclc¡,Tlor'J

I istcrne Crusher- top
[-/storre Crr.lsher- Bottorn
[Js crusher controi toom
l-rS belt B'101

US belt 8102
Electricai Workshop
Buldins Workshop
fulechanica I \'Vorks hop

Belt 810'l

7

B

I
IrJ

t2
11

13

14

15

16

i

2
--"

lïl:[1
lio

À
f

5

o

sig
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rÍIL.ÀNGA CEMENT PLC
,IDOLA WORKS

REPORT No 2 Pane 2

FOR PERIOI) O,lST APRIL TO 3OTIJ IIUNE 1998

DATE RUN AND TlttltE: 29.06.98 AT 13:20HRS

¡ì.

"-,-t: 
ìi [' ¡v = Through ventitation

FV = Force Ventilation
GA = General Atmosphere

sigVentilation Engineer Name:

Prepared by
R.Z. Ventilatlon Services, 190 Kombe Avenue , Mufulura.

REMARKSTEMPERATURE'C

DRY BULB

21.',1

20.6
21.1
227
22.1
22.1
22.7
22.1
22.7
212.7
22.7
21.2
22.2
22.6
22.6
22.1

WET BULB

14.5
14.O
140
14.5
14.5
'15.0

16.0
15.2
15.3
15.5
16.0
15.0
15.0
15.2
15.2
15.0

VENÏILATION

OUANTITY
(m3/sec)

TYPE

TV
TV
TV
ÏV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV

POStTtON

Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face

DUST

RESULTS

(ppcc)

111
156
127
97
84
09
88
123
125
253
260
224
107
263
120
80

No OF

SAMPLES

2
2
2
2
¿

2
2
2
2
2
2
2
2
2
2
2

NUMBER

OF ME¡¡

1

1

I
1

1

2
¿

2
2
2

1

1

1

1

Ã

2

WORI( IN

PROGRESS

Cleanino
Office work
Repairino
Bathinq

Cleaninq
Cookinq
Cleaninq
Cleaning
Millins
Millinq
Millinq

Conveving

Analvses

LCXIA'I'ION

l-¡Stone Ext Tunnel
lr"4aterial store
iai'aqe
Main Chanoe House
Gents Toilet
Senior Staff Centeen
Kiichen
Junior Staff Canteen
Cement Mill 1

Cenrent Mill2
Raw l\,lill 1

Rau¡ Mill2
Kiln Contral room
1101 Screw Control room
Mill Control room
Shift Lab

lTElvl

flo

17
18

19
¿l)

21

22
42,

¿4
25

¿o

27
?8
29

30
31

32



TÍILANGA CEMENT PLC
,{DOLA WORKS

VFNTILATION INFORMATION SYSTEM

REPORT No 2 Paqe 3

ËOR PËRIOD (.llsr APRII ro 3oÏtl JUNIE 1998

DATE RUN AND TIME: 29.06.98 AT 13:20HRS

\z
l.

o\
€
æ

rA) -"t , ,'l':ltt,'-{'r-' ,'t"' TV = Through Ventilation
FV = Force Ventilation
GA = General Atmosphere

Ventilation Engineer

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue , Mufulura.

L¡T\o

Dustv cover left open

Clinker store window dust

Filter has blocked pipes

Screw cover ioints leakinq
Excessive spillaoe
Excessive spillaqe

REMARKS

20.6

21.1

21.2
21.1
21.1
21.1
21.2
21.1
216
21.7

DRY BULB

21.2
22.6
22.7
21.1
21.1
21.6

14.5
14.5
16.0
16.0
14.5

15.5
15.2
15.5
15.2
15.3
15.0
14.5
14.5

TEMPERATURE "C

WET BULB

15.5
16.5
16.8

OUANTITY
(m3/sec)

TV
TV
TV

TV
TV
TV
TV
TV
TV
TV
TV
TV

VENTILATION

TYPE

TV
TV
TV
TV

Face
Face
Face
Face
Face
Face
Face
Face

POSITION

Face
Face
Face
Face
Face
Face
Face
Face

399

201
369
243
387
389
390
116
126
378
245

DUST

RESULTS
(ppcc)

142
132
131

116

105

2
2
2
2

2
2
2

2
2
2
2
2
2
2
2

No OF

SAMPLES

2

1

1

1

I
1

1

1

1

1

NUMBER

OF MEN

1

2
2

1

o

1

1

AnalVses
Analvses

lonvevinq
Conveying

Cleaning

Office work
Conveying
Convevinq
Cleaning

WORK IN

PROGRESS

Grindin<l

Otfice work
Office work
Convevinq
Conveying
ConveVing

Coal/Gypsum tunnel

Clinker drao chain
Draq chain S102 discharge

LOCA]'ION

Lab grinding roonr
Physical Labolatory
li4ain Labolatory
Production F/man's office
Shiit Manaqer's office
1103 Conveyor tail end

l1 03 Conveyor discharge
l(106 elevator head
K107/L105 Screw conv
C04806 cellular feeder
M106 Screw tail end

tv4ixinq plant control room
Dep Quarrv Mgr's office

47
48

ITËfu4

I'l i)

JJ
34

-1t

Jö
39

40
11
,ta

43
44
45
46

1Ã

JO

Sign
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.JHILANGA CEMËNT PLC
NDOLA WORKS

VENTI LATION I NFORMATION SYSTEM

REPORT No 2 Paoe 4

FOR PERIOD nlsr Àppl a6 16ì'rl .il tNtr tooR

DATE RUN AND TIME: 29.06.98 AT 13:20HRS

o\

REMARKS

Damaged clinker tunnel door

Bag filter breakdown
Parker 2 cylinder leakins, a'ust

Parker 2 cvlinder leakinq dust

TEMPERATUREUC

DRY BULB

?_0.1

21.1
21.O
20.6
21.6
21.2
21.6
21.1
20.7
20.7
20.6
21.1
210
21.0
21.6
21.6

WET BULB

14.5
14.6
14.5
145
15.0
15.2
15.5
15.0
14.9
14.9
14.5
15.5
15.5
15.6
15.0
15.0

VENTILATION

OUANTIW
(m3/sec)

TYPË

TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV
TV

POSITION

Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face
Face

DUST

RESULTS

(ppcc)

146
182
211
213
249
368
392
265
175
178
198
195
98
101

96
76

No ôF
SÀMPLES

2
2
2
2
2
2
2
2
2
2
2
7

2
2
2
2

NUMBER

OF [1EN

2
2
1

1

1

1

1

1

1

2
1)
12
7
1

2
2

WORK IN

PROGRESS

Cleaning
Cleaning
Cleaninq
Cleaning
lonvevino
Convevino
Convevinq
Cleanino
Packinq
Packing
Loading ceme

Loading ceme

Office work
Office work
Office work
Office work

LOCAïlOf\¡

rloal tunnel
Clinker tunnel
Y ioint
\'1 0 1 conveycr
Al0l beit tail end

4101 belt discharge end

Packing Plant elevators
Packing Plant hoppers
Packer 1

Pacl<er 2
Neur Loading Bay
New Loading Bay
Security office rnain gate

Main offices security gate

Main offices reception
Sales otfice

ITE¡",|

ilc

49
¡LJ

51

52
J.J

5.1

55
56

5B

59

60
6't
62

64

^
)\1) L¡

rl, ,¡ i' TV = Through Ventilation
FV = Force Ventilation
GA = General Atmosphere

-_¡ 7Ventilation Engineer N

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue , Mufulura.



dHILANGA CEMENT PLC
NDOLA WORKS

YEN]]!,qIM_AYSTEM
RË PORT No ? Paoe 5

riilì l,tiìlûIl: (lisÏ ApRlt 'ro 'ìol'ri JUhIE lsgs

D,ATE RUN AND TIME: 29.06.98 AT 13;20HRS

z
l-

o\
a
æ

L()CATlOi,J

Ðo

Ventitation Engineer Nam

Prepared by
R.Z. Ventilation Services, 190 Kombe Avenue , Mufulura.

TV = Through Ventilation
FV = Force Ventilation
GA = General Atmosphere

o\

REMARKSTEMPERATURE"C

DRY BULBWET BULB

15.0
15.9
15.0
15.0

VENTILATION

OUAI{TTY
(rnÌsec)

TYPE

TV
TV
TV
TV

POSITtOñ

Face
Face
Face
Face

DTJST

RESULTS

¡ppcc)

73
82
70
7A

No OF

SAMPLES

2
2
2
2

NU¡vIBER

OF MÊN

1

4
¡

1

1

WORKI¡I

PROGRESS

(fffice rvork
Office work
Office v;ork
Office work

Accc¡unts <¡ffic¿

Pavroil office
\AlM's sec's office
Works Manager's office

Or'

68
ô9
7u

71

72
'ra

/4

76

78
79
80

Signature--



Appendix D 3

Dust fall collectors
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The NILU Particulate Fallout Collector/
Precipitation Collector

The NILU Particulate Fallout Collector and the
NILU Precipitation Collector have been developed
to collect representative samples of dry and wet
atmospheric particulate fallout for subsequent
analysis.

The design and development of the NILU collec-
tors are based on an evaluation of similar equip-
ment in use in various countries, including avail-
able wet precipitation collectors for meteorologi-
cal purposes. In addition to the given performance
criteria, factors such as construction materials,
ease of handling and transportability determined
the shape and dimensions of the collectors. The
Fallout Collector has been considered by ISO
(International Standardization Organization) for
adoption as an international reference collector for
particulate fallout. Its design is as close to the

recommendations of ISO as the present use of
materials and procedures permit. (ISO/DIS
4222.2).

The mounting stand can be used for both collector
types. Its design allows both collectors to have the
same position relative to the bird ring. The stand is
adjustable in height so that the collectors can
always be adjusted to the prescribed height above
ground (for instance when the snow depth varies),
and to facilitate the changing of collectors. The
Precipitation Collector is not designed to be used

in freezing conditions. During freezing conditions,
when the evaporation losses are low, the Fallout
Collector can be used as precipitation collector as

well. In addition the sampling capacity is greater.

Postal address:

P.O.Box 100

N-2007 Kjeller, Norway

Office address:

Instituttveien 18

Kjeller, Norway

Telephone: + 47 63 89 80 00
Telefax: + 47 63 89 80 50
e-mail: nilu.products @ nilu.no

Bank: 5005.05.91562
Enterprise NO:
977 050 375 MVA
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Specifications:
o The material used for the collectors is high

density polyethylene.
o The mounting stand is made of stainless steel.
o Diameter of collecting surface:

200 mm (ISO standard)
o Collector height (fallout collector):

400 mm (ISO standard)
o Height above ground, adjustable:

1.7 mto2.6 m (include ISO standard)

P.no. 9711, SFl, Particulate Fallout Collector
Complete consists of:
1 pc p.no. 972I, Fallout Collector with lid
1 pc p.no. 9723,Lid
1 pc p.no. 9724, Steel ring
1 pc p.no. 9729, Telescope
1 pc p.no. 9730, Basket
1 pc p.no, 9728, Ground Spike

P.no. 97 12, Particulate Fallout Collector
with lid.

P.no.9713, RSl, Precipitation Collector Com-
plete consists of:
I pc p.no. 9722, Precipitation Collector
1 pc p.no. 9723,Lid
1 pc p.no. 9724, Steel ring
2 pc p.no. 9725,2.5titre bottle
2 pc p.no. 9726, Screw cap
1 pc p.no. 9732, Bugsieve
1 pc p.no. 9727, Funnel - Bottle Adapter
1 pc p.no. 9731, O-ring
1 pc p.no. 9729, Telescope
1 pc p.no. 9730, Basket
1 pc p.no. 9728, Ground Spike

P,no,9714, Precipitation collector with one 2.5
litre bottle.

For mounting on rocky surfaces, expansion bolts
instead of ground spikes can be ordered.

Each part can be ordered separately, in desired
quantity.

Producer: NILU Products AS
For further information: Sverre Skrolsvik e-mail: nilu.products @ nilu.no

The NILU FaIIout Collector The NILU Precipitation Collector



Appendix D 4

Conditions for Air Pollution Permit
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Enclosure 03.05.97

Draft
Conditions for

Air Pollution Permit
Chilanga Cement PLC, Chilanga Works

1 Process Specification

The permit covers emissions from a celnent plant with a primary and a secondary"cmsher, 3
wet raw mills. 6 slur:]'tanks and 2 slurry storage basins, 2 coal grinders. 2 cernent kil¡rs with
coolers. 3 cernen¡ grurders. a material storehouse and facilities for stora-ge, packing and
dþatch of cemenr.

The designed capacity is :90 tons of clincer per day for kitn no 2 and 310 rons per day for
kiin no 3.

Designed capacirl' of rhe planr is 170.000 tons of cüncer per yeíu.

The 3 celnent kil¡rs and the cement grinders are equþped with electrosraric precþiradors. The
secondar)'crusher is equryped with bag filte¡s. and the coal mill crushq has cyciones.

Signiñcanr emissions ro air a¡e dust (parricuiate). ca¡bon dioxide (cel and nirrogen oxides
(NO-) from the cemenr process.

Oni¡'dust emissions ro ai¡ is regulared in this permit.

Ma-ior discharge to water is suspended slurry from the wet grinding and storage, with some
occasional con¡aminarion of oil

2 Raw materials. fuel. products and waste

Raw materials
Li¡rcstone from own quarry
Phyllite from own quarry
Gypsum

Fuels

PulverÞed coal for hearing of the kil¡rs
Diesel oil is used for preheating of rhe kilns du¡in-s san-up

Producrs
Portl¿nd cemenr

Solid wasre

Spent lining material u'om ¡he küns. (Spent alumina bricks are being grinded and used as raw
material to-sether wi¡h rhe limesrone).

69

NILU OR 61/98



70

3 References to other permits/licences issued by ECZ

The plant has licence for water effluents.

4 Sources of air emissions

The main point sources of emissions to air a¡e :

5 Emission limits

Long term emission ümits (Ref.: Regul,ation 6. Thild Schedule):

Emissions of dust from all sources of pollution: 50 mgn'.Int'

Internr.iiate emission ümits:

V/here rhe long term emission ümits cannor be n¡et inrnediately, the.;fo[owing internrdiate

emission limits shall apply until a new permit is issued:

Sourct of emissions Pollutant Emission limit
(melNm3)

Kiln no 2

KiIn no 3

Cement mills

Dust

Dust

Dust

180

180

r00

After one yeu ECZ can renew the permit and set new intermediate or pelrrìanent emsston

limi¡s.

Production equiPment Pollutants Height of
stack (m)

Prima4'crusher
Seconciary cn¡sher

Coal mills

Kiln no I with cooler
Kiln no 3 with cooler

Cement mills
Equþnrnt for storage, packing and dþatch
Material storehouse

Dust
Dust

Coal dust
Dust, NO.
Dust, NO.

Dust
Dust
Dust

20

58
60
20

NILU OR 61/98
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6 Other operating conditions

Dilu¡ion of air emissions in order ¡o achieve the emission limits is not allowed.

Fil¡er ourages shall be minimized. On an annual basis. the operating time of each of the

elecrostaric precipintors fo¡ the küns shall be minimum 95 Vc of the time the reqpective kiln
is in production.

The ri¡ne for heating the kilns withou¡ electrostatic precipitators in operation shall be kept as

lou, as possible.

Fugitive emissions from ail sources shail be kept as low as possible.

All abnormal emissions shail be reponed rcECZ as soon as possibie

All production and abatement faciiities shall be properly maintained in order to minimize
poliution.

Incine¡ation of hazardous ,,vas¡e is not allowed unless special permit has been issued by ECZ.
Hazardous waste is defued in the Environrnental Protection and Polludon Conuol Act,
1990. Part VI, sec¡ion 47.

7 Monitoring of emissions

Dus¡ emissions from the ¡wo kiln stacks and the cernent mill shall be monitored monthiy.

The monitorin-e resuits for each quaner shall be reported to ECZ within one month afte¡ the
end of the quaner.

Emission measurements shall be perfornrd during stabie operating conditions, and the

sanpling period shali be long enough to give representative results.'

The operating time of the elecuosutic precþitarors shall be logged. Filrer outage during kiln
stan-up and during normai kün operation shall be togged separarely.
The results shali be reponed n ECZ quarterly.

I General conditions

Major changes of operacing facüities that have environmental irrpact, shall be preænted to
ECZ n advance. If necessary ECZ nøy change the condirion of this permit.

ECZ inspectors shail be ailowed to enter the plant facilities for inspection of docurnents,
collection of samples and gathering of dau in order ro determine compliance to this permit.

9 Improvement programmes

A conceptual plan for achievement of the long term emission limits shall be worked out and
submitted toECZ before I March 1998.

NILU OR 61198
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Dusr emissions at starr-up of the kil¡rs without electrostatic precþftators in operation, shall be

monirored and the results rePoned rc ECZ before I March 1998.

A plan ro reduce trip-ours of the eiecnosntic precþitators due to CO, shall be presented to

ECZ before I Ma¡ch 1998.

l0 Permit fees

The plant is considered ro be a moderate polluter and is therefore rated in Class tr.

NILU OR 61/98
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Roan Antelope Mining Corporation
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Appendix E I

Conditions for Air Pollution Permit
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BNVIRONMENTAL COUNCIL OF ZAMBIA

Bnclosure

Conditions for
Air Pollution Permit

(0tl0tl98 to 31/12198)

Roan Antelope Mining Corporation Ltd
Luanshya Smelter

1 Process Specification

The permit covers emissions to air from the Luanshya copper smelter, which consists of
coal plant, I concentrate shed, I jaw and standard crushers, 24 charge bins, concentrate drier,
2 conventional reverberatory (one operational) furnaces, 3 converters, I holding fumace, 2
anode furnaces and I anode casting facility.

The designed capacity is 100 000 tons of primary copper per year (2 reverbs in operation).

The drier is equipped with 4 cyclones and I electrostatic precipitator. Each of the
conventional reverberatory furnaces has an ash hopper, an atemperation chamber
(evaporative cooling), and 8 - l0 cyclones. The converters are equipped with hoods and
settling chambers.

The most significant emissions to air are sulphur dioxide (SOz) and dust (particulate)
containing heavy metals such as arsenic, bismuth, cadmium, copper, lead and mercury

SO2 and dust emissions shall be monitored by Roan Antelope Mining Corporation Ltd
Luanshya smelter to determine the actual emission levels.

Discharged water may contain suspended solids and heavy metals

NILU OR ó1198
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2 Raw materials, fuel, products and waste

Raw materials
Copper concentrate from various mines and other copper bearing materials
Lime rock
Silica flux ore

Internally recycled materials
Reverts
Copper scrap
Converter slag
Dust from the conventional reverberatory furnace and the converters.

Fuels
Pulverised coal
Diesel and kerosene.

Products
Copper anodes

Solid waste
Slag from the conventional reverberatory furnaces

Liquid waste

Effluent water from anode casting process

3 References to other permits/licences issued by ECZ

The plant has licences for water effluents and solid waste

4 Sources of air emissions

Main point sources of emissions to air are:

Production equipment Pollutants Heieht of stack (m)
Concentrate drier (l stack)
Conventional reverberatory furnaces (3

stacks)
Converters (2 stacks)
Anode furnaces (2 stacks)

Dust, SO2

Dust, S02

Dust, SO2

SOz

l8
55, 55, 55

39,39
26,26

NILU OR 61198
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5 En-rission limits

-tcl'nl cnlission Iinlit

Long-tcrnr emission limits are (Ref.: Regulation 6, Thircl Schcclulc)

Source of emissions Pollutant Emission limit
(me/Nm3)

Concentrate drier SOz

Dust
500
50

Conventional reverberatory furnaces

and converters
SOz

Dust

1000

50

Heavy metal content in dust Arsenic (As)
Cadmium (Cd)

Copper (Cu)
Lead (Pb)

Mercury (Hg)

0,5
0,05

1,0

0,2
0,05

In order to approach the long term emission limits, a development programme outlined in

Section 9 shall be carriecl out.

iate enìission limits

Wherc thc long-ternr ernission limits cannot be met immecliately, the following intermeiliate

emission limits shall apply until a new permit is issuecl:

Source of emissions Pollutant Emission limit
(me/Nm3)

Emission limit
(tons/day)

Concentrate drier soz
Dust

J)
l)

Conventional
Reverberatory furnace

SOz

Dust
2)

)I

88

l4
Converters (total) Soz

Dust*
351

4

Anode furnaces SO' 3)

Notes:

I ) No limit has been set for the concentrate drier clue to the absence of adequate

information on present dust emission levels. lntermecli¿rte limits will be set when dust

l'nclsurcrìlcn(s hlrve bccn accuratcly perforrnctl.

2) The present SO, ernissions from the conventional reverberatory furnace are 88 200

tonnes/year. The present dust emissions liom the convcntional reverbel'¿ttory furnace arc

28,880 tonnes/year. These emission levels shall not be exceeded.

3) SO2 emissions from the anode furnaces and the concentrate drier are negligible

NILU OR 61/98
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Al'tcr 3l'' Dcccntbcr 1998 ECZcalt l'cucw thc pcrrnrit ancl sct ncw intcr¡ncdiate or pcl'lììatìcnt

ernission limits.

6 Other operating conditions

Dilution of air emissions in order to achieve the ernission limits is not allowed.

Fugitive emissions from all sources shall be kept as low as possible

All production and abatement facilities shall be properly maintained in order to minimise
pollution.

All abnormal emissions shall be reported toECZ as soon as possible. The reporting
modalities shall be worked out betweenECZ and Roan Antelope Mining Corporation Ltcl

Operation of the drier is not permitted without the dry electrostatic precipitator in operation
if the actual emission levels exceed the long terrn emission lirnit.

Operation of the conventional reverberatory furnace is not permitted without cyclones in
operation if the actual emission levels exceed the long term emission limit.

7 Monitoring of emissions

Emissions of dust from the drier and the conventional reverberatory furnace shall be
monitored monthly. The results shall be reported quartery toECZ within one month after the

end of the quarter.

Emission measurements shall be performed during normal operating conditions, and the
sampling period shall be long enough to give representative results.

A cornplete monitoring programme for dust and SO2 shall be submitted to ECZ before l'(
March 1998.

The content of heavy metals in dust fiorn the drier and the conventional reverberatory
furnace shall be monitored. The results shali be repoltecl toECZ within l2 months fiorn the
effective date of this permit.

8 (ìeneral conditions

Major changes of the operations that have environmental impact, shall be presented to ECZ
in aclvance. Il necessary ECZ rnay changc the conclition of this pelrnit.

ECZ inspectors shall be allowed to enter the plant facilities for inspection of docuntents,
collection of samples and gathering of data in orcler to determine compliance to this permit.

NILU OR 61198
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9 Im¡rrovement programmes

A conceptual plan lbr approaching the long terrn emission limits shall be worked out ancl
subrnitted to ECZ within l2 months from the ef'fective date of this permit. The plan shall at
least have the tbllowing objectives:

l. hnplementation of abatement technology sufficient to reduce the total emissions of SO2
by a nrinimum of 60 Vo before I January ,2002.

2. Improve on dust collection at the conventional reverberatory furnaces before I January
2002.

l0 Penalties

Any contravention of any of the provisions of these conditions of the permit after an
enforcement has been issued under the air pollution control regulations of 1996 shall compel
ECZ to:

(a) have the contravener liable upon conviction to the penalty specified under section ninetv-
nitte of the Environmental Protection and Pollution Control (EPPC) Act, No. l2 of 1990.

(b) revoke the permit;

11 Permit fees

The plant is considered to be a high polluter and is therefore rated in Class I

Ni. ì i(':t.1 r I il,','rrì)NMl{.llAl
í 1-' :. ,r.,r- .! (. i ¿ r ivttllA

!

;
I

I

¡

k/cni,iil;;;.,;;
Envirr¡nmental Council of Zambia
Inspectorate
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Element Analysis, bottom stack dust
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ROAN ANTBLOPE MINING CORPORATION OF ZAMBIA PLC
(AMember of the Binani Group af Cornpanies)

ENVIRONMENTAL SERVICE S

LUANSIIYA SMELTER : REVEBERATORY STACK DL]ST SAMPLE lDatecl June 1998)

Cu

Cd

As

Pb

14.8o/"

13 ppm

821 ppm

319 ppm
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ZAMBIA CONSOLIDATED COPPER MINES LIMITED
OPERATIONS CENTRE - TECHMCAL SERVICES
P O Box 260l}7l
Kalulushi
Zambiø
Tel: +260-2-748W Faxz *260-2-ß36n

ANALYTICAL SERVICE FACILITTES

c...¡ñ.¡t. No. .fM æ9!ç..

89
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ANAI,YTICAI, SERVICE FACII,ITIßS

INTRODUCTION

T n"Analytical services Department of the Technical Services Function of Zambia consolidated
I Copper Mines Limited (ZCCM) is based at Kalulushi and forms part of the Operations Centre of the

Company. The laboratory provides comprehensive analytical services to other departrnents of the Centre.
These departments include Metallurgical Investigations, Engineering, Environmental and Mining Services.
Analytical services are also provided to the Operating Divisions of the Company and are further extended
to outside organisations

Departmental activities include sample preparation, analysis, storage and documentation in respect of
samples from metallurgical testwork, process and troubleshooting, geological project survey, investigation
of plant component failures, quality assurance testing of new products, biological specimens, non-routine
samples from allied industries involved in various engineering and chemical manufacturing processes.

Classical and instrumental methods are employed to meet the varied requiremenß commensurate with the
broad spectrum of clients, the choice of technique being dependent upon the nature of sample, analyte and

its level of concentration. The Department is adequately equipped and the most commonly used
instruments include X-ray fluorescence spectrometers, optical emission spectrometer, flame atomic
absorption spectrophotometers (AAS), graphite furnace AAS with Zeeman background correction, infrared
spectrophotometer, inductively coupled plasma optical emission spectrometer, Iæco carbon and sulphur
analyser and Leco induction furnace with autotitrator.
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I.O ANALYTICAL FEES

l.l Sample Preparation

Drying
Crushing
M illing/Sp I itting/Homogenising
Screen Analysis

pH, Conductiviry, TDS, Total alkalinity, Total hardness,
cr, so32', Po43-, L.I.

Charges apply to a sample of 5Kg or less. Larger samples will attract an additional US $0.50 per Kg.

1.2 Sample Storage

Samples are stored free of charge for.periods as specified in our ZCCM Standard Method of Añãlysis No. 132:
"Retention of Samples in Analytical Services Laboratories". Thereafter, samples will be discarded unless
instructions for continued storage are received, A fee of US $5.00 per box will be levied every six months.

1.3 lVater Analysis

1.3.1 Domest¡c,yateilFull Potabilìtv Tests US $

pH, Conductivity, TDS, TSS, Al, As, Cd, Co,
Cr, Cu, Fe, Mg, Mn, Pb, Se, Zn, Cl2, SO42-, NO3',
NOr- 160.00

us$1.3.2 Boìler lYøter

us$

t.00
3.00
3.00
3.00

50.00

9l
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1.3.3 Melallurgicol Process Solutions ønd Efrluent Sømnles

pH
Conductivity
Residual chlorine
TDS
TSS
Total element (except As, Bi, Se, Sb, Sn, Hg)

¿ Dissolved element (except As, Bi, Se, Sb, Sh, Hg)
Ca hardness
Total ha¡dness
Total

Nitrite
Nitrate
Chloride
Phosphate 3.)

Fluoride
Cyanide
As, Bi, Se, , Sn, Hg each

1.4 Precious Metals

Au
Ag
Ag+Au
PI
Pd
Au + Pt+ Pd

Sulphate
Sulphite

us$

3.00
3.00
3.00
6.00
6.00
9.00
9.00
6.00
6.00
ó.00
9.00
9.00
12.00
12.00
12.00
12.00
t2.00
12.00
t2.00

¿/s $

15.00
t2.00
25.00
r5.00
15.00
40.00

us$

12.00
10.00

us.f

1.5

1.5.1

1.9

1.9.1

Ores and Metallurgical Plant Products

Series 1:

Al, Bi, Ca, Cd, Co, Cu, Fe, Pb, Mg,
Mn, Ni. K, Na, Zn lst element

I.5.2 Series 2:

As, B, Ba, Be, Cr, In, Li, Mo,
N, P, Sb, Se, Si, Sn, Te, Ti, V,

1.5.3

t.6

1.7

1.8

Each additional element

W lst element
Each additional element

Series 3:

Acid soluble coDDer
Each additional ^element

Hydride Generation/Cold Vapour - Solid Samples

As' Bi' Se' Sb' sn' Hg 
åi;ñtåäåth"al elemenr

Combustion Techniques

Carbon, Sulphur

Infrared Analysis

Oualitative Identification
Entrained organic content

OiIs and Related Materials

Rubben

15.00
t2.00

us$
10.75
9.00

us$
20.00
15.00

us.f
r5.00

us$
20.00
15.00

t/s.f
12.00
r2.00
r2.00
12.00

us$
12.00
15.00
12.00

Total sulohur
Sulohur öf Vulcanisation
Meb
Znþ

1.9.2 Oils
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l. l0

l.ll

Lt2

1.13

t.t4

Coal and Coke

Ash content
Volatile matter
Moisture content
Proximate Analvsis
ultimate Analysis (c, H, N)

Geochemical Exploration Samples (Soils and ssdiments)

Co, Cu, Fe, Mn, Ni, Pb, Zn

g,
Na,

us$

93

3.00
3.00
3.00

20.00
30.00

Mn,

us$
50.00

r/s s

120.00

t/s,f

100.00

us$

100.m

I, v

Mg, Mn,

Steel/Alloy Analysis foË 15 Elemeúts by Spark Emission
Spectrométry

C, Si, Mn, P, S, Cr, Mo, Ni, Al, B, Co, Cu, Ti, V, W
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2.0

2.t

)',

TJP/dmc

2.3

OTIIER CHARCES

Administratíve Charges

A charge is levied for each batch of samples submitted irrespective of batch size or sample type as follows:-

us.f

Handling charges including results by fax/post 20.00

Umpire or Arblt¡ation Samples

An additional charge of 100% of the normal amount is made.

Genle¡sl

The Analytical Services Deparfinent is equipped to carry out certain analyses other than those listed in this
documeni and has access tô laboratories'els-ewhere. Spêcial rates can be agreed upon for large batches of
samples exceeding 20. Please contact us to discuss your specific requirements.

PRICES EXCÍ,UDE VÂT

ALL FEES ARE EFTTDCTTVE AS FROM I APRIL 1998
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QUALITY

T,ruruq,tiöäilisî,'üi::å#rqi;å,!"JEå,ff:*g;¿¡"y¡îirîî,1ï::¿*:r.,fl"îåïr,i,rå."
laboratories ar inrernarionai level. n rutr1, dór"rñ;,i aiJ¡Çsyr_tglo h_q¡ireen esraunsïää*if ,Ëå'öËi*rn.o,which' as an absolute minimup, complies with,Fi;qrir.^"¡.nË 

"rtit-qs EN,Iso 9002 euality System sraidard.
ft.'"'ï'ffif;'fÍ,î:*å:îîilg13x.:å':tg*a'.,{xi¿xns,.,**I*açtr$iliírË""i.i'#ilffiå;,

95

Enquiries to:

The Head of Analvtical Services
Zambia Consolidated Copper Mines Limifsfl
Operations Centre - Tecli¡iical Services
P O Box 260071
Kalulushi
Zambia
Telz +260-2,-745046 Fax: *260-2-735697
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INSTITUTE OF

ENUIROIIMEilTA
MAilAGEMEIIT

f.

THE ITSTITUTE

The lnstitute of Environmental Management is a non profit non-

governmental organization base$ within Copperbelt University (CBU).

The lnstitute aims to contribute tó the environmentalsustainabili$ of . .

Zambia and the Southem Aftica region through human resource

development in the area of environmental technology. ln particular, the

lnstitute's objectives are:
. facilitate the flow of environmental knowledge;

J' . provide environmental training and experiences;
. offer short courses and workshops;
. engage.in pure and applied research;

undertake environmental research projects and

related testing and monitoring.

Mtssl0il

The mission of the lnstitute of Environmental Management is to promote

environmental training, studies, research, and public education in

environmental technology and environmental management in Zambia
with particular emphasis on environmental problems and issues in the

Copperbelt region of the country. lts mandate b to develop sustainable

environmental training programmes and services that respond to the
needs of the general public, private industries, and public seclor

organizations within the Copperbelt region as well as in the rest of
Zambia and Southern Africa.

"Thè Høbitat - Our Concern"

Ndola waste treøtment plant

Water trestment plant mai*tenance

I
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Sewage outfall

Water Hyacinth in a lagoon

Wster treatment plant

Family lífe on the Zambezi River

Sunset on the Zambezi River

Management Project funded by the
Agency (CIDA).

HISTORY

The lnstitute of Environmental Management was developed from the
Association of Canadian Colleges (ACCC) Water and Waste

lnternational Development

Based on regional requirements for industrial, public and private
environmental training and need fqr a reg¡onal, non prof¡t, non-govemmental
environmental research and testing facility, the lrìstitute of Envitonmental
Management was established in 1997.

To realize the establishment of the lnstitute of Environmental Management,
it was essential to have the cooperatíon, funding and assistance of the
Higher Diploma studies, a Norwegian Agencyfor Development (NORAD)
project and the Chemical Engineering Diploma, Environmental Technology
option.

OBJECTIYES

The main objectives of the institute are:

Public Seryice
. Facilitate the flow of environmental knorledge betúeän the university

and the broader community, including governments (national and
municipal), the private and public sectors and the general public at larç-

. Make the public aware of environmerltd problems and the need for a
clean environment.

Formal Education
. Provide theoreticaland practical envhonmental haining and experiences

for degree and diploma students at the Gopperbelt University.

Extension Training
. Offer local.industries' needed short courses and workshops that will

develop cornpetent environmentäl personnelwithin the region. :..
. Upgrade current employees so that industries can meet and comply with

Zambia's environmental legislation and the legislation governing the
Southern Africa region.

. Offer short courses, workshops and seminars on international
environmental protocols, declarations and problems.

Research
. Engage in pure and applied research related to the management of

Zambia's environment and the environrnent of the Southem Africa region.
. Facilitate interdisciplinary collaboration for research and instruction on

matters relating to the environment and related human interactions, using
current university expertise and resources.

Consulting
. Undertake environmental research studies and projects for external clients

on a contract basis.
. Provide environmental testing and monitoring services for external clients

on a fee-for-service basis.. Provide advice on environmental matters and problem solving.

---'¡

-a
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The lnstitute of Environmental Management has six (6) main programmes
as follows:

1) Environmental short courses, seminars and workshops for both private
. industries and public sector organizations.

2) Practical environmentaltraining for CBU students.
3) Environmental awareness eduçation events and programmes.
4) Environmental testing and monitoring services for external clients.
5) þplied research studies and projects for private and public sector

organizations and groups.
6) Environmental information clearinghouse.

RESp0ilSrBtHTtES AlrD RErATI0Ì{SHIPS

The lnstitute is responsible for:

. Maintaining and managing its own finances and generating funds as a
non profit, non-governmental, self funding organization.

. Promoting contract work with outside groups including testing and

. Undertaking special research projects and consultancies.

. Maintaining the environmental laboratory and classroom equipment.

. Developing and offering high quality and timely short courses, seminars
and workshopé to external groupsiclients

. Establishing an environmental laboratory and classroom schedule that
allows the university to train diploma and degree students during the
academic session.

Partnership
. The lnstitute's success and continued progress will be based on a

foundation of cooperation and sharing with its partners. A list of partners
will includÞ partnerships within the university system, industry, commerce,
non-government organizations and government. The lnstitutdwill strive
to actively seek out potential contract work and employee training with
industry partners and identify their needs on a continual basis.

ORGAI{ IZATIO ]I $TR U CTU RE

Advisory Board
Terms of Reference
. To advise and assist the Management Team of the lnstitute as to

achievement of the goals and objectives.
. To assist in the development of philosophies and directions of the lnstitute.
. To insure the management, operations and fiscalfunctions of the lnstitute

are transparent.
. ïo identify markets for the lnstitute programmes.
. To seek local and international funding for the lnstitute.

CJmpoiition
.'The Advisory Board is comprised of eight (8) members of whom five (5)

come f¡om outside the university.

101

Mine tailings

coppet

Raw sewage stream'

Solid waste in city centre

Solid waste dumping site
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¡

Address: lnstitute of Environment¡alManagement
C/O School ofTechnology .
PO Box 21692 Kiture, Zambia

Telephone: O2-22821U O2-222M102-222194
Fax: 02-222469

E-mail: cbu@zamnet.zm
Subject: lnstitute of Environn¡ental Management

Communications should be addressed to the Director

Produced by

Association of
Canadian
Commmity
Collegcs

Algonquin College
College of the North Atlantic
Lethbridge Community College
Northern Alberta lnstifute of Technology
University College of Cape Breton

ilOTE This document presents the conceptua¡
and operat¡onal guidelines of the lnstilute of
Environmental Management at the Copperbelt
Universig. Being a new institution and undergoing
constant refinement some povisions are subjec{ to
change by the Advisory Board at anytime.
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ZCCM Mufulira lab
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Environmental Impact As sessment:
emission conditions and wind roses
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Zatnbia Consolidatctl Copper Mines Limited

ENVIRONMENTAL IMPACT STATEMENT

MUFULIRA DIVISIONI

MUFULIRA Mining LicenceArea - ML15

Volum e 4.2 :

Appendices E - K

Environmental Engineering Studies

Septernber 1996

Prepared by : STEFFEN ROBERTSON AND KIRSTBN

l07

OFFICE MASTER COPY

DO NOT RËMOVE

In associatiorr with : KNIGHTPIESOLD and
AFRICA}T MINING CON SULTANTS NILU OR 61198
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1'lrc rnnjor lirnitations of'the lSCl ntodcl are thc inallility tt¡ si¡ru¡latc stagrration conditions

(wind spcctls lcss tlran I nr,/s), and slgniflcrnt ¡pöt¡ål var¡åtion of tlrc wind ficld duc to

topography or other factors 'l'his nrodcl is pcrhaps the subject of' nlost evaluation studies

in the LJ¡rircd States. Rcp<lrted r¡rodcl accuracies vary fronr application to application.

Wlrcn applictl in gcntly rolling lerrain, thc [JSA-|:PA (EPA I98ó) considcrs lhe range of

uncenainty to tre't507o 'l'hc accuracy intproves with fairly strong wind specds and during

rrcutral çtrnosplrcric co¡rditions.

4 sotlll(]E l)A'l'A

'l'l¡t'cc wcll-tlclìnctt poinu <¡f on¡í¡sior¡ wcro i¡lcntified. 'l'lrcscs are lhe elcctric furnace

stack, witlì a hcight of approxinrately ól m, and the converter stacks,40.5 m above

g,round lcvcl. l)rre to thc dìfìiculty tù quantify, no fugitivc emissions wcre supplied. The

nronthly crrission ratcs (derived fror¡¡ ¡nass balarrce) lbr 1995 and 1996 were used in the

dispcrsion urotlel

'l'lre o¡rcratirrg r:()rtditiotìs nrìd sull)hul tlioxidc entissiott rales are stttntìlal¡zed in Tablc

K4 I (1. J Kalorva, Group lìrlvironr¡ìenlal Scrvices Ofììccr, ZCC]N'|, l5 January 1997).

¡'^ ll l,E K4. I ¡ ll*t i¡r¡lrlcrl rulplrur dioxide c¡¡¡is¡io¡¡ r¡rle <l¡¡ta for I he lVl u fulira S¡¡¡eltcr

Eleclric F'r¡rnace Cor¡+.crlcr No #3 nnd #.f

Stack I lciglrt 60 96 n¡ 41 3 r¡r

Stack [)il¡lrcter' J 07tr nr 2 tl.lti nr

[ìxit Gas'l'crtrpcratrrtc 250',(' 250'C'

l:xit G¿¡s Velocity 7.95 nr/s o { nr,/s

lìurissio¡t l(¿¡tu 7óJ ? g/s I 47(r.8 s/s
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WIND IìOSES F'OR 1995 AT T\,{TJFI]I,IIìA SMAI,TICR
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'i

/\LI, IIOt¡TìS

| -,-...,,.--...

.t

i DÄ.YTII\,{E NIGHT-TIME

Iiigurc I(2.1 Winrt rtiscs lìrt 1995 irri0bsùr'vL'i.l at lhc Clinic ncilr'tlte lvlul'uli¡'a S¡neltLtr

r\try di.s¡rcr'.siorr luorlcl ¡ut¡st llitvrr us u prinrlr'y in¡ltrt wintl .specrl and directi<ln. Ambir¡rrt ¿i¡'

tcnll)dr¿rtul'c is ret¡uircd [o tleternrinc thc ri.sc irl' lruoyanl phrnìes (rclatii,e <Jcn.sitic.s). Thc

iturrosplreric turbulerrccr antl thrr tlcpth ol'tJre invclsit¡n laycr ntuy bur trìg¿r.!ulccl, but oftett have to

tre tlcrivctl lì'onr tlthcr nìctci¡¡1¡11¡gical paramcters. Since n() uppcr ûir data arc availablc in the

rcuion, crn¡liricat corrclations will bc usctt to rl¿tcrnline thc mixing laycl hcigl'it and the wind

pr'olilc with hciglu.
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Appendix H 3

Conditions for Air Pollution Permit
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Enclosure Draft 03'05'97

Conditions for
Air Pollution Permit

zambia consolidated copper Mines Ltd. (zccM)
Mufulira Smelter

I Process SPecification

The permit covers emissions to air from rhe Mufuüra copper smelter, which consists of a

.on..no"r. shcd, charge bins, a drier, an elecrric furnace, 5 convensrs. a holding furnace, 4

anode furnaces and anode casting facilities.

The designed capacity is 180 000 tons Per year of copper from concenuate'

The drier is equþped wirh c.vclones and a wer scrubber. The electric fr¡rnace has cplones and

an eiectrosatic precipi¡ator (ESP). The converters are equipped with hoods and settling

chambers.

The mosr significanr emissions ro air are sulphru dioxide (Sq) and dust (particulate)

containing heavy ¡¡ptals such as a¡senic. cadmiurn coppel' lead and me¡cury'

SO. and dust emissions are regui,ated in this permir.

Discharged wa¡er may contain suspended solids and heavy rneals.

2 Raw materials. fuel, products and waste

Raw materials J

Copper concentrate from va¡ious mines and other copPer bcaring materials'

Linre rock
Süica flux ore

lnternaily recycied materials

Reverts

Copper scrap

Convener slag

Dus¡ from the electric furnace and the conveners.

Fuels

Heavv fuel oil
Elecrricity

hoducts
Ccpper anodes
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Soüd ç'aste
Granuiated slag from the electric furnace

3 References to other permits/licences issued by ECZ

The plant has licences for water effluents and solid waste.

4 Sources of air emissions

Main point sources of emissions to air a¡e:

5 Emission limits

Long-term emission ümirs

Lon,e-rerm emission limi¡s are (Ref.: Regulation 6, Third Schedule):

Source of emissions Pollutant Emission limit
tmeNm3)

Concencate d¡ier sq
Dust

500
50

Elecric furnace and conveners Sq
Dust

1000

50

Heaw metai content in dust Arsenic (As)
Cadmium (Cd)

Copper (Cu)

I-ead (Pb)

Mercury (He)

0.5

0.05

1.0

0.2
0.05

ln order to approach the long term emission limits, a developrrrnt prograîme outlined in

Sec¡ion 9 shall be ca¡ried out.

Intermediate emissio n limits:

Where the long-term emission limits cannot be met immediately, the following intermediete

emission limits shall apply until a new permit is issued:

114

Production eguipment Pollutants Heieht of stack (m)

Concenrate drier (1 stack)

Eiecrric furnace (1 stack)

Conveners (5 stacks)

Anode nrrnaces (4 sacksl

Dust, SQ
Dust, SOz

Dust, SQ
SOz

34
6l

41. 41. 41,41, 4l
26.26.27.27
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Source of emissions Pollutant Emission limit
(mey'Nm3)

Emission limit
(tons/da.v)

Concenrate d¡ier So,
Dusi

500
1)

Elecric rurnace sq
Dust

l)
1)

Conveners (touJ) SO: 500

A¡rode rurnaces SG 2)

i)

Notes:

The presenr SO. emissions from the eiectric fu¡nace are 27 000 mgNm3. The
pres€nt dust emissions from the concentrate drier and the eleqric furnace are 38 000
and 2 000 mg/.Nim'respectively. These emission levels shall not be exceeded.

2) SO- emissions from ¡he anode furnaces are negügible

After one year ECZ cÍLn reneÌ*: the permit and set new intermedia¡e or peÍnanent emission

limi¡s.

6 Other operating conditions

Dilution of air emissions in order to achieve the emission limits is not allowed.

Fugltive emissions from aII sources shall be kepr as low as possibie.

All production and abarement facilities shall be properly maint¿ined in order to minimise
pollution.

All abnormal emissions shail be reponed n ECZ as soon as possibie.

Operation of the drie¡ is not permitted without the wet scn¡bber in operation.
Operation of the elecric furnace is not permitted without an electrostatic precipitator in
operadon.

7 Monitoring of emissions

Emissions of dus¡ from the drier and the electric furnace shall be monitored monthly. The
results shall be reponed rc ECZ within one month after the end of the quaner.

A complete monitorin-e pro-sranrne for dust and SO: shall be submitted toECZ within 3

months after the planr has been privatized and a new management assumes responsibility for
the operation.

The content of heav.v merals in dust from the d¡ier and the electric furnace shall be monitored.
The results shall be reponed rc ECZ before I January 1998.
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Emission rneasureÍìents shall be performed during nornul operating conditions, and the

sarrpüng period shall be long enough to give represenative results.

8 General conditions

Major changes of the operations that have environrnennl inpact' shall be Presented to ECZ

in advance. If necessary ECZ n:g,y change the condition of this permit'

ECZ inspectors shall be allowed ro enrø the planr facilides for inspection of docunBnts,

collection of sanples and gathering of data in order to determine corrpüance to this permit'

9 Improvement Pnogrammes

A conceptual plan for approaching the long term ønission limits shall be worked out and

submitted toEQ, within 12 months after the plant has been privatized and a new

managenìenr assufnes responsibility for the opèration. The plan shall at least have the

,foliowing objecdves:

1 Inplenrentation of abarenrent technology suffcient to reduce the total emissions of

Sq Uy a minimum of 60 7a before 1 January 20f,.2'

Z Achieve efficient and stable operarion of both existing electrostatic precþitators at

the electric furnace before I January 1999'

3 Achieve a major reducdon of the dust emissions from the drier befo¡e

I January'2000.

l0 Permit fees

The plant is considered to be a high poltuter and is thcrefore ratcd St Class I

1r6
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Environmental Impact As sessment
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Zambia Consolidated Copper Mines L,imited

ENVIRONMENTAL IMPACT STATEMENT
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Appendixl2

Measurements with sequential samplers
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cgz :
hlO2 :
sc2 :

Hrs :

3

900 p.p.c.c.
7500 p p.o.
l@ p.p.n.

. l0 p.p.tr.
20 p.p.m.

20 9.p.m.

(,(,
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Enclosure Draft 03'05'97

Conditions for Air Pollution-Permit
Zambia Consolidated Copper Mines Ltd. (ZCCM)

Nkana Smelter and Acid Plant

I Process SPecifrcation

The permir covers emissions to air from the Nkana copper smelter and acid plants. which

,onrlrs of a concenrrate srorage. a coal storage. coal pulverizing facili¡ies , 2 concenrate

driers. 3 oxy fuel reverberarory furnaces (one of them is under consm¡ction), 2 conventional

reverberarory furnaces, I CT converrer. 5 Pierce Smith converters. 4 anode furnaces' anode

casring faciliries and plants for production of sulphgric acid.

The designed capacirl' ß 2N 000 ¡ons per year of copper from concentrate'

Each d¡ier is equipped with ryclones and a wet scrubber. The waste Sases from all the

reverbera¡ory futn".es pass through cyclones, and the waste gases from the oxy fuel

reverberarory furnaces ulso puss evaporative coolers before they are emined through stacks.

Waste gases from the conveners pass through an evaporative cooler and a dry electrostatic

precipiátor and go from there to the sulphuric acid plant or to the suck. The converter gas

io ¡i¡å acid planr L cleaned in the venturi scrubber, a packed tower and wet electrostatic

precþitators.

The mosr significant emissions to ai¡ are sulphur dioxide (Sq) and dust (particulate)

conaining heav.v metals such as arsenic, cadmiurn coPper, lead and flrrcury'

SO- and dust emissions are reguiated in this permit.

Dircharged water may contain suspended soüds and heavy metals.

2 Raw materials. fuel, products and waste

Raw materials
Copper concenuate from various mines and other copper bearing materials.

Li¡r¡e rock
Silica flux ore
Pyrite and elemental sulphur

Internallv recvcled materials

Revens
Copper scrap

Convener sla-q

Dust from conveners and reve¡beratory furnaces

Fuels
Heavy fuel oil
Coal
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Products
Copper anodes

Sulphuric acid

Solid u'aste

Slag nom the reverberaton' furnaces'

Pynte sinter from the acid piant (slurry)

Liquid waste from gas cleaning and from the acid piant

3 References to other permiMicences issued by ECZ

The pianr has licences for water efluents and solid waste.

4 Sources of air emissions

Main point sources of emissions to air a¡e:

5 Emission limits

Lone-term emission ümits

Long-term emission ümirs are (Ref.: Reguiation 6, Third Schedule):

Production equiPment Pollutants Height of stack
(n)

Concennate drier (3 sncks)

Coal pulverizer
Ox¡'fuel reverberatory furnaces (i stack)

Convendonal reverberatory furnaces (1 stack)

CT converter and PS converters (3 stacks)

Anode furnaces ('1 stacks)

Absorption towers. acid piant (2 stacks)

Pwite roaster (1 s¡ack)

Dust, SQ
Dust

Dust. SO:
Dust, SOz

Dust, SO3

Dust, SQ
SQ, SO¡
Dust. SO:

15 and 14

r20
78

84, 84,84
27,27,27,27

20 nd 45

Source of emissions Pollutants Emission limit
(me/t{m3)

Concentrate drier Sq
Dust

500

50

Reverberatory furnaces and

converters

sq
Dust

1000

50

Heavv metal contenl in dus¡ Arsenic (As)

Cadmium (Cd)

Copper (Cu)

L€ad (Pb)

Mercury (Hg)

0.5

0.05
1,0
ô')

0.0s
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In order ro approach the long term emission limits. a developmenl Progra¡ruxe outlined in

Sec¡ion 9 shallnbe ca¡ried ou¡.

Intermediate emission ümits:

Where the long-term emission limi¡s cannot be met immedia¡ely, the following internrcdiate

cmission ümits shall appiy until a new permit is issued:

Source of emissions Pollutant Emission limit
(ms/Nm3 and dr-v basis)

Emission limit
t¡onldav and drv basis)

Concenrate drier So.
Dust

1)

1)

Ox1'fuel reverberatory
furnace and convenrional

furnaces

SO:
Dust

1

L

)

)

Converters (total) Sq
Dust 1 )

300

A¡¡ode furnaces sq,
Dust

J

I

Acid planr no 2 59.+SOr 6

Acid plant no 3 SO:+SO: T4

Notes:

l) O* ,o rhe absence of information on presenr emission levels. imernpdiate emission

ümirs cannot be ser in this permir. A conplete monitoring Progra¡ûne shall be put

in piace with a view ro quantify the píescnt emission levels.

2) The presen¡ so^ emissions from the oxy fr¡el reverberator)- furnace"and the

convenrional reverberarory furnaces are 27 000 and 41 000 rnglNm respectively' The

present dust emissions from rhe oxy fuel reverberatory furnace and the conventional

ieuerberarory furnaces are 3 700 and I 250 mg/ì.Im3 respecrively. These emission levels

shall not be exceeded.

3) SO- emissions from the anode furnaces are negligibie'

Afrer one yeu ECZcan renew the permit and ser new intermediate or pern¡anent emission

limits.

6 Other operating conditions

Dilurion of air emissions in order to achieve the emission limits is not allowed.

Fugirive emissions from ail sources shall be kept as low as possible'

All producrion and abaremenr faciliries shall be properly maintained in order lo minimis€

pollurion.
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All abnormal emissions shaii oe reponed rc ECZ ¿Ls soon as possible

Operarion of rhe drie; i-s not permitted without the wet scrubb€r in operatton.

7 Monitoring of emissions

Emissions of dusr ûom the drier. the oxy fuel reverberatory furnaces. the conventional

reverberarory furnaces and the acid plants shall be monitored monthi)'. The results shall be

reponed to ECZ ç'i¡hin one month afte¡ the end of the quarter.

A corrplete monitoring programme for dust and SQ' shall be submit¡ed to ECZ within 3

monrhi after the ptanr nas been privarized and a new Íranagernent assumes responsibility for

the operarion.

The con¡enr of heavy n¡e¡als in dust from the drier, the oxy fuel ¡everberatory furnaces and

the convenrional reuerberarory furnaces shall be monitored. The results shall be reponed to

ECZ before I January 1998.

Emission measurer¡en¡s shail be perforrrr;d during norrnal operatin-e condirions- and the

sarrpüng period shalt be long enough to give represengrive results'

8 General conditions

Major changes of rhe operarions that have environmental inpact' shatl be presented to ECZ

in advance. Lf necessary ECZrnay change tÌ¡e condition of this permlt'

ECZ inspecrors shall be allowed ro enrer rhe plant facilfties for inspection of documents,

coliecrion of sarrples and -eathering of dara in order ro determine conpäance to this permit.

9 Improvement Pnogrammes

A conceptual plan for approachin-e the long term emission limits shail be worked out and

submitred rc nCZ wirhin 12 months after the plant has been privatized and a new

managernent assurìes responsibility for the operation. One of the objectives of the plan shall

be ro inprove the collecdon efficiency of the totai emissions of Sq to 70 Vo &forc I

Janua', 2002. Another objective shail be ro achieve a major reducdon of the dust emissions

from ttre oxy fuel reverberatory furnaces and the conventional reverberatory furnaces before

I January 2002.

A short term plan to increase the total SO^ coliecdon efñciency of the smelter to 557o shall

be submittedtoECZ before 1 January 1998.

l0 Permit fees

The plant is considered to be a high polluter and is therefore rated in Class i
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Paper Presentation by
Mukuba Hotel on 28th

09:30 hours

Sivertsen on sampling and ambient air monitoring at
September 1998.

Registration

10:00 hours - 10:40 hours Introductory remarks by Senior Inspector (Air & Noise) and

Paper presentation on sampling and ambient air monitoring

10:40 hours - 11:00 hours Tea/Coffee Break

11:00 hours - 12;00 hours Paper presentationbn sampling and ambient air monitoring

12:00 hours - 13:00 hours Lunch

13:00 hours - 14:00 hours Paper presentation on sampling and ambient air monitoring
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Ambient Air Quality Monitoring System for Zambia
Ndola 28 September 1998

o From emission to effects (NILU)

o Air pollution - when

o Meteorology - models?

The monitoring programme

- objectives
- planning (presently for ZambialELZ)

(areas-indicators-emissions-air quality)
- the measurement programme
- several types of instruments
- Quality assurance (QA/QC)
- Data presentation

149
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Documentation distributed to the participants
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Presentation at WorkshoP
Ndola, 28 September 1998

Ambient air n"tt$*SrT,Hnitoring svstems

poBo*N,ï1,"Sätrliïti'^ffiïî,iloffiP,'**,
Tel: +47 63 89 80 00, Fax +47 63 89 80 50 , E-mail: bjarne.sivertsen@nilu.no

Introduction
The key features of the modern environmental information systen¡ such as the Air

Quality and Information System (AiTQUIS), is the integrated approach that enables the

user in a user friendly way to not only access data quickly, but also use the data

directly in the assessment and in the planning of actions. The demand of the integrated

system to enable monitoring, forecasting and warning of pollution situations has been

and will be increasing in the future. The data may also be used for generating new

indicators that relate directly to health impacts. This will require that numerical

dibpersion models for air pollutants a¡e available with on-line data input as a part of the

system in industrial and in urban areas.

An important objective for the modern environmental surveillance platform is to enable

onJine data and information transfer with direct quallty control of the collected data.

This may require ne\¡/ sensor technology or modification of present monitoring

methods. Several monitors and sensors that makes on-line data transfer and control

possible are already available on the market. For several other compounds and

indicators this is not the case.

The system should include:
o Data collectors; sensors and monitors,

I data transfer systems and data quality assurance/control procedures,

o data bases included emission and discharge modules,

r statistical and numerical models (included air pollution dispersion models and

meteorological forecast procedures),

o user friendly graphical presentation systems including Geographical Information

Systems (GIS),
r a decision support system

r data distribution systems and communication networks for dissemination of results

to "outside" users.

Sensors and monitors
Modifications and development of new air qualþ sensors and monitors are necessary

to establish a complete environmental information system that meets the requirements

of today's users. Several sensors and monitors for meteorology, noise, air- and water

quality are already available on the market. However, not all of these can be linked on-

line to a datatransmission and data quality control system.

Meteorological data
Meteorological data are important input data to a system that is to be used for
information, forecasting and planning purposes. Meteorological data are also important
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for explanatory reasons together with climatological data. Meteorological data are

needeà from túe ground, normally collected along l0 m towers, and up to the top of
the atmospheric boundary layer. Automatic weather stations are currently being used in

most large field studies, in remote areas and in complex terrain.

4. Environmental indicators
The selection of parameters included in the monitoring and model estimate programme

should enable an automatic access to data relevant for assessing the environment

included air pollution and atmospheric conditions, pollution of rivers and seas, ground

water, waste, noise and radiation. For all these environmental compartments there

should be a set of environmental indicators. t

These indicators should represent a set of parameters selected to reflect the status of
the environment. An indicator may be a single varidble of sufficient sensitivity to reflect

changes in the status of the environment. In some cases, however, indicators may be

derived from a set of independent variables in the system. The selection of indicators

should also allow evaluation of trends and developments. The aim is that the indicators

can form a basis for evaluating the impact on humans and the environment as a whole

and thereby be relevant for information, warning and decision making purposes. Some

typical air quality indicators as presented by the World Health Organisation (WHO)

and other international organisations are:

Sulphur dioxide (SOz ),
Nitrogen dioxide çNOz ),
Suspended particles (PMro)(PM2, 5 ),
Ozone (O3),
Carbon monoxide (CO),

Lead (Pb),

some cases other indicators could be used, such as total suspended particles (TSP),

154

In
Benzoapyrene (BaP), black smoke (soot) and dust fall.

5. Data transfer and quality assurance
Specially designed data loggers for environmental dataare available. Data loggers

designed and built by NILU is included as part of the AiTQUIS monitoring system.

They serve as a local backup storage unit in case of link brake down (lightening,

storms etc.) and is directly linked to a modem.

Quality as5urance
Data quality assurance prograütmes including direct quality control is performed at

different levels in the data collection process;

o in field during automatic and manual calibrations and controls,

r at the central data collection base following quality assurance routines as described

i.e. in ISO 45001 from the International Standardisation Organisation,

r in approvals to the final data base,

r through simple statistical and graphical evaluations to check validity and

represeütativeness of data.
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The quality control procedures give the data credibility. The data become reliable,

which is essential when using the data for reporting, controls and planning. To be used

with confidence for scientific and environmental management purposes the data must

also be comparable and compatible.

Data bases
The development of an associated data base or metadata is important to all modern

environmental monitoring and information systems. The data base system may consist

of several data bases which serve as main storage platforms for:
o on-line collected environmental, data,
o emission and discharge data included emission modelling procedures,

o historical data and background information like area use. population distributions
and trends,

o regulations, guideline values and information on the support and decision making
process.

The data bases contain information that enables an evaluation of the actual state of the

environment and it includes data for establishing trend analyses, warnings and the

undertaking of countermeasures in case of episodic high pollution.

Dispersion models
In the modern multi compartment environmental information system (like AiTQUIS)
steps have been taken to establish models for air pollution dispersion to enable

environmental impact assessment estimates. Models are essential when the
programmes are to be used for planning purposes.

The air pollution dispersion models are a well-established and fully implemented patt

of the system. These models have been tested and demonstrated as part of the

integrated surveillance systems and is presently being operated in several areas (urban,

industrial etc.) on a routine basis.
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Sequential Air Sampler, type FK

Principle and physical specifications

The FK Air Sampler is a sampler designed to measure particulate and gaseous air pollutants.
Particulate pollutants are collected on a filter, while gaseous pollutants are absorbed either in a
bottle with an absorbing solution or on a filter with an absorbent (impregnated filter). The sampler
can also be used without a filter in front of the bottle or with an impregnated filter only.

The sampler draws a preset air flow during a chosen time interval through the filter and the ab-
sorption bottle. Eight parallel absorption units are operated sequentially by a programmable timer
The air sampler is illustrated in the Figure.

___>

1. Manifold
2. Filter Holder
3. Filter
4. Absorptions bottle
5. Solenoid valve
6. Capillary tubing
7. Pump

Sketch of the FK Air Sample4 SO,

The FK Air Sampler is delivered with 16 Filter Holders, 16 absorption bottles and an air inlet-
tubing.

The Filter Holders are designed for Whatman 40 filters of diameter 47 mm. The diameter of the
exposed area is 42mm. A modification which gives an area of 25 mm diameter is also available.
The sampler can also become a NOr-sampler, after a minor modification.

Vennligst adresser post til NILU Products AS, ikke til enkeltpersoner/Please replv to the firm.

NILU Products AS
P.O. Box 100

Instituttveien l8
N-2007 KJELLER, Norway

Telephone: +47 63 89 80 00
Telefax : +47 63 89 80 50
e-mail : nilu.products@nilu.no

Bank: 5005.05.91562
Foretaksnr.Ænterprise No. 977 050 375 MVA
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Tfond Bøhler, Norwegian Institute for Air Research (NILU), Kjeller, Norway

Abatement Str

Monitoring

Emission
data
collection

Data-
bases

User
¡nterface

. Grâphics

. Gts

æ

Dispersion
and
exposure
models

æ
Ærgt' 22rh

Air

AirQUlS - a modern system for air qual¡ty
surve¡llance and management

Objectives
. Provide information on how much air pollution

the population is exposed to
. Establish a basis for strategies to reduce air

pollution
. A basis for estimating environmental impact of

further development in the region

Contents:
. Area and land use description
. Emission inventories
. Air quality measurements
. Meteorological measurements
. Atmospheric dispersion models
. Estimate exposure and impact
. Evaluate the effects of pollution
. Evaluate impact of alternative strategies

Application in use

The Air0uis Moduies

lmplementation
. Platform:

- Windows NT
- Visual Basic 5.0 and Map Objects for user Interface

implementation

- Oracle or Sybase databases

. Object oriented User Interface and Database
Interface implementations

. Module release:

- June 1998, AirQuis version 2.0

T

AirQUlS-
Emissions

a Consumption
I Emission factors
a lnvqllories (industry - energy - trâffic)

AirQUlS-
Monitoring

a Air Qualily Dâl*ase
a Grâphic€l pregentations (GlS)

AirQUlS-
Wind

a
I

Meteorological preproÊessor
Wind f¡eld models

AirQUlS-
Models

c Subgrid models
t Stre€t ând road modelg
e Urban gcale models

AirQUlS-
Statistics

a Mâxima, minima, average coneentrationl 
"-,.,..iProcentiles - InounY

õ buiñüiäiiüe rreqúency distr¡butions I 
estimates

AirQUlS-
GIS

t
I
a

ülaps dy¡Em¡c
use ot
mps

Topogrâphy
Urbân sub âreas

AirQUlS-
Effects

o Population exposure
a lmpact on matoriåls and bu¡ldingg

AirQuis Applications
Norway:
. Oslo
. Bergen
. Drammen
. Sarpsborg
. Trondheim
. Cultural Heritage

International:
. China:

. Yantai

. Guangzhou

. Heiliongjiang

' Egypt
. Botswana
. EU / Europe

. Interreg

. EEA, Eionet, "Wood Assess"

. Irenie

. Reach
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Meteorological Institute
Lusaka
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Map of Meteorological stations
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List of meteorological stations
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Rainfall normals
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Lusaka int. aeroport
meteorological station
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National Research Council of Zambia
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NATIONAL COUNCIL F'OR SCIENTIFIC RESEARCH

ENVIRONMENTAL RESEARCH LABOR{TORY

REVISED CHARGES F'OR YTTCAL SERVICES - 1997

pH

DRINKING \ryATER COST PER SAMPLE

(Cost) K

4,500

4,500

4,500

Conductivity

Turbidif

Total Suspended Solicls

Tot¿l Disslovsd Soliels

Chloride

Sulphate SOa

Nitrate (NO3)

Calcium flardness

Total Flardness

Sodium

Potassium

Magnesium

Calcium

kon

4,500

4,500

13,000

8,000

8,000

12,000

12,0û0

10,000

10,000

12,540

12,500

15,000

15,000

I ¿ tvOu-

| ¿ Nor',,

Ptr{o

Manganese

TOTAL 165.500
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Plats Count 22oC

Plate Count 37"C

Coliforms

E. Coli

NOTE: LABOARCHARGE

Lahour charge for anY analYsis

GRAND TOTAL

MICROBIOLOGY

Cost (K)

15,000

15,000

20,000

25,000

Tot¿l 75.000

TOTAL 240.000

K 3û,000

K 270.000

NILU OR 61198
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Fees for water ancl waste water quatify tests - I't June 1998

Laboratory of Bnvil'ormrental Engineering
UNZA

185

U t\lv. h*L-t
eltu\/. b"b -

Phvsical

Chemicøl

Míøo-biolneicsl

Ptui,itnetef Priae: Mi*höd
pH
Turbidity
Conductivity
Total dissolved solids (tDS)
Total suspended solids CISS)

4500
5500
4500
ó500
6500

Electomehic
Photometic
Elecbomehic
Gravimetic
Gral'imehic

Metlrod
Total hardness
Ca Hardness
Cæbonate hardness

hon
A¡nmonitrm
Sulphate
Chloride
(Residuai) Chloride
Fluoride
Nitate
Dissolved Oxygen
Nihite
(ftho-) Phosphate
Total Phosphate
Chemícal Oxygen Demand
Metals

7000
7000
7000

I 1000

8000

I 1000

7000
2500
I 1000

I 1000

4500
l 1000

I 1000

l 1000

20000
8000 fi¡st

1500 others

Titemetic
Titemetic
Tihemetic
Phenanthroline spechophotonetric
Nessler spechophotomehic
Turbidimehic
Tihemehic
Comparator
Electomehic
Electomehic
Winkler
Speotophotomehic
Vanamolybdic spectophotomehic
Vanamoþdic spectophotometic
Dich¡omate specft ophotometic
Atomic absorption Spechontetic fC

Fararneter 'PriCe
Meûrod

Biological Oxygen Demand
Tot¿l coliforms
Faecal colifonns
Faecal sheptococci
Fungi/Yeeust count
Plate count

17000

7000
6000
7000
7000

7000

Winkler
Membrane filhation
Membrane filtration
Itlembrane ñltration
Pour plates

Pour plates
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The Republic of Zambia
Urban Restructuring and Water Supply Project
Nine Towns Water Supply and Sanitation Rehabilitation

189

Progress Report No. 6

SUMMARY

This Progress Report, No. 6 of its kind from INTERCONSULT International A.S as the Consultant

for the Urban Restructuring and Water Supply Project, Nine Towns Vy'ater Supply and Sanitation

Rehabilitation, covers the 2nd Quarter. i.e. the period April - June, 1998.

The report refers partly to the Consolidatecl Actiott Plan,submitted to MLGIVDISS on June 20th,

1997 and prepared as a result of the Aide-Memoire prepared by the WB/NORAD Joint Review

Mission which visited Zambia in April, L997. This plan has been regarded as the valid worþlan for
the Project, and the schedule from this plan was referred to in Progress Reports Nos. 2 , 3,.and 4.

However, as stated in Progress Report No. 5, comparison between the plan and real progress has

become meaningless, as most of the prerequisites for the plan to materialise were delayed

(Institution Buitding), or have not yet taken place (funding of procurement for Leakage Control,

Water Quality, Skills Training/O&M). Contract Addenda I - 4, intended to correct the situation and

signed in Decemb er, 1997, have not yet been ,siven final approval, and further extensions and

corrections, included in a proposed Addendum No. 5, are not yet agreed upon beween the Client

a¡d the Donor.
NORAD funds, promised in the Consultant's ToR but not released, and additional funds needed for
extensions to make up for delays outside the Consultant's control, are now urgently needed.

Professional inputs as set down in the Contract are getting exhausted while lack of funds prohibits

progress and completion of Project components and defined tasks. Standstill and Project failure are

real threats.

On the Institution Building component, this report refers to the the CU Implententation Plan of
April !997, revised in March 1998, and to the updated Instittttion Building Actiott Plan of IVIarch.

1998.
Following enactment of the Water Supply and Sanitation Act, the composition of three CUs in the

Copperbelt has been agreed upon, and Joint Implementation Teams, with representatives from the

Couàcits of respective CUs, are at work under ICI facilitation. The Copperbelt CLrs are planned to

be registered under the Companies Act within short, and a transition period of one year is

considered necessary to establish and prepare the organisations to take up their responsibilities as

WSS service providers in mid 1999.

Southem Province Project towns have decided to join a common CU for the entire province, to be

established under GTZ assistance. The Consultant has, in co-operation rvith RSU, initiateC

discussions between Kafue Council, Lusaka City Council and LWSC with the intention to establish

a workable joint operation anangement'

A budget ior estabtishment and initial development of the Copperbelt CUs was presented in
progres3 Report No.5. Funds for physical establishment is part of the NORAD inputs promised in

the Consultant's ToR, and this matter must be urgently clarified for the ongoing developments not

to end in failure.
Two JIT meetings have been conducted with each of the Copperbelt CUs this Quarter, and central

items discussed have been i a. Articles of Association, Clean-up of financial records and customer

data bases, Valuation of assets, Organization plans. Board of directors, etc.. The \\:ater Management

Model, visualising the relationships between various cost factors in each town. 'vvas completed

during the period, and has been given much attention at the JIT meetings.

Worksfropi and engagement of local consultants for the "clean-up" have had to be postponed due

to lack of funds. The same goes for engagement og Legal Advisor and Commercial Management

Consultant. Important tasks have experienced a further 3 months delay since April.

INTERCONSULT International A. S

Zambi4 July, 1998
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The Leakage Control component was redefined in the 2nd Revised Plan of Action of May, L997 and

this was included in the Consolidated Action PIan. The plan gives priority to an inventory of
rvastage in private properties and leakage detection and repairs in pilot are¿ìs. Due to a total lack of
equipment, vehicles and repair materials, the Consultant has spent most of his contractual input on

visual inspection and preparation of an inventory on the leakage and wastage situation in the towns.

On request from the October WB/NiORAD mission, the Consultant prepared a Memo on Status and

Strategies in Decemb er, 1997 . The Mento was well received, but the February mission informed the

Consultant that NORAD had turned down the budget for "minor"'ù/orks and repair materials for the

Component which are promised in the ToR. Funding of vehicles and leakage detection equipment is

included in a signed Addendum to the Consultant's Contract, rvhich has still not received NORAD
approval.
In response to NORAD's withdrawal, WB has agreed to include "minor" works in activities to be

covered by their USD 2.5 mill. special allocation for "major" works. The Consultant has now

prepared bid documents for "minor" works, but tenders, in accordance with WB regulations, cannot

be invited due to the fact that the WB allocation may be exhausted by works rvith higher priority,
i.e. increased contingencies to the major Contracts and, as originally intended, by "major" works.

The Consultant is facing a 15 months delay due to lack of funds, and extension of the Contract
period is evidently necessary if all the work carried out is to result in an improved supply situation

and continuous leakage control. The Task Manager left the Project in April rvhen his contractual

input was exhausted and funds for extension had not been forthcoming. input by the second

expatriate r.vill be exhausted in August.

On the Water and Sewage Quality component, the final llater Quality Implementatíon Plan of May

1997 is the guiding document, also containing approved lists of equipment needed for the plant

laboratories, and a l\ater Quality Action Plan is included in the Consolidated Action Plan.

So far, the action plan is partly being adhered to, but delays are building up as no funds for
laboratory equipment and chemicals have been released, and no funds for training have been made

available. The February'WBAIORAD mission confused matters fuither by questioning the very

basis of the Component, i.e. the number and function of laboratories approved last year as part of
the l\later Quality Implementation Plan. The reduction has since been confirmed in Addendum No.

5, which is not yet approved.

It has been discovered that refurbishment of existing plant laboratories has not been included in the

rehabilitation construction contracts, and this will now have to be undertaken by variation orders

under the WB funded rehabilitation contracts. Laboratory furniture has been removed from the

Consultant's budget by Addendum No. 5, and will have to be procured directly'by the Client based

on bids and recommendation by the Consultant.
A B-level training course for laboratory supervisory staff has been developed by the Consultant and

is presently being conducted at CBU in Kitwe, costs being advanced by the Consultant.

Contractual input by the Water Quality Specialist will be exhausted before laboratories have been

refurbished and equipped, and On-the-job training, based on the Water Quality Manual prepared

will require additional input.

For the Skills Training/O&M Supervision component of the Consultancy, a Trainirtg Report - Skills

Training/O&M was prepared in Augurst, i997 upon the Client's request, summarising developments

and status as per JulY.

The Traininglof-trainers course for On-the-job trainers at CBU has been successfully completed,

fees and lodging being advanced by the Consultant in November last year and not yet refunded. The

course by attended by appr. 20 students from the Project towns and selected training institutions.

INTERCONSULT International A.
Zambia, July. 1998
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Based on the ABC-level training programme, the concept for which was presented in the
Consultant's Inception Report, ICI was requested by the Joint Review Team to prepare the CBMT
training modules, i.e. the C-level vocational training.
The CBMT contract was signed in December, and preparation of 10 modules started on February
1'¡, 1998. The contract has not yet been formally approved by NORAD, and the Consultant has so
far not been paid for his work, which is now approaching completion. Nortech in Ndola has been
selected for CBMT training under the Project, and training commencement is planned for early
October, providing funds are released for timely refurbishment of training facilities at the institute.
Formal procedures for the CBMT training to achieve status as the national mode of training in the
water sector are well on the way.
B-level course syllabi for várious categories of technical operational staff is under preparation,
implementation planned to start at CBU in August this year, provided funds are released in time.
The Trainers Manual has been completed and O&lvf manuals for the respective WSS schemes have
been finalized to the extent possible arvaiting details of el-mech equipment to be installed under the
rehabilitation construction contracts. 2-day workshops, introducing the Trainer and his training aids

are presently being conducted in all Project to"¡/ns.

The Construction Supervision component of the Project is presently being undertaken in all the 9
Project towns, as the tonffact for sewerage rehabilitation in Ki¡we was signed on May 5th.

Following a generally slow start by the contractors, progress has now improved at all sites. Only
two extensions of the originally intended completion date have been granted so far. The contractors

are facing liquidity problems due to payment procedures having proved to take longer than stated in
the contracts, and they rightfully claim interest due to late payment
Due to errors in the Consultant's contract, delayed commencement of rehabilitation work, and

differences between anticipated and real construction periods, the contractual input and budget for
construction supervision is not sufficient. Inputs by local supervisory staff are long since over-
exhausted, and notices of termination have been issued. If extensions are not approved in time, in
accordance with Addendum No. 5, the situation rvill have severe impacts on the quality of the

Consultant's supervision as from the end of July

This report states that progress towards the objectives has been achieved on most components

during the period, in spite of the obvious constraints. However, delays caused by factors outside the

Consultant's control are so serious that monitoring of progress based on the Consolidated Action
Plan makes little sense.

Chapter 6 of Progress Report No. 5 contains the Consultant's honest opinion and best estimates of
time, inputs and additional funds needed to achieve the Project objectives and conclude the Project
in a manner satisfactory to the Client and Councils involved. The practical situation has not changed

since April, but further delays have developed. There is no basis for revision of the intended time-

and personnel schedules i Report No. 5, and the schedule included in Appendix II of this report has

been copied from last report. Revised schedules rvill be presented if and rvhen the Addenda are

finally approved, hopefully in time for the next Progress Report.

Lusaka, August l2tl', 1998

NSULT International A.S

INTERCONSULT [nternational A.S
Zambia. July. 1998
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V/ind roses for 1995 at Mufulira Smelter
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Appendix P

Ambient Air Pollution Measurement programme for
Zambia
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Date: 8 October 1998

Ambient Air Pollution Measurement Programme
for Zambia

L. Introduction

NILU was asked by Norwegian 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 mission to Zambia was undertaken 19 September to 2 October 1998. The

objectives of this mission were to perform a first screening study of the existing
ambient air quality, related to some major emission sources, and to design a

measurement programme for ambient air quality measurements inZambia.

A plan for the establishment of such programme should be developed including
capacity building, instrument procurement, installation and training. Bjarne
Sivertsen and Cristina Guerreiro participated from NILU during the mission to

Zambia. (see Mission report, NILU OR 61/98). Karl J. Aanes from NIVA also

participated in our visits to some of the laboratories. The objective of these

specific visits were to find a common laboratory for chemical analyses of ambient
air and water.

2. Objectives

The main objectives of this programme is to provide support toECZ to enable the

establishment of an ambient air pollution measurement programme for Zambia.

To meet this objectives several sub-objectives has been defined as input to the
description of tasks in the scope of work:
o Establish background at ECZ for ambient air pollution measurements and

reporting,
o Find laboratory for chemical analyses,
o Design an air pollution monitoring programme for Zambia,
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 data base, data handling and reporting.

NILU OR 61/98
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3. Scope of work

The scope of work will depend upon the amount of funds made available from
NORAD, and designed for this specific part of the programme by ECZ. The plan
presented below includes a complete prograrnme for establishing a simple air
quality measurement programme in Zambia.It does not, as a starting point, limit
itself according to a limited budget available.

To further develop a complete modern air quality monitoring and planning system

for Zambia will require finances beyond those available in the present IPPP
programme.

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

identified. These have also been defined in the Logical Framework Matrix
presented in Appendix A. The main tasks are:
o Institutionalsupport,
. design of monitoring programme,
o procurement of equipment,
o training,
o measurementprogramme,
o quality assurance (QA/QC),
o data management.
The tasks and sub-tasks are described in more details below.

4. Tasks

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

4.1 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.

4.LI A.1 Estøblish and idenffi expert group at ECZ

A group of air pollution experts has to be established atECZ. During the first visit
to Zambia in September/October 1998, three persons participated in the site visits
to the Copperbelt area: Gentile Chasaya, Bwembya Mwanza and Lemmy
Namayanga. Only Mr. B Mwanza followed the whole programme, including the
work shop, visits to laboratories in the Lusaka area and the planning process.

Mr. Mwanza seems to be well qualified to take a responsibility for the ambient air
pollution measurement programme, but he will have to be supported by a skilled
technician preferably with environmental background.

NILU OR 61198
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He may also in the future be supported by an analytical chemist placed at the "new
environmental laboratory".

4.1.2 A.2 On the job training in the use of passive samplers

As part of the passive sampling of SO2 and NO2 by NILU personnel in the
Copperbelt area and in Lusaka, ECZ experts will be trained in using the passive

samplers for field measurements.

4.1.3 A.3 Introductory seminar on air pollution monitoring progratnmes.

An introductory seminar on ambient air pollution measurement programmes will
be held at the beginning of the project. An introduction to this seminar was given
in a work shop in Ndola in September 1998. (see Mission report, NILU OR
6U98).

4.1.4 A.4 Evaluate possible laboratories to undertake chemical anølyses

To identify a chemical laboratory in Zambia capable of performing analyses of
ambient samples of air and water at low concentrations, eight different
laboratories were visited during the Mission to Zambia in September/October
1998. (NrLU OR 6t/98)

This environmental laboratory should be established outside ECZ and preferably
not be part of the industry. The laboratory may in the future serve as a clean
laboratory for all types of environmental samples. In addition to air and water they
may also be able to analyse samples from vegetation, soil and waste.

After visits to five laboratories in the Copperbelt area and three laboratories in the

Lusaka àrea, an evaluation was performed based upon an objective classification
of the following criteria:
o Cleanliness, potential contamination indoor and outside the lab.,
o the present concentration levels normally analysed,
o experience in analyses of environmental samples,
. personnel experience and training,
. personnel capacity,
o instruments available at present,
o interest and future prospects related to environmental analyses.

4.1.5 A.5 Select laboratory and establish aír pollution expert group

From the evaluation of laboratories undertaken (see task 4.3), four laboratories

were classified in priority sequence:

1. The National Council for Scientific Research of Zambia (NCSR) head quarter

laboratory outside Lusaka,
2. The NCSR Mount Makulu Laboratory 15 km south of Lusaka,
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3. ZCCM laboratories in Mufulira and in Kululushi.

The NCSR head quarter laboratory is located in a clean environment away from
local pollution sources, it has a multiple of instruments at different laboratory
facilities and it seemed to have a well qualified staff. Their interest in undertaking
the task as an environmental laboratory was also positive.

As at all other laboratories the wet chemistry laboratory will have to be

rehabilitated and a clean room plus a room for balances will have to be prepared.

They will also have to procure an ion chromatograph for SO2 analyses (this was

the case for all laboratories visited), more sensitive balances and various clean

benches and tools. A good quality Atomic Absorption Spectrometer should be

obtained within one of the laboratories at NCSR .

One analytical chemist, preferably with University degrees, will have to be

appointed by the laboratory for being the main responsible expert on

environmental sample analyses. This person will probably have to undergo

training in Norway (see task D.4).

4.2 B. Design ambient air pollution measurement programme

As a background for designing an ambient air pollution measurement programme

visits were paid to the major industries, and a screening study was 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 input to the programme.

4.2.1 B,I Visit to industries and polluted areas

The visits to the industries in the Copperbelt area have been described in the

Mission report NILU OR 61198. This report together with the results of the

passive sampling (Guereiro and Sivertsen, NILU OR 63198), and some simple

concentration estimates represents the background for the design of a

measurement programme.

4.2.2 8.2 Evaluate existing monitoríng stations and datø

A few measurement stations have been operated in the Copperbelt area by ZCCI[í,.
Results from these measurements indicated that the impact downwind from some

of the smelters has been considerable. Diurnal and monthly average

concentrations at some sites exceeded the V/orld Health Organisations (WHO,

1987) air quality guideline values as well as the Zambian air quality standards
(Government of Zambia, 1996) with a factor of 5 to 10.

The sampling method used was adequate, but the chemical analytical method of
determining total acid in an absorption solution may give too low SOz

concentrations.
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Existing measurements undertaken by ZCCM will be further evaluated and used,

when results from additional measurements undertaken by ECZ will be available.

4.2.3 B3 Outlíne monítoring progra.mÍne

The final objectives of a ambient air quality monitoring programme should be to
enable ECZ to use the data for planning pulposes, and to indicate strategies to
reduce the air pollution load.

The detailed design of such a monitoring programme will, however, depend upon
the funds available. In the following chapters we thus will have to give several

alternatives, which may be implemented as different phases in the development of
the air pollution programme.

As a starting point we will propose that the first year will include:
o The establishment of an environmental laboratory ( see task 4.5),
o measurements using passive samplers,
o dust fall measurements in the surroundings of cement and stone industries,
. simple equipment for suspended particles,
o a few sequential samplers (at the end of the year, after establishment of the

lab.),
o startmeteorologicalmeasurements.

4.2.4 Siting studies, use of pøssive samplers

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.

Further studies with passive samples during 1999, may also supply.and alternate
the final design of the measurement programme.

4.2.5 8.5 Select representatíve sømpling sites

The selection of representative sites will be finalised in the beginning of 1999,
when the final decisions concerning budgets and the establishment of a laboratory
has been decided.

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.
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Similar approaches will also be applied for the sequential samplers, but in this
case we will have to select critically the sites due to the scarcity of instruments.

4.2.6 8.6 Design monitoring programrne
A final monitoring programme will be designed as part of the development in the
first phase of the programme in 1999.

4.3 C. Procurement of equipment

When the ambient air pollution measurement programme has been designed,

instruments and equipment have to be procured. Specifications of the equipment
necessary should be prepared as a input to the tender documents.
Contacts with suppliers should be taken to get quotations for the equipment
required.

4.3.1 Specify equipment, hardwøre and software

Specifications of the equipment necessary for the first phase of the measurement
programme will be developed by NILU in co-operation with ECZ. We assume

that the following instruments have to be described:
. 50 Passive samplers using impregnated filters for sampling of SO2

o 20 Passive samplers using impregnated filters for sampling of NO2
o 10 Dust fall collectors according to international standards
o 4 Sequential samplers for SO2
o 2 Sequential samplers for NO2
o 1 Simple sampler for PMls (PM2.s?)

o Meteorological (Automatic Weather Station)

4.3.2 C.2 Procure løboratory instruments for analyses

The "new environmental laboratory" will have to be equipped with new laboratory
equipment in addition to the equipment they already have. Specifications of the
equipment necessary will be prepared as input to the tender documents.

The supplier will have to install the new instruments and undertake training in the

use of equipment at the laboratory.

The following equipment will have to be procured:
o 1 Ion Chromatograph
o 1 Balance readable to less than 0,0001 gram
o Various clean lab equipment (to be specified later).

4.3.3 C.3 Instølløtion of løboratory equipment

The installation of laboratory equipment will be undertaken by the supplier after
rehabilitation and preparation of the clean laboratory.
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4.3.4 C.4 Procure sømplers

After selection of suppliers (preferably as few as possible) the instruments will
have to be purchased and imported to Zambia. Passive-, sequential and suspended

particle samplers have to be clarified for customs. Installations, guaranties and

training has to be specified by the supplier.

4.3.5 C.5 Installation of samplers

The various samplers will be installed in field as a co-operation between NILU
and ECZ. The installation programme will be used as an on-the-job training for
the ECZ personnel (or the laboratory personnel) who will operate the sampling
programme.

A decision concerning the sampling and analyses procedures (who does what?)

will have to be decided before measurements starts.

4.3.6 C 6 Considerfutare use of monitors

As a further development of the air quality monitoring and planning programme

for Zambia, the procurement and installations of air pollution monitors will be

considered and discussed. This approach will not be possible during the first or
second year of the air quality measurements.

However, as part of a co-operative and comparable air quality monitoring system

with neighbouring SADC countries it will be necessary in the future to improve
the monitoring system. The system developed presently for Botswana is a modern

surveillance and planning system with automatic monitors, data retrieval and

modelling capabilities.

In the V/orld Bank Staff Appraisal Report for the Republic of Zambia (World
Bank, 1997) it is stated that one of the main components include an

Environmental Information Network and Monitoring System (EINMS) including
a reporting and management tool. Norway is assumed to be a major donor in the

future development of air pollution, water and waste environmental support
programme.

The requirements for establishing a modern automatic air quality monitoring and

planning programme include technical and financial support exceeding what is
available in the present IPPP programme. A typical budget for such establishment
in other countries (Botswana, China, Egypt, etc.) ranges from 5 mill NOK to 15

mill. NOK.

4.4 D. Training

To ensure sustainability in the development and operations of an air quality

measurement programme in Zambia, training is a very important element in
setting up the programme.
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Most of the training will be undertaken as on-the-job-training, during installations,
calibrations and measurements. Training will also be in form of work shops and
seminars. For some experts visits to the laboratories in Norway may be necessary.

4.4.1 D.I.Ass¿ss trøining needs

The needs for training will be evaluated as the programme develops. However, it
is assumed that the following training will have to be undertaken:
o Use of analytical instruments in laboratories,
o preparation of samples,
¡ installation of field equipment,
o calibration and operation of samplers in field and at laboratories,
o basic knowledge of air quality, meteorology and models,
. use of data bases,
o data evaluation and data presentations,
o development of reports.

4.4.2 D.2 Workshop and introductory semínar.

An introductory seminar will be prepared at the beginning of the establishment of
the ambient air quality measurement programme. The seminar will include topics
included in the design and operation of such programmes:

o An integrated approach included air quality, meteorology and models,
. measurement programme design, siting studies,
o meteorology, introduction to air pollution, dispersion,
o instruments, samplers and monitors,
o data quality (QA/QC),
o data processing and presentation.
The seminar will be held for experts fromECZ, the new laboratory and selected

industries.

4.4.3 D.3 Trainíng inftlter and sample preparations

After selection, rehabilitation and installation of new equipment, an expert
(analytical chemist) will undertake training in the preparation and handling of the

various types of filters used in the sampling programme.

It may be necessary to bring the responsible expert at the environmental
laboratory to Norway (NILU and NIVA) for training.

4.4.4 D.4 Training in chemical analyses

Training in the use of new instruments delivered to the chemical laboratory will
be undertaken by the supplier. In addition training will be undertaken by one
chemical analytical expert from NILU in the laboratory as part of the on-the-job
training.
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If it is possible to bring the responsible expert at the environmental laboratory to
Norway (NILU and NIVA) for training all necessary analyses will be part of the
training. A period of 3 weeks will be necessary for this training.

4.4.5 D.5 On-the-job training ín the use of sømplers

The use of various types of samplers will be undertaken as on-the-job training
during installation, calibration and operations. Experts from NILU will undertake
this trainin g in Zambia.

4.5 E. Measurement programme

The measurement programme represents the routine operations when all
equipment is in place. The measurement programme will have to be evaluated and

may undergo changes as the measurements proceeds. Plans for the coming year
will be presented at the end of each year.

4.5.1 8.1 Plans for 1999

Continuous planning and evaluation of the monitoring programme will be

presented in status reports and in annual (or semi-annual) meetings. As part of this
plans Logical Framework tables and descriptions will be updated.

4.5.2 8.2 Sampling progrønune

The sampling programme will include descriptions of:
. Sampling sites,
o instruments at each site,
. averaging times,
. sampling periods,
o data retrieval procedures and frequencies.
The final design will be elaborated when the details in the programme has been

decided.

4.5.3 8.3 Install sampling støtions

The sampling stations will be installed in field in a co-operation between ECZ and
NILU. F,CZwlll have to be responsible for measuring site infra structure, such as

o site availability (keys, entrance allowances etc.),
o monitoring room or shelter if needed,
o sampling intake facilities,
o location of meteorological tower and stands for dust fall buckets,
o permits from site owners, etc.
'When all these practical features are in place, the instruments will be installed and

set into operation.
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4.5.4 8.4 Air Quality Measurernents

The air quality measurements will be undertaken as routine operations with
personnel fromECZ, from the laboratory and from local industries or with local
suppoft personnel (assistants), where necessary. The assignments of personnel,
determinations of schedules and transport of samples will highly depend upon the

final design of the programme.

4.5.5 8.5 Chemical anølyses

As soon as samples are collected and transported to the laboratory, adequate

sample preparations and handling will take place. Chemical analyses will be

undertaken as soon as possible. Laboratory reporting procedures and quality
assurance procedures will be an important part of the routine analyses.

4.5.6 8.6 Døta evøluøtion

The analytical results will be loaded into a local data base for evaluation. Print
outs will be prepared for the responsible quality assurance officer, who (together

with the ECZ project team leader) will approve the data before it is stored in the

ECZ database.

Procedures and controls will be checked, and an analyses report will be issued

with the data.

4.5.7 8.7 Maintenance a.nd calibra.tion

As soon as the measurement sites are installed and in operation there will be a
continuous need for maintenance and calibration. Weekly visits will be paid to all
monitoring sites from ECZ or from the Chemical laboratory personnel. The exact

procedures will have to be decided later.

Final arrangements concerning some of the sites will have to be discussed when

the details in the programme have been decided. A maintenance and visit schedule

will have to be developed by ECZ, including support from local institutions
outside ECZ (in the Copperbelt area), where this is necessary.

4.5.8 8.8 Service and repøir

As part of the weekly visits to the stations, the need for repair and service will be

evaluated by the instrument experts.

The samplers will be taken to the laboratory for repair when ever necessary. In
some cases simple repairs will be undertaken at the station.
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4.6. F QA/QC

Quality assurance and quality control (QA/QC) is a very important part of any
measurement programme.

Specifications for instrument calibration and descriptions of measurement and

sampling procedures (SOP; Standard Operation Procedures) will be developed.
Notes, schemes and SOPs will be developed as part of the training in calibration
and maintenance.

A co-operation between the instrument supplier's and ECZII.{ILU should be
established to obtain the best practical and most efficient training in calibration
and maintenance.

Well defined descriptions of day by day analytical routines, including quality
control, are essential for generating reproducible results. The chemical laboratory
will have to handle manually collected samples that will be analysed by wet
chemical or other analytical methods.

A QA/QC programme will be prepared. It is important that the responsible
laboratory team is committed to include QA/QC as routine part of their tasks.

Sufficient time and resources for this part of the work has to be provided from the
start.

4.6.1 F.I Standard operøtions procedures (SOPs) and QA|QC routines

Standard Operational Procedures (SOP) will be developed as an important part of
the QA/QC procedures.

A template (standard list of information to be collected) for the preparation of
SOPs will be supplied by the NILU. This can be used for checking procedures and

form a basis for updating and supplementing the procedures.

4.6.2 F.2 On the job QC4QA trainíng procedures

ECZ or the chemical laboratory personnel will have the responsibility for the

operation of samplers, and for undertaking weekly controls in field. For samplers

this includes flow controls, time check, cleaning, handling, etc. Various check lists
will be prepared as part of the on{he-job training. Manuals and check lists will
have to be followed at every visit. All manuals will be presented, used and

repeated during the training in field.

4.7 G. Data management

Different types of data will be collected by the air quality monitoring programme.

The first specification of the data collection procedures divided the data into
sampling data and monitoring data. Air quality data collected by sampling and
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analyses by semi-automatic samplers will be fed into a simple data base

containing background information and data.

4.7.1 G.I Design a data ft"ta.na.gement system

A data management system will be designed to include information of the air
quality data collected. This system may include:
o laboratorypreparationprocedures,
o sampling frequency/ sampling time specifications,
o field work; change of sampling units,
o identification and transfer to laboratory included QA procedures,
. sample preparation data corrections and storage,
o quality assured data.

4.7.2 G.2 Databases at the laboratory ønd øt ECZ

A laboratory database for samples that are being prepared for chemical analyses,
quality controls and calibration should be considered and prepared during 1999.

Preliminary data will be entered into a database for automatic control. Final data

approvals have to be issued before the data are entered into the main database at

ECZ.

Air quality databases, including statistical tools for presentation of data, are

available in a number of institutions responsible for the collection of air pollution
information world wide. However, commercially available tools adequate to meet

the needs of ECZ in the future are very scarce. An investigation has revealed that
most of these data bases have been specially designed to meet the well-defined
questions asked by specific users; institutions, authorities or organisations.

4.7.3 G.3 Data handling, data statistics and reporting

After the first air quality data have been evaluated, and the QA/QC procedures

have been undertaken and verified, the first data presentation will be prepared.

This data handling will have to include some simple statistical procedures to link
air pollution concentrations to meteorological data.

Quarterly reports should be prepared to describe the background, data availability,
data quality and the data itself. A validation/discussion of the results will follow
the data presentations.

4.8 H Project management

The project management includes preparations of procedures, schemes and

routines. It also includes the time spent on travels between Norway and Zambia,
and reporting from meetings, travels and data collected and analysed by NILU.
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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.

5. Time schedule

The final time schedule will depend upon decisions concerning the development
of a laboratory, financial support and budgets. It will also depend upon procedures
for procurement and import procedures for instruments to Zambia.

A time schedule has been prepared and presented in Appendix B. It is assumed

that the procurement phase can start at the end of 1998. It assumes that the
establishment of an environmental laboratory for Zambia will be possible before
any sampling using sequential samples, dust fall and suspended dust sampling
equipment can be used.

Some passive sampling can be undertaken early in 1999. These samples may be

taken back to NILU for analyses. Later in the year, however, the local laboratory
should be able to undertake analyses.

The time schedule indicated in Appendix B may be changed and expanded in
time.

6. Cost estimates

The final cost estimate will also depend upon budgets available for air pollution
measurements and the time schedules concerning laboratory development and

equipment procurement.

A typical annual budget have been developed and presented in Appendix C. The
total budget is realistic for the establishment of a simple ambient air quality
monitoring programme for Zambia. However, it may be possible to divide the
development into phases totally covering more than one year.

The total costs estimated for external support to ECZ (ECZ own input NOT
included!) is presented below (Norwegian crowns (NOK)):

Budqet for total expenditures Ambient Air Pollution 1999 Costs (NOK)

Ambient air equipment
Chemical laboratory establishment
Chemical analyses
NILU support

257000
575000

80000
500000

Grand totalfor suþÞort outside ECZ 1546400

The total cost for establishment of a simple ambient air quality monitoring
programme has been estimated at 1,3 million NOK.
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To enable the fulfilment of this plan, several options have been discussed. An
alternative option is to:
o Divide the establishment and the procurement of equipment into two phases,

covering 1999 and 2000,
o establish the environmental laboratory as a separate project with joint

financing between air, water and waste,
o consider the establishment of a modern data base system at the end of phase 2.

The costs estimated for the different phases are presented in Appendix C2 and can

be summarised as follows:.
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Phase Year Description Gosts (NOK)

1 1 999 Equipment 183000,-
Chemical analvses 45000,-
Support, travels and transporl 270000,-
Total Phase 1 498000,-

2 2000 Equipment 310000,-
Chemical analvses 150000,-
Support, travel and transport 300000,-
Total Phase 2 760000,-

Lab 1 999 Establishment of Environm. laboratory 575000,-

Total (incl. data base
establishment.)

1833000
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Logical framework matrix 1998199

for
Obiectives Description of tasks Indicators

Establish background at ECZ
for ambÍent air pollution
measurements and reporting

Find laboratory for chemical
analyses

A. Institutional support
4.1 An expert group atECZ

established and identified
A.2 On the job training in the use

of passive samplers
4.3 Introductory seminar on air

pollution monitoring
programmes.
A.4 Evaluate possible laboratories to

undertake chemical analyses

4.5 Select laboratory and estab

lish air pollution expert
group

The first samplers
located and

collected

Seminar held in
Sept 98.

Design an air pollution
monitoring programme for
Zambia

B. Design of monitoring
programme

B.L Visit to industries and polluted
areas

8.2 Evaluate existing monitoring
stations and data

8.3 Monitoring programme outline
8.4 Siting studies, use of passive

samplers
8.5 Select representative sampling
sites

8.6 Design monitoring programme

Mission report Oct
1998
Mission report Oct
1998

Report on passive

sampling

Plan

Procure instruments and
equipment

c.
c.1
and

c.2

c.3
equipment
c.4
c.5
C6

Procurement of equipment
Specify equipment, hardware
software
Procurement of laboratory
instruments for analyses

Installation of laboratory

Procure samplers
Installation of samplers
Consider use of monitors

Lab instruments
procured
Instruments in lab.

Samplers installed

Undertake training of ECZ
and laboratory personnel

Training
Assess training needs

Workshop and introductory
seminar.
Tráining in filter and sample
preparations
Training in chemical analyses

On-the-job training in the use of
samplers

D.
D.1
D.2

D.3

D.4
D.5

Work shop held -
certificates given.

Local experts do
the analyses
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Perform ambient air quality
measurements in Zambia

E.
E.1
8.2
E.3
8,4
E.5
E.6
8.7
E.8

Measurement programme
Plans for 1999

Sampling programme, passive s.

Sampling station installation
Air Quality Measurements
Chemical analyses

Data evaluation
Maintenance and calibration
Service and repair

Stations installed

Data report
available

Plan and
measurement
assurance

perform
quality

F' QA/Qc
Standard operations procedures
(SOPs) and QA/QC routines
prepared

On the job QC/QA training
procedures

F.1

F.2

SOP available

Local experts
trained to undertake
measurements

Establish data base, data
handling and reporting

G.
G.1

G.2
G.3

Data management
Data management system design
Establish data bases atECZ
Data handling, data statistics and

reporting

Data bases atECZ

Air quality report.

Co-ordinate Project H.
H.1
H.2

Project administration
Project management
Planning and travels
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Time schedule for actions 1999

ACTIVITY month 98 I 2 3 4 5 6
,7

8 9 10 11 t2

A. Institutional support

4.1 . Expert group at ECZ identified

4.2 Training in use of passive samplers

4.3. Introductory seminar on air pollution

4.4. Evaluate laboratories

4.5. Select laboratory and experts

B. Deslgn of monitoring programme

B.l. Visit to industries and polluted areas

B.2. Existing monitoring stations and data evaluated

8.3 Monitoring programme outlined

8.4. Siting studies, passive samplers

8.5. Select representative sampling sites

8.6. Design monitoring programme

C. ProcuremenÇ equipment and software

C. l. Equipment specification

C.2. Laboratory equipment procurement

C.3. Installation laboratory equipment

C.4. Procurement of samplers

C.5. Installation of samplers

C.6. Monitors consideration

D, Trainiug

D.l . Assess training needs

D.2. Workshop and introductory semin¡r¡

D.3. Training filter and sample preparation

D.4. Training chemical analyses

D.5. On{he-job training use of samplers

E, Measurement progrâmme

E.l. Planning

E.2. Passive sampling

E.3. Sampling station installation

8.4. Air quality measurements

E.5. Chemical analyses

E.6. Data evaluation

8.7. Maintenance and calibration

8.8. Service and repair

F. QA/QC
F.l. Standard operations procedures (SOP)

F.2. On the jon QA/QC training

G. Dâtå Månågement

G.1. Data management system design

G.2. Establishment of data bases

G.3. Data handling, data statistics and reporting
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Appendix Cl

ut to cost estimates 1999 activities man hours
Manhours

NILU ECZACTIVITY

20 30

l0 20

20 10

l0

10

2020

20 20

l0

20

20 20

20 20

20

40 40

t020

20

40 120

20 40

40 40

30 40

10l0
20 20

30 30

l0 400

20 50

l0 100

l0 -50

40

20 40

20

80 40

100

A. Institutional support

A.l . Expert group at ECZ identified

4.2 Training in use of passive samplers

4.3. Introduction to air pollution and meteorology

4.4. Evaluate laboratories

,A..5. Select laboratory and experts

B. Design of monitoring programme

8.1. Visit to industries and polluted areas

8.2. Existing monitoring stations and data evaluated

B.3 Monitoring programme outlined

8.4. Siting studies, passive samplers

8.5. Select representative sampling sites

8.6. Monitoring programme designed

C. Procurement equipment hardware and software

C. l. Equipment specification

C.2. Laboratory equipment procurement

C.3. Installation laboratory equipment

C.4. Procurement of samplers

C.5. Installation of samplers

C.6. Monitors consideration

D, Training

D.l. Assess training needs

D.2. Workshop and introductory seminar

D.3. Training filter and sample preparation

D.4. Training chemical analyses

D.5. On-the-job training use of samplers

E. Measurement prograrnme

E.1. Planning
E.2, Passive sampling

E.3. Sampling station installation
E.4. Air quality measurements

8.5. Chemical analyses

E.6. Data evaluation

E.7. Maintenance and calibration
E.8. Service and repair

r. QA/QC

F.l. Standa¡d operations procedures (SOP)

F.2. On the jon QA/QC training

G, Data Management

G.l . Data management system design

G.2. Establishment of data bases

G.3. Data handling, data statistics and reporting 20

20

40

30 30

H. Project Manågement

H.1. Preparations

H.2. Travels (hours)

H.3. Reporting

Total 770 1330
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Budget for totalexpenditures Ambient Air Pollution 1999

Ambient air equipment
Chemical laboratory establishment
Chemical analyses

Cost estimates Ambient Air Quality

Data bases and data base installations are NOT included in this estimate

227

lnstruments Type of equipment Unit price
(NOK)

Units
(number)

Total cost

NOK)
Ambient Air Passive samplers (SOZ)

Passive samplers (NOZ)

Dust fall (complete)
Dust fall buckets extras
Sequential samplers (SOZ)
Meteorology (AWS)
PCldatalogger
Suspended particles (EK)

100
100

3000
400

25000
80000
1 2000
24000

50
20
10
10

4
1

1

1

Subtotal ambient air equipment 1999

5000
2000

30000
4000

1 00000
80000
1 2000
24000

257000

Chem. Laboratory lon chromatograph
Balance
Equipment, rehabilitation

350000
50000

1 75000

1

1

1

Subtotal Chemical lab. establishment

350000
50000

1 75000
575000

General Spare pafts
Consumables (filters etc.)
Other expenditures
Subtotalgeneral

12 400
20000

4800
1 0000
34800

Total costs for procurement of instruments 866800

Chemical analyses (annual costs)

Type of analyses Unit price
(NOK)

Number Total cost pr yr.
(NoK)

Filter preparations
Passive SO2
Passive NO2
SequentialSO2
Filters gravimetric
Dust fall (solv + insolv)
Pb

20
40
40
40
50

500
50

500
50
20

1 400
250
120
200

1 0000
2000

800
56000
1 2500
60000
10000

Total costs analyses for one whole year 151300

1546400Grand totalfor support outside EGZ
NILU s
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Appendix C3

Cost estimates for phases of the project

Data base establishment (180000 NOK) willbe evaluated further.

The costs tor establishment of Laboratory will be shared between Water, Air and Waste.

Phase 1 (1999) Description Unit price
(NOK)

Units
(number)

Total cost
(NOK)

Equipment Passive samplers (SO2)

Passive samplers (NO2)
Dust fall (complete)
Meteorology (AWS)
PO/data logger
Suspended particles (EK)

100
100

3000
80000
1 2000
24000

50
20
12

1

1

2

Subtotal ambient air equipment 1999

5000
2000

36000
80000
1 2000
48000

183000

Chem. Analyses lcrru¡metr¡c
lDustfall

lvarious

,ttl
200

60

Subtotal Chemical analvses

10000
30000

5000
45000

General NILU support (manhours)
Transport freight
Contribution to Chem.lab.
Subtotalqeneral

1 50000
20000

1 00000
270000

Total costs for Phase 1 (1999) 498000

Phase2 (2000)

Description Unit price
(NOK)

Number Total cost
(NoK)

Equipment Sequential SO2 samplers
Data base licences
Spare parts

25000
30000

4
1

1 00000
30000
30000

Data base installation 1 50000

Ghem. analyses Annual total costs 1 50000

General NILU support 
I

One chemist to Norway 2 weeks
Travels and transport I

210000
30000
60000

Total costs for Phase 2 (2000) 760000

Establishment of Environmental Laboratory
Laboratory llon chromatograph I

lBatance I

lvarious lab equipment 
I

Rehabilitation

350oool
50oool
75oool

1

1

1

(NO

1

Total costs for establishment of laboratory 575000
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