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Effects of mining operations on air
and water quality in Mufulira district
of Zambia: A case study of Kankoyo
Township

D. Muma!, B. Besa?, J. Manchisi!, and W. Banda>

Synopsis

Air and water pollution are among the most significant environmental problems facing the communities
living in and around the copper mining areas in Zambia. It is a complex issue, which cuts across the
environmental, social, economic, and political dimensions. Despite recent investments and technological
improvements to capture sulphur dioxide emissions and minimize the discharge of mine effluents into
natural streams, there are still numerous reports that cite air and water pollution problems. The aim of
this study was to investigate the effects of sulphur dioxide emissions and mine effluent discharge on air
and water quality in Kankoyo Township of Mufulira district.

The investigation involved sampling of the ambient air, mine effluents, and domestic water and
determination of sulphur dioxide and various water quality parameters. The results indicated significant
improvements in sulphur dioxide capture and subsequent reductions in sulphur dioxide emissions from
the copper smelter. The average sulphur capture was 48% from 2007 to 2013 and about 94% from 2014
to 2018. However, the average annual sulphur dioxide level for 2017/2018 was 144.5 pg/mé per 24 hours,
which is 15.6% above the statutory limit of 125 pg/m? in ambient air. The general water quality meets
the statutory limits, despite the fact that the water quality in this area may be affected not only by the
mining activities, but also by the dilapidated water infrastructure, which may be a further source of
contamination from intrusion by surface run-off and sewage leakage.
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Introduction

The problems of air and water pollution in Kankoyo Township began with the installation of two copper
reverberatory smelting furnaces in 1937 (Ross and Vries, 2005). At that time there was no provision
for capturing sulphur dioxide (SO,), and any SO, emissions were vented directly into the atmosphere,
resulting in many environmental and social impacts. The other contributing factor was the expansion
of mining activities from the early 1940s to the present day. Thus, the current air and water pollution
issues in Kankoyo Township are to some extent historical in nature, and have attracted interest from
the local and international communities. However, the mining operations in this area have undergone
several process and infrastructure upgrades and expansions, such as the replacement of the old electric
furnace with an ISASmelt furnace and matte electric settling furnace (MSEF) which have resulted in
significant operational transformations over the past decades (Alistair et al., 2012). This section gives a
review of the key technological changes that have taken place, as well as challenges of the persistent air
and water pollution problems that Kankoyo residents have faced over the years.

Significance of the study

The quality of air and water is at the core of the survival of human beings. The demand for clean

air and water is at the top of the agenda on all governmental programmes at both national and
international levels. A study of this kind is very important because it provides the most recent and
relevant information on the status of air and water quality in Kankoyo Township, which can be used

to assist stakeholders in making informed policy decisions to mitigate the impacts of environmental
pollution arising from the mining activities. Similar studies have been done in the past by various
authors (Mwaanga et al., 2019; Elisha, Clement, and Jhonnah, 2012; Chipatu, 2011), but these have
not all provided updated information on the current pollution trends, including the sustainability aspect
of mining and the environment.
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Causes of air pollution

The gaseous fugitive emissions - mainly oxides of sulphur,
acid mists, and particulate matter - from the copper smelter
and sulphuric acid plants are the major cause of air pollution
in Kankoyo Township (CPTD, 2010). Since the upgrade

of the copper smelting process, many improvements have
taken place, e.g. production of sulphuric acid from SO, gas
emissions, and also the application of more efficient pollution
control technologies such as improvements in the conversion,
absorption, and cleaning stages of gas emissions, which have
greatly enhanced the process efficiencies leading to significant
improvement in air pollution control (Ross and Vries, 2005)

Causes of water pollution

The possible sources of water contamination from the Mufulira
operations include seepage and erosion from old tailings ponds,
and release of process water from mining operations and
metallurgical processing plants. Therefore, there is need for
proper management of these point sources to minimize water
contamination. Apparently, the tailing dams are approximately 10
km downstream from Kankoyo Township and discharge from the
tailings dams flows outside the township into the Mufulira stream
and finally into the Kafue River.

The demand for water in all sectors of the economy is such
that sustainable management of water resources is critical. The
mining industry in Zambia consumes a lot of water for various
process requirements and at the same time generates thousands
of cubic litres of mine waste waters and related hazardous
effluents per day. Konkola mine (though not part of this study,
being located about 35 km west of Mufulira mine, upstream on
the Kafue River) is one of the wettest underground mine in the
world; it pumps an average of 300 000 m3/d of water into the
Kafue River (Mulenga, 1993).

Effects of air and water pollution in Kankoyo

Mining activities in Zambia are a major contributor to air

and water problems, especially in the copper mining region.
Emissions from the copper smelting and sulphuric acid
production plants are among the major sources of air pollution
in Kankoyo Township. The effects of air and water pollution in
Kankoyo include the degradation of roofing sheets, wall plaster,
and paint on the housing structures (Stephen and Wilson, 2017).
Previous studies in Zambia have shown high concentrations of
sulphur dioxide emissions that are above regulatory standards.
According to Simukanga et al. (2010), the SO, concentration
levels, measured as two-week means, within the copper

smelter plant area were well in excess of the World Health
Organization (WHO) and Zambian 24-hour guideline value
(125 pg/m3). These levels give rise to concerns for the health of
the communities living near the plants.

Nature of the air pollution problem

The nature of air pollution in Kankoyo Township is a historical
and complex problem which can be traced back to 1937, when
the first reverberatory furnaces were installed at Mufulira mine.
Thus, sulphur dioxide gases have been released into the nearby
Kankoyo Township, which is located on the downwind side of
Mopani copper smelter, for over eight decades. According to Jones
(2015), 'Mopani Copper Mines commissioned their ISASmelt
plant at Mufulira mine site in Zambia’s Copperbelt in 2006. It was
designed to initially smelt 650 000 tonnes per annum of copper
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concentrate, with the potential to expand to 850 000 tonnes

per annum in the future. Mopani’s ISASmelt plant replaced

their existing electric smelting furnace, which were introduced
in 1971 to replace the original reverberatory furnaces. The
plant comprised a new feed preparation system, electric settling
furnace, waste heat boiler, electrostatic precipitator, gas cleaning
plant, oxygen plant and acid plant. The improvements were
also made to the converter aisle and anode plants’. Although
the technological improvements have helped to reduce sulphur
dioxide emissions by 92% by 2018, fugitive sulphur dioxide
emissions still remain the major air pollution problem in Kankoyo
Township. According to the World Bank (2002), the potential
human health impact from the emissions of sulphur dioxide
includes respiratory symptoms, increased morbidity from
respiratory diseases, and increased mortality, especially from
cardiopulmonary disease.

Nature of the water pollution problem

Water pollution in Kankoyo Township is mainly a result of the
poor and dilapidated water infrastructural network as revealed
from the field study. The township’s water supply pipes are old
and in poor condition, constituting a potential source of water
contamination, especially when there is a massive sewer blockage
and overflow, which is likely to mix with drinking water, as
shown by the outbreak of typhoid fever in 2012 (Syapiila, 2018).
‘The old and damaged sewer and water pipelines, which run next
to each other from the main water pump to the township, were
the suspected source of typhoid fever infection’. Nearly all the
township houses, apart from a few housing units which receive
communal supplement water supply from Mopani Copper Mines,
are supplied with water from Mulonga Water and Sewerage
Company (MWSC), a local water utility. The test results from

the samples collected in this research indicate impurity levels

in compliance with the international and statutory limits for
domestic and effluent water discharges respectively, and few
incidences of water pollution have been reported in Kankoyo
Township.

Conceptual framework

The conceptual framework given below summarizes the broad
themes (social, environmental, and economic) of responsible
mining that the mining companies need to focus on in order for
their operations to be sustainable. It presents the interactions
among the mining firms, the community, and the natural
ecosystems.

Figure 1 shows the proposed conceptual framework for
sustainable mining and environmental management. Sustainable
development is an ongoing process, and not a temporary
undertaking. It ensures the protection of natural resources and
the environment. It also emphasises care for the employee at the
workplace and community development in the area of the mining
environment (Jozef, 2013).

Environmental sustainability

This section summarizes some important sustainability issues
in the Zambian mining industry, illustrates the sector’s best
practices, and suggests sustainable practices for mining.
Environmental stewardship is the keystone to sustainability in
mining and industry (Zvarivadza, 2015).

Environmental degradation in Kankoyo Township is evident
in the degraded physical structures or buildings, dust, air
pollution, and surface and groundwater. This is also coupled
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Figure 1—Proposed conceptual framework for sustainable mining
operations and environmental management

with social and economic impacts. Therefore, mining companies
must be aware of the potential impacts of their activities, and
plan and execute strategies to have positive net outcomes that are
sustainable in the long term. Mining companies, by virtue of their
complexity, have always sought ways of improving productivity
and reducing operational costs through adoption of various
strategies such as reducing labour costs, and implementing
austerity cost and safety measures. A mine must be profitable in
order to be sustainable (IFC-World Bank, 2014).

A sustainable mining development takes cognisance of its
impacts on the environment and adopts appropriate measures
to address such impacts (Zvarivadza, 2015). Sustainable
mining is about balancing financial, social, and environmental
issues, to ensure the success of the company as well as
the sustainable livelihoods of the communities. It involves
community engagement and investments, respecting human
rights, protecting the environment, being transparent, and
acting with integrity (IFC-World Bank, 2014). It is a tool for
balancing economic, social, and environmental considerations.
Although the mining industry in Zambia has contributed greatly
to the economic growth of the country, it has also contributed
to the increase in environmental degradation. Some of the
environmental hazards associated with mining activities in
Kankoyo Township are listed in Table I.

Materials and methods
This study involved a combination of both qualitative and

quantitative techniques. Specific techniques employed include
laboratory test work and individual interviews with key
informants, mainly the residents of Kankoyo Township. The
study was also based on a substantive review of the publications
by various scholars and researchers.

Case study location

Kankoyo Township is an old mining community located on the
western side of Mufulira district near Mopani Copper Mines plc
(MCM) operations. 1t is one of the low-cost and most densely
populated areas in Mufulira district (Figure 2). The township is
one of the major settlements in Kankoyo constituency with a total
population of 45 258 people (22 754 males and 22 504 females)
(€S0, 2013). According to Action Aid’s (2015) Zambia study
report, ‘... apart from a few people in Kankoyo working for the
mines, the greater population is unemployed and a few people are
engaged in informal trading of assorted merchandise’.

The study was focused mainly on the built-up settlement
of Kankoyo Township, where most of the waters samples were
collected (Figure 3).

Data collection and analysis

The field-based case study was both quantitative and qualitative
in scope. The field work involved detailed observations of the
copper smelter and acid plant emissions and mine effluent
discharge, and the collection of water samples from 31 selected
households. Seven weather stations for monitoring of sulphur
dioxide levels (Table II) located at strategic sites in Mufulira
district were used for collection of air quality data. Furthermore,
mine water effluents were sampled at a few critical points within
and outside the mining site to obtain additional information on
the effects and extent of water pollution in Kankoyo Township.
The sampling period for air quality was 18 months (7.e. from
January 2017 to June 2018) at an average of 16 to 24 hours
duration. and for water samples, 7 months (from January 2018 to
July 2018).

The target population was specifically Kankoyo Township,
including other strategic sites (i.e. the market and police post)
around and within the township. Thus, the target population
tended to be randomly selected based on the settlement
plan. Structured questionnaires were also administered to
31 households/residents of Kankoyo to collecting additional
information for research use.

Air quality samples
The air samples considered in this study were taken from the

ambient air in Kankoyo Township and other selected parts of
the Mufulira district. The locations of the seven air-sampling

Table |

Environmental hazards associated with mining activities - typical of Kankoyo Township and community

Mine creation Extraction Smelting and refining
+ Deforestation and destruction of animal + Creation of mine waste with toxic emissions + Major energy consumer
habitats, particularly in the supply of + Water table contamination + Major air polluter
firewood used in copper smelters + Acid mine drainage: sulfides in waste rock react - Primarily release of sulphur dioxide, acid mists,
+ Use of native land and officially with water to produce sulphuric acid; including use major components of smog and acid rains
protected natural areas of sulphuric acid for heap leaching of oxide ores - Contributes to respiratory ilinesses and possibly other
+ Creation of potentially toxic waste rock « Disposal of tailings from concentrator process plants diseases due to emissions of fine dust such flu dust
+ Disposal of granulated slag from the copper smelters
+ Contamination of river water from mine effluents.

Adapted from: (Lins & Horwitz, 2007)
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Figure 2—Map showing location of Kankoyo Township in Mufulira district (adapted from Chipatu, 2011)
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Figure 3—Map showing the water sampling pionts in Kankoyo Township and surrounding areas (adapted from Chipatu, 20011)

stations are given in Table II. These air sampling and monitoring amount of fluorescence emitted is directly proportional to the SO,
stations have state-of-the-art equipment, which uses the S5001 concentration (Ecotech, (2011).

S0, analyser series to perform sulphur dioxide measurements

over a range of 0-2 ppm with a lower detection limit (LDL) of Results

0.5 ppb. The measurement of sulphur dioxide is based on X-ray

fluorescence spectroscopy (XRF) principles. Sulphur dioxide Water samples

(SO,) exhibits a strong ultraviolet (UV) absorption spectrum The water samples referred to in this study are of two types: mine
between 200 and 240 nm, and so when SO, absorbs UV from effluents and domestic water. These were all analysed by wet

this range, emission of photons occurs at 300-400 nm. The chemistry methods using an ICP-OES finish.
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Table Il Industrial/mine effluents
Location of the 7 air sampling stations Eleven mine effluent samples were collected from the existing
Sampling Station Location mine effluent discharge points, eight of which were located
Kankoyo station <1 km on the western side of the Copper within the mine site and three outside the mine site. The reason
Smelting Plant for sampling these points was to find out the levels of pollutants
Kantanshi Clinic 3 <1km on the southern side of the Copper (sulphates, copper, cobalt, iron, manganese etc.) from the
Smefting Plant mine source and also to track them downstream before finally
Kantanshi Clinic 6 <2km on the south eastern side of the discharging into the main natural drainage (Kafue River). The
— C,Opper smelf'ng F,,lant results are shown in Tables III and IV.
Eastlea Clinic 9 High cost residential area
Kamuchanga station > 6 km on the southern side of the Domestic water
Copper Smelting Plant
Malcolm Watson Hospital station Central town area within 2 km radius from 'IWenty—nine sampling pOintS located in the core of Kankoyo
the Copper Smelting Plant Township were strategically defined for collection of domestic
Butondo station >4 km on the western side of the Copper water samples to determine the water quality of Kankoyo
Smelting Plant community with respect to pH, TSS, Pb, Cd, TDS, Fe, Co, Cu, Mn,
Table Il
The chemical composition of the effluent sample from the main mine drain discharge (sampling point no. 404)
Date Measurement parameters
Conductivity | Turbidity | TCu | DCu | TCo | DCo TFe DFe | TMn | DMn | TDS | Sulphates| TSS pH Pb Cd
S NTU mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l mg/I mg/I - mg/l | mg/I
31-Jul-18 1471.00 3000 | 097 | 032 | 002 | 002 | 011 | 001 | 027 | 025 |736.00 | 368.00 | 26.00| 8.60 | 0.10 | 0.00
24-Jul-18 1554.00 2200 | 362 | 068 | 004 | 003 | 152 | 001 | 021 | 045 |777.00 | 389.00 | 70.00| 7.10 | 0.10 | 0.00
17-Jul-18 1631.00 3500 | 131 | 042 | 001 | 001 | 077 | 046 | 018 | 0.13 [816.00 | 408.00 | 34.00| 830 | 0.00 | 0.00
10-Jul-18 1564.00 4300 | 039 | 006 | 001 | 001 | 020 | 001 | 010 | 0.06 |782.00 | 391.00 | 36.00| 830 | 0.00 | 0.00
03-Jul-18 1644.00 61.00 | 066 | 041 | 001 | 001 | 042 | 001 | 010 | 007 |82200 | 411.00 | 67.00 | 820 | 0.00 | 0.00
26-Jun-18 1530.00 2900 | 073 | 040 | 040 | 0.01 | 1.02 | 001 | 0.08 | 003 |766.00 | 383.00 | 34.00| 820 | 0.00 | 0.00
19-Jun-18 1515.00 4.00 023 | 007 | 001 | 001 | 005 | 001 | 008 | 0.06 |758.00 | 377.00 8.00| 840 | 0.00 | 0.00
12-Jun-18 1685.00 4400 | 089 | 022 | 001 | 001 | 074 | 001 | 046 | 0.14 |826.00 | 393.00 | 63.00 | 820 | 020 | 0.00
05-Jun-18 1713.00 6400 | 0.07 | 007 | 001 | 001 | 169 | 001 | 0.25 | 0.18 |840.00 | 400.00 | 90.00 | 7.90 | 0.00 | 0.00
29-May-18 1689.00 1800 | 0.65 | 008 | 001 | 0.01 | 036 | 004 | 021 | 0.20 |84500 | 41400 | 28.00| 870 | 0.00 | 0.00
22-May-18 1718.00 1700 | 218 | 021 | 001 | 001 | 001 | 001 | 029 | 021 |860.00 | 42600 | 50.00| 8.00 | 0.00 | 0.00
15-May-18 1692.00 17.00 | 060 | 0.03 | 001 | 001 | 044 | 001 | 025 | 016 | 84500 | 42500 | 41.00| 880 | 0.00 | 0.00
08-May-18 1698.00 2800 | 045 | 008 | 001 | 001 | 054 | 001 | 014 | 041 |840.00 | 416.00 | 40.00 | 8.00 | 0.00 | 0.00
01-May-18 1657.00 2400 | 1.06 | 001 | 001 | 001 | 098 | 040 | 013 | 0.13 |835.00 | 421.00 | 61.00| 830 | 0.00 | 0.00
24-Apr-18 1668.00 1030 | 148 | 001 | 001 | 001 | 088 | 001 | 032 | 019 |83400| 399.00 | 77.00 | 850 | 0.10 | 0.00
17-Apr-18 1651.00 2600 | 194 | 030 | 003 | 003 | 074 | 003 | 021 | 020 |813.00| 400.00 500| 7.90 | 0.20 | 0.00
10-Apr-18 1641.00 2.00 050 | 001 | 002 | 001 | 043 | 013 | 021 | 020 |819.00| 40.00 | 34.00 | 830 | 0.00 | 0.00
03-Apr-18 1104.00 2900 | 037 | 016 | 006 | 005 | 053 | 023 | 057 | 023 |550.00 | 27200 | 16.00 | 7.50 | 0.00 | 0.00
27-Mar-18 1611.00 1200 | 051 | 034 | 001 | 001 | 061 | 033 | 011 | 001 |80500| 40500 | 19.00 | 7.80 | 0.00 | 0.00
20-Mar-18 1270.00 1600 | 032 | 015 | 001 | 001 | 043 | 001 | 007 | 003 |634.00| 320.00 |100.00| 800 | 0.10 | 0.10
13-Mar-18 1417.00 1400 | 072 | 044 | 009 | 006 | 059 | 031 | 099 | 061 |713.00| 35500 | 34.00 | 7.70 | 0.00 | 0.00
06-Mar-18 1 489.00 2400 | 158 | 001 | 003 | 002 | 088 | 001 | 0.01 | 009 |756.00 | 3879.00 | 52.00| 8.00 | 0.00 | 0.00
27-Feb-18 1 602.00 3700 | 355 | 243 | 008 | 005 | 448 | 293 | 016 | 0.09 |800.00 | 398.00 | 47.00| 7.30 | 0.00 | 0.00
20-Feb-18 1415.00 3400 | 042 | 001 | 001 | 001 | 001 | 021 | 008 | 006 |711.00 | 859.00 | 22.00| 830 | 0.00 | 0.00
13-Feb-18 1776.00 11300 | 612 | 563 | 055 | 049 | 19.82 | 11.62 | 049 | 0.34 |658.00 | 83300 | 79.00| 530 | 0.10 | 0.10
06-Feb-18 1 481.00 3000 | 031 | 007 | 003 | 0.01 | 033 | 005 | 020 | 0.18 |740.00 | 375.00 | 35.00 | 830 | 0.00 | 0.00
30-Jan-18 953.00 2400 | 035 | 013 | 001 | 001 | 052 | 005 | 025 | 0.18 |483.00 | 247.00 | 30.00 | 8.40 | 0.10 | 0.10
23-Jan-18 933.00 31.00 | 027 | 011 | 002 | 001 | 033 | 016 | 021 | 0.18 |480.00 | 24300 | 54.00| 8.10 | 0.00 | 0.00
16-Jan-18 874.00 59.00 | 148 | 082 | 005 | 001 | 297 | 066 | 026 | 0.11 |443.00 | 227.00 | 72.00| 7.90 | 0.00 | 0.00
09-Jan-18 983.00 7000 | 384 | 064 | 023 | 020 | 1.90 | 050 | 154 | 1.11 |472.00 | 23200 |172.00| 820 | 0.40 | 0.00
02-Jan-18 866.00 5.00 1.06 | 001 | 010 | 0.08 | 038 | 024 | 022 | 020 |437.00 | 21400 | 26.00 |8.10w| 0.10 | 0.00
Average 146758 3136 | 1.24 | 044 | 005 | 0.04 | 142 | 058 | 027 | 0.19 |72568 | 349.03 | 49.10 | 8.02 | 0.05 | 0.01
Min. 866.00 2.00 007 | 0.01 | 001 | 001 | 0.01 | 0.01 | 0.01 | 0.01 |437.00 | 40.00 5.00 | 5.30 | 0.00 | 0.00
Max. 1776.00 113.00 | 612 | 563 | 055 | 049 | 19.82 | 11.62 | 1.54 | 1.11 | 860.00 | 426.00 |172.00 | 8.80 | 0.40 | 0.10
Statutory Limits - - 1.50 - 1.00 - 2.00 - | 1.00 -3.000 1500 100 |6.59.0, - -

High levels of total copper and total iron were due to:
1. Slag pond being full. The slag pond has since been de-sludged and the water quality has improved
2. Concentrate from the smelter being washed to the drain by rainwater. Area outside the concentrate shed has been concreted and sumps constructed to trap concentrate
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Table IV
The chemical composition of industrial water from underground (sampling point no. 431)
Date Measurement parameters

Conductivity TCu DCu TCo DCo TFe DFe TMn DMn TDS Sulphates | TSS pH Pb Cd

us mg/| mg/| mg/| mg/| mg/I mg/l mg/I mg/l mg/I mg/| mg/I - mg/l mg/l

31-Jul-18 1.300.00 0.63 0.13 0.01 0.01 0.53 0.01 0.09 0.04 650.00 325.00 57.00 8.30 0.10 | 0.00
17-Jul-18 1538.00 0.84 0.26 0.01 0.01 0.90 0.06 0.15 0.08 769.00 384.00 57.00 7.90 0.00 | 0.00
3-Jul-18 1482.00 3.75 0.01 0.01 0.01 6.88 0.01 0.67 0.01 741.00 371.00 182.00 | 7.90 0.00 | 0.00
19-Jun-18 1650.00 0.19 0.02 0.01 0.01 0.01 0.01 0.01 0.01 825.00 410.00 13.00 7.80 0.00 | 0.00
5-Jun-18 1789.00 0.81 0.19 0.01 0.01 0.82 0.19 0.14 0.09 877.00 418.00 56.00 7.70 0.00 | 0.00
22-May-18 1683.00 0.29 0.03 0.01 0.01 0.01 0.01 0.09 0.04 842.00 417.00 13.00 7.90 0.00 | 0.00
8-May-18 1707.00 0.34 0.06 0.01 0.01 0.51 0.01 0.03 0.01 854.00 418.00 81.00 8.10 0.00 | 0.00
24-Apr-18 1638.00 0.19 0.01 0.01 0.01 0.17 0.01 0.01 0.01 819.00 392.00 56.00 7.80 0.10 | 0.00
10-Apr-18 1663.00 0.24 0.05 0.04 0.01 0.16 0.06 0.04 0.01 808.00 404.00 11.00 7.80 0.00 | 0.00
27-Mar-18 1609.00 0.28 0.06 0.01 0.01 0.20 0.06 0.01 0.01 806.00 409.00 29.00 7.40 0.00 | 0.00
13-Mar-18 1589.00 0.01 0.01 0.01 0.01 0.07 0.01 0.01 0.01 793.00 395.00 47.00 7.70 0.00 | 0.00
27-Feb-18 1577.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 789.00 393.00 20.00 7.80 0.00 | 0.00
13-Feb-18 1640.00 2.95 0.92 0.24 0.01 6.03 0.08 0.25 0.21 824.00 415.00 43.00 7.90 0.10 | 0.10
30-Jan-18 1049.00 0.22 0.19 0.01 0.01 0.06 0.01 0.08 0.01 524.00 265.00 30.00 8.00 0.00 | 0.10
16-Jan-18 964.00 0.50 0.16 0.01 0.01 0.02 0.01 0.10 0.06 483.00 243.00 29.00 7.80 0.00 | 0.00
2-Jan-18 885.00 0.01 0.01 0.08 0.07 0.12 0.07 0.08 0.05 445.00 220.00 11.00 7.60 0.10 | 0.00
Average 1485.19 0.70 0.13 0.03 0.01 1.03 0.04 0.1 0.04 740.56 367.44 45.94 7.84 0.03 | 0.01
Min 885.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 445.00 220.00 11.00 7.40 0.00 | 0.00
Max 1789.00 3.75 0.92 0.24 0.07 6.88 0.19 0.67 0.21 877.00 418.00 182.00 | 8.30 0.10 | 0.10
Statutory Limits - 1.50 1.00 - 2.00 - 1.00 - 3000 1500 100 | 6.5-9.0 - -
Table V
The chemical composition of various water sample types from selected critical sampling points
Test Statutory Concentration Kafue River Industrial water Domestic water Household water Main mine
parameter (ZEMA) limits units water from underground from underground from taps effluent
Conductivity - us 250.90 1485.19 1567.75 1193.00 1467.58
TCu 1.5 mg/l 0.07 0.70 0.31 0.20 1.24
DCu - mg/l 0.02 0.13 0.10 - 0.44
TCo 1.0 mg/l 0.02 0.03 0.01 0.04 0.05
DCo - mg/l 0.02 0.01 0.01 - 0.04
TFe 2.0 mg/l 0.42 1.03 0.31 0.49 1.42
DFe - mg/l 0.17 0.04 0.08 - 0.58
TMn 1 mg/l 0.19 0.11 0.07 0.26 0.27
DMn - mg/l 0.17 0.04 0.03 - 0.19
TDS 3000 mg/l 126.65 740.56 792.63 662.00 725.68
Sulphates 1500 mg/l 63.23 367.44 393.31 325.00 349.03
TSS 100 mg/l 21.55 45.94 31.44 10.00 49.10
pH 6.5-9.0 - 7.89 7.84 7.84 7.60 8.02
Pb - mg/l 0.04 0.03 0.02 <0.1 0.05
Cd mg/l 0.01 0.01 0.01 <0.1 0.01

The prefixes ‘T’ and ‘D’ for Cu, Co, Fe and Mn stand for total and dissolved Cu, Co, Fe and Mn respectively. The chemical test results were within the ZEMA statutory limits for industrial

mine effluent.

S0,, and conductivity (see Table V). Domestic household water
from Mulonga Water and Sewerage Company (MWSC) water
network system was collected from household taps.

The chemical test results were within the ZEMA statutory
limits for industrial mine effluent.

The general physical and chemical characteristics of drinking
water with respect to non-toxic constituents are shown in Tables
VI and VIL

Air samples

The air samples referred to in this study are from the ambient
air in Kankoyo Township plus six other selected areas outside
APRIL 2020
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the township that were used as a reference for comparison (see
Table I for locations of the sampling points). The average SO,
concentrations measured are shown in Table VIIL

SO, emission trends

Figures 4-9 show the SO, emission trends at the seven weather
stations from January 2017 to May 2018.

The 18-month average trends indicate that the SO, levels
recorded at all the stations were below the ZEMA statutory
limit, apart from Kantanshi Clinic 3 and Kankoyo Clinic 5, which
had levels of 28% and 44% above the ZEMA statutory limit
respectively.
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Table VI

General physical characteristic of drinking water

Parameters Maximum permissible limit Method of test
Odour Unobjectionable to most consumers ZS 312 Part 1
Colour (True colour units TCU) 15 ZS 1SO 7887
Taste Unobjectionable to most consumers SM 2160B
pH 6.5-8.0 ZS 1SO 10523
Hardness (total) as calcium carbonate CaCO, (mg/l) 500 ZSASTM D 1126
Dissolved solids (total) mg/l 1,000 ZS 312 Part 19
Turbidity (NTU) 5 ZS1S0O 7027
Conductivity (us/cm) 1,500 ZS 1SO 7888
Source: (ZABS, 2010)

Table VIl

Non-toxic chemical substances in drinking water

Substance Maximum permissible limit (mg/1) Method of test
Calcium (Ca) 200 ZS 1SO 6068
Chloride ( Cl-) 250 ZS 1S0 9297
Chlorine residue 0.2-0.5 ZS 1SO 7393 Part 1
Copper (Cu) 1.0 ZS 1SO 8288

Iron (Fe) 0.3 ZS 1SO 11885
Magnesium (Mg) 150 ZS 1SO 7980
Sulphate (SO2,) 400 ZS 312 Part 3
Zinc (Zn) 3 ZS 1SO 8288
Phenolic compounds (as phenol) 0.002 ZS 1SO 6439
Detergents (alkyl benzene sulphonate) 1.0 ZS 312 Part 20
Sodium 200 ZS 1SO 9964 Part 1

Source: (ZABS, 2010)

Table ViIl

months (Jan 2017 to Jun 2018)

Average concentration of SO, emissions from the seven sampling stations compared to ZEMA limits for a period of 18

Month *Kankoyo Butondo Kantanshi Kantanshi Eastlea Kamuchanga Malcolm
Clinic 5 Clinic 7 Clinic 3 Clinic 6 Clinic 9 Hospital

18 Months Average Concentration of SO, (ug/m3/24h) 159.73 9.49 81.77 19.81 14.19 12.05 11.51

Statutory (ZEMA) Limit of SO, (ug/m3/24h) 125.00 125.00 125.00 125.00 125.00 125.00 125.00

*Results for Kankoyo were above the statutory limit of SO,
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Average sulphur dioxide levels for Kankoyo Township in
the last two decades

The available information for sulphur dioxide levels for the last
two decades for Kankoyo (see Table IX and Figure 11) shows

a significant decrease from over 400 pg/ms/24h in 1995 to

less than 110 pg/m3/24h in June 2018. The results reflect the
massive investments in technology for sulphur dioxide capture
in the copper smelting plants after the year 2010, which have
improveed sulphur dioxide capture by over 90% (Ross and Vries,
2005; Alistair et al., 2012).

The coefficient of determination (R?) of 0.6673 means that
about 67% of the variation in the SO, emission data is due to
variation with time. There has been a significant decrease in SO,
emissions (V64 = 0.817 ~ 82%) with time in the last two decades.

Discussion

Kankoyo residents’ perceptions on the effects of mining
on air and water quality

According to residents’ perceptions, the adversity caused by
copper smelting has reached an extent where it is a danger to
the natural and physical environment in Kankoyo Township.
The damage caused by excessive SO, levels is depicted in
Figures 12 and 13. The mining industry needs to formulate
clear strategies to address these misconceptions, and to engage
the local community of Kankoyo, if it is to survive. Despite the

600

significant reduction in air pollution that has been achieved in
the last decade, residents of Kankoyo Township still believe

that very little has been done in addressing the air and water
quality issues. The community blames the mining industry

for the economic hardships, unemployment, and air and water
pollution. This may be attributed to the historical background -
the previous mine owners used to clean up the mine townships
and provided social amenities in addition to employment
opportunities, but this is no longer the case (World Bank, 2002).

Table IX

S0, levels for Kankoyo Clinic 5 station from
January 1995 to June 2018

Year Zambian 24-hr SO, guideline (ug/m?) | Clinic 5 - Kankoyo Station
1995 125 427
1996 125 485
1997 125 342
1998 125 407
1999 125 480
2000 125 247
2017 125 184
**2018 125 105

Shaded areas indicate concentrations above the Zambian statutory guidelines limit.
*The 2018 results are from January to June 2018
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Figure 11—Average annual SO, levels at Kankoyo Clinic 5 station from January 1995 to June 2018

Table X
Air quality data for the seven weather sampling stations - monthly average readings
Month ZEMA LIMIT | Kankoyo-Clinic 5 | Butondo Clinic 7 | Kantanshi Clinic 3 | Kantanshi Clinic 6 | Eastlea Clinic9 | Kamuchanga | Malcom Hospital
Jan-17 125.00 17.09 5.53 97.13 27.73 8.82 16.67 7.52
Feb-17 125.00 20.17 2.96 122.50 45.47 11.78 16.13 8.85
Mar-17 125.00 114.21 7.21 61.20 16.25 15.39 7.06 8.25
Apr-17 125.00 277.84 0.42 75.74 2.77 4217 2.68 0.43
May-17 125.00 1.59 6.05 5.00 0.92 19.23 2.40 0.23
Jun-17 125.00 173.83 6.78 14.09 1.23 8.22 2.56 0.42
Jul-17 125.00 282.72 15.42 58.60 1.79 0.00 3.47 0.93
Aug-17 125.00 140.55 9.65 34.09 2.90 0.00 3.43 0.81
Sep-17 125.00 547.75 10.65 94.89 2.83 0.00 4.20 0.91
Oct-17 125.00 374.68 4.67 165.36 14.31 16.61 6.01 12.84
Nov-17 125.00 228.51 4.39 152.68 18.64 23.15 22.89 13.77
Dec-17 125.00 29.60 2.35 145.32 25.41 21.57 1.72 43.77
Jan-18 125.00 18.19 0.73 141.37 93.01 16.43 29.99 24.25
Feb-18 125.00 44.34 - 237.45 58.73 - 58.37 57.18
Mar-18 125.00 - - 37.53 37.61 - - -
Apr-18 125.00 - 64.47 8.56 2.76 19.03 - -
May-18 125.00 118.09 8.34 12.07 2.23 19.63 1.82 1.53
Jun-18 125.00 166.54 2.24 8.26 2.04 5.02 3.34 2.50
Average 125.00 159.73 9.49 81.77 19.81 14.19 12.05 11.51
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Causes of air pollution

Air pollution in Kankoyo Township is perceived to be due entirely
to mining operations, and this is a strong belief among the
residents of this old mining township. Perhaps this has been an
inherited problem for the current generation in the township.
Clean air is a basic requirement of human health and wellbeing
(WHO, 2006). Air pollution has continued to be perceived as

a serious environmental problem in Kankoyo Township. The
main causes of air pollution are the sulphur dioxide gas and
particulate matter emitted from the copper smelting plant. The
extent of air pollution is quite devastating, as can be seen from
the destructive effects on the physical and natural environment
(Figures 11 and 12), and requires sustainable and responsible
solutions to minimize its impact on the environment..

Causes of water pollution

The cause of water pollution in Kankoyo Township is perceived
to be negligence by the water utility and lack of concern from the
mining company. The erratic extent of water pollution is cause
for concern and requires sustainable and responsible solutions to
mitigate its impact on the health and social wellbeing of people
in the township. Although there is limited information on public
perceptions of water supply in Kankoyo, the available evidence
focuses on perceptions of water quality. Even though previous
reports show instances of acid contamination in Mufulira’s water
network (CTPD, 2010), this study found that about 80% of the
population in Kankoyo have the misconception that MCM has
permanently polluted the water supply to the township.

Comparison of SO, levels at different sampling points

The air quality was evaluated by comparing SO, levels from seven
weather stations. As shown in Table VIII, the highest average
S0, concentration was 159.73 pg/ms3/24h at Kankoyo Clinic 5,
and the lowest was 9.49 pg/ms3/24h at Butondo Clinic 7. The
average levels of SO, from the seven weather-sampling stations
for a period of 18 months from January 2017 to June 2018 are
compared to the Zambia Environmental Management Agency
(ZEMA) emission limits in Figures 3 to 9. The 18-month average
trends show that the emissions recorded at all the weather
monitoring stations were below the ZEMA statutory limit, apart
from Kantanshi Clinic 3 and Kankoyo Clinic 5, at which the

S0, levels were 28% and 44% above the ZEMA statutory limit
respectively.

Sulphur dioxide capture

The capture of sulphur dioxide from the copper smelting plant
has greatly improved due to the new and improved technologies,
which reduce or even eliminate air and water pollution. The

o
1]
o

Figure 12—House with iron roof sheet corroded by acid rain (August 2018)

Figure 13—Bare land devoid of vegetation (August 2018)

traditional smelters used to emit most of the sulphur dioxide
generated, but now almost all of it is captured prior to emission
using new technologies, such as the complex gas absorption
towers in the sulphuric acid plants and electrostatic precipitators,
which capture dust particles and return them to the process.

The results indicate a significant reduction in sulphur dioxide
emissions from the copper smelter. As shown in Figure 13, the
average sulphur dioxide capture was 48% from 2007 to 2013
and about 94% from 2014 to 2018. However, the average annual
sulphur dioxide levels for 2017/2018 were 144.5 pg/m3 in
Kankoyo Township, which is 15.6% above the statutory limit of
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Figure 14—Sulphur dioxide capture trend for the period March 2007 to March 2018. The line at 97% indicates the design capacity for SO, capture in the acid plant
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125 pg/mé in ambient air (per 24 hours). Figure 13 shows the
smelter sulphur dioxide capture trends for the period March 2007
to March 2018.

The results given in Figure 13 show a significant reduction
in sulphur dioxide emissions from the copper smelter. The
average sulphur dioxide capture was 48% from 2007 to 2013
and about 94% from 2014 to 2018. The 46% improvement in
sulphur dioxide capture in the four years from 2014 to 2018 is
attributed to technological upgrades and good operating practices
implemented at the Mopani Mufulira copper smelter. According
to Ross and Vries (2005), from the inception of the Mufulira
copper smelter in 1937 there was no sulphur dioxide abatement
facility. However, the current ISASmelt technology is designed
to capture sulphur dioxide in a separate plant and convert it
into sulphuric acid, which is sold to other mines. The average
annual atmospheric sulphur dioxide level for 2017/2018 was
144.5 pg/m3 in Kankoyo Township, which is 15.6% above the
statutory limit of 125 pg/mé per 24 hours in ambient air. This
is not an acceptable level of exposure as it may have adverse
environmental and health implications for the community.

Water quality

The results from the five critical sampling points are given in
Tables 111, IV, and V. These results are the arithmetic averages of
the analyses obtained for each parameter for the period January
to July 2018, except for household or domestic water from taps,
which was sampled between March and August 2018. The
prefixes ‘T’ and ‘D’ for Cu, Co, Fe, and Mn stand for total and
dissolved species respectively.

Kafue River water

The Kafue River water is the source of water supply for
both domestic and industrial use. The average water quality
parameters were all within the statutory limits (Table V).

Tap water (domestic water from underground)

Drinking water for the people of Mufulira is supplied from three
main sources. The municipal residential area has piped water
from the Kafue River. The mine townships are supplied by the
network that delivers water partly from the dewatering operations
in the underground mine and partly from the Kafue River. The
local water utility, Mulonga Water and Sewerage Company
(MWSC), solely manages the water supply. The third source of
water is the boreholes and shallow wells for those people who
are not connected to the piped network. Kankoyo Township is a
mine residential area, which is exclusively supplied with treated
water from the underground network. The average water quality
parameters were all within the statutory limits (Table V). The
relatively high levels of turbidity, iron, and sulphates (see Table
III) can be attributed to the heavily dilapidated water network
infrastructure, since these are not lower than those from the
mine effluents, which are the possible sources of contamination.
The tap water in most households was collected from dilapidated
water connections, which are much more prone to contamination.

Air quality

Ambient air quality is defined by the physical and chemical
measure of pollutant concentrations in the ambient atmosphere to
which the general population will be exposed. In most developing
countries, ambient air quality is reported to have deteriorated
seriously, especially in urban areas, exposing populations to
pollutant levels above the recommended limits (UNEP, 1998).

The Journal of the Southern Aftican Institute of Mining and Metallurgy

Although there are seasonal and operational variations in
sulphur dioxide levels as shown in Table VII1, the general trend
still shows that Kankoyo Township is more affected than other
townships. Out of the 48 times that Mufulira recorded SO, levels
above the 125 pg/mé per 24 hours ZEMA maximum allowable
limit in the period January 2017 to June 2018, Kankoyo township
alone recorded 23 instances representing 48% of the total counts.
Kantanshi Clinic 3 and Clinic 6 stations recorded excessive levels
thirteen and six times, representing 27% and 13% respectively.
Butondo and Eastlea stations recorded no incidences of excessive
SO, levels during the same period. Kamuchanga Station and
Malcolm Hospital Station recorded four and two incidences
representing 8% and 4% respectively.

Water quality

The chemical composition of water and effluent samples from
the Kafue River, industrial water (from underground), domestic
water (from underground), household water (from the taps), and
mine effluents is given in Table V. These results are the averages
of the analyses obtained for each parameter in the period March
to August 2018. Table V shows that the values of all parameters
were within the ZABS allowable limits for drinking water (see
Tables VI and VII). The pH values were within ZEMA statutory
limits of 6.5-9 in all water samples tested.

The domestic water from underground shows relatively high
conductivity levels, including total iron (TFe) (0.01-1.11 mg/l)
and sulphates (214-577 mg/L. The relatively high level of copper
at 3.62 mg/l in the month of July 2018 in the mining effluent
samples can, however, be attributed to direct contamination from
the runoff waters (see Table V) accounted for by experimental
error.

The impact of air and water pollution on the local
environment

The environmental impacts of mining operations are significant
and quite often severe, especially in Kankoyo Township. The
buildings and the surrounding environment have been degraded
due to the corrosive effects of acid rain. Residents complain of
headaches, coughing, itching eyes and ears, and bronchitis.

The mining operations in the Mufulira district are within the
catchment area of the Kafue River and other natural water bodies
such as the Mufulira and Kansuswa streams. Several studies
have shown that concentrations of many dissolved elements

are elevated in the Kafue River and its tributaries within the
Copperbelt (Lindahl, 2014). The contaminants are mainly from
the run-of-mine (ROM) ore and untreated effluent such as the
domestic and industrial water from underground and processing
plants.

MCM has shown commitment to pollution control and
environmental management, as evidenced by environmental
monitoring and investments in technological upgrades in order to
improve process efficiency and minimize pollution. However, the
results from this study show that the general dilapidation of the
water pipeline and network system is another potential source of
water pollution.

Conclusions

The study found that there has been a significant reduction in
sulphur dioxide emissions from the copper smelter since the
implementation of the smelter technological upgrades in 2014.
The average sulphur dioxide capture was 48% from 2007 to 2013
but improved to about 94% from 2014 to 2018. The average
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annual sulphur dioxide level for 2017/2018 was 144.5 pg/m3
in Kankoyo Township which is 15.6% above the statutory limit
of 125 pg/ms .The occurrence of periodic fugitive emissions
(due to technical or operational failure) may cause air pollution,
but not to significant or alarming levels. This is evidenced by
some high spikes in the SO, level on certain days of the month,
as is the case for Kantanshi Clinic 3 and Kankoyo Clinic 5 air
monitoring stations. It was also observed that air pollution has
adversely affected the physical environment, as evidenced by
excessive corrosion of iron roofing sheets, wall plaster, and paint
degradation, as well as serious deterioration of the soils due to
acid rain.

The general water quality meets the ZEMA and ZABS
statutory limits for effluent discharge and domestic drinking
water quality, respectively. It is worth noting that the water
quality in this area may not only be attributed to the mining
activities, but also to the dilapidated water infrastructure and pipe
network, which may be another source of water contamination.

However, the negative effects of air and water pollution that
has prevailed for the past six decades are still noticeable and give
rise to serious environmental concerns among Kankoyo residents
and other interested parties. It is for these reasons that this study
sought to fill this knowledge gap by investigating the effects of
sulphur dioxide emissions and mine effluent discharge on air
and water quality respectively in Kankoyo township of Mufulira
district.

Recommendations

It is recommended that other researchers take this research
further and look at the aspects of soil quality and rehabilitation of
the degraded environment in Kankoyo Township.

Furthermore, the mining company should seriously consider
investing in environmental protection programmes and projects,
such as reclamation of mine tailings, revegetation of degraded
mine land, and investing in research and development on
green mining technology, that will help mitigate some of the
environmental concerns raised by the communities around the
mine site and various other stakeholders. It should also consider
ongoing technological improvements to maximize sulphur dioxide
capture. The captured sulphur dioxide could be used not only
for sulphuric acid production, but also for other value-added by-
products such as phosphoric acid and sulphate- and phosphate-
containing fertilizers.

To ascertain the effectiveness of its air and water pollution
control, MCM should ensure robust equipment maintenance and
strict routine environmental monitoring of all pollution control
points. ZEMA and the local authority should have adequate
resources to provide the various stakeholders with information
on the state of the environment and various sources of pollution
that the community may be experiencing.
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