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ABSTRACT

In Zambia, like in many other countries, industrialisation has brought with it the problem

of environmental pollution associated with industrial wastewaters. The discharge of

industrial wastewater into public sewers may deteriorate sewer structures, increase

maintenance costs, add problems in sewage treatment and contribute to stream pollution.

Direct discharge into streams may harm aquatic life and deem the water unfit for its

intended use. It is therefore necessary to reduce the volumes and strengths of wastes by a

combination of measures. Realising that some work has already been done with regard to

the legal, policy and administrative frameworks, this study sought to clarify the situation

with regard to industrial wastewater management. The study covered three main areas,

each of which had its own objectives. These were:

a)

b)

Industrial wastewater management in Zambia

To analyse the effectiveness, relevance and currency of the relevant legal, policy and
administrative frameworks with regard to industrial wastewater management in Zambia
To assess the perspectives and awareness of local industry regarding the relevant
legislative and other frameworks and the resulting responses

Case study of a Lusaka slaughterhouse

To evaluate the installed industrial technology

To establish water use patterns and conservation measures

To assess awareness of effluent regulations and compliance requirements

To evaluate the status of pretreatment technology

To establish the availability of analytical facilities for water quality testing

Pilot plant investigations on treatability of slaughterhouse wastewater by trickling
filtration

To assess treatability of slaughterhouse wastewater by trickling filters

To assess the potential for reducing pollution loads so as to meet discharge standards

To provide a basis for ihe design of a full scale trickling filter treatment plant

Assessment of industrial wastewater management was carried out by way of an extensive

literature review of the relevant legislation and local publications. This was backed by

interviews and discussions with personnel from industry, relevant government departments

and local authorities. The awareness and perspectives of local industries to environmental
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legislation and related issues was further ascertained by conducting industrial site surveys
coupled with questionnaires. The situation was further clarified by a case study of a
slaughterhouse in Lusaka involving water and wastewater management. The industrial
technology, water supply and consumption situation, wastewater production and treatment
and attitude towards environmental protection were eétablished by working in close co-
operation with personnel in various sections of the plant. Pilot plant investigations were
carried out on a rock media fixed distributor trickling filter on the treatability of
slaughterhouse wastewater. Treatability studies were based on COD removal efficiency of

composite samples.

It has been found that there are a lot of duplications and overlaps in responsibilities among
various government departments characterised by lack of implementation and enforcement.
Of all the relevant Acts, only the Environmental Protection and Pollution Control Act was
being implemented though with some drawbacks. Dissemination of the necessary
information to the target group had not been effective which prompted industries to
advocate for regular seminars and workshops on the relevant legislation and aspects of
pollution control. The case study further revealed the non-enforcement of regulations and
lack of environmental awareness from industry. Pilot plant treatability studies gave results
that showed average COD removal efficiencies of 37.8 and 23.9 percent at hydraulic

loading rates of 0.34 m’/m’h and 0.49 m*/m’h, respectively.

Generally, the legal and institutional frameworks need to be reformulated to eliminate
duplications and overlaps of authority. It is important that only one body is charged with
the responsibility of pollution prevention and control. There is also need to strengthen the
enforcement procedures and to launch an awareness drive to enlighten industries and local
authorities on the relevant legislation and aspects of pollution control. It has been
recommended that emphasis should shift from an approach based on discharge licences and
permits to one which promotes a preventive approach. The case study established the need
to address the aspect of enforcement and environmental awareness. For the pilot plant
investigation, the effluent COD values were mostly higher than the stipulated value (1800
mg/l) for discharge into public sewers. This has been attributed to high fluctuations in
influent COD that gave rise to inconsistent treatment performance. It has been
recommended that the research be continued incorporating proper primary treatment

(screening, equalization and settling) and an effective final clarification step.




PREFACE

This study evolved from the collaborative partnership between the Department of Civil
Engineering at the University of Zambia and the Delft University of Technology of the
Netherlands, through the Joint Finance Programme in Higher Education (MHO). The
programme of study comprised two parts. The first part was course work undertaken at The
Institute for Infrastructure, Hydraulics and Environmental Engineering (IHE) in Delft, The

Netherlands. This research constituted the second and final part.

The emphasis of the MHO project, and this programme in particular, was practical research
to help contribute towards establishing the Civil Engineering Department as a centre of
reference for environmental and water-related issues in the country. It was with this in mind
that research work was undertaken in the realm of industrial wastewater management. It is
hoped that this will foster long-lasting co-operation ties with local industry. The Kembe Cold
Storage Corporation, a meat packing plant, was the first industry that showed interest in this

area and was selected as a case study.
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1. Introduction

1.1 Background

The worldwide concern on protection of our environment is increasingly gaining ground.
Pollution of the environment through the release of waste substances has been one of the
major concerns. In this regard, one of the main thrusts has been the protection of water
resources from different types of pollution because, as it is said, water is life. Prevent

contamination of water, and you contribute towards protecting and prolonging life.

In Zambia, as in many developing countries, industrialisation has brought with it the problem
of environmental pollution associated with industrial wastewaters. For Zambia, the nature and
quantities of these wastewaters have now reached a stage where they have to be monitored and
controlled. The Environmental Protection and Pollution Control Act of 1990 was enacted
against this background (The government of the Republic of Zambia, GRZ, 1990). The major
problem has always revolved around how to address industrial wastewater pollution in a
situation characterised by an alarming paucity of both information and data. Realising that
some work has been done in presenting an overview of the sector with regard to the legal and
administrative frameworks and other broad issues, this study sought to clarify the situation

with regard to the prevailing scenario in Zambian industries.

1.2 Industrial Wastewater and the Environment

Within the general context of environmental management, the issue of industrial wastewater is
becoming increasingly topical, not only in developed countries, but in developing countries as
well, in many of which industrial development is hampered by lack of suitable sources of
water. Conflicts among agricultural, industrial, energy and public sector water use have arisen.
The discharge of industrial wastewater into public sewers may deteriorate sewer structurés,
increase maintenance costs, add problems in sewage treatment and may increase stream
pollution. There may also be problems with the disposal of sewage sludge contaminated with

metals. It is therefore often necessary to reduce the volumes and strengths of wastes by way of




a combination of measures. It is against this background that the treatment of wastewater

presents itself as a formidable challenge to the industrialist, the public and the state.

In order to control water pollution from industrial effluents, there is need for comprehensive
legislative, institutional and administrative frameworks. In formulating the above, it is
imperative that the target group be involved and well informed about the developments from
the onset. This prepares industry to make decisions on the course of action to take in order to

manage their waste and control pollution.

Andreadakis (1997) mentions three main control options for managing industrial liquid

wastes:

e on-site treatment (involving recovery and reuse of valuable materials including water),
followed by direct discharge to the aquatic environment;

e off-site treatment, in combination with other industrial effluents at a central facility and
direct discharge onto surface water; and

e discharge to the public sewerage system of the untreated or pre-treated waste.

In Zambia, it is common to find direct discharge of untreated or pre-treated effluent from
industries into the public sewers and even to the aquatic environment. There has not been a
case where industries joined forces to have an off-site treatment in combination with other

industrial effluents at a central facility.

Various regulatory agencies agree on the general approach to prevent and control pollution
from industry. This is explained in the following section. Whichever way one looks at it,
industries are increasingly facing a plethora of tightening restrictions on both the content and
volume of their effluent. It is from this standpoint that the following general approach is the

preferred way of handling waste.

1.3 Pollution Prevention and Control Philosophies

Until the late 1960s, restrictions on the discharge of wastes were not particularly stringent and,
with the availability of cheap energy and raw materials, industry had little incentive to

conserve their use or control the generation of wastes and their subsequent discharge into the



environment (UNEP-IE, 1986). Since the UN conference on the Human Environment held in
Stockholm in 1972, many countries accelerated their environmental concerns and adopted

legislation to control their environment.

Most environmental protection efforts have traditionally been directed towards control of
pollution from waste substances after it has been generated, the so-called end-of-pipe
treatment (Lindsey et al., 1996; Tipping and Brooking, 1995). Although it may sometimes be
effective in protecting the environmént, this method of waste management does not usually
solve the pollution problem; rather, it alters the problem often by transferring pollution from
one medium to another. Therefore, this has little environmental benefit. It is increasingly being
realised that both industry and the environment can gain from introduction of pollution
prevention strategies (Lindsey ef al., 1996). It is in this context that emphasis has shifted away
from how to deal with the amount of wastes produced towﬁrd efforts concentrated on reducing
the amounts of wastes produced. Pollution should be prevented or reduced at the source
whenever feasible, while pollution that cannot be prevented should be recycled in an
environmentally safe manner. In the absence of feasible prevention and recycling
opportunities, pollution should be treated. Ultimate disposal into the environment should be

the last resort (Theodore and McGuinn, 1992).

Figure 1.3.1 shows the hierarchy for dealing with waste. Source reduction covers any practices
that reduce or eliminate the creation of pollutants and includes: equipment or technology
modifications, process or procedure modifications, substitution of raw materials; and
improvements in housekeeping, maintenance, training or inventory control (Lindsey et al.,
1996).

Recycling attempts to recover a usable material from a waste stream. A material is recycled if
it is used, reused or reclaimed. Recycling through use and/or reuse involves returning waste
material either to the original process as a substitute for an input material, or to another
process as an input material. Recycling through reclamation is the processing of a waste for
recovery of a valuable material or for regeneration. Reuse involves finding a beneficial

purpose for a recovered waste in a different process.
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Figure 1.3.1: Hierarchy of waste management options

(After Lindsey et al., 1996 and Theodore and McGuinn, 1992)

Three factors to consider when determining the potential for reuse are (Theodore and

McGuinn, 1992):

1. the chemical composition of the waste and its effect on the reuse process

2. whether the economic value of the reused waste justifies modifying a process in order to
accommodate it

3. the extent of availability and consistency of the waste to be reused

After source reduction and recycling, the next step is treatment by physical, biological and/or
chemical treatment methods to reduce toxicity and volume of waste requiring ultimate
disposal. The final effluent is discharged into water bodies or used for restricted irrigation.

Sludge is disposed of by landfilling, land-farming, deep-well injection or ocean dumping.

Reducing the amount of pollutant or waste produced initially will result in a reduction of the
costs associated with handling of that waste (Theodore and McGuinn, 1992). Therefore, the
costs resulting from the transportation, disposal, and treatment of wastes will be lowered. In
addition, income can be derived through the sale, reuse, or recycling of certain wastes.
However, an economic analysis has to be carried out to determine the viability of the measures

and to establish whether the investment costs can be recouped and how long that would take.

Liabilities can be short-term or long-term. Short-term liabilities are associated with releases to

the environment resulting in non-compliance with permits, personnel exposure and workplace



safety. Long-term liabilities result from on-site or off-site disposal if it is established that the
waste is releasing contaminants into the environment and the generator is compelled to

undertake remedial action (Theodore and McGuinn, 1992).

Lindsey et al. (1996) state that pollution prevention can be the least expensive means of
reducing industrial discharges, and list some benefits to industry of properly selected and

deployed pollution prevention technologies as:

reduction of waste monitoring, treatment and disposal

improved worker safety due to less exposure to hazardous material

e reduction of raw material usage and manufacturing cost

¢ regulatory compliance expense reductions

e improvements in public image and employee morale through reduced hazardous chemical
emissions using safe chemical substitutes and process aliernatives

e productivity gains associated with more efficient processes.

In spite of the benefits listed above, a number of industries have not instituted waste
prevention measures. Some obstacles preventing investors from using environmentally sound
technologies are (Lindsey ef al., 1996):

e insufficient awareness of the environmental effects of production processes

o lack of understanding of the true costs of waste management

e no access to technical advice

e insufficient knowledge to implement new technologies

¢ lack of financial resources, or

e management inertia and resistance to change

The hierarchy of waste management explained earlier falls under the concept of “clean
technologies” which covers three distinct but complementary purposes (Matilla, 1989):

e Less pollution discharged into the natural environment ( air, water and earth)

o Less waste; this is why reference is often made to low-waste or non-waste technologies

¢ Less demand on natural resources ( water, energy and raw materials)




Waste minimisation does not deal with the implementation of low or non-waste technologies
solely at the production stage. It is important to minimise waste at all stages of a product’s life:
raw material extraction, production, use and disposal after use. Conventional controls only
deal with the problem of first-generation pollution, which is created in the manufacturing
process and regulated by legislation, while ignoring the problem of second-generation
pollution related to product use. Thus if a pollutant is created during consumption of the
product, the problem is at the user’s end and cannot be solved by conventional controls
applied to the manufacturing process. The overall ‘environmental content’ of a product should
be optimised (UNEP-IE, 1989). This falls under an environmental management tool known as
product life-cycle assessment. It is an objective process to evaluate the environmental burdens
associated with a product, process or activity by identifying and quantifying energy and
materials used and wastes released to the environment, to assess the impact of those energy
and materials used and releases on the environment, and to evaluate and implement
opportunities to effect environmental improvements. The assessment includes the entire life-
cycle of the product, process or activity, encompassing extraction and processing of raw
materials, manufacturing, transportation and distribution, use/re-use/maintenance, recycling

and final disposal (UNEP-IE, 1995)

New environmental concepts, policies and management systems are being developed in order
to improve industrial environmental management (UNEP-IE, 1995). In 1991, the International
Organisation for Standardisation (ISO) established a Strategic Advisory Group on the
Environment (SAGE) to explore environmental standardisation as a vehicle to implementing
concepts of sustainable development. SAGE working groups were organised and met to
develop standards frameworks in the following areas:

e Environmental management systems

¢ Environmental performance evaluation

e Life-cycle assessments

¢ Environmental labelling

e Environmental auditing

e Environmental aspects of products standards




These environmental management standards fall under the ISO 14000 series, which are
developed by the ISO Technical Committee TC 207 established in 1993. Earlier work in this
area in the ISO through the SAGE had either been completed or was continued by the TC.

Waste management is not only a matter of technology: it involves planning and organisation,
common sense, an innovative attitude, good housekeeping - in other words, sound
management practices. A successful pollution prevention programme can be achieved by
properly educating all employees, customers and suppliers on the advantages of a pollution
prevention programme and by including these individuals in the development and

implementation procedures.

Industries in Zambia generally discharge their wastewater into sewers leading to publicly
owned treatment works (POTWs) operated by local authorities. POTWs should naturally have
a very close relationship with industrial plants whose wastewater they receive. Operators of
POTWs need to be aware of how they will be affected and can benefit from the anticipated
increase in the use of pollution prevention measures by industry. For new industries that
require the services of POTWs, an agreement has to be reached for the mutual benefit of both

parties.

In Zambia, although POTWs were given authority to restrict wastewater pollutants from
industrial sources by the Local Administration (Trade Effluent) Regulations statutory
instrument No. 161 of 1985, they accept discharges that exceed the stipulated standards. This
causes great strains on treatment processes and results in poor treatment performance and.
often allows wastewater to pass untreated through the treatment facilities. These wastewater
treatment facilities have to meet environmental standards imposed by the Environmental
Council of Zambia (ECZ). ECZ focusses on POTWs and not on the number of industries
serviced. In this regard, POTWs are forced into a front line enforcement role for the industries
discharging into their sewers. Failure to regulate industrial effluent means a plethora of
treatment plant problems and eventual inability to meet standards for discharge into water
bodies. However, it still remains to be seen what ECZ can do to POTWs, which are the main

culprits in contravening effluent regulations.




It is the task of the Zambian government to set a comprehensive multi-media regulatory
framework which will lead to the use of low and non-waste technologies (cleaner
technologies). Programmes on cleaner technologies are underway through ECZ and the
Zambia Chamber of Commerce and Industry (ZACCI), as explained in section 3.5.2. Stricter
environmental regulations on emissions and disposal, and tight enforcement procedures are
necessary. But these must be combined with an incentive scheme: research and development,

training activities and education programmes, collection and transfer of information.

Policy options for waste minimisation include creation of an information base and taxation of
wastes. Among waste taxes, the concept that has found widest applications is that of effluent
charges. This approach is successful provided there is sufficient competition in the market to
prevent the charge being passed on to the consumer, and provided the charge is equivalent to
the level of damage or at least the cost of treatment. In implementing these charges it is
necessary to ensure that they are not merely taken as the licence to pollute, because rich
industries would easily pay the required fees and continue polluting. Making the charges high
enough to discourage such discharges would promote self-regulation and contribute towards

environmental protection.

A change is likely to take place in the mentality of the producer when he understands that
waste reuse is a source of valuable products and more profits. He gives it closer attention than
when he sees it as an aspect of production to which priority is to be given solely on account of

inspectors or social pressure.

14 Objectives of the Study

The major objective of the study was to give an insight into the management of industrial
wastewater in the Zambia. This is dealt with under three distinct but interrelated subjects.
These are (a) review of relevant legislation pertaining to industrial wastewater and other
related issues; (b) case study of a slaughterhouse with regard to water and wastewater
management and; (c) pilot plant investigations on the treatability of slaughterhouse effluent by

trickling filtration. Each of these had its sub-objectives as listed in the following sections.




1.4.1 Industrial Wastewater Management in Zambia

e To analyse the effectiveness, relevance and currency of the relevant legal, policy and
administrative frameworks with regard to industrial wastewater management in Zambia
e To assess the perspectives and awareness of local industries regarding the relevant

legislative and other frameworks and the resulting responses.

1.4.2 Case Study of a Lusaka Slaughterhouse

e To analyse installed industrial technology

e To evaluate the status of pretreatment facilities

e To assess industrial water use

e To explore the potential of in-house methods to reduce water consumption and pollution
¢ To investigate the availability of water and wastewater analytical facilities

¢ To propose viable waste treatment techniques

1.4.3 Pilot Plant Investigations: Treatability of Slaughterhouse Effluent by
Trickling Filtration

e To assess treatability of slaughterhouse wastewater by trickling filters
e To assess the potential for reducing pollution loads so as to meet discharge standards

e To provide a basis for the design of a full scale trickling filter treatment plant.
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2. Methodology

21 General

This chapter presents the methodology adopted for each of the three areas covered in the
study. Firstly, it delves into the aspects considered in assessing the situation regarding
industrial wastewater management in Zambia. Secondly, the selection and approach of the
case study are explained. Thirdly, it gives an overview of the selection, design,

construction and operation of the pilot plant.

2.2 Industrial Wastewater Management

The assessment of industrial wastewater management in Zambia was carried out by an
extensive consultation of the relevant legislation and local publications. Interviews and
discussions were conducted with industries and the relevant authorities in environmental

and water sectors.

The relevant authorities and organisations covered were:

¢ Ministry of Environment and Natural Resources

e Environmental Council of Zambia

e Ministry of Energy and Water Development — Department of Water Affairs
e The Water Sector Development Group

o Lusaka Water and Sewerage Company

e Local authorities in Lusaka, Kabwe, Ndola, Kitwe and Chingola

The pertinent questions raised were the role of these organisations in pollution prevention
and control, their relevant legal backing, basis of pollution fees if any, penalties for
contravening the relevant legislation and specific cases as examples, and relationship with

other environmental authorities.

For the industries, the assessment dwelt on wastewater management, awareness and
perspectives of environmental legislation and other related aspects. Questionnaires were
prepared and distributed to selected industries. Distribution of questionnaires was coupled
with industrial site visits to survey and assess the status of wastewater pretreatment or

treatment facilities. The questions set were meant to capture finer pieces of information
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relating to the existence of pretreatment or treatment facilities, knowledge of wastewater
characteristics and how acquainted industries were with the relevant legislation pertaining

to industrial wastewater. A sample questionnaire is given in Appendix A.

The industries targeted were those in food processing or related category. The selection of
industries was based on two criteria: those that mainly produce organic wastewater; and
those that are more or less widely distributed in the country. These were breweries,
slaughterhouses, milk-based industries, canning industries, soft drink plants and edible oil

industries.

Selection of the towns was confined to the major towns where industrial activity is
concentrated in Zambia. A total of seventeen industries were selected from Lusaka in
Lusaka Province and Ndola, Kitwe and Chingola in the Copperbelt Province. Figure 2.2.1
is a map of Zambia showing some of the towns covered in the study. The categories of the

industries visited in these towns are given in Table 2.2.1.
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a) Approach used in Lusaka and response

A period of one week was given to the selected industries to answer the questions. When
distributing the questionnaires, time was allocated for short industrial surveys to establish
whether or not wastewater treatment facilities were available and the status they were in.
After one week, the author went around collecting back the questionnaires. In most cases,
the questionnaires were not ready at the time of collection and more time had to be given.

This exercise took about three months.

Table 2.2.1: Industries visited in each town

Lusaka Ndola Kitwe Chingola

Breweries 2 1 1 -
Soft drink plants 1 - 1 -
Slaughterhouses 2 1 1 1
Milk-based industries 1 - - -
Canneries 1 1 - -
Edible oils, soaps & detergents 1 1 - -
Confectioneries - - 1 -
Sub-totals 8 4 4 1

b) Approach used for other towns

To avoid the delay experienced in Lusaka, the approach adopted for the other towns was
different. The questionnaires had to be filled in there and then under the guidance of the

author.

2.3 Case Study of a Slaughterhouse
2.3.1 Selection of Industry for a Case Study

The contacts that existed between the Civil Engineering Department and management of
Kembe Cold Storage Corporation yielded an offer to use their slaughterhouse as a case

study of industrial wastewater management in Zambia.

The industry satisfied the following criteria as well:

¢ Locality- the industry was located within the city of Lusaka
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e The pretreatment facility was rundown (the need for an alternative was obvious)

e The wastewater was organic to allow for biological treatment

The slaughterhouse is located in the heavy industrial area west of Lusaka along Mumbwa
Road - the road to Zambia’s Western Province. Figure 2.3.1 shows the location of the

slaughterhouse in Lusaka.
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2.3.2 Approach and Areas Covered
The aspects considered and how they were implemented are given below:

e review of industrial technology — plant survey and asking technical personnel on
machinery and processes. Two weeks was spent stuciying the slaughtering processes to
produce a process flow diagram.

e analysis of water use patterns and the potential of recycling and/or reuse — monitor
usage by plant walk-through, installation of meters and monitoring readings, and
working in close association with the plant plumber.

e determination of the sources and characteristics of wastewater — identification of the
main processes producing wastewater from the flow diagram and sampling after the
various streams have merged.

e wastewater treatment practices and status of pretreatment facilities — by assessing the
condition of wastewater conveyance and treatment facilities and the attitude/attention
towards pollution prevention

¢ viable end-of-plant treatment options — by considering a number of treatment options

and selection of a process that would suit the Zambian situation.

role of good housekeeping through internal reduction of water use and waste loads and

identifying areas for by-products generation.

The details for the case study are presented in chapter 4.

2.4 Pilot Plant Investigations: Treatability of Slaughterhouse Effluent
by Trickling Filtration

2.4.1 Selection of Treatment Process

Viable end-of-pipe treatment options appropriate to this industry under the Zambian
scenario had to be sought. Of immediate interest were the stabilisation ponds and lagoon
systems. These could not be used because of their large land requirements. Demands for
operation and maintenance coupled with high skilled labour requirements eliminated
treatment techniques such as activated sludge and anaerobic systems. The trickling filter

was chosen as the most suitable process. Details are presented in section 5.3.
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2.4.2 Description of the Pilot Plant: Design and Construction

The main units of the pilot plant were a wastewater reservoir (already existing), abstraction
pump, flow control tank, stilling tank, mixing tank, trickling filter, humus tank (final
clarifier) and recirculation pump. All the treatment unifs were made from steel except for
the flow control and flotation tanks and the recirculation sump, which were ready-made
210 litre plastic containers. The pipe network for distribution was of rubber hose. The steel

units were given two protective coats of red oxide.

Design considerations were concentrated on the trickling filter unit. The hydraulic and
organic loading rates were the points that determined the design. Detailed design

considerations and construction features of the pilot plant are given in section 5.10.

A biochemical oxygen demand (BOD) value of 800 mg/l was selected. This was based on
an assumed influent concentration of 1500 mg/l diluted by at least 100 percent
recirculation of highly treated final effluent. By varying the flow rate, the volume and area
of the filter was computed using the following relationships (Veenstra and van Duijl,
1995):

I - load(kgBOD/d)

kgBOD/m® filter | d 2.1
Volumeﬁ,,e,(m3 ) (ke m filter ! d) 1)

and

flowrate  Q(m’/ h)

HSLR = = >
Areaﬁ,,e, Af(m )

(m/h) .2)

where
Lv = volumetric organic loading rate,
HSLR = hydraulic surface loading rate, m/h

The trickling filter had a media.depth of 1.8 m and a square cross section area of 3.24 m?

Construction details of the trickling filter are provided in section 5.10.

A fixed flow distributing system was adopted over a rotary distributor because it was easier
to operate. Due to anticipated clogging problems, open distribution channels were selected

to facilitate cleaning. A square cross section for the filter was selected because it was
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simpler to fabricate than a circular section. Steel was chosen considering the ease with
which fabrication works could be carried out. Rusting was minimised by painting the

surfaces with two protective layers of red oxide.

The final clarifier design was based on surface loading rate and retention time. Previously,
it was felt that the clarifier be made in such a way as to be adjusted according to the flow
rate. This was not done because of anticipated construction complications. The fabricated
clarifier was trapezoidal in shape with a volume of about 0.8 m’, water depth 0.75 m and
liquid surface area 1.65 m?>. It had a provision for sludge removal by way of a gate valve at

the bottom. Scum was skimmed from the surface manually.

Construction of the pilot plant (all the units except for the clarifier) was carried out in a

period of two months - from the beginning of May to the beginning of July.

2.4.3 Operation and Experimental Programme

The plant start-up was on 10" July 1997. Five days after start-up, seed sludge was
introduced from a humus tank (final clarifier) at Chunga Sewage Treatment Plant in

Lusaka.

It was observed at start-up that the minimum hydraulic loading required for good
wastewater distribution over the filter and to ensure that the whole area was wet was about
1.1 m*h. Flow distribution was very poor at lower flow rates. This also meant that the -

operation and classification of the filter had to be determined by the hydraulic loading rate.

On completion of the clarifier, the pilot plant was operated at fixed influent and
recirculation flow rates. The total flow to the filter remained at 1.1 m’/h. The main
purpose of recirculation was to dilute the influent. The hydraulic operation regime was in
the intermediate range until October 15 when, due to a high proliferation of filter fly larvae
on the media, the flow rate was increased to the high-rate range'. Influent flow was
determined by a stopwatch and graduated container while the recirculation flow was
measured by a flow meter. From time to time, the flow meter reading was counterchecked

by the stopwatch and graduated container.

! The hydraulic loading regimes for intermediate and high-rate filters are 3.7-9.4 and 9.4-37 m*/m’.day,
respectively.
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All the analyses were performed according to “ Standard Methods” (APHA, AWWA,
WEF, 1995). The treatment performance was based on BOD removal efficiencies because
the pilot plant was constructed mainly to reduce biodegradable organic matter. Because of
the time required to have results for the BOD tests, it was found necessary to analyse
samples for chemical oxygen demand (COD). Periodically, the BOD was analysed in order
to establish the correlation with COD. For the determination of the COD, the closed reflux
titrimetric method in standard 10-ml ampules was employed. Total suspended solids (TSS)

were also determined though on a much lower scale.

Sampling and analysis began towards the end of September, about ten weeks after start-up,
and went on up to 31* December. Due to high variations in COD concentration between

the hourly samples composite samples were found to be more appropriate.

Initially equal volumes of grab samples were collected hourly for twelve hours from 07:00
hours to 18:00 hours. For COD determination each sample was preserved with 2ml
concentrated sulphuric acid for every litre of sample and stored in a fridge at about 4 °C.
Before analysis, samples for each day were mixed to form one composite sample. A
peristaltic pump was afterwards installed to facilitate simultaneous sampling of influent
and effluent to obtain 24-hour composites. No preservation was done during the 24-hour

sampling period. Samples were taken every day except for the weekends and public

holidays.

2.4.4 Manning of the Pilot Plant

An operator was employed full time to oversee the pilot plant. His main responsibilities

were;

e to ensure uninterrupted operation of all units of the pilot plant
e to unclog the trickling filter distribution system

e to monitor flow rate

e to collect and preserve samples

e toremoval sludge and scum from the final clarifier

e to ensure that siphon worked well and supplied wastewater continuously to the

abstraction sump

e to keep the area around the pilot plant clean
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3. Industrial Wastewater management in Zambia

3.1 Background

The issue of the environment is becoming increasingly topical in Zambia, especially after the
enactment of the Environmental Protection and Pollution Control Act (EPPCA) of 1990. This
Act provided for the establishment of the Environmental Council of Zambia (ECZ) as a
monitoring, co-ordinating and regulating body for all environment-related activities in the

country so as to protect the environment and control pollution in particular.

One of the major thrusts of the Act is the prevention and control of water pollution. This is
reflected in the follow up to the Act, the Water Pollution Control (Effluent and Wéstewater)
Regulations (GRZ, 1993). Industrial wastewater may be a major contributor to water
pollution. It is in this regard that requirements for industrial wastewater discharge to the

aquatic environment have been specifically addressed.

In order to offset the negative impacts of uncontrolled effluent discharge, a comprehensive
industrial wastewater management system through formulation of appropriate legal,
administrative and institutional frameworks is a necessity. Against this background, the
relevant legislation and related issues in Zambia are analysed to determine how the sector is
being run éonsidering enforcement, compliance and awareness ‘from industrial effluent
dischargers. This was carried out by interviews of key personnel in selected industries and
officers in the government agencies charged with the responsibility of preventing and
controlling water pollution. Questionnaires were prepared and short industrial surveys
undertaken to the selected industries to gather more data about their awareness and
perspectives of industrial wastewater management. The following sections give details on the

foregoing.
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3.2 Legal and Administrative Framework

There are about twenty-eight pieces of legislation which have or could have a bearing on
environmental protection and pollution control in the country (Chipungu and Kunda, 1994).
The major relevant Acts dealing with industrial wastewater are:

a) The Local Government Act

b) The Natural Resources Conservation Act

¢) The Public Health Act

d) The Water Act, and

e) The Environmental Protection and Pollution Control Act
3.2.1 Local Government Act

The Local Government Act was last amended in September 1991 and provides for the
establishing of councils in districts, the functions of the local authorities and the local
government administration system. The functions of the local authorities include the
establishment and maintenance of sanitary services for the removal and destruction of all
kinds of refuse and effluent and to compel the use of such services. They are also charged with
the responsibility to take measures for the conservation and prevention of pollution to water

supplies.

A more elaborate statement of the powers of local authorities concerhing trade effluent is
found in the Local Administration (Trade Effluent) Regulations, Statutory Instrument No. 161
of 1985 (GRZ, 1985). The regulations were made under section sixty-four of the Local
Administration Act, 1980 and are still valid under the 1991 Act. These regulations empower
the local authorities to give consents for the discharge of trade effluents in any watercourse or

on any land in the area of the local authority.

The local authority also has powers to determine the conditions and standards for trade
effluent to be discharged into the public sewer and into a public watercourse or on any land in
the area. Appendix B gives extracts of the effluent standards as stipulated in the Local

Administration (Trade Effluent) Regulations, Statutory Instrument No. 161 of 1985.
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It was clear from interviews that the Local Administration (Trade Effluent) Regulations are
not enforced. The local authorities responsible for implementation and enforcement seemed
ignorant of the contents of these regulations. They do not have the necessary manpower and

facilities to monitor effluent quality.

3.2.2 The Natural Resources Conservation Act

This Act was enacted in 1970 and its main objective is conservation of natural resources.
Under the Act, the minister in the Ministry of Environment and Natural Resources is
empowered to make orders for the conservation of natural resources to occupiers of land
requiring them to undertake or adopt necessary measures in accordance with the appropriate
conservation plan. The conservation plans provide for, inter alia, measures and works to
prevent the pollution of public water. Environmental quality control is facilitated by the
Environmental Council of Zambia and natural resource conservation falls under the

Departments of Natural Resources and Forestry.

The penalties for offences under the Act are generally very low; a fine not exceeding K200

(US$0.2) and imprisonment not exceeding six months.
3.2.3 The Public Health Act

The objectives of the Act are, among other things, to provide for the prevention and
suppression of diseases, and generally to regulate all matters connected to public health in
Zambia. The Act therefore provides for environmental sustenance from a public health

perspective.

Under the Act, it is the duty of the local authorities to take all necessary measures “ for
preventing any pollution dangerous to health of any supply of water which the public within

its district has a right to use and does use for drinking or domestic purposes”.

The aspect dealing with the prevention of water pollution has not been enforced because local

authorities do not have the necessary manpower and facilities to carry out the task.
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3.2.4 The Water Act

“ An Act to consolidate and amend the law in respect of ownership, control and use of water;

and to provide for matters incidental thereto or connected therewith”.

The Act establishes the Water Board and also regulates the use of public water other than for
domestic use through permits. Further, the Act provides for the offence of polluting public
water so as to render it harmful to man, beast, fish or vegetation. Under the Act, any person
responsible for fouling or polluting water may be directed to take adequate measures to
prevent the fouling or pollution, failure to do so is punishable by a fine of two hundred

Kwacha per day until the matter is rectified.

The Water Development Board administers this law and makes regulations under the Act to
provide for registration, application and prescription of fees. The Department of Water Affairs
(DWA) is responsible for the general administration and management of the country’s water

resources with respect to ownership, control and use of water.

There are no standards for water quality and that makes it difficult to determine whether the
water has been polluted or not. It was also established that the DWA did not control water
pollution in any way because it felt that the task was the responsibility of the Environmental

Council.
3.2.5 The Environmental Protection and Pollution Control Act

The preamble to this Act reads, “ An Act to provide for the protection of the environment and
the control of pollution; to establish the Environmental Council and to prescribe functions and
powers of the Council; and to provide for matters connected with or incidental to the

foregoing”.

The Environmental Protection and Pollution Control Act (EPPCA) was enacted in 1990 as a
consequence of the adoption of the National Conservation Strategy (NCS) for Zambia. The
NCS recognised that the powers and enforcement in the existing legislation were weak and
that there was inadequate provisions relating to the power to make regulations for the control

and monitoring of pollution in the environment.
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The Environmental Council (ECZ) is a statutory body whose functions are to do such things as
are necessary to protect the environment and control pollution to provide for the health and

welfare of persons, animals, plants and the environment in general.

There are separate parts in the Act dealing with different areas of the environment and
pollution control. Provisions in these areas empower the Environmental Inspectorate Division,
which consists of the Pollution Control and Natural Resources Inspectorates, to make specific
regulations pertaining thereto. It is against this background that the Water Pollution Control
Unit under the Pollution Control Inspectorate formulated the Water Pollution Control
(Effluent and Wastewater) Regulations of 1993. Among the things found in the regulations
are the standards for the discharge of effluent into the aquatic environment, as well as
licensing and permit requirements for the same. The Water Pollution Control Unit is also
charged with the responsibility of enforcing and monitbring compliance. For polluting the
environment, the polluter is made to pay through application of the “Polluter Pays Principle”.
One example where the principle was applied was at Indeni Oil Refinery in Ndola, the second
largest city in the country. In 1994, oil was discharged from this industry into a nearby stream
resulting in fish Kills and an outbreak of a skin disease at a school that used the water. The
company had to drill boreholes to provide an alternative source of water for the school as well

as cleaning up the stream and compensating the affected farmers.

The regulations clearly spell out the offences, enforcement procedure and penalties for
contravening the provisions of these regulations. Appendix C gives extracts of the effluent
standards and an enforcement notice form issued to industries for contravening these

regulations.

Dischargers of effluent to the aquatic environment pay for discharge by way of permits and
licences as long as they are within the stipulated effluent standards. However, if pollution
levels go beyond the levels for which the licence was given, ECZ may revoke the licence and
impose a fine if they are convinced that the applied for licence conditions are contravened and
that the effluent would endanger public health and the environment. Depending on the extent
of the damage to the environment, corrective measures have to be carried out by the polluter at

his expense - thus applying the polluter pays principle.
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Other functions of the Environmental Council include environment education, information,

research and carrying out or evaluating environmental impact assessments.

3.3 Current Government Policy

The most important document on this subject is the National Environment Action Plan
(NEAP) [GRZ, 1994]. This came into being when in 1992, the government made a decision to
update the 1985 National Conservation Strategy, the main policy document that led to the

establishment of environmental legislation and institutions.

The NEAP was founded on three fundamental principles:

a) the right of citizens to a clean Environment

b) local community and private sector participation in natural resource management

c) obligatory Environmental Impact Assessments (EIA) of major development projects in all

sectors

The overall objective of the NEAP is to integrate environmental concerns into the social and
economic development of the country. As the main thrust, the NEAP identifies environmental
problems and issues, analyses their causes and recommends activities required to resolve those
issues. These proposals formed the basis for a detailed action plan to support the
implementation of the NEAP through the Environmental Support Programme (ESP) [GRZ,
1997a]

The NEAP has five priority action areas with the greatest social cost to Zambia, namely:

1. water pollution and inadequate sanitation

2. soil degradation

3. air pollution in the Copperbelt towns

4. wildlife depletion (fish and game) and

5. deforestation

The foregoing clearly indicates that the government is truly committed to addressing
environmental issues. Whether this would be backed by the appropriate measures remains to

be seen.
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3.4 Programmes and Projects

Programmes and projects on the environment may be divided into two categories; policy level
programmes undertaken by the Ministry of Environment and Natural Resources (MENR), and

policy implementation, enforcement and research carried out by ECZ.

3.4.1 Programmes and Projects by MENR

There are four main programmes being implemented, or soon to be implemented: NEAP and
the related ESP, and the Zambia Forestry Action Programme (ZFAP) together with the
Provincial Forestry Action Programme (PFAP). Of particular importance to this study are the
NEAP and ESP.

The NEAP was briefly explained in section 3.3 above. A mechanism to implement the NEAP
came into being by way of the ESP. Five major issues have been identified in the ESP,
namely; water pollution and inadequate sanitation, air pollution, forestry and wildlife. ESP is
an on-going programme with a number of stages. The first stage (1997 -2001) has four major
components:

e institutional strengthening and legal framework

e environmental education and public awareness

¢ environmental information network and monitoring system

e establishment of a pilot environmental fund to promote community based environmental

projects

This is being done with the support of the World Bank and the key donors being Norway and

Canada.

3.4.2 Programmes and Projects by ECZ

The most important programme dealing with industrial waste is the Industrial Pollution
Prevention Programme (IPPP) to be funded by Norway. This is intended to strengthen ECZ’s
capacity to regulate industrial pollution and waste in order to achieve acceptable

environmental standards to prevent damage to persons and the ecosystem.
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There are two main orientations to the programme: cleaner technology and institutional
strengthening. Cleaner technology aims to introduce Zambian industries to techniques and
equipment which would result in adoption of cleaner production systems. The long term goal
is to introduce cleaner technology in industries facing environmental problems. Institutional
strengthening would involve cooperation between the Norwegian Pollution Control Authority
(SFT) and ECZ to address air pollution regulations, hazardous waste regulations, water quality
guidelines and regulations, and environmental information systems. The development of water
quality guidelines aims to establish whether the presence or introduction of any materials into
a water resource would interfere with the intended use. This would lead to water quality
information systems and development of the Kafue river basin in resource inventory,

monitoring systems for water quality and industrial discharge affecting the basin.

3.5 Awareness and Perspectives of Local Industry: Questionnaire and

Interview Findings

As explained section 2.2, questionnaires were prepared and distributed to seventeen selected
industries in Lusaka Province (Lusaka) and Copperbelt Province (Ndola, Kitwe and
Chingola). A sample questionnaire is given in Appendix A. The purpose of this exercise was
to get an insight into how much industries understood the relevant legislation on the
environment and how they dealt with industrial wastewater in order to prevent or control
pollution. To gather more data, brief industrial surveys and interviews of personnel in charge
of industrial processes were undertaken when distributing the questionnaires. The findings of

this exercise are briefly explained below.

a) Legislation

On the implications of the relevant Acts as they relate to industrial effluent discharge, all the
industries strongly felt that little has been done to enlighten them. In this respect, they
advocated for seminars or workshops on environmental legislation and what it entails. Eleven
Industries had some knowledge about the Péllution Control (Effluent and Wastewater)
regulations of 1993 for discharge into the environment. None knew about the Local

Administration (Trade Effluent) regulations, statutory instrument No 161 of 1985. Six
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industries did not seem to know anything about the regulations. The local authorities were also

ignorant of the regulations they should enforce.

b) Water consumption and wastewater production

The amount of water used in the industrial processes did not seem to be of great concern. Only
seven industries monitored their consumption levels and had an estimate of the amount of
wastewater produced. Monitoring water usage seemed to be a neglected area most probably
because they considered water a cheap resource. This is more so considering that a number of

industries have boreholes to supplement water supplies from local authorities.

¢) Wastewater treatment facilities

The survey revealed that wastewater treatment plants are not common in Zambian industries.
Six industries had wastewater treatment facilities and all these employed physical treatment
processes, mainly screening and sedimentation. However, it was observed that none had
knowledge of the operation parameters (loading rates and plant capacities) of these facilities.
Of the industries without treatment facilities, five felt that there seemed to be no need for
treatment at the time the industries were setup because the relevant legislation was not in force
then. Only one industry cited financial constraints for the inability to install wastewater
treatment facilities. Three were of the view that the quality of their wastewater was good
enough to be discharged without any treatment. All industries seemed willing to meet the
stipulated effluent standards if well informed about their compliance requirements. As the
situation stood, they were content with paying the fees for licences and permits because they

were not high enough to warrant construction of wastewater treatment facilities.

d) Wastewater quality monitoring

Monitoring wastewater characteristics seemed to be a neglected area. Of all the industries
visited, only six monitored the wastewater quality and knew the characteristics of their
wastewater. The main parameters monitored were pH, temperature, colour, total suspended
solids, conductivity and biochemical oxygen demand. The other industries appeared not to see
the justification for spending money on monitoring wastewater characteristics especially with

the lack of enforcement of the appropriate legislation.
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e) By-products processing

Thirteen industries had some of their wastes sold or even given away as useful materials in
order to reduce the amount of waste to dispose of. Most of these by-products were mainly
used as animal feeds. It was observed that no industry had installed special equipment to
process waste into useful by-products. All the by-products were obtained directly from the
main industrial processes and either sold or given away in that state. The foregoing is a clear
testimony that industries have not realised the potential of broadening their profit base by

converting waste into useful and marketable by-products.

f) Discharge points and permits

It strongly came out that most industries take advantage of the public sewers for discharging
their wastewater. This is mostly because these industries are situated in the designated
industrial sites provided with adequate sewer connections to the public sewers. Fourteen
industries discharged into the public sewers, two discharged into storm drains and one directly
to a watercourse. Of the two industries that discharged into storm drains, one (Premium Oil
Industries) was served with an enforcement notice from ECZ due to the unsightly conditions
created by their wastewater. Effluent discharge permits and licences are given to industries by
ECZ for discharge into watercourses. Local authorities do not issue permits for discharge into
sewers, let alone monitor the quality of effluent they receive. In most cases, industries pay
fixed charges regardless of wastewater quantities and characteristics. One surprising
observation was that some industries that discharge their effluent into public: sewers got
permits from ECZ. This is most likely because of the inactivity of local authorities and

ignorance from concerned industries.

Table 3.5.1 gives the industries visited highlighting the main aspects of water and wastewater

management.
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Table 3.5.1: Industries visited and some of the information gathered

City/ Name of Water Wastewater | Wastewater Effluent
Town Industry Category monitoring | monitoring treatment disposal
Zambian Breweries Plc Brewery X X none PS
National breweries Brewery X screening PS
v
Zambia Bottlers Limited | Soft drinks none PS
v
Bonnita Zambia Limited | Dairy X None PS
v
Zambia Horticultural Fruit proc., none PS
Lusaka | products Limited soft drinks & x
meat proc. v
Kembe Cold Storage slaughterhouse None PS
Corporation X X (rundown)
Zambia Pork Products slaughterhouse X X sedimentation | PS
Premium Oil Industries Edible oils, sedimentation | Storm
soaps & X J drains
detergents
Lever Brothers (Z) Edible oils, Fat trap PS
Limited soaps & X
detergents v
Northern Breweries Brewery None PS
Ndola (1995) PLC v J
Lyons Zambia Limited Cannery, soft Screening, PS
drinks & meat sedimentation
processing v v
Ndola Abattoir slaughterhouse X X None stream
Copperbelt Bottling Soft drinks None PS
Company Limited v X
Kitwe Abattoir slaughterhouse X X none PS
Kitwe National Breweries PLC | Brewery R screening PS
v
Specialty Foods Confectionery none Storm
Company Limited v X drains
Chingola Chingola abattoir slaughterhouse X X none PS

NOTE:

1. All the local authorities in these towns/cities including Kabwe were visited.

2. All the industries are located in designated industrial sites

3. V: monitoring carried out, x: monitoring not done

4. PS: public sewers
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3.6 Discussion

The stance taken by government shows the strong resolve and determination with which it
wants to protect the environment - at least on paper. This trend became more pronounced after

the emergence of the Environmental Protection and Pollution Control Act.

All the necessary legal and administrative frameworks have seemingly been put in place
though they need to be revisited. The State of the Environment report (Chipungu & Kunda,
1994) identifies conflicts and areas of duplication as well as determining the weaknesses in

relation to enforcement of the various Acts.

It is saddening, however, to note that the necessary scientific and technical know-how and
awareness on the part of industry and the general public needed to translate this determination
into tangible results are lamentably lacking (Phiri, 1990). The situation is exacerbated by
inadequate financial resources allocated to such a demanding undertaking. As a result, the

much needed audience with their target groups could not be held. (GRZ, 1997a).

Given the present state of affairs, the mammoth task of protecting and controlling pollution of
the environment will be a far cry. Examples abound. The inability of Local authorities to
monitor, control and enforce the Local Administration (Trade Effluent) Regulations of 1985
for discharge into their sewers coupled with the non-existent communication link with
industry has contributed immensely to the poor state of sewage works they operate. This has
inevitably led to the discharge of almost untreated sewage into the aquatic environment
resulting in heavily eutrophicated watercourses. Worse still, industry views the provision of
sewerage by local authorities almost as a free service and are content to pay the minimal fees
required of them, which fees are too low to sustain operations of sewage works. Determining
economic rates for sewerage would help the operation of local authorities’ sewage works

become self-sustaining and thus improve on their effluent discharge.

It is imperative to state here that industries discharging effluent into sewers should be
answerable to local authorities and not to ECZ. Those that discharge to the environment
should be the ones to comply with ECZ regulations. Local authorities are responsible for the

public sewers and should therefore be the ones to issue permits for effluent into their sewers
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while ECZ should only give permits for effluent to watercourses. This calls for very close

cooperation between ECZ and the local authorities.

It was clear that of all the relevant Acts, only the Environmental Protection and Pollution
Control Act had gained ground with some enforcement of the Pollution Control (Effluent and
Wastewater) Regulations. The major weakness of these regulations is the emphasis on

discharge permits and licences.

These licences and permits may be viewed as the right to pollute by industrialists. As long as
an industry obtains a permit, compliance requirements cease to take centre stage. This is more
so because the Act seems to concentrate on the system of licences, permits and fines. The fees
for the licences do not even reflect the pollution load of the discharged effluent — they are
fixed for all discharges. This does not compel industries to treat wastewater in order to lower
concentrations before discharge. There should be a deliberate policy to promote prevention
and control of pollution from the source. There are indications that this may be the adopted
approach through the Industrial Pollution Prevention Programme (section 3.4.2); which can be
aptly described as a step in the right direction. Given the prevailing circumstances, only

industries with the environment at heart can go into such an undertaking

The task of monitoring wastewater characteristics should be the responsibility of industries. It
is imperative that a policy be put in place to promulgate self-monitoring by industries. In this
approach, the responsibility of ECZ or the local authority would be to ensure that industries

complied with their monitoring requirements; that is to “monitor the monitoring”.

A noteworthy point is that the Local Administration (Trade Effluent) Regulations of 1985 as
they relate to effluent into a watercourse are duplicated in the Water Pollution Control
(Effluent and Wastewater) Regulations of 1993 under the Environmental Protection and
Pollution Control Act. This duplication should be removed to provide local authorities with
powers relating to effluent into their sewers so that effluent into public water courses would
then be the responsibility of the Environmental Council of Zambia only. The Local authority

should cease to have a dual role of enforcement agency and discharger. The extracts of the






