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HAZARDOUS WASTE MANAGEMENT IN SUDAN
BY MR. ELIMAN OMER MOHAMED
AND
MR. ELAMIN OSMAN ELAMIN
Sudan lies in the east north Corner of the African continent, between latitude 4-220N,
considered the largest African country in terms of total area. Its climate varies from
equatorial climate in the far South up to Sahara desert in the North. The river Nile and
its major tributaries, the white Nile and its major tributaries, the white Nile and the Blue
Nile run from the South to the North till entering the Egyptian territories. Sudan shares
common boarder with Eritrea and Ethiopia in the East, Egypt and Libya in the North,
Chad, Central African Republic in the West and Congo, Uganda and Kenya in the South.
Major cities: Khartoum (the capital), Omdurman (commercial city), Khartoum North
(industrial City) and Port Sudan (at the Red Sea)
Population: 30 million
Major languages: Arabic and English besides other minor local languages
Major economic activities
Agriculture:
Major crops are: Cotton, Gum Arabic, Sesame, groundnuts and fruits and vegetables.
Sudan is highly endowed with a huge population of livestock (130 million herds) of
Camel, Cattle and Sheep
Industry:
Major industries are:
- The textile industry
- Sugar industry
- Starch and glucose
- Milling industry
- Vegetable oil industry
- Tanning industry
- Food processing and food canning industry
- Cement industry
- Soap and detergents industries
- Plastics industries
- Tourism industry (especially to historical sites)
Hazardous wastes according to Sudanese regulation can be defined as any residue
on waste generated from production operations or utilization processes which
adversely affects, humans, vegetations, livestock and wildlife
Sources of Hazardous Wastes
- Hospitals and clinics
- Service stations
- Dumping areas
- Laboratory
- Oil refineries
- Mining industry (e.g. gold and chromium mining)
- Pesticides and Agricultural Chemicals
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- Industries
- Textile industry
- Tanneries
- Cement industry
- Plastics industry
- Soap and detergents industry
- Paints and varnishes industry
- Wet and dry batteries industry
- Iron and steel industries
- Petro-chemicals industries
- Asbestos industries
- Others
Stake Holders
- Ministry of Environment and Tourism (Higher Council for Environment and
Natural Resources)
- Ministry of Industry
- Ministry of Agriculture and Forestry
- Ministry of Health
- Ministry of Energy and Mining
Conventions
Sudan is a signatory to the following agreements:
- Basel Convention
- Stockholm Convention
- Bamako Convention
- Montreal protocol
- Rotterteam Convention
Management Practices
- Reuse and recycling of waste e.g. plastic wastes is used in the manufacture of
shoes, soles and in coating of electrical wires
- Incineration: especially for medical wastes
- Land fills
- Phase out of the use of CFC‘s in refrigerators and pressurized cans
Its worth mentioning that the UNIDO has approved to establish a cleaner production
center in the Sudan (Agreement was signed)
Public awareness of Hazardous waste issues:
- Poor handling practices
- Knowledge of technology in disposal methods is lacking
- Lack of adequate legislation (fragmented and overlapping)
- Inadequate data and information regarding general waste as general hazardous
wastes in particular
National Needs
-

Public awareness and training (capacity building)

Suitable technology
Proper legislations and regulations
Technical support
Economic incentives
Financial support
Cooperation with other bodies which are concerned in the field
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SITUATION ANALYSIS OF HAZARDOUS WASTE MANAGEMENT IN TANZANIA:
AN OVERVIEW
BY JULIUS ENOCK
AND
EMMANUEL T. SAIGURAN
1.0

INTRODUCTION

1.1

Overview
One of the most difficult environmental problems confronting the world today is
hazardous wastes management; large quantities of wastes are generated with
more and more complex chemical structures, poising life–threatening impacts.
The spectra of hazardous wastes need to be given special attention in order to
protect public health and the environment.
The generation of hazardous waste is not confined to large scale industrial
plants alone, but even the small scale industrial enterprises, small workshops,
garages and small production units collectively produce large and diverse
quantities of hazardous wastes. Improper storage, handling, transportation,
treatment and disposal of hazardous wastes can effect public health and the
environment through diffusion of toxins into groundwater, soil, and the
atmosphere. Therefore, environmentally sound management of hazardous
wastes necessitate our prompt response.
This presentation outlines the major sources, management practices as well as
regulatory regime practiced in Tanzania; and attempts to identify some of the
challenges faced in the country and the needs for achieving environmentally
sound management of hazardous wastes.

1.2

Country Profile
The United Republic of Tanzania is a union government uniting Tanganyika and
Zanzibar. Within the union there is Government of the United Republic of
Tanzania and the Revolutionary Government of Zanzibar. The United Republic of
Tanzania is situated on the East coast of Africa within the range of latitudes 1S
to 1145' S, and the longitudes 2936' E to 4029'E. The country borders with
Kenya and Uganda to the North; Zaire, Rwanda and Burundi to the West;
Mozambique, Malawi and Zambia to the South (see Figure 1). In the East is the
Indian Ocean to which Tanzania has a long coastline stretching over 804 km.
Tanzania has three of Africa's best-known lakes—Victoria in the north,
Tanganyika in the west, and Nyasa in the south. Mount Kilimanjaro in the north,
5,895 m (19,340 ft), is the highest point on the continent. Dar es Salaam is still
the de facto seat of government, despite the declaration of the inland town of
Dodoma as a new national capital. The island of Zanzibar is separated from the
mainland by a 22-nautical miles channel. The country covers an area of 945,234
km2 (including 61,000 km2 of inland water) of which Zanzibar with its associated
islands comprises 2,460 km2.
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The population has grown from 12.3 million persons in the first postindependence census in 1967 to 34.6 million persons counted in the census held
in August 2002. The average annual population growth rate is over 3%.
The main economic sectors are agriculture, tourism, transport and
communication, mining, fishing, forestry, manufacturing and energy. Agriculture
plays an important role as it employs 75% of the workforce and accounts for
47.5% of GDP and 80% of exports.
Table 1: The contribution of various sectors to the national economy, 2003
Sector

Contribution to GDP (% of total)

Agriculture

47.5

Tourism

12.24

Manufacturing

8.4

Forestry

6.0

Transport and communication

5.4

Livestock

4.3

Fishing

2.9

Mining

3.0

Energy

1.4

Others

8.86

Africa

Figure 1: Map of Tanzania and its neighbouring countries
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2.0

HAZARDOUS WASTE GENERATION

2.1

Sources
The major generators of HZW in the country are:

a) Manufacturing

industries: these include chemical industry,
electroplating companies, paint manufacturer, tanneries, pulp and paper
mills, soap and detergent factories, breweries and textile industries.
There are several factories of this type; a study conducted in 1993
found that 67 out 160 industries in Dar es Salaam city are generators of
HZW.

b) Hospitals, health centers and dispensaries: Health care wastes

include sharps (syringes, blades etc), non-sharps (bandages, disposable
medical devices etc), blood and anatomic wastes, chemicals

c) Small and medium enterprises: small workshops, garages and small

production units collectively produce large and diverse quantities of
hazardous wastes.

d) Households: Household generate small quantities of hazardous such as
oil based paints, paint thinners, wood preservatives, pesticides,
households cleaners, used motor oils and batteries.

e) Others: This category may include artisanal mining activities using
mercury and cyanide processes as well as electrical equipment such as
transformers, switchgears and capacitors.

2.2

Preliminary Inventory of Hazardous Wastes
Used oil: Used oil and related waste are generated by car repair shops,
garages and institutions running diesel driven generators. Various private
initiatives to collect and use this oil in cement kilns have been made but no
further information was available. Thus there must be large volumes of waste
oil being discarded into the environment or used for alternate purposes such as
wood treatment and controlling termites. Nationwide inventory of generation of
used oil from the different sources is yet to be done.
Health care waste: The generation rate of health care waste from
dispensaries, health centre and hospitals is estimated to be 3kgs, 10kgs and
200 kgs per day respectively. Based on the existing number of hospitals (208),
health centers (402), and dispensaries (4380), the estimated annual generation
of health care waste in the country is about 21, 400 metric tonnes. Health care
wastes comprise about 12 % of total hazardous wastes generated in the
country, which are either incinerated or in some cases are disposed of together
with other municipal waste at selected disposal sites by way of crude dumping.
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Obsolete chemicals and veterinary wastes: A national inventory of
obsolete pesticides and veterinary waste was carried out in 1997 and 1998 by
the National Environment Management Council (NEMC) in collaboration with
TPRI, MoAFS and MIT. The result of inventory studies shows that, there are
about 1000 tons of pesticides waste and 200 tons of veterinary waste located in
more than 300 stores scattered all over the country. There are negotiations to
ship to Europe for incineration. The costs estimated to 6 mill. US$ may be
financed by the Netherlands. About 25 % (200 metric tons) of total recorded
amount of obsolete pesticides consist of Persistent Organic Pollutants (POPs).
Polychlorinated Biphenyls (PCBs): In 2003, Vice President‘s Office and other
stakeholders conducted a survey to locate and quantify PCB and equipment
containing PCB, whether the equipment is still in use or not. According to the
inventory results, there are 622 electrical units including transformers (457), oil
circuit breakers (112), switchgears (49) and capacitors (4) suspected to contain
a total of 10,000 metric tonnes of PCB oils. In addition, there are also about
21,000 metric tonnes of waste oil suspected to contain PCB in obsolete
equipment. The surveyed area covered approximately 28% of the whole country
based on the district classification criteria of TANESCO. It has been emphasized
that chemical analyses to confirm existence of PCB oils in transformers should be
undertaken.
Industrial wastes: In 1993, the University College of Lands and Architectural
Studies (UCLAS) conducted an inventory on industrial waste generation in Dar
Es Salaam city. The results of this study showed that there are about 122
industries in the city which produce hazardous waste. These industries were
estimated to produce about 4,634.1 tons per year of hazardous waste. Nation
wide inventory of generation of HZW from industries is yet to be done.
Household hazardous wastes: Household generate small quantities of
hazardous such as oil based paints, paint thinners, wood preservatives,
pesticides, households cleaners, used motor oils and batteries. Nationwide
inventory on this category of HZW is yet to be done.
3.0

MANAGEMENT OF HAZARDOUS WASTE

3.1

Overview
Hazardous waste management continues to be a challenge facing Tanzania and
many other developing countries. It is the way that these wastes are handled ,
stored, collected, and disposed of, which can pose risks to public health and the
environment.
Although Tanzania has signed and ratified Bamako and Basel conventions in
1993, handling and management of HZW is inadequate. A significant proportion
of HZW is still handled and managed haphazardly in a more or less uncontrolled
manner.
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3.2

HZW Minimization and Recycling Initiatives
One of the most critical aspects of environmentally sound management is
lowering demand for products and services that result in hazardous by products.
Four major initiatives have been undertaken to promote adoption of cleaner
production technologies and techniques in industries countrywide. These
initiatives are:-project on cleaner production (1994) by the then Ministry of
Natural Resources, Tourism and Environment; the establishment of the Cleaner
Production Centre of Tanzania (CPCT) in 1996 - the Centre‘s major role is to
promote the concept of cleaner production; and The Lake Victoria Environment
Management Programme – cleaner production project (2000/2001) for industries
in Mwanza, Mara and Kagera. Also the project on Ecologically Sustainable
Industrial Development by CPCT that began in 1999 and the project on
Development and Implementation of National Cleaner Technology Strategy of
2004. To-date, more than 69 industries throughout the country have been
sensitized regarding the cleaner production technologies and techniques. The
main activities are information dissemination, training, demonstration and
assessments in various enterprises in the country.
There is no information available with regards to recycling of HZW taking place
in Tanzania.

3.3

Storage
There is little information available about storage of HZW. The Government
keeps about 1,200 metric tonnes of obsolete pesticides in various stores though
out the country. Storage practices are generally haphazard.

3.4

Transport
Transport facilities and infrastructure are inadequate and some of them do not
meet the required standard.

3.5

Treatment
There is no information available of facilities for treatment of HZW in the
country.

3.6

Disposal
Cement kiln: In mid 1996, 57,000 litres of obsolete Dinitro-o-Cresol (DNOC)
(red locust control pesticide) was incinerated locally at Wazo Hill cement factory
through GTZ support. The disposal operation was undertaken because DNOC
containing drums stored near the banks of Lake Rukwa were leaking thus posing
risks to public health and the environment. A mixture of 50-50 DNOC/diesel was
used since the calorific value is approximately 11,000 kcal/kg and thus 1,300
kcal/kg above the calorific value of the fuel oil normally used in the cement kiln
of 9,700 kcal/kg.
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A feasibility study for assessing the possibility for incineration of hazardous
waste in local cement kilns was done in February 1999 with support of NORAD.
The results of this study indicated that there are possibilities of using Cement
kilns in one of the cement plants after doing some modifications. This demands
some funds. Other necessary legal arrangements need to be in place to
facilitate disposal of such wastes in cement kilns. Cement kiln is a potential
disposal option for future development in Tanzania.
Low-cost health care waste incinerators: As of early August 2004, the
Ministry of Health has already installed 54 medical waste incinerators in various
health facilities in Tanzania. Of these 11 have been installed at Regional
hospitals and the rest at District hospitals. In addition, Kilimanjaro Christian
Medical Centre (KCMC) of Kilimanjaro Region and Bugando Hospital of Mwanza
Region and Marie Stopes of Zanzibar have incineration facilities. A total of 108
operators of these incinerators, two at each facility, have been trained in good
operation practices. Moreover one supervisor for each facility received same
training as well. The incinerators are designed to achieve a temperature of 800
to 1100 oC. However, they lack facilities to control emissions including those of
Polychlorinated Dibenzo-para-Dioxins (PCDD) and Polychlorinated Dibenzofurans
(PCDF).
4.0

EVIDENCE OF HEALTH AND ENVIRONMENTAL IMPACTS
Currently, Tanzania has inadequate capacity and mechanisms for monitoring
releases of HZW to the environment and associated adverse impacts to public
health and the environment.
In a study undertaken in 2000, the levels of DDT in soil surrounding of one of
the storage site of obsolete pesticides were very high showing concentrations of
up to 282, 000 mg/kg dry weight of soil, posing potential risks to health and the
environment.
In 2003, the Vice President‘s Office in collaboration with other stakeholders
conducted a survey of contaminated sites by POPs. The inventory revealed that
most of the stores where obsolete pesticides are stored are poorly maintained
hence posing risks to health and the environment. Over 40 stores have shown
severe environmental pollution with potential handling risks. Out of these, 4
sites are contaminated with DDT, Aldrin and Toxaphene. The packaging has
deteriorated hence leaking or spilling pesticides on the floor. Some of the stores
have no concrete floor or are in open areas. There is high possibility of
contamination of water sources through run-off. The inventory also identified 5
sites that are potentially contaminated with dioxins and furans.
Since, there is no legislation to register and regulate management of HZW
contaminated sites, there is lack of information with regard to impacts on public
health and the environment. Generally, there is no capacity to manage and
control HZW contaminated sites and the experience of the country in this field
is non-existent.
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5.0

NATIONAL INSTITUTIONAL AND REGULATORY FRAMEWORK FOR HZW
MANAGEMENT

5.1

Institutional Framework
In Tanzania there are various institutions dealing with the issues of
environmental management. However for coordination purposes, all matters of
environmental management are under the Vice President‘s Office.
Within the Vice President‘s Office, coordination and oversight of the
implementation of policy and environmental management is carried out
principally through the Division of Environment (DoE) while the National
Environment Management Council (NEMC), which is a statutory body under the
Vice President‘s Office, has advisory role on policy and technical matters.
The local government authorities are key actors with regard to HZW
management within their jurisdiction.

5.2

Regulatory Framework
At present the existing legislation inadequately regulate some types of hazardous
materials. There are laws, which regulate pesticides and radioactive materials;
these are the Protection from Radiation Act, 1983 (No. 5 of 1983), amended by
Act No. 12 of 1998, the Tropical Pesticide Research Institute Act No. 18 of 1979
and the Plant Protection Act No. 5 of 1997, respectively. These Acts need to be
reviewed keeping in mind the seriousness of the threats from these substances.
The draft Environmental Management Act (2004) is in the process for approval
by government. The draft Act covers all areas related to environment and
clarifies the responsibility and power of the different sector ministries.
Furthermore, the Act guides the organisation of various technical committees and
it demands EIA and environmental auditing and reporting from companies
generating HZW. The Act also defines HZW on a general level in accordance with
the Basel Convention and other international standards. It is anticipated that the
Bill will be tabled in the Parliament before the end of 2004.
There exist other relevant principal and secondary legislation, which regulate
hazardous materials if they are illegally discharged into air or water. These include:
 The Pharmaceuticals and Poisons Act No. 9, 1978
 The Factories Ordinance (Cap 297) as amended by Acts 13/91 and 6/94
 The Mining Act No. 5, 1998
 The Industry (Development) Act No. 5 of 1979
 The Petroleum Exploration and Production) Act No. 27 of 1980
 Petroleum (Conservation) Act No. 18 of 1981
 Explosives Act (1963)-Civil explosive Cap 538
 Drugs and Prevention of illicit Drugs Act No. 9, 1995 as amended by Acts
No. 9 of 1996, No. 17 of 1996 and 31 of 1997
 The Fisheries Act No. 6 of 1970 as amended by Act. No. 10 of 1994 and
No. 29 of 1994
 The Tanzania Bureau of Standards Act No. 3 of 1975 as amended by Act.
No. 1 of 1977.
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 The Local Government (Urban Authorities) Act No. 8 of 1982 , The Local
Government (District Authorities) Act, 1982 (No. 7/82, , 4/85, 8/85,
13/86, 13/88, 8/92, 4/93, 4/93, 15/93, 4/93, 15/94, 17/96, 6/99, 12/99,
14/99)
 The Merchant Shipping Act, 2003
 The Fire and Rescue Services Act, 1985
Tanzania has no restrictions on export of hazardous wastes for final disposal and
for recovery. Likewise Tanzania has no restrictions on the transit of HZW but
prior informed consent is necessary. Regulations on import of HZW for final
disposal and for recovery are in preparation.
Most of the above legislation needs to be reviewed to reflect among others
adequate penalties. There is no regulation, which directly governs HZW
generation, storage, transportation and disposal. Therefore this should be taken
into account when establishing new legislation or reviewing the existing relevant
legislation. There is weak enforcement and monitoring compliance, which need
capacity building in terms of human resource, training, facilities and financial
support.
6.0

PUBLIC AWARENESS ON HZW ISSUES
The public awareness of the problems related to hazardous waste is generally
considered to be low. There have been campaigns on environmental issues
such as hazardous waste management, chemical safety, risk assessment and
risk management, inventory taking etc. Also agencies such as NEMC and the
Government Chemist Laboratory Agency (GCLA) are working actively with the
press to create awareness on environment and health issues. However, more
information dissemination on HZW management is required targeting
government officials, industries and the general public.
Some of the workshops and seminars carried out to sensitise on HZW
management aspects includes the following:

a) SADC Training Workshop on Inventory of Polychlorinated Biphenyls (PCBs),
March 2004;

b) Regional Training Seminar on Trans-boundary Movements of Hazardous

Waste s for Customs, Port and Law Enforcement Officers, September 2002;
c) Seminar on Hazardous Waste Management for the Parliamentary Committee
for Environment and Senior Government Officials, April 2002;
d) Workshop on Chemical Safety and Hazardous Waste Management, October
2000; and
e) Regional Workshop on PCB and Furans, November 2000.
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7.0

CONSTRAINTS AND CHALLENGES
Management of hazardous wastes is constrained by several problems. The
problems and challenges are as follows:i) Majority of government and political leaders, customs officers,
industrialists, chemical Store-keepers, agricultural extension workers
and community at large are unaware of environmental and public health
effects due to HZW they are exposed to;
ii)

Inadequate specialized skill on proper HZW management by most of the
waste generators, chemical dealers and local authorities;

iii) Limited scope of the legislations governing waste management and
chemicals;
iv) Lack of appropriate HZW management schemes, which promote
segregation of wastes at source, reuse and recycling which eventually
reduces the volume of HZW for treatment and final disposal;
v)

Lack of HZW monitoring schemes for adverse effects which should cover
aspects of risk assessment and risk management, capacity of poison
centers and occupational health centers;

vi) Lack of proper disposal facilities for hazardous wastes e.g. incinerators
and sanitary landfills;
vii) Limited technological and economic resources, knowledge and
understanding of appropriate pollution abatement technologies and best
international practices;
viii) Limited human resource base to initiate, develop, enforce and
implement hazardous waste guidelines and standards as well as control
trans-boundary movements of hazardous wastes; and
ix) Limited information and lack of a database on HZW aspects.
8.0

NATIONAL NEEDS FOR ACHIEVING ENVIRONMENTALLY
MANAGEMENT OF HAZARDOUS WASTES

SOUND

a) Regulatory regime: Improve laws/regulations governing HZW to incorporate
aspects of reasonable penalties, liability and responsibility, registration and
monitoring of contaminated sites as well as strengthening of enforcement of the
relevant legislation.
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b) Technology and infrastructure: Promote transfer of low-cost environmentally

sound technologies for treatment and disposal of HZW and promote and
encourage adoption of BATs and BEPs. Assistance to develop national hazardous
waste management strategies as well as establish monitoring programmes on
HZW.

c) Public awareness and education: Establishing effective communication

strategies for public information and awareness on HZW. Also supporting
development and dissemination of public information and awareness materials
on POPs in a common language. In addition, formulate and implement training
programmes on HZW management including the management of contaminated
sites. Furthermore, support NGO‘s and professional associations dealing with
awareness creation activities.

d) HZW management schemes: Develop national HZW management strategies
and establish appropriate management scheme which promote segregation of
wastes at source, reuse and recycling which eventually reduces the volume of
HZW for treatment and final disposal.

e) Inventory and Database: Establish a database on HZW and provision of
technical information for use as reference materials in government departments
and agencies, academic and research institutions, NGOs and the general public.
There is a need therefore to conduct a comprehensive national inventory on
HZW generation and management.

f) Information exchange and networking: Establishment of expert networks

and facilitation of information exchange activities at international, regional, subregional and national levels.

9.0

CONCLUDING REMARKS
This outline presentation on hazardous waste management in Tanzania reveals
that the existing infrastructure and management practice leaves much to be
desired. Nevertheless the country has begun to consider ways of developing and
implementing programs to ensure the proper management of HZW.
The fact that both an effective regulatory system and adequate facilities are
needed simultaneously, creates a major challenge particularly to developing
countries like Tanzania, at the infancy stage trying to develop a sound hazardous
waste management scheme.
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HAZARDOUS WASTE MANAGEMENT IN ZAMBIA
BY DANNY MWANGO
1.0

Introduction

Industrial and commercial development in Zambia, particularly large-scale mining and
the growth in manufacturing activities, and a corresponding increase in population have
brought about the risk of environmental damage by exerting unmitigated pressures on
the environment.
Industrial development in Zambia has been realized on the basis of short-term
economic considerations with little or no attention to the environment. Most industries
came into operation without having treatment facilities for unwanted waste. Currently
the few industries that have treatment facilities poorly operate and maintain them, and
most of them are not in operation due to technical and financial constraints.
Different waste streams, both hazardous and non hazardous, are generated by different
industries. Hazardous wastes if left uncontrolled present a major risk to human life,
property and the environment.
The challenge of hazardous waste management is compounded by insufficient financial,
human and technological resources and is further exacerbated by inadequate planning,
poor public attitude, low level of environmental awareness and lack of a coordinated
institutional framework. The careless and inappropriate handling of waste, both
hazardous and non-hazardous, has often created problems for human health and the
environment.
On a brighter note, however, the Zambian government has established an institutional
arrangement supported by a regulatory framework to regulate the different stages of
waste management from generation to disposal. Furthermore, several non-regulatory
initiatives have been introduced that are aimed at introducing environmentally
acceptable waste management practices.
Therefore, this report discusses the hazardous waste management scenario in
Zambia and concludes by proposing the way forward.
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2.0 Hazardous waste mainstreams
2.1 Definition

Hazardous wastes are those wastes that are corrosive, irritant, explosive, inflammable,
toxic or otherwise harmful to humans, animals and/or the environment.
The extraction of raw materials, production of energy and manufacturing are major
sources of waste and have led to the generation of industrial hazardous wastes
composed of gas, liquid and solid.
Some of the hazardous wastes produced are wood preserving chemicals, waste oils,
explosives, compounds of lead, hexavalent chromium, zinc and cadmium, bases in solid
form, asbestos, and polychlorinated biphenyls (PCBs). Health care institutions also
continue to generate hazardous waste.
An inventory carried out by ECZ in 1997 showed that lime and waste oils formed the
major component of hazardous waste generated in the country for the year 1997 (ECZ,
1997). The table below gives details:
Table 1 – waste types produced, sources and quantities
Waste category
Source
Wood preserving chemicals
Waste oils
Oil sludge
Explosive waste
Hexavalent chromium compounds
Lead
Lead, zinc, cadmium compounds
Bases in solid form (lime)
Asbestos
PCBs

Wood treatment
Used engine oil
Petroleum refining
Explosive manufacturing
Leather tanning
Mining
Mining
Mining
Building products manufacturing
Transformers, capacitors

Quantities
(tonnes)
70
10,000
500
750
200
240
5,400
30,000
890
200

Added to the above list are wastes such as paints, solvents, mercury containing
fluorescent tubes and used lead-acid batteries.
3.0

Environmental and health impacts

3.1

Impacts due to disposal of waste

As disposed waste at dumpsite decays, it can cause leaching of contaminants into soil
and groundwater. Due to earlier poor disposal methods for oil sludge, leachate has
contaminated the soil and groundwater and traces of oil have been found in
groundwater.
Biodegradation of organic matter in dumpsites generates toxic and hazardous gases
such as methane and carbon dioxide, gases that contribute to the greenhouse effect.
Other landfill gases such as hydrogen sulphide are also toxic.
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Indiscriminate disposal and spillage of hazardous wastes has resulted into land and
water (both surface and ground water) pollution.
3.2 Impacts due to mining wastes
Mining operations in Zambia have generated huge amounts of heavy metal containing
rocks, tailings and slag that have in some cases leached from dumps into streams and
causing poisoning of livestock and fish. Occupational health impacts and risks from
mining wastes relate to exposure to small amounts of toxic hazardous chemical wastes
and dust emissions from rock dumps and tailings dams.
3.3 Impacts due to incineration of waste
Most of the incinerators for medical waste are old and run down and therefore emit
toxic substances into the atmosphere. Emissions from such incinerators include metals
such as cadmium, lead, mercury, chromium, and acid gases such as hydrochloric acid,
sulphur dioxide and oxides of nitrogen.
4.0 Management of hazardous waste
4.1

Institutional framework for hazardous waste management

The lead institution responsible for the development of environmental policy and
legislation in Zambia is the Ministry of Tourism, Environment and Natural Resources
(MTENR) working in close collaboration with the Ministry of Justice. There are several
other ministries whose mandates include initiating policy on specific sectors of the
environment (State of Environment in Zambia, 2000).
The Environmental Council of Zambia (ECZ) is the lead institution for the
implementation of environmental policies, and is therefore responsible for
environmental protection, pollution control and natural resource management.
Additionally, there are several government institutions and agencies involved in
waste management as this is a cross cutting issue. ECZ can also give specific or
general directions to local authorities regarding the collection and disposal of waste
operations (Environmental Protection and Pollution Control Act [EPPCA], 1990).
4.2

Regulatory framework for hazardous waste management

4.2.1 Environmental Protection and Pollution Control Act (EPPCA), 1990
This is the principal law on environment and is premised on the polluter pays principle.
The Act empowers ECZ:



To give specific or general directions to local authorities regarding collection and
disposal of waste; and
To formulate and provide standards and regulations for the sound management of
waste.
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Two pieces of statutory instruments have been promulgated to amplify the provisions of
the EPPCA in waste management.
4.2.1.1

The Waste Management Regulations

Since 1993 up until 2001, these regulations were used to regulate transportation of
both non-hazardous and hazardous waste and operation of disposal sites. ECZ regulated
these activities through licensing of transporters of hazardous waste and operators of
disposal sites; the licenses were accompanied by conditions and the licensed companies
were required to pay license fees, submit performance returns to ECZ every six months
and renew their licenses every year.
4.2.1.2

The Hazardous Waste Management Regulations

This piece of legislation regulates the management of hazardous waste that
incorporates generation, separation, collection, transportation, storage, treatment,
recycling and disposal, including after care of disposal sites. The regulations further
control the transboundary movement of hazardous waste.
These regulations demand that hazardous waste is treated before disposal.
4.3 Technical guidelines
Three waste streams identified as requiring priority attention are waste oils, lead-acid
batteries and medical waste. Therefore, in consultation with other relevant
stakeholders, ECZ has embarked on formulation of technical guidelines for these waste
streams. These guidelines though non enforceable are envisaged to contribute to
environmentally safe practices of managing hazardous wastes.
5.0 Waste management practices
5.1 Recycling
The recycling industry is still in its infancy stage in Zambia. The most recycled waste
streams are non hazardous. Efforts to increase recycling rates are setback by economic
considerations such as lack of adequate financial resources and recycling facilities. An
example of waste being recycled is lead-acid batteries.
5.2 Land filling
Because there few recycling facilities, disposal of waste by landfill unfortunately remains
the cheapest option.
The table below highlights the fate of different waste streams.
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Table 2 – management practices of waste streams
Waste category
Management practice
Wood preserving chemicals
Chemicals recycled
Sludge treated before disposal
Waste oils
Burning to provide energy
Oil sludge
Treated and mixed with cement to be cast into
slab or concrete blocks.
Dumped
Explosives
Disposal and aided explosion
Health care waste
Incineration
Lead acid batteries
Taken back by suppliers for recycling
Paint
Disposal
Hexavalent chromium compounds
Chromium in wastewater is recovered; sludge
containing chromium is disposed off
Lead
Disposed waste being reprocessed to recover lead
Lead, zinc, cadmium compounds
Disposed waste being reprocessed to recover
metals
Bases in solid form (lime)
Disposal
Asbestos
Disposal
PCBs
Incineration
6.0

Efforts to minimize hazardous waste

6.1

Government

6.1.1 National Waste Management Strategy
ECZ has, in consultation with other stakeholders, developed the National Waste
Management Strategy aimed at providing a controlled and coordinated approach to
waste management in Zambia. The strategy commits different players in the field of
waste management to targets. The strategy further introduces incentives for recycling
and source recovery and brings to the fore principles such as life cycle assessment and
producer responsibility to guide in the implementation of the strategy.
6.1.2 Tax exemption
To help build momentum for environmentally friendly waste management practices, the
government has introduced tax cuts on manufacturing equipment which includes
recycling equipment. The Waste Management Strategy commits the government to, in
addition to tax exemptions on recycling equipment, provide incentives such as
subsidies, environmental taxes, and tax rebates for enterprises making environmental
improvements.
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6.1.3 Environmental charges
Licensing for hazardous waste management is based on the amount of waste to be
handled, thereby forcing industry to reduce the amount of waste through recycling or
source recovery. The government through ECZ also imposes charges to finance
remedying environmental damage caused through illegal deposits of waste. Additionally,
the EPPCA provides for court fines to be levied on defaulters.
6.1.4 Review of regulations
Review of regulations will soon begin to incorporate the producer responsibility and duty
of care principles that will oblige suppliers to take back the waste produced from use of
their products.
6.2 Industry
6.2.1

Cleaner production (CP) strategies

More than 50 companies have undertaken training in cleaner production methodology,
in which they have learnt efficient use of raw materials and energy and the CP
demonstration projects have focused on housekeeping, change in products, input
material and technology. These initiatives have resulted in enhanced environmental and
economic performance of participating companies.
6.2.2 Management systems
In Zambia some companies are adopting and developing management standards and
procedures such as Environmental Management Systems (EMS). The driving forces
behind this change are environmental enforcement, customer requirements, demands
by lenders and insurers, and standards set by international organizations. Corporate
environmental reporting is also on the increase in which firms are incorporating
environmental information into annual reports.
7.0 National needs for achieving environmentally sound management of
hazardous waste
For sound management of hazardous wastes in Zambia the following issues need to be
attended to:
o

Undertake research and development in technology tailored to suit local conditions
especially for the management of medical waste.

o

Develop an information base on the sources, amounts and composition of various
waste types and mount a vigorous educational campaign to improve the public
attitude towards generation of hazardous waste.

o

Potential contaminated sites need to be well documented. This will help in setting
priorities and the planning of clean-up operations if necessary.

o

Undertake pilot projects for the management of priority waste streams.
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o

The regulations for the management of hazardous waste are relatively new and
further to this management of hazardous waste in the country is not satisfactory.
Therefore, there is an urgent need to further sensitise industry and the community
about this piece of legislation.

o

Increased adoption by industry of cleaner production technologies.

o

Development of technical guidelines for the management of different waste
streams.

o

Review of legislation to incorporate the producer responsibility and duty of care
principles.

o

Enhanced monitoring and inspection by regulatory authorities.
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6. PART III- PAPERS AND PRESENTATIONS

AN INTRODUCTION TO HAZARDOUS WASTE MANAGEMENT AND THE
INDUSTRY
BY JAMES BRICE, INTERNATIONAL CONSULTANT
INTRODUCTION TO HAZARDOUS WASTE
The aim of the section is to introduce the subject of hazardous waste. This section gives
the definition of ‗hazardous waste‘, the types of hazardous wastes and their sources,
why hazardous waste is a problem and the scale of the problem. This section also
introduces the concept of waste management, what the reasons for poor waste
management are, the effects of poor waste management and the waste management
hierarchy. A brief history behind the Basel Convention is given. At the end of this
module, delegates should have an appreciation of what hazardous waste is and the
problems associated with it, as well get a better understanding of where the
stakeholder countries feature in the area of hazardous waste.
Definition
The definition of hazardous waste is a complex process as many factors contribute to a
substance‘s being viewed as a hazardous waste. In some cases, products that are
manufactured from processes and are thus not wastes per se, can exhibit hazardous
properties through improper handling and/or transportation. Different associations and
communities throughout the world have each defined hazardous waste in their own
way. The different countries then adopt a definition provided by that association which
is the driving force within that country. This module makes reference to the definition
given by the Basel Convention.
The Basel Convention was formed as a result of the many problems caused by the
annual worldwide production of hundreds of millions of tonnes of wastes. The
Convention is a global treaty that controls and regulates the trans-boundary movements
of hazardous wastes and their disposal at national and international levels. The
international community responded to these problems because these wastes are
hazardous to people or the environment due to their toxicity, explosivity, corrosivity,
flammability, eco-toxicity, their infectious and/or poisonous nature. This global
environmental treaty provides obligations to its Parties to ensure that such wastes are
managed and disposed of in an environmentally sound manner. This subject has many
definitions for waste. According to the Basel Convention, ―Wastes‖ are substances or
objects, which are disposed of, which are intended to be disposed of, or which are
required to be disposed of by the provisions of law. However, another generic definition
commonly used in Africa, and more suited to the purposes of this course, is:
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Waste is an undesirable or superfluous by-product, emission, or residue of any process

or activity, which has been discarded, accumulated or stored for the purpose of
discarding or processing. It may be gaseous, liquid or solid or any combination thereof
and may originate from a residential, commercial or industrial area.
The wastes included in the above definition can then be logically grouped into two
classes, i.e. General and Hazardous waste.

General Waste is a waste that does not pose an immediate threat to man or the
environment, i.e. household waste, builders' rubble, garden waste, and certain dry
industrial and commercial waste. It may, however, with decomposition, infiltration and
percolation, produce leachate with an unacceptably high pollution potential. Also if not
properly managed, general waste may be hazardous. General waste may also have
insignificant quantities of hazardous substances dispersed within it, for example,
batteries, insecticides, weed-killers and medical waste discarded on domestic and
commercial premises.

Hazardous waste is waste that can, even in low concentrations, have a significant

adverse effect on public health and/or the environment. This would be because of its
inherent chemical and physical characteristics, such as toxicity, ignitability,
corrosiveness, carcinogenicity or other properties.
In its definition of hazardous waste, the Basel Convention system depends on a list of
waste types and a list of hazardous properties. Hence it further defines hazardous waste
as:
a) Wastes that are contained in Annex I i.e. waste types (see Appendix A) unless
they don‘t possess any of the characteristics in Annex III ie. hazardous
properties (see Appendix B),
b) Wastes that are not contained under paragraph (a), but are defined as, or
considered to be hazardous wastes, by the domestic legislation of the Party of
export, import or transit.
This definition by the Basel Convention differs slightly from the definition provided by
the Resource Conservation and Recovery Act of 1976, who are the driving force behind
waste management in the United States. They define hazardous waste as any solid
waste, or a combination of solid wastes, which because of its:






quantity,
concentration,
physical,
chemical or
infectious characteristics may :
1) cause, or significantly contribute to, an increase in mortality or an
increase in serious irreversible or incapacitating reversible illness or

132

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

2) pose a substantial present or potential hazard to human health and the
environment when improperly treated, stored, transported or disposed
of or otherwise managed.
Although the definition refers to solids, it is interpreted to include semisolids, liquids and
contained gases.
THE MAGNITUDE OF THE PROBLEM IN DEVELOPING COUNTRIES
In many African countries at present, there are no existing hazardous waste
management systems. This is largely due to the fact that many countries, particularly in
the developing world, lack adequate institutional capacity in hazardous waste
management and in monitoring illegal imports of chemical and hazardous wastes. There
is therefore an urgent need for strengthening national capacity for the effective
management of such wastes.
The main categories of hazardous waste that are of concern include:





Healthcare or medical waste, which is generated from hospitals and clinics.
Pesticides, which have expired and in some cases are banned elsewhere in the
world.
PCBs (PolyChloroBiphenyls), i.e. transformer oils from electrical installations.
Oil from numerous and diverse sources.

The developing countries
Obsolete, unwanted and banned pesticides and persistent organic pollutants (POPs) are
serious environmental hazards. Leaking and corroding metal drums filled with obsolete
and dangerous pesticides dot urban and rural landscapes of developing countries
around the world. These chemical leftovers have become villains in the agricultural
world they were designed to help, affecting not only a nation's agriculture and its
environment, but also fundamentally the health of its people and consequently
development in general, be it in rural or urban areas. Figures 1 and 2 below illustrate
conditions that should raise some concern regarding the state of the environment
regarding hazardous waste.
Figure 1
Obsolete pesticides that have
heavily leaked into the
environment polluted and
contaminated ground water
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Figure 2: The poor have no choice even if aware of his/her immediate
surroundings
This global environmental tragedy is a direct result of several decades of mishandling
and misuse, but is most dramatic in the developing world where there is no awareness
of the inherent danger of pesticides. The unaware therefore draw water from
contaminated site for their own survival and that of their animals.
Example: Pesticides
Most of the affected countries are under tropical conditions where agricultural and
vector pests flourish both in diversity and numbers. Migratory pests such as locusts,
grasshoppers, grain eating birds, storage pests, rodents, etc. inflict untold damage to
agriculture and bring about hunger or misery when they are at their peak.
Poor nations have been led to believe that the only alternative to combat pests
agricultural or otherwise effectively is only by using pesticides. The poor never think for
a moment that pesticides are poisonous and that they are dangerous to life. Most
believe that pesticides are like medicines. They consider that they kill pests selectively
and are therefore less harmful to humans, animals and plants. Governments save
budgets to purchase pesticides on regular basis.
Recipient countries anxious to minimize pest damages and being unaware of the
negative consequences, usually receive pesticides from every possible source and
direction. This leads to uncoordinated influx of pesticide donations and trading,
subsequently giving rise to excessive supply. While some of the donations are genuine,
others take the opportunity to dump unwanted and illegal pesticides on the poor and
unsuspecting countries. Pesticides reach individual farmers or household dwellers that
value pesticides dearly. They keep them in their houses, with their food and animals.
Pesticide vendors take the opportunity to promote pesticides aggressively. It is not
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uncommon to find pesticides being stored in the open or in heavily populated zones and
usually in substandard stores and sold along with food and drinks, etc. Children are
used in advertising sales of pesticides and often get easy access to pesticides.
They play with empty pesticide cans and use them for drinking water or milk. Most
pesticide cans litter high streets or are simply dumped in open municipality dumps for
subsequent open burning leading to serious emissions of dioxins.
Other examples
Another area of concern are the health care and medical wastes that arrive on waste
dumps. Although most large African city hospitals have incinerators, few of them work.
As a consequence, this waste arrives at these open dumps, where it poses a health
hazard.
Botswana
Data on hazardous waste generation in Botswana has not been updated for a number
of years – a mid-1990‘s survey estimated that  34 600 tons/a of liquid and  1600
tons/a of solid hazardous waste is generated. The IMO Global Waste Survey (using its
Rapid Assessment Procedure) estimates hazardous waste production in Botswana to be
about 4 000 tons/a.
Used oil (from manufacturing and mining industries and garages), medical waste (from
hospitals, clinics and surgeries), as well as stocks of obsolete pesticides ( 205 tons at
the Department of Agriculture and unknown quantities with farmers and other
agricultural institutions) pose the greatest challenge. Other hazardous wastes are
printing inks, spent dry and wet batteries and residues, spent solvents, chromium
containing tannery wastes, paint and metal sludges, etc. Some of the hazardous waste
generators in some of the stakeholder countries do not view hazardous wastes as a
major problem. They should, however, develop the capacity to deal with these wastes
correctly.
A major oil generator like Botswana Railways is still negotiating a solution with its
supplier in RSA to return used oils, which thus far, have been dumped in riverbeds.
A company, Optimum Lube Oil, operates a plant in Nairobi to recondition used engine
oil. Unfortunately, the plant capacity is not fully utilised due to shortage of waste oil
being recovered. It is believed that large volumes of waste oil are discarded into the
environment or used for alternate purposes. The primary problems regarding collection
of used oil is lack of awareness of its hazards and the price offered not being
competitive to alternative use.

135

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

Malawi
In Malawi disposal only takes place by means of landfilling and there is no incineration.
In the absence of waste receptacles, sufficient collection and transport facilities and
adequate disposal sites or methodologies, the majority of waste is disposed of directly
to the environment. Direct disposal to the environment takes many forms such as
burial, burning and ‗littering‘ (indiscriminate disposal on surface). These methods of
disposal present a great risk to others in the broader environment due to associated
pollution potential (i.e. leachates and toxic emissions) and inadvertent
exposure/contact.
The most notable example of this practice is the methods of burning and burial of
medical wastes at the various medical facilities. These practices appear to be condoned
by authorities. Incomplete combustion results in some of the expired drugs being
collected and being sold on the ‗black‘ market.
The following are true for Malawi with regard to landfilling:





A non-engineered landfill exists in Blantyre.
A non-engineered landfill exists in Lilongwe.
The sites are operated by the city / local authority in each town.
Hazardous and non-hazardous wastes are mixed.

At establishment the Lilongwe waste site was considered to be well engineered and had
World Bank support. However once the World Bank withdrew financial support the site
was no longer correctly managed. Attempts were also made to try getting financial
assistance from Sweden, but this has been unsuccessful. Estimates of waste collection
in Lilongwe are that only 30 % of the estimated 300 t/d produced is collected. At
present the city assembly has deployed approximately 100 skips around the city, but
they only have 1 vehicle to collect these skips (they have another 4 which are no longer
in running order). These skips are only serviced once a week. No outsourcing is
practised.
The developed countries
The problem of hazardous wastes is not only a problem of the developing world. Many
chemicals released into the environment persist and build up in the environment long
after they are released. For example, chemists estimate that the solvent chloroform,
which is toxic to birds, fish and humans, will persist in water for 1,850 years. Yet, it is
continually being dumped into rivers or lakes via municipal waste treatment plants and
accidental spills. Phorate, an organophosphorus insecticide, was used around a South
Dakota wetland at only three-quarters of the recommended dose yet persisted through
the winter despite assurances from the US Environmental Protection Agency that it
would degrade. The following year, it killed a number of waterfowl. The contaminated
fowl were scavenged by bald eagles, which also died.
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TYPES AND SOURCES OF HAZARDOUS WASTES
There are different types of hazardous materials. Examples of these are commercial
chemicals, wastewater streams containing mixtures of substances, dust particles, plastic
materials, cleaning products, synthetic rubbers, cyanide containing residue streams and
old plastic syringes, among other things. These types of wastes are generated from
different sources including manufacturing industries, households, mining industries,
medical and agricultural facilities.
In general, the following types of waste should be regarded as potentially hazardous:














Cyanide waste
Heavy metal sludges and solutions from the metallurgical industry
Waste containing appreciable proportions of fibrous asbestos
Wastes primarily from the processing, storage and use of mineral oils
Petrochemical wastes
Transformer oils containing PCBs
Organic waste
Non-halogenated solvent residues
Halogenated solvent residues
Phenolic waste
Paint and resin waste
Biocide (herbicides and pesticide) waste
Organic chemical residues

SOURCES OF WASTE
Hospitals and clinics
Pharmaceutical and medical wastes include drugs and chemicals that are outdated,
contaminated, substandard or are no longer required, as well as hospital waste
including pathological waste, needles, syringes, scalpels, glass, etc. In general, the
principles of safe disposal of healthcare waste are not adhered to. Both hospitals and
clinics seemingly do very little to enact proper management of their HZW. The problem
is also exacerbated as the medical industry and donors are reported to export
medicines, which are close to their expiry date at very low prices or as charity to African
countries.

Agricultural areas
African agriculture remains low input - low output, as the majority relates to smallholder
farmers this sector uses very limited quantities of chemical inputs. Some fertilizers and
pesticides are used mostly in the production of commercial and marketable crops e.g.
coffee, tea, cocoa, cotton, tobacco, flowers and vegetables. Larger estates, e.g. in
South Africa, Kenya, and Zimbabwe, are involved in high value crop production such as
tea, coffee, sugar and tobacco and constitute the main users of agro-chemical inputs in
their respective countries.
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The departure of agricultural chemical multinationals from local markets and the
economic liberalisation of input markets have resulted in smaller import suppliers
supplying products to the market. As these small operators are more exposed to
financial risks when importing large consignments of agricultural agro-chemicals, they
tend to import smaller directly marketable quantities. The facilities available to small
traders for storage and knowledge of handling are typically inadequate and therefore
possess both a human health risk as well as an environmental hazard.
Countries also receive donations or heavily discounted prices of near-obsolete agrochemicals from donors and chemical companies. Due to inadequate transport
infrastructure networks and limited purchase power, these donations are often not
widely distributed and subsequently have to be stock piled and stored for eventual
disposal.
While the supplies of agro-chemicals have decreased in most sub-Saharan African
countries, a combination of factors, viz. limited demand, reformulated products, poor
transport logistics and product switching has resulted in stockpiles of expired agrochemicals, which would imply a need for controlling the management by the private
dealers.
Tanneries, Breweries, Textile Industries and Manufactures of Soaps and Detergents
All countries in the African English-speaking region have domestic tanneries, breweries,
textile industries and manufactures of soaps and detergents. These industries often
generate hazardous effluents, which may be discharged, treated, partly treated or
untreated into the sewer systems. The environmental impacts of discharged effluents
are often unknown as very little monitoring occurs. The monitoring of wastewater
discharge quality and quantity typically rests with local authorities (e.g. municipality
water department staff) that have limited financial resources and are understaffed to
effectively enforce environmental standards.

TYPES OF HAZARDOUS WASTES
Waste Oil
Railways, harbours, industries and formal and informal vehicle workshops generate
huge amounts of waste oil, oil filters, etc. This type of waste is often burned or illegally
dumped, although some of the multinational oil companies operate systems for the
collection and reuse of waste oil. A common practice of recycling is the collection of
waste oil from filling stations and other generators and reselling it to industries that use
it as furnace fuel. The main factors preventing successful management of waste oil are
the inconvenience and cost of correct disposal and the demand for (illegal) reuse of oil
waste, e.g. for wood treatment and as furnace fuel. Some of the smaller countries, e.g.
Swaziland, Lesotho, the Gambia and Zimbabwe, do not have facilities to treat and store
waste oils, and there is therefore a need to organise inter-regional transport and
disposal of waste oils.
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PCB’s
Electrical transformers contaminated with PCBs are a ubiquitous problem. A number of
countries have made efforts to introduce PCB-free oils, e.g. Gambia, but there are still
numerous older transformers in use or decommissioned across the continent. Certain
industrialised countries have attempted to supply PCB rich transformers as part of their
development aid to the region‘s countries, such as Gambia.

Wet and Dry Cell Batteries
A number of countries have wet battery producers. Some of these producers have
established smelters for recycling of lead from used batteries and accumulated stocks of
smelter slags (vitreous refuse left after ore smelting), which contain 3 – 5 % lead. The
wastewater from cleaning the batteries is contaminated with lead and is often
discharged directly into the sewer systems.
Dry cell batteries appear to be a large problem particularly due to the importation of
cheap batteries produced with obsolete technology and containing environmentally
hazardous materials, including lead, zinc, mercury, cadmium, etc. Modern batteries,
which are imported but less harmful to the environment, typically cost three times as
much as lead-based types. A common problem is the lack of formalised management
systems to collect and dispose the batteries, which are usually mixed with households
waste. Several countries have stock piled dry cell batteries and have been unable to
recycle or dispose of them.

Paint Production Waste
A number of countries have domestic paint industries producing water-based and
decorative oil based paints. Local markets and regional export contaminates from this
industry usually ends up in waste systems and being discharged into the environment.
ENVIRONMENTAL AND HEALTH EFFECTS OF POOR WASTE MANAGEMENT
Hazardous wastes are harmful to both humans and the environment, and as such there
is a need to ensure that these types of waste are managed in the most environmentally
responsible way. Approaches that deal with the use, generation, transportation and
disposal of hazardous waste therefore form an important part of environmental
management at the international, national and local levels.
Waste management describes process options available to deal with the problem of
hazardous waste. These aim to minimize, treat or dispose of the waste in an
environmentally responsible manner. With the growing awareness of the adverse effects
of hazardous waste in terms of health and the environment, the emphasis is shifting
from land disposal to reduction of the waste.
Numerous cases have been recorded of communities and environments that have
suffered due to poor or nonexistent waste management initiatives. These include deaths
of whole communities and/or individuals, incapacitating illnesses and destroyed fauna
and flora. These have resulted mainly from operations that, either through negligence
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or ignorance, have disposed of their waste irresponsibly and have invariably
compromised the lives of animals and plants inhabiting areas within close proximity to
the operations. Poor waste management also demonstrates a lack of responsibility on
the part of management within the operations where the waste is generated. The
mechanisms through which the environment and humans are impacted by poor waste
management are discussed below.
Through water pollution
The migration of either liquid hazardous waste or leachate from dry hazardous
waste, will impact on surface water (streams, rivers and dams) and on ground
water. Both the pollution of ground and surface water resources pose significant
danger to humans and the environment. The danger to humans is significantly
higher, where the water is used for drinking and washing, because the hazardous
waste is brought into direct contact with humans, with the probable result of illness
and even death. In the case of the surface environment, such pollution often results
in the killing or contamination of fish and animals, which if eaten, will affect
humans, either immediately or could result in the slow accumulation of pollutants in
the body‘s tissues and organs (bioaccumulation).
The problem with water pollution is that it knows few boundaries. Surface water
becomes ground water and vice versa, and upstream or up-gradient polluters can
easily affect downstream users, who may be in another village, town or even
country. While it is technically easier to remedy surface water pollution, it is
expensive. In the case of ground water, however, it is technically very difficult and
financially prohibitive to remedy pollution. Since ground water pollution has the
potential to essentially eliminate water resources, it must be avoided at all costs.
Through air pollution
An organic solvent, such as tetrachloroethylene, is volatile and because of its
volatility will escape from areas where it is used, stored, or disposed of. If humans
inhale the fumes, they may be exposed to this hazardous waste in significant
quantities and their health may be affected. If other sensitive biota reside within the
zone of impact they too will be exposed to these organics, with adverse affects.
With the burning or low temperature incineration of both general and hazardous
wastes, hazardous gas emissions may result. These may be disseminated and
ultimately inhaled by humans, or they may adversely affect other components of the
environment. Examples are as follows:





Emissions from stacks and chimneys may contain both organic pollutants and
heavy metals, which if inhaled, can cause significant health impacts. While some
organic wastes are simply volatilised at low temperatures, an important pollutant
resulting from the burning of even general wastes is Dioxin, which is a
carcinogenic organic pollutant. All of these products can be inhaled, and cause
significant health impacts
The burning of the plastic polyvinyl chloride (PVC) releases H+ (Hydrogen) and
Cl- (Chloride) ions into the air, which combine to make HCl (hydrochloric acid) or
acid rain, with all its associated corrosion problems.
Dust, containing heavy metals, can escape from stacks and chimneys eventually
settling on land potentially causing secondary soil and water pollution.
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Dusty hazardous waste, especially precipitator dust recovered from metallurgical
industry stacks, and improperly disposed of on general waste disposal facilities, may
impact on waste reclaimers working on these sites.
Finally, asbestos is considered to be a very hazardous waste. Airborne asbestos
fibres result from mining and the asbestos manufacturing industry. When not
properly handled, transported and disposed of, asbestos fibres may be inhaled,
causing asbestosis, which is currently a high profile illness, which can and does kill
people who receive exposure to it.
Through soil pollution
Heavy metals and pesticides have the potential to pollute soil. When this happens,
the soil is rendered less fit for crop production. Crops and plants have the potential
to extract large quantities of heavy metals from the soil and accumulate these in
their leaves and fruits. In severe cases, pollution can render the soils sterile.
REASONS FOR POOR WASTE MANAGEMENT
Many countries lack the national capacity to handle and manage hazardous wastes.
This is primarily due to:
-

-

inadequate infrastructure,
deficiencies in regulatory frameworks,
insufficient education and training programmes and lack of coordination
between the different ministries and institutions involved in various aspects of
waste management
a lack of knowledge about
o environmental contamination and pollution and the associated health
risk from the exposure of populations, especially women and children,
and ecosystems to hazardous wastes;
o assessment of risks; and
o the characteristics of wastes.

Steps need to be taken immediately to identify populations at high risk and to take
remedial measures, where necessary. One of the main priorities in ensuring
environmentally sound management of hazardous wastes is to provide awareness,
education and training programmes covering all levels of society. There is also a
need to undertake research programmes to understand the nature of hazardous
wastes, to identify their potential environmental effects and to develop technologies
to safely handle those wastes. There is a need to strengthen the capacities of
institutions that are responsible for the management of hazardous wastes.
The following can be attributed to poor waste management:
Lack of priority for Hazardous Waste Management.
The region spans a wide diversity of countries, some of which rank amongst the poorest
in the world. All of the countries share similar socio-economic problems such as foreign
debt, underdeveloped conditions, inadequate infrastructure, and insufficient financial
and human resources to address social needs. In view of the amount of other more
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pressing needs, management of hazardous waste has a general low priority as reflected
by the resources and attention that is presently being allocated to the issue.
Nevertheless, based on the increase in activity that has been applied to the
management of hazardous waste by most countries during the past five years, it is
evident that the Basel Convention has succeeded in placing hazardous waste on the
environmental management agenda of the signatory countries. In most countries, there
are legislative frameworks to facilitate this, however, these are seldom enforced.
Lack of Information and Information Management.
On account of the low priority of hazardous waste management, there is a lack of
trained manpower. Consequently, the availability of information is extremely poor, with
a general absence of monitoring, information management systems and regular
reporting. As a result of this, it is impossible for Competent Authorities and decisionmakers to realistically assess the extent of the hazardous waste problem, its impacts,
and to formulate appropriate solutions.

Insufficient financial and human resources allocated to HZWM functions have
resulted in:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

lack of comprehensive and integrated legislation,
inadequate enforcement of existing legislation,
limited capacity for strategic long-term planning,
limited capacity to manage HZW streams;
limited skilled manpower;
lack of awareness and knowledge of HWM;
inadequate funding (and co-operation/assistance from industry in general);
and
lack of appropriate technologies and facilities for handling, storage,
transport, treatment and disposal of HW.
THE HAZARDOUS WASTE MANAGEMENT INDUSTRY

The waste management industry can be described as including companies or
organisations supplying pollution control, reduction, clean-up and waste handling
services and related equipment.
Defining the hazardous waste management industry and its key players in Africa is an
arduous task. Information on the industry is limited. The waste management industry
is a heterogeneous industry with ill-defined frontiers on which information id scarce. It
is a relatively diversified industry with a variety of industrial products and services that
have not been statistically classified and for which current data is limited. This could be
as a result of a number of factors:
a) The industry is an emerging industry that is so closely linked to the general
waste management industry that separation tends to be difficult.
b) Knowledge of what constitutes hazardous waste is limited. This results in a
situation where the path followed by hazardous waste is unclear.
c) There is no organisation or regulatory authority that collects/ records
information on key players in the industry;
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d) Role players in the industry tend o be reluctant to divulge information about
their activities;
e) The generators of waste are reluctant to provide information on who collects,
transports, treats and disposes of their waste.
At present, the hazardous waste management industry may be described as mainly
service based with a low level of technological skill. Managing of waste generally
involves a single transfer of waste from its source (agricultural or industrial) to disposal
site that may or may be controlled.
Most African nations are characterised by poor hazardous waste management
industries, in particular healthcare waste management.
Driving Forces and Constraints
The hazardous waste management industry in Africa is an interesting example of an
emerging industry marked by high environmental, technological and organisational
uncertainty. In most countries the key players in the industry have links to the general
waste management industry with hazardous waste management forming an additional
―service‖. This industry is still in its exploratory phase and is heavily dependent on
availability of finance, and on regulation for the definition of its boundaries and market.
In countries such as South Africa the industry is gradually separating itself from the
general waste management industry.
Regulatory Forces
International and national environmental regulations set a broad framework for demand
for hazardous waste management services and equipment. In the context of an
emerging industry, the institutional environment, comprising the ―rules of the game‖,
tends to be a source of uncertainty for key players and potential players. The main
peculiarity of the industry is its high dependence on regulation. International and
national regulations tend to represent the single main source of pressure for the
industry in Africa. Waste management is now one of the key environmental
management issues following growing international concern about hazardous waste.
The process of regulation in the field is highly political. Environmental problems are a
sensitive issue subject to many different perceptions and values. At present, hazardous
waste industry in Africa is faced with regulations put forward by regulators who are
working in a climate of ―experimentation‖ based on western models.
Technological Forces
Technology for appropriate management of hazardous waste is still underdeveloped in
most African countries. Technological development is currently focused on issues that
are seen as ―more important‖ and ―urgent‖. In countries with processing, chemical and
manufacturing industries, technological innovation is beginning to take root. However,
the driving force is generally financial rather than better management of waste. In
instances where industries export products that produce hazardous waste to western or
developed nations, the driving forces have now become external (e.g. ISO 14000
requirements).

143

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

The following can be identified within a hazardous waste management industry:
a) A group of identifiable technologies which are used to clean-up existing
processes and production;
b) Waste management and recycling technologies used to recover waste for reuse
and deal with obvious environmental damage; and
c) A growing range of services based on engineering and environmental
consultancy.
Although technological innovation is viewed as an advantage in other countries, it tends
to be perceived as an expensive threat to existing waste management companies in
developing countries with the possible entry of new competitors. In an ideal situation
technological innovation should be seen as an opportunity for companies to be ahead of
legislation and to set future standards.
Transportation of Waste
Structured transportation of hazardous wastes (HZW) is almost exclusively undertaken
by private enterprises. This may be compared with municipal waste collection and
transportation, which may include hazardous waste mixed with municipal waste, which
is undertaken by both private and municipal services. Although, HZW transport
legislation exists or is in the process of being developed in a few countries, the
enforcement thereof and the registration of HZW transporters is generally limited.
Transporters of hazardous waste generally use equipment that may be used for general
waste transportation with little or no modification. A summary of country specific
situations is presented in the Appendix to Section 2.
Transport is the second link in the cradle-to-grave chain of hazardous waste
management. If a waste producer or a company requiring hazardous inputs chooses to
transport the hazardous waste, the generator or company should to create a manifest.
This manifest may then be used to track the movement of the hazardous waste from
the point of generation to the point of use, ultimate treatment or disposal. The manifest
should contain:
a) The name of the generator, the transporter and the treatment or disposal
facility;
b) A clear and accurate description of the waste being transported;
c) The quantity of the substance or waste being transported;
d) The address or specific location of the designated final disposal site;
e) The treatment, storage, or disposal method chosen as the most practical method
available; and
f) Hazardous waste transporters, the company should also have spill response
plans. If cross boundary movement is required then the transporter has to meet
the national or state requirements for all countries or states to be travelled
through.

144

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

Disposal of Waste
Disposal of HZW mixed with solid wastes (co-disposal) at municipal landfill sites, are
generally uncontrolled and in poor condition, is a general continental practice (with only
few exceptions). Current monitoring and control mechanisms and systems are mostly
insufficient to address this problem, although the privatisation of landfill operations has
generally improved this situation somewhat.
Medical waste, including pharmaceutical waste, e.g. obsolete medicines, forms the bulk
of wastes disposed through incineration. Most medical institutions and facilities have
their own incinerators or at least access to an incinerator, but very few (if any) of these
are fully suitable in terms of technology, capacity, operation or condition. Repair and
maintenance of equipment is usually infrequent or non-existent, mainly as result of
unavailability of funds and low priority. Privately and operated incinerators are generally
in better condition, but it is doubtful whether even these facilities fully comply with
acceptable requirements.
Recycling and Treatment of Waste
The general prohibiting factor concerning recycling of waste is the uneconomically scale
of operations due to the relatively small amounts generated and the long distances and
corresponding high costs of transport.
Reuse and recycling of hazardous wastes are increasingly being researched and
undertaken by the larger multinational companies as a means of reducing the cost of
waste disposal. The country reports detail that waste oil and lead-acid batteries form
the bulk of hazardous wastes currently being recycled.
In general few facilities exist for suitable treatment of hazardous waste. The treatment
of HZW is usually done in accordance with outdated practices co-disposal with general
waste or mixing with ash, cement, etc., is performed in some cases, followed by
disposal at municipal waste sites. Larger (mostly multinational) companies are
increasingly using treatment of hazardous wastes as a means of reducing the eventual
transport and disposal costs.
Emergency Response Services
A prompt, safe and effective response to a hazardous material incident minimises
exposure to employees and the general public. It may also limit property damage and
clean-up costs. The best way to ensure an effective response is have an emergency
response plan that is associated with infrastructural support and support from general
emergency services. Knowing the proper emergency response procedures can save
valuable time and lessen the consequences of a release.
In most developing nations, particularly these in Africa, there are no set and fully
supported emergency response procedures at a national or provincial level. Financial
constraints and ―know-how‖ or capacity for emergency response are usually sited as the
main reasons for lack of emergency response procedures.
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At industry level, emergency response procedures will depend on the industry or the
nature and financial state of the individual companies. Outline of emergency response
procedures can be found in a number of manufacturing industries.
However, an outline of emergency response procedures following occurrence of a major
hazard at national and local level is rare. Such procedures include organisation structure
of key trained personnel to act as emergency responders, action steps for entering and
working within zone of hazard, evacuation procedures, protective gear requirements,
decontamination procedures, lines of communication, emergency telephone numbers,
map of route to nearest emergency medical care). Emergency response procedures also
include follow-up procedures after the emergency is over.
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APPENDIX A
WASTE STREAMS
ANNEX I
Y1

Clinical wastes from medical care in hospitals, medical centers and
clinics

Y2

Wastes from the production and preparation of pharmaceutical
products

Y3

Waste pharmaceuticals, drugs and medicines

Y4

Wastes from the production, formulation and use of biocides and
phytopharmaceuticals

Y5

Wastes from the manufacture, formulation and use of wood
preserving chemicals

Y6

Wastes from the production, formulation and use of organic solvents

Y7

Wastes from heat treatment and tempering operations containing
cyanides

Y8

Waste mineral oils unfit for their originally intended use

Y9

Waste oils/water, hydrocarbons/water mixtures, emulsions

Y10

biphenyls (PCBs) and/or polychlorinated terphenyls (PCTs) and/or
polychlorinated biphenyls (PBBs)

Y11

Waste tarry residues arising from refining, distillation and any
pyrolytic treatment

Y12

Wastes from production, formulation and use of inks, dyes, pigments,
paints, lacquers, varnish

Y13

Wastes from production, formulation and use of resins, latex,
plasticizers, glues/adhesives

Y14

Waste chemical substances arising from research and development or
teaching activities which are not identified and/or are new and whose
effects on man and/or the environment are not known

Y15

Wastes of an explosive nature not subject to other legislation

Y16

Wastes from production, formulation and use of photographic
chemicals and processing materials

Y17

Wastes resulting from surface treatment of metals and plastics

Y18

Residues arising from industrial waste disposal operations

Wastes having as constituents:
Y19

Metal carbonyls

Y20

Beryllium; beryllium compounds

Y21

Hexavalent chromium compounds

Y22

Copper compounds

Y23

Zinc compounds

Y24

Arsenic; arsenic compounds
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Y25

Selenium; selenium compounds

Y26

Cadmium; cadmium compounds

Y27

Antimony; antimony compounds

Y28

Tellurium; tellurium compounds

Y29

Mercury; mercury compounds

Y30

Thallium; thallium compounds

Y31

Lead; lead compounds

Y32

Inorganic fluorine compounds excluding calcium fluoride

Y33

Inorganic cyanides]

Y34

Acidic solutions or acids in solid form

Y35

Basic solutions or bases in solid form

Y36

Asbestos (dust and fibres)

Y37

Organic phosphorus compounds

Y38

Organic cyanides

Y39

Phenols; phenol compounds including chlorophenols

Y40

Ethers

Y41

Halogenated organic solvents

Y42

Organic solvents excluding halogenated solvents

Y43

Any congenor of polychlorinated dibenzo-furan

Y44

Any congenor of polychlorinated dibenzo-p-dioxin

Y45

Organohalogen compounds other than
substances referred to in this Annex e.g.
Y39, Y41, Y42, Y43, Y44)
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APPENDIX B
LIST OF HAZARDOUS CHARACTERISTICS
ANNEX III
H1

Explosive

An explosive substance or waste is a solid or liquid
substance or waste (or mixture of substances or
wastes) which is in itself capable by chemical
reaction of producing gas at such a temperature
and pressure and at such speed as to cause
damage to the surroundings.

H3

Flammable liquids

The word "flammable" has the same meaning as
"inflammable." Flammable liquids are liquids, or
mixtures of liquids, or liquids containing solids in
solution or suspension (for example, paints,
varnishes, lacquers, etc.,
but not including substances or wastes otherwise
classified
on account of their dangerous characteristics)
which give
off a flammable vapour at temperatures of not
more than
60.5E C, closed-cup test, or not more than 65.6EC,
open-cup test. (Since the results of open-cup tests
and of closed-cup
tests are not strictly comparable and even
individual
results by the same test are often variable,
regulations
varying from the above figures to make allowance
for such
differences would be within the spirit of this
definition.)

H4.1

Flammable solids

Solids, or waste solids, other than those classed as
explosives, which under conditions encountered in
transport are readily combustible, or may cause or
contribute to fire through friction.

H4.2 Substances or wastes liable to
spontaneous combustion

Substances or wastes which are liable to
spontaneous heating under normal conditions
encountered in transport, or to heating up on
contact with air, and being then liable to catch fire.

H4.3

Substances or wastes which, in contact with water
emit flammable gases Substances or wastes which,
by interaction with water, are liable to become
spontaneously flammable or to give off flammable
gases in dangerous quantities.
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H5.1

Oxidizing

Substances or wastes which, while in themselves
not necessarily combustible, may, generally by
yielding oxygen cause, or contribute to, the
combustion of other materials.

H5.2

Organic Peroxides

Organic substances or wastes which contain the
bivalent-O-O- structure are thermally unstable
substances which may undergo exothermic selfaccelerating decomposition.

H6.1

Poisonous (Acute)

Substances or wastes liable either to cause death
or serious injury or to harm health if swallowed or
inhaled or by skin contact.

H6.2

Infectious substances

Substances or wastes containing viable micro
organisms or their toxins which are known or
suspected to cause disease in animals or humans.

H8

Corrosives

Substances or wastes which, by chemical action,
will cause severe damage when in contact with
living tissue, or, in the case of leakage, will
materially damage, or even destroy, other goods or
the means of transport; they may also cause other
hazards.

H10 Liberation of toxic gases in
contact with air or water

Substances or wastes which, by interaction with air
or water, are liable to give off toxic gases in
dangerous quantities.

H11

Toxic (Delayed or chronic)

Substances or wastes which, if they are inhaled or
ingested
or if they penetrate the skin, may involve delayed
or chronic effects, including carcinogenicity.

H12

Ecotoxic

Substances or wastes which if released present or
may present immediate or delayed adverse impacts
to the environment by means of bioaccumulation
and/or toxic effects upon biotic systems.

H13

Capable, by any means, after disposal, of yielding
another material, e.g., leachate, which possesses
any of the characteristics listed above.

Tests
The potential hazards posed by certain types of wastes are not yet fully documented;
tests to define quantitatively these hazards do not exist. Further research is necessary
in order to develop means to characterize potential hazards posed to man and/or the
environment by these wastes. Standardized tests have been derived with respect to
pure substances and materials. Many countries have developed national tests which can
be applied to materials listed in Annex I, in order to decide if these materials exhibit any
of the characteristics listed in this Annex.
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APPENDIX C
ANNEX II
CATEGORIES OF WASTES REQUIRING SPECIAL CONSIDERATION
Y46
Y47

Wastes collected from households
Residues arising from the incineration of household wastes
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WASTE TREATMENT AND DISPOSAL TECHNOLOGIES
BY JAMES BRICE, INTERNATIONAL CONSULTANT
Background
The Hazardous Waste Regulations require that hazardous wastes shall only be treated
or disposed of at prescribed premises/facilities. The reason for this is the potential risk
of hazardous wastes to human health and the environment if hazardous wastes were:

disposed of in a municipal landfill

dumped illegally, or

stored on-site without necessary precautions
Treatment here refers to the broader picture which includes recovery, recycling,
destruction or immobilisation.
The Waste Management Hierarchy
Waste is a potentially useful resource. Consequently, recovery and reuse are strongly
preferred options over treatment or disposal. In terms of priority, the ideal approach to
the hazardous waste problem is to apply the internationally accepted ―waste
management hierarchy‖ approach, which is demonstrated in Figure 1:

Waste Management Hierarchy
1. Waste
Reduction
Can quantity of

2. Reuse/
Recycling

3. Treatment
Does hazardous
nature of waste
need to be
reduced?

Can waste be
reused or recycled?

4. Safe
Landfill
Disposal

waste produced
Figure 1: Waste Management Hierarchy
by minimised?
When applying this hierarchy, it must always be remembered that every process for the

recycling or treatment of waste will always produce a residue that will require disposal.
The terms used for the processes applied to wastes may be defined as follows:
Reuse:
Recycling:
Recovery:
Treatment:
Disposal:

Use of a waste for the original or another purpose without
pre-treatment or processing
Reuse of a waste after some processing
Extraction of useful material or energy which may be
reused
Processing to reduce the hazardous properties of a waste
Final disposal of the waste by land filling

It can be seen from Figure 1 that waste reduction, or minimisation, should always be
the first approach. Don‘t produce waste in the first place, then there is no problem to
address. The next priority is to reuse or recycle the waste. Hazardous waste reduction,
reuse and recycling will be addressed in Section 11. If the waste cannot be recovered,
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then it should be treated to make it less harmful and then the final residue should be
disposed of in a landfill. The following sections address resource recovery, followed by
proper treatment and disposal methods and technologies.
No one option of treatment and disposal is better than another. Each option has a role
to play, and the overall waste management system chosen should be the best
environmental and economically sustainable one for a particular region.
Recoverable Wastes
The hazardous waste types that can be recovered are principally the contaminated
organic solvents, the wastes containing beneficial metals and the waste oils. Recovery
of these wastes is addressed in Section 5.
Waste Oils
Waste oils are generated from industrial and non-industrial sources where they have
been used for lubricating, hydraulic, heat transfer, electrical insulating or other
purposes. Reasonably good oil can be recovered from waste oils containing water and
sludge by using sedimentation, stripping of solvents and "polishing" by streamline
filtration, centrifugation or other separation techniques.
Contaminated Organic Solvents
In general, contaminated organic solvents include:
 trichloroethane, trichloroethylene and perchloroethylene from degreasing baths
and
 toluene, xylene, ketones, aldehydes, esters, alcohols from cleansing solvents
used in colour and paint production
By stripping and distillation, it is possible to recover 70-80% of the solvent mixture. The
by-product from the recovery process is water sludge containing organics and is a
hazardous waste.
Wastes Containing Metals
Metals from wastewater/ sludge with not too many different metals can sometimes be
economically recovered by physical-chemical methods. Examples of these are:
 Wastewater from the electroplating industry wherein metals can be recovered by
means of ion exchange or by formation of complexes followed by solvent
extraction
 Wastes from the electronics industry contain precious metals which may be
recovered
 Wastewater from the photographic industry wherein silver can be recovered as
the free element by a combination of electrolysis and ion exchange
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Case Study 1 illustrates the economical benefits of appropriate sorting of hazardous
waste.
Case Study 1
The treatment cost of hazardous waste depends on the actual composition of waste, as
different waste types require application of different treatment technologies. The present
example shows the economic benefit of keeping the wastes separated in groups depending on
the necessary treatment technologies.
Company A is using organic solvents for different purposes. They use chlorinated as well as
non-chlorinated solvents. Both types of solvents have to be treated by incineration. The
company produces 50 tonnes of organic solvent without halogen and 50 tonnes of
halogenated solvent.
Based on current treatment cost levels the total cost can be calculated as
Solvent without halogen: 50 t x $200/t = $10,000
Halogenated solvent: 50 t x $500/t = $25,000
Total: $35,000
If the two types of solvent wastes are not separated the total cost of the waste treatment can
be calculated as:
Halogenated solvent: 100 t x $500/t = $50,000
In the present example the saving is approximately 30%. The reason for differentiated
prices is the requirement for additional flue gas cleaning when the fuel (organic solvent)
contains halogens or sulphur. Another benefit of the separation of different types of
solvent is the possibility of recycling the solvents separately.
Overview of Recovery and Treatment Technologies
Potential recovery/treatment methods for different hazardous waste categories are
related to the particulars of hazardous substances in the waste such as:

composition of the waste

concentration of relevant substances

availability of appropriate recovery methods

value of the substance to be recovered

content of ―other‖ hazardous substances
When selecting a treatment method, regard should first be given to the waste
management hierarchy. The choice of treatment method will then depend firstly on
available methods and secondly on environmental and economic considerations. The
preferred treatment method will take into account all of the above factors and also
includes the end-use of the treated waste. Any decision to take has to be on an
application-specific basis. The most commonly available technologies are as summarised
in Table 1.
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Table 1: Available Hazardous Wastes Management Technologies
Technology

Process

Methodologies

Resource
Recovery

Oil recovery







Solvent recovery
Metal recovery






Treatment

Physico-chemical



Biological
Solidification
Thermal processes
Land treatment






Gravity separation
Coalescence separation
Filtration / Ultra-filtration
Emulsion splitting
Air floatation
Distillation
Precipitation of metals
Ion exchange
Electrolytic cell
Neutralisation, coagulation,
precipitation, oxidation and reduction,
disinfection, ion exchange, wet air
oxidation, reverse osmosis,
sedimentation, clarification, flotation,
filtration, evaporation, solidification
Aerobic and anaerobic
Immobilisation
High temperature destruction
Biological degradation

Resource Recovery Technologies
As disposal of hazardous wastes gets more strictly regulated and more expensive, the
recovery of valuable materials from the wastes will become more attractive. Economics
will always be the driving force for an industry to choose between resource recovery
and their disposal.
The resource recovery technologies considered here are:

oil recovery processes

solvent recovery processes

metal recovery processes.
The recovery facilities may be situated on-site or off-site. Their characteristics are
described below.
Oil Recovery
A generalised method of oil recovery is not possible since oil can be present in
wastewater in one of three distinct forms and its form will directly affect the method of
recovery:
Free oil



Emulsified oil
Dissolved oil




easily rises to the surface and can be readily skimmed off by
any of several available mechanisms
difficult to remove unless the emulsion is first broken
removable biologically or by adsorption with activated carbon

Basically, oil recovery consists of 2 or 3 stages. There are, however, a number of
processes to choose from in each step, as shown in Table 2 below:
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Table 2: Steps for Resource Recovery
Step

Activity

Objective

Typical Processes

1

Pre- treatment

Waste volume reduction
Removal of impurities
Emulsion splitting

- settling
- filtration
A) addition of de-emulsification
chemicals
B) application of heat

2

Treatment

Oil water separation

A)
B)
C)
D)

3

Refining
(Optional)

Purification

Distillation
Acid/clay process

gravity separation
coalescence separation
ultra-filtration
air floatation

Introduction to the Technology
As mentioned earlier, the recovery process option to be chosen depends on the form of
the waste oil. The objective is to select the most appropriate process to segregate the
oil and water for the intended use of the recovered oil. As such, the decision on the
recovery process cannot be made without knowing the actual composition of the waste
oil in terms of:

oil droplet velocity (where applicable)

oil droplet size distribution

emulsified state

concentration of oil in the wastewater

recovery processes available for waste oil

cost of using the different processes for the actual waste oil quality

utilisation of the recovered oil
The options are presented in Figure 2.
Treatment
(Oil water separation)

Option
1

Option
2

PreTreatment
Reuse for
original purpose
Refining
(Distillation)

Option
3
Option
Figure 2:
4

Treatment and recovery of waste oil.
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Refining waste oil by distillation produces either a product that can be reused for the
original purpose or waste oil with a low content of impurities suitable for burning in a
combustion plant for energy production. However, it is noteworthy that distilling waste
oil can also give rise to:

a wastewater fraction which has to be treated before discharge e.g. by ultrafiltration

a distillation residue which will require final treatment/destruction by
incineration
Types of Waste Suitable for the Technology

Table 3 shows the recovery options for different types of hazardous wastes containing
waste oil. The options depend on the actual composition of the wastes.
For example:



recovery of a mix of many hydrocarbon fractions will not be cost effective by
distillation
a high content of water in a oily water mixture will require separation of the
water before the oil fraction can be burned effectively as supplementary fuel

Table 3 : Recovery options for different oil waste types
Oily Waste Types
Mineral oil
Grease
Oily sludge
Oily water mixture / emulsions
Oil-contaminated waste

*

Pre-treatment
Separation






Distillation
Separation


Not usable

Not usable

Reuse*


Not usable

Not usable

Reuse for the original purpose

Description of oil recovery methodologies
The different technologies used in the recovery of waste oil are briefly described below.
Oil/water separation

A) Gravity Separation of Oil and Water

Gravity separation of oil and water/particulate matter is the simplest process used in
recovery of waste oil. It is a passive process that utilises the principle of the difference
in specific gravity between oil and water. In simple terms, the wastewater is allowed to
collect and settle in a vessel. The vessels used for gravity separation are either API
(American Petroleum Institute) Separators or Parallel Plate Interceptors (PPI).
The free oil, being lighter than water, rises to the surface. Once the oil-water separation
is completed, the top oil layer is separated from the surface to an oil recovery tank
using a belt or rope skimming facility or by pumping. The API separator is designed to
remove oil droplets down to 150 microns in size. However, the resultant effluent has
typically an oil concentration greater than 100ppm. Further, API separators are
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ineffective in treating emulsions. (Department of Natural Resources, King County,
Washington, October 1995)

B) Coalescence Separation

A coalescing separator unit can handle the separation of non-emulsified oil. The
separator has special elements with oleophilic and oleophobic properties. Usually, a
substance that is oleophilic will also be hydrophobic. Similarly, oleophobic substances
are also hydrophilic.
When oily water hits the knitted mesh surfaces of the coalescer elements, oil droplets in
the water will spread out and be adsorbed onto the oleophilic surfaces of the elements.
Similarly, the water portion will be adsorbed onto the oleophobic surfaces of the
elements. When more incoming oil and water droplets accumulate on these two
surfaces and grow, larger droplets are formed. These larger droplets then migrate from
one area of the elements to another. This migrating motion gradually accomplishes the
coalescing effect, resulting in a hundred-fold increase in liquid drop diameter. This in
turn accelerates the oil/water separation. As a result of the coalescence effect, only
large drops of oil emerge at the outlet.
The coalescing plate interceptor (CPI) separator is typically designed to remove droplets
down to 60 microns. They can attain effluent concentrations down to 10 to 20 ppm but
are ineffective in treating emulsions. (Department of Natural Resources, King County,
Washington, October 1995)

C) Emulsion Splitting

Emulsion splitting is the best solution for removing emulsified oil. It is usually brought
about by a pH change through the addition of chemicals such as lime or
polyelectrolytes. Lime was the chemical of choice some years ago with polyelectrolytes
now more popular because less sludge is produced. The application of heat can also
assist in splitting emulsions.
There is an optimum chemical dose and an optimum wastewater pH to be considered.
Too little or too much chemical dosage can markedly affect efficiency. After the
emulsion has been broken, the oil has to then be separated from the water, using either
the methods described above or air flotation.

D) Air Flotation

Air flotation is used to separate low-density solids and hydrocarbon solids from liquids.
Air is introduced into the waste liquid in the form of micro bubbles that attach to the
free oil (and suspended particles) to be removed. With a specific gravity less than
water, the bubble-attached oil rises to the surface. Mechanical skimmers then remove
the floating particles from the flotation unit while the liquid is withdrawn from the
bottom.
The air flotation system is capable of removing droplets down to 5 microns. They are
usually used for secondary treatment producing an effluent having 1 to 25ppm oil.
Flotation systems can remove unstable emulsions. (Department of Natural Resources,
King County, Washington, October 1995)
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E) Ultra filtration

Ultra-filtration is an alternative method for the treatment of emulsified oil. In this
process, oil-contaminated wastewater is pumped through a membrane. Under applied
static pressure, the ultra-filtration membrane allows the passage of water and most of
the dissolved substances (chlorides, sulphates, etc.) while large molecules (emulsified
oil being one of them) are retained.
Ultra-filtration can be operated as batch, single-stage continuous or multi-stage
operation.

F) Vacuum Distillation

In vacuum distillation, water is evaporated in a vacuum – at a much lower boiling point,
thus not evaporating the oil and also using less energy – leaving the oil as a residue for
further processing. The water is then re-condensed and is of good quality. It may be
used for vehicle washing, for example.

Oil refining
A) Oil distillation

In the oil distillation process the waste oil is separated into fractions depending on their
individual boiling-points wherein the compounds with low boiling-points are first distilled
off and so on. When the light and the heavier fractions are distilled off, a distillation
residue - a kind of tarry material - remains in the plant. This residue is a hazardous
waste and requires treatment.

B) Acid/clay Process

Another process for refining, the acid/clay process is used when concentrated sulphuric
acid and diatomataceous earth is used to remove water and other impurities. It should
be noted that this process produces a very hazardous acid tar waste by-product which
is extremely difficult to treat or dispose of. Consequently, its use should be
discouraged.
Use of Recovered Oil and/or Waste Oil

As a fuel
The use of recovered oil and/or waste oil as supplementary fuel deserves special
mention. Both are often used as fuel in combustion plants or brick kilns, replacing virgin
fuel oil. However, the quality of some recovered oil and waste oil may contain
contaminants depending on the recovery method and the source of the oil. Burning of
waste oil of low quality usually results in air emissions above the acceptable level,
unless suitable emission controls are in place – such as in incinerators, where they could
be used as a replacement for virgin fuel, if the price levels were attractive.
Many countries have no quality requirements for the recovered oil and/or waste oil used
as supplementary fuel in combustion plants. The example shown below describes the
regulations covering combustion of waste oil in Europe (exemplified by the Danish
interpretation of the European directive, i.e. adjusted to reflect the national
requirement). In other words, if the recovered oil or waste is not up to specifications, it
may need to be distilled before it can be used as a supplementary oil.
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An alternative is to blend waste oils, possibly together with non-halogenated solvents
and other high calorific value wastes to form a fuel of relatively constant specification.
This can then be used as a fuel of somewhat higher quality - for example in cement
kilns. These are particularly attractive because they offer a higher temperature and a
longer residence time than a hazardous waste incinerator and combust in alkaline
conditions, thus removing harmful acid gases. Air emissions from the kiln when using
waste oil tend to be similar or even better than when they use normal virgin fuel.
Example 1
In Denmark, waste oil is only allowed to be burned at combustion plants greater than 1 MW
capacity. The plants using waste oil as supplementary fuel, has to submit the fuel specification
containing information on heavy metal content, PCB/PCT and sulphur content etc.
Waste oils containing more 50 ppm PCB/PCT are not allowed to be burned as fuel. Waste oil
containing more than 10 ppm PCB/PCT should be exposed to a temperature higher than 1,200°C
for at least 2 seconds during incineration by applying at least 6% oxygen (by volume) oxygen to
the combustion air.
The releases to air have to meet the following limit values as given in the European Waste Oil
Directive with national values given in brackets.
Cadmium
: 0.5 mg/m3 (DK : 0.1)
Nickel
: 1.0 mg/m3 (DK : 0.1)
Chromium, copper & vanadium (sum)
: 1.5 mg/m3
Lead
: 5.0 mg/m3 (DK : 1.0)
Hydrogen chloride
: 100 mg/m3
Hydrogen fluoride
: 5.0 mg/m3
Oxides of sulphur
: _ mg/m3 (DK : 900)*
Particulate matter
: _ mg/m3 (DK : 50)*
PCB
: _ mg/m3 *
Note: *
The limits are not set in the Directive but are required to be set by the Member
States. The individual authorities will set these limits

Source : Statutory Order No. 299 of 30 April 1997 on Waste. Copenhagen: Ministry of Energy and
Environment, Translation March 1998.
Other Uses
Waste oils may also be used as a timber preservative or may be converted into lowgrade grease or lubricant.
Problems Associated with Oil Recovery
The following problems may occur with oil recovery if it is not properly managed:

Spillage of oil

Storage conditions

Recovered products may be contaminated

Emissions from burning contaminated oils
Solvent Recovery
Introduction to the Technology
The main technology used in the recovery of solvent is distillation. The feasibility and
extent of recovery are governed largely by the quantity involved (economies of scale)
and the complexity of solvent mixtures to be separated. In addition, however, some
paint solvents, mainly white spirit, are recovered for the making of low-grade paint.
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Following distillation, there always remains a solid or sludge residue. This may be land
filled but is sometimes hazardous waste, e.g. if it contains heavy metals from certain
paint pigments or if halogenated solvents are being recovered.
Types of Waste Suitable for the Technology
The waste types suitable for the technology are organic solvents, such as:

white spirit

methanol

isopropyl alcohol (IPA)

acetone

methyl ethyl ketone (MEK)

dimethyl formamide (DMF)

trichlorethylene (TCE)
Examples of solvent recovery methodologies
Ideally, the various solvents used in the different processes should first be segregated
and then recovered separately. The following are examples of alcohol solvent and
thinner solvent recoveries.
Alcohol solvent recovery in flexographic printing
Dirty solvents (from the cleaning of machine parts that have become coated with ink
during the printing process), along with solvents from other sources, are fed into a
distillation unit. The dirty solvent is boiled off and recovered as a clean solvent that can
be reused in the printing process. A solid residue, containing mainly the ink pigments
and other contaminants, is left behind. This material is relatively inert and is usually
land filled.
Paint thinners recovery at a spray shop
The activities of motor vehicle panel repair, paint stripping and re-spraying of repairs
generate significant quantities of thinner solvent and paint waste from the spraying
operations.
The solvent wastes are fed into a solvent recovery unit consisting of a boiler pot
combined with a water-cooled condenser to recover solvent. The recovered solvent is
re-used for equipment cleaning. A dried solid residue, mainly containing paint
pigments, remains at the end of the distillation cycle. This material is then removed,
bagged and usually land filled, unless it contains hazardous pigments (e.g. from leadbased paints).
Problems Associated with Solvent Recovery
The following problems may occur with solvent recovery if it is not properly managed:

Residues may be hazardous waste

Emissions of VOCs

Product may be contaminated

Health and safety issues
Metal Recovery
Introduction to the technology
There are a number of different processes for the treatment of waste containing metals,
depending on the source of the waste and the objective of the treatment. Typical
processes are:
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precipitation of metals

ion exchange

electrolytic cell

re-melting
The first two technologies are pre-treatment steps to be followed by the metal recovery
activities. The electrolytic method results in the direct recovery of the metals.


Types of waste suitable for the technology
The suitable waste types for the technology are as shown in Table 4:
Table 4: Technology for Specific Waste Types
Recovery Process

Waste Types

Metal Recovery

Metal precipitation

Electroplating wastes

Chromium

Ion exchange

Electroplating wastes

Chromium, copper etc

Electrolytic recovery

Photo-finishing wastes

Silver

Electronic wastes

Precious metals

Solder dross

Solder

Re-melting

Description of metal recovery technologies
Metal Precipitation
There are basically three metal precipitation methods, namely:

precipitation by alkali / hydroxide and

precipitation by chemical reduction (using a reducing agent)

precipitation by sulphide
The following is a brief description of each:

A) Alkali/Hydroxide Precipitation

Optimum precipitation of solid metal hydroxide is achieved by adjusting the pH of the
wastewater to the usually moderate alkaline range. This accomplished by measured
addition of lime or caustic soda to the wastewater with concurrent pH monitoring. The
precipitated metal hydroxides are coagulated (using coagulating agents) in a clarifier
and deposited as sludge. Proper clarifier design and good coagulation are important for
efficient metals removal. It must be mentioned that this method is subject to
interference when mixed wastes are treated.

B) Sulphide Precipitation

In this process, heavy metals are precipitated as a sulphide precipitate. Sulphide is
added to the waste solution with the pH maintained within a narrow pH range above
eight. The sulphide normally used is:

either a soluble sulphide such as sodium sulphide, calcium polysulphide,
sodium hydrosulphide

or the less soluble ferrous sulphide (as powder or slurry form).
Careful management of this type of precipitation is important. Usually, an automatic
controller adds the sulphide as pH control is critical. A well-operated sulphide
precipitation system can remove most of the metals from the wastewater. The
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disadvantage of the soluble sulphide method is that in the presence of excess sulphide,
some hydrogen sulphide gas can be produced, which is extremely toxic.

C) Ion Exchange

A typical technique is as follows:
1. Ion exchange cartridges are installed at the waste generator‘s factory to absorb
the heavy metals from the drag-out / rinse waste system into the ion exchange
resins. Most of the metal ions are absorbed as monometallic ions. In other
words, these ion-specific cartridges absorb only copper or only zinc or only
chromium ions
2. The ―loaded‖ ion exchange cartridges are collected for regeneration at the offsite facility. Regeneration releases the heavy metals into the washing liquor.
The heavy metals are then recovered from the washing liquor using Electrolytic
Metal Recovery (see below).
3. The deposited metal which has a purity of 99%, is removed for re-use. The type
of metallic ions which an ion-exchange facility can typically handle is
chromium(VI), copper, lead, nickel, tin, silver and zinc.

D) Electrolytic Metal Recovery (EMR)
The waste types suitable for the technology are mainly wastes from the metal finishing
industry (electroplaters, rolling mills, printed circuit board manufacturers and metal
coating firms). The following are examples of electrolytic metal recovery.

Chromium Recovery

An EMR unit is usually positioned at the rinse tank immediately downstream of the
plating tank to capture the bulk of the drag-out. Solution from the rinse tank is made to
circulate through an electrolytic cell. In the electrolytic cell, a direct current is passed
through the metal-bearing solution. Elemental metal is deposited on the cathode while
oxygen is evolved at the anode. Metal deposition is allowed to build up to a thickness of
about one-half inch. The power is then shut off and the deposited metal is removed
from the cathode. Most electrolytic cells, can recover 99% of the dissolved metal from
the drag-out/ rinse solutions.
The chief hurdle to EMR is the cost of power required to deposit metal from low
concentration solutions. However, this is increasingly offset by the rising cost of the
primary metals recovered.

Silver Recovery

In the electrolytic silver recovery, the silver-bearing solution is passed between two
electrodes through which a controlled direct electric current flows. Silver plates out on
the cathode as almost pure metal. Considerable agitation and large plating surface
areas are necessary to achieve good plating efficiency and high quality silver up to 9698 percent purity. The cathodes are removed periodically and the silver is stripped off.
In reality, silver recovery may or may not be practised. It depends largely on the
volume of wastes generated and the concentration of silver in it.

Electronic Wastes

Electronic wastes contain precious metals, in particular gold and platinum. These may
also be recovered by electrolytic means.
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Re-melting

Re-melting is used for the recovery of solder dross. It is a simple process and is used
extensively.
Treatment Processes
Introduction to the Technologies
Hazardous wastes must be treated prior to disposal. Different waste types require
different treatment methods to reduce the risk of environmental harm. This section
describes the range of alternative treatment processes for hazardous waste. Treatment
facilities are preferably situated on-site but can be off-site. The processes considered
are:

physico-chemical treatment (PCT)

solidification

wet air oxidation

reverse osmosis

biological treatment

thermal treatment

land treatment
Inorganic hazardous wastes can be treated by physico-chemical treatment (PCT) to
render toxic metals insoluble or to destroy certain hazardous compounds. Following
PCT, Solidification is sometimes used prior to land filling to ensure that the solid
residues produced are not subject to leaching.
Wet air oxidation is suitable for aqueous organic mixtures usually with a high chemical
oxygen demand (COD). Reverse osmosis is used principally for the removal (and
sometimes recovery) of soluble metal salts and cations (chloride, sulphate, nitrate etc.)
which are not readily susceptible to precipitation by PCT.
Biological treatment is typically used for waste containing high COD may be aerobic or
anaerobic.
Thermal treatment (incineration) is appropriate for most organic wastes, including
aqueous organic mixtures. Biodegradable waste in low concentration can be treated by
land treatment. It is sometimes used for oil residues, but is a poor and wasteful use of
precious land and is not to be encouraged. The characteristics of these processes are
described below.
Physico-chemical Treatment Plant (PCTP)
The purpose of physico-chemical treatment of hazardous waste is to reduce the
hazardous properties of the waste before its final deposition. Examples of the wastes
which may be treated in this way are :

acidic waste

alkaline waste

waste containing cyanide

waste containing chromium (VI)

waste containing heavy metals

164

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA



other kinds of waste (containing ammonium complexes, fluoride, mercury
etc.)

Combinations of the above-mentioned waste types are also possible. The treatment
process needs to be adjusted to cater for the actual mixture of the waste. There is one
constraint though – that the Total Organic Carbon (TOC) must be lower than 10g/litre.
If the waste contains too much TOC it must be incinerated (after neutralisation if acids
are present).
The processes involved in physico-chemical treatment are :

neutralisation of acidic and alkaline solutions

oxidation of cyanide

reduction of chromium (VI)

precipitation of heavy metals
Physico-chemical treatment processes can be carried out as batch processes in the
same reaction vessel, or continuously in a specially designed wastewater treatment
plant. Specific reagents necessary for the different processes need to be supplied at a
suitable rate in order to control the process so as to avoid excessive heat release,
boiling and accidental gas emission, and to ensure the required contaminant is treated
sufficiently. The individual processes involved in physico-chemical treatment are
described briefly below.
Neutralisation of Acids
Acidic solutions need to be neutralised with an alkali. They often contain heavy metals
as well, which will be precipitated at the same time (see below). They can be
neutralised with waste alkaline solutions. In practice, however, the acidic solution is
usually neutralised with sodium hydroxide, lime or slaked lime (lime slurry) as shown by
the following reactions:
Hydrochloric acid:
2HCl + CaCO3  CaCl2 (solid) + H2CO3
Sulphuric acid:
H2SO4 + CaCO3  CaSO4 (solid) + H2CO3
The precipitated calcium chloride (CaCl2) and calcium sulphate (CaSO4) will often be
contaminated with precipitated heavy metals and need to be disposed of at a secure
landfill. The choice of neutralisation method depends on the raw material available and
the cost of the available alkaline agents.
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Conversely, alkaline solutions can also be neutralised with waste acidic solutions.
Generally, however, CO2, hydrochloric acid or sulphuric acid is used, as shown in the
following reactions

Neutralisation

Sodium hydroxide neutralised with carbon dioxide

Sodium hydroxide neutralised with sulphuric acid

CO2 +
H2O
 H2CO3

2
NaOH
+
Na2CO3

Na2CO3 + 2 H2O

H2CO3 + Na2CO3
 2 NaHCO3

CO2 + NaOH
 NaHCO3
Overall
process
2
NaOH
+
H2SO4

Na2SO4 (solid)
+ 2 H2 O

Oxidation of Cyanide
Cyanides are usually destroyed by oxidation to give rise to harmless products. Chemical
oxidation of cyanide in aqueous solutions can be brought about by reaction with
chlorine under alkaline conditions (with NaOH) or with sodium hypochlorite (NaOCl) as
shown below. The conditions must be alkaline, as the cyanide reacts with acid to form a
hazardous gas.
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With chlorine and sodium hydroxide
2 NaCN + 5 Cl2 + 12 NaOH  N2 + 2 Na2CO3 + 10 NaCl + 6 H2O
With sodium hypochlorite
NaCN + NaOCl + H2O  CNCl + 2 NaOH
CNCl + 2NaOH
 NaCNO + NaCl +H2O
NaCN + NaOCl
 NaCNO + NaCl



Overall process

Reduction of Chromium (VI)
Chromium (Cr6+) is very toxic and therefore must be reduced to Cr3+ as waste trivalent
chromium is much easier to precipitate from wastewater. Different methods can be
used to reduce Cr6+ to Cr3+. An example is the reduction process with sulphate under
acidic condition followed by alkaline precipitation as shown below.
 Reduction of Cr6+ at pH 2.5 - 3.0 with ferrous sulphate and sulphuric acid :
2 NaCrO4 + 6 FeSO4 + 8 H2SO4  Cr2(SO4)3 + 3 Fe2(SO4)3 + 2 Na2SO4 + 8 H2O
 Precipitation with lime :
Cr2(SO4)3 + 3 Ca(OH)2
 2 Cr(OH)3 + 3 CaSO4
The method is well suited to automatic control as careful pH control is required for
effective reduction. The pH must be kept between 2 and 3 for this reaction to occur
effectively. The overall process produces about 2 kg sludge per kg Cr(VI) treated.
However, the amount of sludge can be reduced by using NaOH as alkaline precipitating
agent. It is recommended to keep wastewater containing chromium, separate from bulk
of wastewater, so that the addition of acid to lower the pH is kept to a minimum. This is
because the pH will then need to be raised again to above 8 for precipitation of the
trivalent chromium.
The neutralisation and/or precipitation of the hazardous substances (Cr3+) result in solid
waste that has to be solidified and finally disposed of at a secure landfill.
Precipitation of heavy metals
Metals in solution are normally precipitated as hydroxide by the addition of lime.
Occasionally, they are precipitated as sulphide by the addition of alkaline sodium
sulphide. Lime results in greater bulk sludge but is the most effective in settling of the
solid sludge (due to the resulting weight of the sludge).
Problems associated with physico-chemical treatment
The following problems may occur with PCT if it is not properly managed:

Insufficient use of (expensive) reagents may lead to incomplete reaction, so
that the effluent is contaminated with hazardous waste and does not meet
permitted discharge limits

Wastes may contain organics which will not be treated and therefore will be
discharged in the wastewater

Poor control of treatment conditions (especially pH) will inhibit the treatment
process

Health and safety issues

Sludges may be land filled without meeting appropriate leaching tests
(USEPA TCLP test)

Storage of wastes awaiting treatment may be unsatisfactory

Containment system around plant may be ineffective, leading to leakage of
hazardous wastes
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Solidification
Solidification of hazardous wastes prior to disposal reduces the :

level of toxicity

solubility of pollutants

rate of leaching into the environment
Solidification is normally used for the treatment of residues from other treatment
processes which are too hazardous to be land filled in their existing state. It is typically
applied for the treatment of:

inorganic wastes from electroplating plants

slurry from the physico-chemical plant

fly ash from incinerator plants

soils contaminated with inorganic wastes
It is only suitable for inorganic wastes. Organic wastes are not suitable for solidification
and their presence may make the process ineffective. They should be incinerated.
Description of solidification methodology
Chemical additives (silicate, cement and hydrated lime) are added to the wastes to
stabilise the wastes. The silicate reacts with the metal hydroxides to form metal silicates
that have a consistency of wet cement. On drying, the product hardens to form a solid
material. This material is still a hazardous waste – classification N241.
Problems associated with solidification
The following problems may occur with solidification if it is not properly managed:

Quality of reagents may be poor, leading to ineffective solidification

Insufficient use of (expensive) reagents may lead to incomplete reaction, so
that the wastes are not properly solidified and do not meet leaching
standards

Wastes may contain organics which will interfere with the process and
prevent effective solidification

Health and safety issues

The quantity of waste produced is greater than before solidification,
consuming more space in the landfill

Storage of wastes awaiting treatment may be unsatisfactory
Wet Air Oxidation
Wet air oxidation, in which aqueous organic wastes react with air dissolved in the water
at high pressure and moderate temperature (200-300ºC) has been used for many years
to treat sewage sludges in the US and Europe. It has now started to be used for the
treatment of aqueous hazardous waste streams and plants are operating in many
countries, including the US, Japan, UK, France, Switzerland and Hungary.
The process has been used effectively for a wide range of aqueous organic wastes, both
solutions and sludges, including pesticides, phenols and some petrochemical wastes.
These materials would otherwise probably need to be incinerated.
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Description of the Wet Air Oxidation Technology
The MODAR process, developed and now operating in the US, which is effectively an
extension of Wet Air Oxidation, uses higher temperatures (450ºC) and pressures (250
atmospheres) to oxidise wastes in ―supercritical‖ water. In this state solubility patterns
change and materials which are normally immiscible with water dissolve and are readily
oxidised. This process has been shown to achieve excellent destruction efficiency on
some highly hazardous organics, such as PCB.
The effluent from a wet air oxidation plant depends on the wastes to be treated and
may need further treatment before it is suitable for discharge. For example, acids may
require neutralisation, some inorganic salts may require to be removed and a biological
―polishing‖ stage may be required. It may also be necessary to treat off-gases using
scrubbing or activated carbon. Fortunately, Wet Air Oxidation is an effective process for
regenerating the active carbon for reuse.
The destruction efficiency of Wet Air Oxidation is usually about 99%. Depending on the
nature of the wastes being treated, it may be more appropriate to view it as an
important part of an integrated system - typically located in a sewage works.
The MODAR process achieves much higher destruction rates, comparable with high
temperature incineration.
Problems associated with Wet Air Oxidation
Wet air oxidation is a very complex process requiring the same level of control and
management as for a chemical plant. The following problems may occur if it is not
properly managed:

Inadequate process control can lead to failure of the process, with
consequent unacceptable emissions to water.

Storage of wastes awaiting treatment can be unsatisfactory
Reverse Osmosis (RO)
Reverse osmosis (RO) involves the application of pressure to a solution in the presence
of a semi-permeable membrane. Unlike osmosis, where water passes through the
membrane to dilute the solution, pressure is applied to reverse the process, thus
extracting the water and retaining the salts.
The process can be used for the removal of soluble metal salts and cations which are
not susceptible to precipitation, such as

sodium

potassium

sulphates

chlorides

nitrates
It can also be used to remove or reduce COD in aqueous wastes, i.e. non-biodegradable
organic contamination, although this may often be treated by incineration. RO is
sometimes used for treatment of landfill leachate, e.g. in Switzerland and Germany.
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Description of RO Technology
RO plants require a pumping system and a semi-permeable membrane. They can be
quite compact, and demountable systems are available. The cost of operation,
however, is greater than for PCT.
Problem associated with RO
The main problem which may occur with RO is membrane failure and fouling. To
prevent fouling, effluents may need to be prefiltered or pre-treated to remove
substance responsible for fouling. Storage of wastes may also be unsatisfactory.
BIOLOGICAL TREATMENT
INTRODUCTION
Biological treatment is a way of removing hazardous wastes from contaminated
groundwater and wastewater, landfill leachate and contaminated soil, through the use
of biological microbes. The microbes can be classified as either heterotrophic which
means they use organics as a nutrient source, or autotrophic, which means that they
use inorganics, as a nutrient source. They are further classified as either aerobic,
oxygen intensive, or anaerobic, oxygen deficient. In the latter case the oxygen is used
in combination with other elements such as nitrates, sulphates and/or carbonates, and
requires the absence of free oxygen molecules.
The aerobic organisms are used mainly to treat industrial wastes like wastewater, while
the anaerobic organisms treat strong organics or organic sludges from aerobic
processes.
Bacteria reproduce by fission, with the parent cell splitting into two new cells. If there is
an adequate nutrient supply, the reproduction occurs rapidly, thus breaking down the
organic substances into less toxic constituents. The ability of the bacteria to break the
organics down is measured by the biological oxygen demand (BOD). This is the oxygen
needed by the microorganisms in the aerobic oxidation of organics. The organisms need
the following to grow:





Carbon and energy source
A reduced inorganic compound
An organic compound
Nitrogen, phosphorus and trace metals

If they are aerobic organisms, they need a source of oxygen. Others can use oxidized
inorganics such as nitrates as a substitute for oxygen. Temperature and pH control are
important and any toxic substances must be removed.
Biodegradability is system specific. The proper microbial consortium needs to be
developed and maintained for a compound to degrade in that system. A microbial
community that is resistant to moderate levels of heavy metals can be developed.
However, the accumulation of metal precipitates my severely inhibit their activity. A pretreatment system may then be needed to remove metal contaminants.
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Nitrogen and phosphorus are added to a biological system, as their absence will retard
biological activity. The pH range most suitable for the growth of microorganisms that
treat hazardous waste is 6 to 8. Die-off occur at pH values less than 4-5 and greater
than 9-9.5. Most hazardous organics are readily degradable in aerobic systems.
However, because the oxygen penetration of the soil is minimal, the microbial activity is
also minimized. This then necessitates aeration of the system, especially for the
treatment of leachates and heavily contaminated wastewater.
Temperature is a significant factor in biological treatment of hazardous wastes Microbes
are classified in the following way depending on temperature:
Classification of bacteria based on temperature:
Classification

Functional range, °C

Optimum, °C

Psychrophilic
Mesophilic
Thermophilic

-2 to 30
20 to 45
45 to 75

12 to 18
25 to 40
55 to 65

The microbial population increases with the temperature of the system to a certain
maximum after which the organisms begin to die. This corresponds with the removal of
the organisms, for short-term temperature variations, which increases with the
temperature to a certain maximum, after which the relationship is inversely
proportional.
The treatment of leachates and wastewaters containing hazardous materials should
include:







Equalisation- to dampen surges in quantity and quality of wastewater
Chemical treatment - typically to precipitate toxic metals, other toxic chemicals
Physical separation - sedimentation of metallic precipitates, floating material,
etc.
Chemical Conditioning - typically to supply nutrients and to adjust pH to
optimum range.
Bioreactor - actual bioconversion of waste
Post treatment - to remove residual organics and inorganics

The selection of a suitable biological system is affected by the following factors:












Extent of biodegradability
Electron acceptor
Type of material to be treated (water, leachate, soil)
Effects of toxic and non toxic organics
Load variations
Nutrient requirements
pH
Oxygen supply
Temperature
Reactor design
Alternative carbon source
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BIODEGRADABILITY OF ORGANIC COMPOUNDS
The waste to be treated (substrate) can be classified into three groups depending on its
biodegradability:



Non-persistent (biodegradable) - majority of the synthetic organics are
biodegradable
Moderately persistent (recalcitrant or refractory) - resistant to biodegradation,

Examples of a moderately persistent substrate are:
- 2,3,7,8 Tetrachlorodibenzo-p-dioxin (TCDD) (C12H4Cl4O2)
- Polychlorinated biphenyls (PCB)
Persistent - very slow biodegradation
o
o



The last group biodegrade very slowly. They are often slow enough as to make
biological processes inefficient. They have half-lives of 15 days or more.
The reason for the persistent nature of some chemicals is due to their molecular
structure see figure 3 below:

Figure 3: molecular structure

Pentachlorophenol
(readily biodegradable)

Hexachlorobenzene
(persistent)

The biodegradability of organic compounds is influenced by the following conditions:






-

Halogenations
Large number of halogens
Highly branched
Low solubility in water
Atomic charge difference

A substrate that is a straight chain aliphatic compound is easily biodegradable. Aliphatic
refers to open chain compounds like methane (CH4 ). Aromatic compounds (compounds
containing at least one benzene ring, see figure 3 above) are usually biodegradable.
However upon introduction of a halogen (chlorine, iodine, fluorine) to the benzene ring,
the biodegradability decreases.
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Cl
biodegradability



Figure 4: Decreasing biodegrability of benzene ring following halogenation
Halogenated compounds are generally more stable than non-halogenated compounds.
Highly chlorinated compounds such as, PolychlorinatedBiphenyls (PCBs), tend to
degrade very slowly. Polymeric materials are the most resistant to microbial attack.
The following table gives a general guideline as to the biodegradability of some specific
organic compounds.
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Structure feature

Half-life (days)

Presence of at least one tertiary-butyl terminal branch

>15

Epoxides

>20

Aliphatic chemicals with fused rings branches

>35

Two terminal isopropyl subgroups for a non-cyclic chemical

>35

Aliphatic cyclic chemicals without branches

>40

One or more halogen substitutions on a branched, non-cyclic, or
cyclic chemical

>15

At least one isopropyl or dimethyl amine substitution on a cyclic
chemical
without other "degradable" substitutions

>25

Two halogen substitutions on an unbranched, non-cyclic
chemical

>15
>15

More than two hydroxy substitutions on an aromatic ring

>20

Two or more rings (except two aromatic rings)

>35

Two terminal di-amino groups on a non-cyclic chemical

>100

More than 1 amino branch on a ring with nitrogen being a
member of the ring

>100

Two terminal double-bonded carbons on an unbranched chemical

>100

Benzene ring with > 2 substitutions (non-hydroxy) and Kow >
2.18

>100

Cyano group on a chain consisting of > 8 atoms

>100

Highly branched chemicals

The type of microbial action that takes place depends on the electron acceptor:
In aerobic systems oxygen is the electron acceptor while with anaerobic systems there
are several electron acceptors including:
o
o
o

- Nitrates - reduced to N2
- Sulfates - reduced H2S
- Carbon dioxide - reduced to CH4

174

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

Highly toxic materials inhibit biological growth. Generally there is a need for the removal
of toxins before biological treatment is done. For inorganic toxins physicochemical
pretreatment processes are employed. For organic toxic substances the following
technologies are employed:
activated carbon adsorption
selective ion-exchange
immobilised enzyme process

o
o
o

Biological Systems
Suspended growth system
Here the biological growth is suspended in the reactor. The following apply:



reactor is completely mixed;
supplied with air or oxygen.

Attached growth system
Here the microorganisms are grown on the fixed surface. The following apply:











growth forms a thick film on the surface;
processes are also called as "fixed film" systems;
recycling is through part of the effluent;
Advantages:
o these systems can accumulate relatively higher quantity of
microorganisms;
o hence suitable for hazardous waste treatment.
Disadvantages:
o plug-flow nature make the process affected by shock loading.
Design criteria:
o high area to volume ratio.
Systems:
o Downflow, fully packed reactor (trickling filter);
o Rotating biological contactor;
o Fluidised-bed reactor.
Compounds successfully treated:
o Ethylene dichloride (EDC);
o Trichloroethylene (TCE);
o Dichloroethene (DCE).

Biological systems are further classified as:
-

Continuous flow systems
Time stepped batch process
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Continuous Flow Systems (CFS)
This technology starts with the pretreated waste entering a stirred bioreactor for the
growth of organisms and the corresponding substrate removal. The suspension passes
from the reactor to the clarifier, where the biomass is separated from the treated water.
The bottoms of the clarifier are returned to the bioreactor to maintain the required
biomass concentration.
Time Stepped Batch Process
The time stepped batch process uses the sequencing batch reactor (SBR). This system
is a time-oriented, stepped process that accomplishes in one step the same process as
happens in the CFS. A typical SBR system uses a cyclical process that includes fill, react,
settle, draw and idle steps. All the reactions would take place in a single tank, namely,
Filling; Biotreatment; Sedimentation; Withdrawals (decant); and Idle. This process is
used to remove polynuclear aromatic hydrocarbons (PAH). Often an SBR system uses
two parallel reactors so that as one tank settles, the other continues with the rest of the
remaining cycle. The pretreated wastewater enters the fill vessel containing acclimated
biomass. Aerobic and anaerobic reactions started in the fill cycle continue in the reactor.
Reaction time is such that it meets the desired effluent requirements.
The mixers and aerators are then shut down allowing the biomass to settle for a
predetermined amount of time. During the draw stage, the treated effluent is removed.
During idle, the liquid flow is switched into the other reactor, beginning a new cycle.
Each stage in the SBR sequence is equivalent to a CFS operation. Due to the changing
nature of the leachates and the wastewater with time, the SBR offers an excellent
alternative to the conventional CFS.
AEROBIC SYSTEMS
The objective of aerobic systems is to develop microbes, which will convert a wide
variety of organic compounds to new cell material for removal of by conventional
separation techniques and to non-hazardous substances such as carbon dioxide and
water. Aerobic processes generally take place according to the following reaction:
Organics + O2  CO2 + H2O + other products + energy
The ―other products‖ depends on the type of organic compound that is being degraded,
the type of nutrient and the extent of the biological activity. Aerobic oxidation is a first
order reaction:
-dc/dt = kc
where dc/dt =
k
=
c
=

the rate of bioreaction
reaction constant
concentration of the biodegradable substance
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Integrating the above yields the following:
C/Co

=

e-kt, where Co = 0 at time t = 0.

The solids retention time in the bioreactor is given by:
ts = Vb/Rb, where
ts
Vb
Rb

=
=
=

is the solids retention time in the reactor
is the solids capacity of reactor
rate at which solids are produced in the reactor

The oxygen level is crucial here, as if it is too low, this will affect the biological
destruction. The aerobic biological processes must allow proper conditions i.e. pH,
temperature and oxygen, to be established so that the required organisms will have a
competitive edge. The majority of the treatment systems are aerobic systems that rely
on aeration to support microbial growth. Types of these include trickling filters and
rotating biological contactors.
The organic contents of the effluents are degraded by the attached growth population
which absorbs these organic contents from the surrounding water film. Oxygen from
the air diffuses through this liquid film and enters the biomass. As this organic matter
grows, the biomass layer becomes thicker and eventually some of the inner portions of
the biomass will be deprived of oxygen or nutrients and will separate from the support
media over which a new layer will start to grow. The separation of biomass occurs in
relatively large flocs which settle relatively quickly compared with suspended cells. Air
circulates between the interstitial spaces of the supporting material. The media that can
be used are beds of rocks (ranging in size from 5 to 10 cm) randomly packed, although
regular packings of plastic material are becoming more common recently in view of its
much lighter weight, better flow distribution, larger void space and specific area.
Trickling Filters

Figure 5. Cross section of a Biological Trickling Filter

Aerobic

Wastewater

Supporting media

Oxygen

Organic
nutrients

Anaerobic
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The trickling filter is one of the most common attached growth processes. Rather than
being suspended as in sludge or aerated lagoons, most of the biomass is attached to
some support media over which to grow.
The trickling filter units consist of a circular tank filled with the packing media in depths
from 1 to 2.5 m, or 10 m if synthetic packing is used. The bottom of the tank must be
constructed rigid enough to support the packing and also designed to collect the treated
wastewater which is either sprayed by regularly-spaced nozzles or (more common) by
rotating distribution arms (Figure 6). The liquid percolates through the packing and the
organic load is absorbed and degraded by the biomass while the liquid drains to the
bottom where it is collected.

Packing material

Underdrain

Wastewater
Figure 6. Sketch of a trickling filter unit

With regard to the packing over which the biomass grows, the void fraction and the
specific surface area are important features; the first is necessary to ensure a good
circulation of air and the second to accommodate as much biomass as possible to
degrade the organic load of the wastewaters. Although initially more costly, the
synthetic packings have larger void space, larger specific area and are lighter. Usually,
the air circulates naturally, but in some high-strength wastewaters forced ventilation is
used. They can be used with or without re-circulation of the liquid after the settling
tank. The need for re-circulation is dictated by the strength of the wastewater and the
rate of oxygen transfer to the biomass. Typically, re-circulation is used when the BOD5
of the wastewater to be treated exceeds 500 mg/litre.
As with all biological systems, low temperatures reduce the degrading capacity of
trickling filters. In cold areas trickling filters may be covered.
The BOD5 removal efficiency varies with the organic load imposed but usually fluctuates
between 45 and 70% for a single-stage filter. Removal efficiencies of up to 90% can be
achieved in two stages.
Rotating Biological Contactors
Rotating Biological Contactors (RBC) units are another form of attached growth
processes. In RBC units the biomass is attached to disks (up to 3.5 m in diameter)
which rotate at 1 to 3 rpm while immersed up to 40% in the wastewater (Figure 7). The
disks are made of corrugated, light plastic material.
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Figure 7. Diagram of rotating biological contractor (RBC) unit
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settling

Primary settling
raw

Treated
wastewater

Wastewater

Sludge to treatment
or disposal

Detail of disk
When exposed to air the attached biomass absorbs air and when immersed the
microorganisms absorb the organic load. A biomass of 1-4 mm grows on the surface
and its excess is teared off the disks by shearing forces and is separated from the liquid
in the secondary settling tank. A small portion of the biomass remains suspended in the
liquid within the basin and is also responsible in minor part for the organic load removal.
Rotation speeds of more than 3 rpm are seldom used because this increases electric
power consumption while the oxygen transfer does not increase sufficiently. The ratio of
surface area of disks to liquid volume is typically 5 l/m2. For high-strength wastewaters,
more than one unit in series (staging) is used. The effect of lower temperatures is
partially mitigated by the use of housing for the disk units. These systems are normally
operated without recycling the liquid. The power consumption is in the order of 2 kW/1
000 m3/day of capacity. They have been used to upgrade activated sludge existing
plants, placing the disk units in the aeration basins.
ANAEROBIC SYSTEMS
The anaerobic treatment of wastewater proceeds with degradation of the organic load
to gaseous products (mainly methane and carbon dioxide) which constitute most of the
reaction products and biomass. Anaerobic treatment is the result of several reactions:
the organic load present in the wastewater is first converted to soluble organic material
which in turn is consumed by acid producing bacteria to give volatile fatty acids, plus
carbon dioxide and hydrogen. The methane-producing bacteria consume these to
produce methane and carbon dioxide. This is summarized in Figure 8.
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Figure 8. Scheme of reactions produced during anaerobic treatment
These processes are reported to be better applied to high-strength wastewaters (e.g.,
blood water or stick water).
Digestion systems
A typical diagram is shown in Figure 9, which presents an anaerobic system.

Figure 9. Diagram of an anaerobic digestion process
The flow resembles that of an activated sludge process except that anaerobic digestion
occurs due to absence of oxygen. Good sealing of the digesting tanks is essential since
oxygen kills some of the anaerobic bacteria present and air presence may easily disrupt
the process. From the anaerobic digester the effluent proceeds to a de-gasifier and to a
settler from which the wastewater is discharged and the solids are recycled. The need
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for recycling appears from the fact that anaerobic digestion proceeds at a much slower
rate than aerobic processes, thereby requiring more time and more biomass to achieve
high removal efficiencies.
The anaerobic processes have been applied in fisheries wastewaters, obtaining high
removal efficiencies (75-80%) with loads of 3 or 4 kg of COD/day/m3 of digester
(Balslev-Olesen et al., 1990; and Mendez et al, 1990).
An alternative process employs a treatment tank filled with packing on which the
wastewater is circulated. The bacteria responsible for the anaerobic digestion growth
attach on the surface of the packing.
The gas produced by a balanced and well-functioning system contains 60-70% of
methane, the rest being mostly carbon dioxide and minor amounts of nitrogen and
hydrogen.
Anaerobic processes are also sensitive to temperature. This is why in some cases
heating is provided to the digester to reach temperatures of 30°-35°C. In most cases
this can be done in part with the methane gas originating from the digester.
Imhoff tanks
The Imhoff tank is a relatively simple system used originally instead of heated digesters.
It is still used for plants of small capacities. It consists basically of a two-chamber
rectangular tank, usually built partially underground (Figure 10).

Sludge removal

Figure 10: Section of an Imhoff tank
The wastewater enters in the upper compartment which acts as a settling basin while in
the lower part the settled solids are stabilized anaerobically.
Short-circuiting of the wastewater can be prevented by using a baffle at the entrance
together with more than one port for discharge.
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The lower compartment is generally unheated. The stabilized sludge is generally
removed from the bottom generally twice a year to give ample time for the sludge to
stabilize, although the removal frequency is sometimes dictated by the convenience of
sludge disposal. In some cases, these tanks are designed with inlets and outlets at both
ends, and the flow of wastewater is reversed periodically so that the sludge in the
bottom accumulates evenly. Although they are simple installations, they are not without
inconveniences: foaming, odour and scum formation. These typically result when
temperature falls below 15°C, when the bacteria that produce volatile acids
predominate and methane production is reduced causing a process imbalance. This is
why in some cases immersion heaters are used during cold weather. The scum forms
because the gases that originate during the anaerobic digestion are entrapped by the
solids and have no time to escape from the solids causing them to float. This is usually
overcome by increasing the depth in the lower (digestion) chamber. At lower depths,
bubbles form at a higher pressure, expand more when rising and are more likely to
escape from the solids. The odour problems are minimal when the two stages of the
process (acid formation and gas formation) are balanced.
Thermal Treatment (Incineration)
Incineration is a high temperature destruction process via thermal oxidation whereby
the organic components of hazardous wastes are converted, in the presence of oxygen
in the air, into gases and an incombustible solid residue.
Thermal destruction:




greatly reduces waste volumes
produces flue gases which must be cleaned before releasing into the
atmosphere
generates small quantities of ash or slag which are landfilled.

The 3 ―Ts‖ - time, turbulence and temperature are very important in incineration. If
one of these factors is decreased, the other two must be increased to achieve the same
degree of combustion completeness. Incineration needs relatively high temperatures
(typically above 1,000oC). A poor installation can emit particulates, acidic gases, unburnt
wastes and trace quantities of hazardous organic by-products, notably dioxins. As a
consequence, careful operation and proper monitoring are required.
Types of waste suitable for the technology
Typically, incineration is chosen if:

the waste is organic;

the waste is biologically hazardous;

it is resistant to biodegradation;

it is volatile and therefore easily dispersed;

it has a flash point below 40 0C;

it cannot safely be directly disposed in a landfill;

it contains organically bound halogens, lead, mercury, cadmium, zinc,
nitrogen, phosphorus or sulphur.
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In general, if the hazardous waste is organic (i.e. has carbon, hydrogen and possibly
oxygen), it can be incinerated. These include:















solvent wastes;
waste oils, oil emulsions and oil mixtures;
plastic, rubber and latex wastes;
hospital and infectious wastes;
pesticide wastes;
pharmaceutical wastes;
refinery wastes such as acid tar and spent clay;
phenolic wastes;
grease and wax wastes;
organic waste containing halogens, sulphur, phosphorus or nitrogen
compounds;
paints, resins and organic sludges;
PCBs, CFCs, halons;
solid materials contaminated with hazardous wastes (e.g. soil containing oil,
capacitors containing PCBs);
water contaminated with hazardous wastes.

Materials to be excluded from incineration are:

Explosive wastes;

Radioactive wastes.
DESCRIPTION OF INCINERATION TECHNOLOGY
Rotary kiln
Hazardous waste incineration normally takes place in a purpose-built rotary kiln. It
consists of a rotating cylindrical refractory-lined steel drum inclined at an angle of 3-5o
degrees to the horizontal.
The wastes are fed into the incinerator feed system at the raised end and ignited in the
rotary kiln chamber. The slowly rotating drum (2-5 rpm) causes the solids to cascade
down the drum. By the time they reach the end of the drum, they have been burnt out
and the residues fall or run out of the lower end of the kiln. Waste and support fuel is
fired horizontally into the kiln through burners with atomising nozzles. The combustion
gases pass into an after burner chamber to ensure adequate gas phase residence time
for complete combustion. A scrubbing system using lime slurry removes acid gases and
a fabric filter removes the particulates. Wastes are produced from the gas cleaning
system, which require land filling, usually preceded by solidification.

Figure 11 below shows the incineration process:
Hazardous
waste

Flue gas
treatment

Incineration

Treatment
with lime and
caustic soda

Figure 11: Incineration Process
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Incineration of hospital and infectious wastes
The same principles as for a rotary kiln can be applied for the incineration of infectious
wastes, except that the waste handling and feed procedure is somewhat different. The
wastes need to be refrigerated whilst stored. Normally, however, rotary kilns are not
used. Instead, a typical layout is the stepped hearth, where the waste travels down a
series of steps during the combustion process.
The plants are often not suitable for pharmaceutical wastes, which must be incinerated
in a purpose-built hazardous waste incinerator.
Fluidised bed incineration
Fluidised bed incineration is normally used for solid wastes of small particle size, but
may also be used for sludges and liquids. The principle is that a bed of an inert
material, such as sand – or possibly limestone, which can be used to neutralise acid
gases – is agitated by a current of air causing it to behave as a fluid. The waste is
introduced and mixes with the bed. This ensures very thorough combustion. The system
is not suitable for wastes which produce a large amount of incombustible ash, as this
contaminates the bed.
Cement kiln incineration
Some hazardous wastes, notably organic wastes with a low halogen and sulphur
content, may be used as fuel in cement kilns. Cement kilns have a combustion regime
which is similar to a hazardous waste incinerator. The temperature is actually higher
(>1400C) and the residence time is 4 or more times longer. The alkaline nature of the
raw materials for cement provides a treatment for acid gases. They are extensively used
for this purpose in the USA and Western Europe.
Problems associated with incineration
Incineration is a very complex process requiring the same level of control and
management as for a chemical plant. The following problems may occur if it is not
properly managed:

Inadequate process control can lead to unsatisfactory air emissions – there
are many possible reasons for this;

Insufficient control of the treatment plant for the gas cleaning residues can
lead to groundwater pollution or unacceptable waste water discharges;

Storage of wastes awaiting incineration can be unsatisfactory, leading to
possible ground and water contamination and the release of volatile organic
compounds (VOCs);

If the incinerator handles healthcare wastes, storage and handling can be
unsatisfactory.
Land Treatment
Land treatment (sometimes known as land farming) of hazardous wastes is a managed
process that involves the controlled application of a waste onto the land. It is only
intended for hazardous wastes that are treatable in a soil system. Land treatment is
different from landfills in that it relies on the use of micro-organisms to biodegrade
wastes and also on the assimilative capacity of the soil, which is used to detoxify,
immobilise and degrade the untreated wastes. Landfills, on the other hand, merely
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handle wastes already treated and control the migration of the treated wastes from the
burial sites.
Organic wastes from petroleum refining, organic chemicals, textiles, pharmaceuticals
and wood preserving industries are examples of wastes that have been land farmed
successfully.
Not all wastes can be land farmed. Wastes contaminated with toxic metals (e.g. cooling
tower sludges) are unacceptable for land farming. Halogenated hydrocarbons are more
difficult to biodegrade and pose potential problems in land farming operations.
Description of Land Treatment Methodology
Land treatment is most commonly practised by the petroleum industries. It involves the
spreading of hazardous wastes (mainly oily wastes or oily sludges) onto the aerobic
zone of the land. The hazardous wastes are mixed with the upper soil wherein the
hydrocarbon wastes undergo biological degradation by the soil micro-organisms and air.
Bacteria use the organic part of the waste as food converting them to carbon dioxide
and water.
Degradation is gradual. To maximise degradation a certain number of conditions have
to be fulfilled such as suitable type of soil to use, water control, sufficient nutrients to
add etc). Since the hazardous waste constituents can be transmitted to groundwater as
leachate, to surface waters by erosion/run-off and to the atmosphere as gas emission,
the land farm system should be designed to minimise the potential of such
transmission. Further, careful management of land farms, including testing and
monitoring, is necessary to ensure that hazardous waste constituents will not enter the
human food chain.
Being also a disposal activity, land farming has to be controlled at the approval stage as
well as the operating stage in that:
Limits should be imposed on the flash point and oil content of the materials to
be land farmed;
In the siting proposal submission, the issue of endangered species must be
considered on a case-by-case basis;
The operator must ensure that the hazardous wastes are placed within the
treatment zone that is the active part of the soil above the groundwater table.
In the U.S., the maximum depth of the treatment zone is no more than 1.5
metres from the initial soil surface and more than 1 metre above the seasonal
high water table.





Problems Associated with Land Treatment
The problems land treatment can present are:




It is land-intensive and unsightly;
It may emit unacceptable odours;
Overloading of the land with wastes may result in the biological processes
failing or being substantially depressed, leading to contamination of
groundwater.
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Overview of Recovery and Treatment Options for Hazardous Wastes
For general guidance, Table 5 gives a simplified overview of general recovery/treatment
options for the main groups of hazardous wastes:

Secure landfill

Incineration2

Solidification2

Hazardous Wastes

PCT1

Recovery

Table 5: Overview of Recovery / Treatment Options

Inorganic waste
Acids, alkalis, reactive3





Solids containing metals/heavy metals







Solutions containing metals/heavy metals











Inorganic sludge
―Inert‖ inorganic waste



Organic waste
Solvents





Oils





Pesticides



PCB, chlorinated hydrocarbons



Organic sludge, resins, paints





Notes:
1. PCT (physico-chemical treatment) will often be followed by solidification.
2. The residues from the solidification process and incineration have to be disposed
at a secure landfill
The acids can often be used in the neutralisation of alkalis and vice versa.
Final Disposal of Hazardous Wastes on Land
Regardless of treatment methods, there is always a residue of hazardous waste that has
to be disposed of on land. This is true, whether the treatment is incineration, (which
leaves about 15% of the original volume in the form of a highly concentrated ash),
neutralisation, filtration or biological treatment. All these processes leave some kind of
sludge that has to be disposed of. Even when hazardous wastes are disposed of in the
sewage system, which is not a desirable practice, the solid component is included in the
sewage sludge, which is also disposed of on land.
Although it is true that hazardous waste and hazardous waste residues could be
deposited in the sea or in waterways, because of the obvious pollution potential, this is
prohibited by all legislation and regulations on waste disposal. In light of the foregoing,
the final repository for hazardous waste, after all possible waste reduction and
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treatment has been carried out, is therefore disposal on land. Several options for
disposal on land do exist and these are addressed briefly here. Due to the importance of
landfill disposal, this subject is addressed in detail in Section 11.
Alternatives for Final Disposal of Hazardous Wastes on Land
In considering the disposal of hazardous waste and their residues on land, there are
three basic alternatives. These are as follows:
 Secure or lined landfills;
 Lined lagoons;
 Encapsulation facilities.
Secure, lined hazardous waste landfills are the most practicable option, conforming to
the Best Practicable Environmentally sound Option (BPEO). A secure, lined hazardous
waste landfill is consequently the most common, and if managed correctly, the most
appropriate form of hazardous waste disposal in Africa. Minimum requirements for
waste disposal by landfill are based on the concept that landfills have to be properly
sited, investigated, designed, developed, operated, monitored, rehabilitated and closed,
i.e. controls exist from start to finish. Section 11 will address this process, with
particular reference to hazardous waste landfills.
Lined lagoons are predominantly for the mono disposal of liquids and sludges. They
make use of liners similar to hazardous waste landfills and may be situated on the same
site as the landfill or conveniently on industrial premises. The advantage of such
lagoons is that the wastes can easily be accessed at a later stage for recycling.
However, the disadvantages of lagoons are that with the associated hydrostatic head,
there is always a greater chance of leakage than in the landfills. This is because landfills
comprise of mainly solids and do have liquid removal. Because they predominantly
contain liquids, lagoons are particularly difficult to rehabilitate, when full.
Encapsulation facilities are used for the most hazardous wastes. They are frequently
sited on the same site as the hazardous waste landfills and may even be incorporated
into them. Basically the wastes are placed in drums and then encapsulated in concrete.
In the early days, the drums were metal and subject to corrosion and in some instances
the capsules were included in the landfill. Although the advantages of encapsulation
facilities are that they separate extremely hazardous wastes from the environment,
many question their performance in the face of time. To improve this aspect, nonmetallic drums may be used and the facilities are now built separately, with separate
monitoring systems. Also, the control and recording of the location of placement of the
different waste types is very carefully monitored.
Guidance on Treatment and Disposal Alternatives
After exploring the various methods for waste reduction, the basic decision process for
choosing a treatment or disposal alternative for a hazardous waste is as shown in Figure
12.
Appendix A shows a table of the possible treatment/disposal options for some types of
hazardous waste.
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Figure 12: Treatment and Disposal Alternatives for industrial waste
WASTES

Low-concentration
effluents, wastewaters

Acids, alkalis

TREATMENT

Pretreatment

Neutralisation

Sewer

Reactive wastes

Toxic inorganics

Heavy metals

DISPOSAL

Physical and /or chemical

Solidification

Landfill

Nontoxic inorganics

Solvents, oils

Resins, paints,
organic sludge

Recovery

Adapted From : Hazardous Waste
Management by Charles Wentz
Organic chemicals
Chemical

Pesticides

Incineration

Air

Chlorinated
hydrocarbons

Biodegradable wastes

Biological
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APPENDIX A
Treatment And Disposal Options For Hazardous Wastes
The following table contains an overview of hazardous waste categories with an
indication of appropriate recovery/treatment options.
The table has to be considered as a rough guideline as the content of hazardous
substances may vary. The actual waste has to be assessed from case to case before
determining the appropriate treatment or disposal method.

Pre-treatment may be necessary before recovery or treatment on order to
improve the recovered product or to reduce the treatment cost

PCT is normally followed by solidification and secure landfill

Solidification is normally followed by secure landfill

Incineration is normally followed by secure landfill
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Description of waste
Spent oil or grease used for lubricating
industrial machines
Spent hydraulic oil from machines,
including plastic injection moulding
machines, turbines and die-casting
machines
Spent oil-water emulsion used as
coolant
Oil tanker sludge.
Oil-water mixture such as ballast
water.
Sludge from oil storage tank
Spent oil contaminated with PCB or
PCT
Discarded electrical equipment or parts
containing or contaminated with PCB
or PCT
Containers contaminated with PCB or
PCT
Spent halogenated solvents from
cleaning and degreasing processes
Spent aromatic organic solvents from
washing, cleaning or degreasing
processes
Spent non-aromatic organic solvents
from washing, cleaning or degreasing
processes
Residues from recovery of halogenated
solvents

mineral oil etc.



Incineration


mineral oil etc.





mineral oil etc.





mineral oil etc.
mineral oil etc.






Hazardous
substances

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming



mineral oil etc.
mineral oil etc.
PCB, PCT
mineral oil etc.
PCB, PCT
Pb-, Cd-, Hgcompounds
PCB, PCT

PCT

Solidification









halogenated organic
solvents
aromatic organic
solvents









non-aromatic organic
solvents
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Hazardous
substances

Description of waste
Residues from recovery of nonhalogenated solvents
Residues of organometallic
compounds, including tetraethyl lead,
tetramethyl lead and organotin
compounds from mixing processes of
anti-knock compound with gasoline
Flux wastes from fluxing bath e.g.
metal treatment

Spent aqueous alkaline solutions from
treatment process of metal or plastic
surfaces
Spent aqueous alkaline solutions from
bleaching process of textile materials
Spent aqueous chromic acid solution
containing cyanide from treatment
process of metal or plastic surface
Spent aqueous chromic acid solutions
from treatment process of metal or
plastic surfaces
Spent aqueous chromic acid solution
from leather tannery processes
Spent aqueous acid solutions from
treatment process of metal or plastic
surfaces
Spent aqueous inorganic acid solutions
from industrial equipment cleaning

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

organometallic
compounds
lead compounds
organotin compounds




heavy metals
organic acids
organic solvents
ammonium
compounds
base





base











chrome acid
cyanide
chrome acid





chrome acid









acid



acid
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Description of waste
Spent aqueous or discarded
photographic waste from film
processing or plate making
Metal hydroxide sludge from
wastewater treatment system
Plating bath sludges containing
cyanide from metal finishing processes
Spent salt containing cyanide from
heat treatment processes
Paint sludges from solvent recovery of
solvent-based paint waste

Ink sludges from solvent recovery of
solvent-based ink waste

Lacquer sludges from solvent recovery
of solvent-based lacquer waste

Paint sludges from paint wastewater
treatment system

Hazardous
substances

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification

Incineration

Secure
landfill



alkaline solutions
inorganic or organic
reducing agents
Ag-compounds



metal hydroxide














inorganic cyanides
acids
inorganic cyanides






organic solvents
heavy metals
other organic
compounds
biocides
organic solvents
heavy metals
other organic
compounds
biocides
organic solvents
heavy metals
other organic
compounds
biocides
organic solvents
heavy metals
other organic
compounds
biocides
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Hazardous
substances

Description of waste
Ink sludges from ink wastewater
treatment system

Pigment sludges from pigment
wastewater treatment system

Discarded or off specification ink,
pigment and paint products

Dross, slag, ash, dust from metal
smelting process or dust emission
control system
Dross from soldering process
Residues from recovery of acid pickling
liqour
Oxide or sulphate sludges from
wastewater treatment system
Spent or discarded acid of pH less or
equal to 2
Spent or discarded alkali of pH greater
or equal to 12,5
Spent oxidising agent
Contaminated soil, water debris or
matter resulting from clean-up of a
spill of chemical or hazardous waste

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification







organic solvents
heavy metals
other organic
compounds
biocides
organic solvents
heavy metals
other organic
compounds
biocides
organic solvents
heavy metals
other organic
compounds
biocides
heavy metals
dioxins
furans
heavy metals
acid



Incineration


Secure
landfill












































acid





base






peroxides, chlorates,
perchlorates
all
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Description of waste
Immobilised hazardous waste
Discarded drugs except living vaccines
and euphoric compounds
Pathogenic and clinical wastes and
quarantined materials
Used containers or bags contaminated
with cyanide, arsenic, chromium or
lead compound or salts
A mixture of hazardous waste
A mixture of hazardous and nonhazardous waste
Waste oil or oily sludge from
wastewater treatment plant or oil
refinery or crude oil terminal
Oily residue from automotive workshop
or service station oil or grease
interceptor
Oil contaminated earth (soil) from rerefining of used lubricating oil
Oil or sludge from oil refinery
maintenance operation
Tar or tarry residues from oil refinery
or petrochemical plant
Ink waste from washing of reaction
tank or container of ink manufacturing
plant

Hazardous
substances

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification

all
pharmaceutical or
veterinary compounds
infectious substances

Secure
landfill










inorganic cyanide
As
Cr- or Pb-compounds
all
all
mineral oil etc.



mineral oil etc.






















mineral oil etc.
mineral oil etc.

Incineration












tar
mineral oil
organic solvents
heavy metals
other organic
compounds
biocides
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Description of waste
Paint waste from washing of reaction
tank or container of paint
manufacturing plant

Pigment waste from washing of
reaction tank or container of pigment
manufacturing plant

Lacquer or varnish waste from washing
of reaction tank or container of lacquer
or varnish manufacturing plant

Clinker, slag and ashes from hazardous
waste incinerator
Water-based paint waste from the
washing of reaction tank or container
of paint manufacturing plant
Water-based ink waste from the
washing of reaction tank or container
of ink manufacturing plant
Water-based pigment waste from the
washing of reaction tank or container
of pigment manufacturing plant

Hazardous
substances

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification







organic solvents
heavy metals
other organic
compounds
biocides
organic solvents
heavy metals
other organic
compounds
biocides
organic solvents
heavy metals
other organic
compounds
biocides
heavy metals
dioxins
furans
heavy metals
other organic
compounds
biocides
heavy metals
other organic
compounds
biocides
heavy metals
other organic
compounds
biocides



Incineration


Secure
landfill
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Description of waste
Ink waste from the washing or
cleansing of printing machine of
printing works

Pigment waste from tile works and hat
manufacturing plant
Paint waste from the paint spraying or
dipping process of metal works, motor
vehicle assembly plant or electrical
appliances manufacturing plant
Anti-corrosion oil tar residue from the
sealing or spraying or costing
processes of motor vehicle assembly
plant or automotive workshop
Contaminated ethylene glycol from gas
processing plant
Unhardened ethylene glycol from
polyester manufacturing plant
Phenol or formaldehyde waste from
the washing or reaction or mixing tank
of adhesive or glue or resin
manufacturing plant
Sludges containing phenol or
formaldehyde from the wastewater
treatment system of adhesive or glue
or resin manufacturing plant
Residues of isocyanate compounds
from foam manufacturing process

Hazardous
substances

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification





Incineration

organic solvents
heavy metals
other organic
compounds
biocides
heavy metals



organic solvents
heavy metals
other organic
compounds
biocides
tar
mineral oil



ethylene glycol





ethylene glycol







Secure
landfill





















phenol
formaldehyde



phenol
formaldehyde



isocyanates,
thiocyanates
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Description of waste

Hazardous
substances

Off-specification adhesive or glue
products from adhesive or glue
manufacturing plant

acids
formaldehyde
organic intermediates
e.g. phenols
monomers

Effluent from washing of the reaction
or processing tank of adhesive or glue
manufacturing plant

organic solvents
other organic
compounds
biocides
monomers
organic monomers

Uncured resin residues from electronic
or semiconductor, electrical appliances,
fibreglass manufacturing plants and
metal works
Effluent from washing of reactor of
resin manufacturing plant
Resin sludge from wastewater
treatment system of resin
manufacturing plant
Rubber or latex sludge containing
heavy metals from the wastewater
treatment system of rubber products
manufacturing plant
Rubber or latex sludge containing
organic solvents from rubber products
manufacturing plants
Lates effluent from rubber products
manufacturing plants

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification

Incineration
















organic monomers



organic monomers



organic solvents
monomers
heavy metals



organic solvents
monomers
heavy metals



organic solvents
monomers
heavy metals
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Description of waste
Acid sludge from the re-refining of
used lubricating oil

Hazardous
substances

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification



acid tar
mineral oil
Pb-compounds

Sludges containing fluoride from the
wastewater treatment system of
electronic or semiconductor
manufacturing plant
Sludges from phosphating process of
motor vehicle assembly, air
conditioning, electrical appliances and
electronic or semiconductor plants
Sludges from wastewater treatment
system of plant producing ceramic or
tiles, industrial gas and bleaching earth
Asbestos sludges from wastewater
treatment system of asbestos/cement
products manufacturing plant
Asbestos dusts or loose asbestos fibre
wastes from asbestos/cement products
manufacturing plant
Empty bags or sack containing loose
asbestos fibres from asbestos/cement
products manufacturing plant
Dust from air emission control
equipment of pesticides formulation
plant

inorganic fluoride




P-compounds



Sludges from wastewater treatment
systems of pesticides formulation plant

organic solvents
organic intermediates
biocides
heavy metals



Incineration







Secure
landfill



asbestos



asbestos



asbestos






organic solvents
organic intermediates
biocides
heavy metals
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Description of waste

Hazardous
substances

Residues from filtering process of
intermediate products at pesticides
formulation plant

organic solvents
organic intermediates
biocides
heavy metals

Waste from washing of reaction plant
or mixing tank and spillages at
pesticide formulation plant

organic solvents
organic intermediates
biocides
heavy metals

Solid residues resulting from stamping
process of mosquito coil production
plant
Off-specification from pesticides
formulation plant and trade of
pesticides
Waste from production of pesticides

Press cake from pre-treatment of
glycerol soap lye from detergent or
soap toiletries plants
Wastewater containing dye from textile
manufacturing plant

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification





Incineration

















organic solvents
organic intermediates
biocides
heavy metals








organic solvents
organic intermediates
biocides
heavy metals







monomers
heavy metals
other organic
compounds






199

Secure
landfill

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF
HAZARDOUS WASTES IN AFRICA

Hazardous
substances

Description of waste
Wastes from wood preserving
operation using inorganic salts
containing copper, chromium, and
arsenic of fluoride compounds or using
compounds containing chlorinated
phenol or creosote
Mercury waste containing metallic
mercury from manufacturing of
fluorescent lamps
Activated carbon waste containing
mercury from hydrogen gas
purification process
Mercury bearing sludges from brine
treatment and mercury bearing brine
purification muds from chlorine
production plant
Arsenic waste from the purification
process of phosphoric acid plant
Spent industrial catalysts from
chemical plant manufacturing
detergent or soap or toiletries
Leachate from hazardous waste
landfills

Rags, plastics, papers or filters
contaminated with paint or ink or
organic solvent from motor vehicle
assembly plants, metal works,
electronic or semiconductor plants and
printing and packaging plants

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification


As-, Cr-, Cucompounds
inorganic fluoride
compounds
phenols
creosotes
organic solvents
Hg and Hg-compounds








Hg and Hg-compounds





Hg and Hg-compounds





As









Incineration

Secure
landfill







heavy metals



reaction products
depending on the
waste deposited
all
organic solvents
heavy metals
other organic
compounds
biocides
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Hazardous
substances

Description of waste

Recovery

Oil
rec.

Solvent
rec.

Metal
rec.

Land
farming

PCT

Solidification

Incineration


Used containers or bags contaminated

organic solvents

with residues of raw materials and

organic intermediates



products of pesticides formulation

biocides



plant

heavy metals

Discarded or off specification batteries

Pb, Hg, Ni, Cd, Li

from battery manufacturing plant

acids














Wastewater from washing of reaction



vessels and floors of pharmaceutical
products manufacturing plant
Wastewater from acid and battery

Pb, Hg, Ni, Cd, Li



manufacturing plant

acids



Waste from manufacturing or

toluene

processing or use of explosives

inorganic and organic




acids
metals








oils
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APPENDIX B
Facility Description











Are all processes that generate hazardous waste identified?
Is sufficient information provided for each process to confirm that all hazardous
wastes are identified?
Have all hazardous waste management options and units been identified?
Are descriptions of all hazardous waste management units provided?
Have all hazardous and solid wastes been identified for each unit?
Have the methods of waste management (e.g., stabilization) been described for
each unit?
Are process design limitations defined for each hazardous waste management
unit?
Have operational acceptance limits been established for each hazardous waste
management unit?
Are procedures in place to determine whether wastes are outside of their
respective acceptance ranges?
Do operational acceptance limits include applicable regulatory restrictions?

2. Selecting Waste Parameters




Are parameters for waste analysis identified?
Have you identified a rationale for the selection of each waste analysis
parameter?
Does the program include parameters for the special waste analysis
requirements?

3. Selecting Sampling Procedures














Has the number of sampling locations been identified?
Are sampling procedures for each waste type identified?
Have decontamination procedures for sampling equipment been developed?
Have sampling strategy techniques (e.g., grab, composite) been specified?
Are procedures for sampling multi-phase wastes (if applicable) addressed?
Has all sampling equipment been identified?
Have the number and types of sampling containers been specified?
Have sample preservation techniques been specified?
Are sampling quality assurance and quality control procedures identified?
Are proper packing and shipping procedures documented?
Have procedures for the maintenance of all sampling equipment been
documented?
Are the precision and accuracy of sampling equipment stipulated?
Are health and safety procedures for the protection of sampling personnel
specified?
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4. Testing and Analytical Methods







Are laboratory and analytical methods specified for each waste managed at the
facility? If not, is other information (i.e., acceptable knowledge) used to
demonstrate waste analysis?
Has a rationale been specified for each analytical and test method?
Do the selected analytical methods meet all regulatory requirements for the
identification of each hazardous waste (e.g., each hazardous waste
characteristic)?
Have chain-of-custody procedures for samples been specified (if necessary)?
Does the laboratory have an adequate QA/QC program?
Have QA/QC procedures for each analytical procedure been identified?

5. Selecting Waste Re-Evaluation Frequencies

Have site-specific criteria for waste re-evaluations been specified?

Is re-evaluation accomplished with adequate frequency?

Are mechanisms in place for re-evaluating the sampling program each time the
waste- generating processes change?

Do the re-evaluation procedures specify criteria for the acceptance of wastes
received from off-site generators?

Do you notify off-site facilities (i.e., treatment, storage, and/or disposal facilities)
of changes in waste characterizations due to process changes or other factors?
6. Special Procedural Requirements, Where Applicable

Are procedures for waste inspections in place?

Is there a methodology for identifying ignitable, incompatible, or reactive
wastes?

Are procedures in place to conduct testing to determine whether wastes are
incompatible with each hazardous waste management unit on site?

Are procedures in place to ensure that final wastes meet applicable treatment
standards prior to land disposal?
Waste Segregation Practices for Medical Waste
Properly sizing your equipment has cost, labor, facility and operational implications. If
you size your equipment prior to waste segregation and minimization activities, you may
purchase more capacity than you need.





Does your facility have or plan to implement aggressive waste and pollution
prevention, reuse and recycling programs as part of this process? This includes
defining waste streams, providing clearly designated waste containers and
signage for different waste streams, educating staff on the proper waste
segregation.
Have the volume and weight of each waste stream been measured or
estimated?
Can your facility's staff identify from which departments or areas of the facility
certain types of waste are more common? And which have the greatest potential
for reduction or elimination?
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Has your facility considered a facility-wide computerized tracking system to help
identify wastes streams and assist in the waste segregation program?
Are all employees trained to identify infectious and hazardous materials and
dispose of them according to safety and disposal regulations?
Does your facility use mercury-containing products? If so, what steps are being
taken to ensure that mercury is not disposed with infectious or solid waste?
Does your staff know the procedures for handling and disposal of low level
radioactive wastes? Do the loading dock and/or packaging areas have
functioning equipment to detect prior to disposal any low-level radioactive
wastes that were discarded?
Does your facility have a recovery program for utensils and surgical instruments?
(Loss of these items can be a substantial annual avoidable cost. Some waste
companies can provide this additional recovery and sterilization service.)
Does your facility have a battery recovery program?

Organizational/Staff Issues
Most facilities undertaking a comprehensive approach to managing their waste have an
infrastructure to facilitate the program.





Has a task force been identified in your facility to examine current waste
treatment and disposal technologies and become informed, "in-house experts"
on available options? Are members of the following departments represented:
administration, infection control, engineering, health and safety, laboratory staff,
physicians, nursing, housekeeping and environmental services procurement/
contracts/ purchasing, union representatives?
What education needs to happen to change historical or cultural habits for
current disposal systems and waste services?
What level of commitment is your facility willing to undertake to ensure all
parameters will be considered?

Facility and Operational Issues
The type of treatment technology chosen will most likely affect current practices and
procedures in your facility's waste management operations.
This includes labour considerations, waste handling practices, implications on physical
space, loading docks, all utility costs, trucking and transportation. The decision to go
with on-site or off-site treatment involves at least some of the considerations listed
below. Questions listed under on-site treatment should also be asked of your off-site
treatment vendors. Some issues are joint considerations.




Does your facility currently have the labour and staff expertise to maintain the
equipment, or would additional training be needed?
Does your facility have the physical space and adequate facility design? (E.g., if
you are using offsite treatment, is your facility already equipped with adequate
storage space, loading docks, etc.?)
Are off-site treatment options limited, expensive or does your facility have
concerns about the local options? (E.g., the local commercial treatment facility
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has numerous emissions violations; your hospital/clinic is in a rural area and the
nearest commercial treatment facility is hundreds of miles away
Cost

On-site Treatment Technology Issues





















How important is volume reduction in choosing a technology? What is the ratio
of waste produced by your facility to the waste treated by the treatment
technology? Is the technology dependent on a certain volume of material?
How would waste reduction programs affect the process? If the waste volume
changes radically for any reason (e.g., reduced patient-days for Medical Waste,
merger, better waste minimization efforts), will this technology still meet the
treatment needs?
Have staff from your facility talked to colleagues at other facilities about their
disposal options, made comparisons, discussed technologies, contracts and
services, as well as violation histories and ranges of service costs?
What is the local and state regulatory climate for onsite treatment technologies?
(Some types of technologies require more complicated permits than others.
Incinerators typically have more complex – and thus expensive – permits than
most autoclaves, as an example).
Does your facility have staff on-site who are trained and certified to fulfill the
testing requirements, time, etc. involved in these permits? If not, consider those
staffing and testing costs in your evaluation.
How long has the treatment technology been in use, and where? Have your
facility's staff researched the various vendors within a type of technology (e.g.,
autoclaves, microwaves, chemical treatment)? Will the vendor give you a list of
references to contact?
What is the estimated "life" of this equipment?
What volume of waste can the technology treat? Will it always be operating at
peak capacity, or will there be wide variations in the amount of waste treated?
What are the operational costs implications of using this technology? What are
the environmental and fiscal impacts of utilities usage (electricity, water and
sewer)?
What is the safety and repair history of the waste disposal equipment?
What worker safety and ongoing equipment education is required and who
provides it?
What are the cost(s) of equipment failure and need for a back-up or alternative
system?
Is waste fed into the treatment system automatically (by machine) or by hand
(stop feed)? What impact does this have on your facility's staff limitations?
Can equipment repair be completed within 24 hours without an emergency
clause and/or additional costs?
Does the technology require ancillary equipment such as shredders? Are they an
integral part of the treatment process? Does the landfill require them? What are
the total associated costs for this equipment? Are there any worker-safety
concerns with this equipment?
How is the volume and weight of the waste measured with the disposal
equipment? Who measures it? Is it cost-effective to weigh the wastes on-site?
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Off-site Treatment Issues (Commercial treatment facilities)






What are the line-item transportation costs for intra or interstate taxes, tipping
fees, etc.
How many trucks will enter and leave the facility daily? Will traffic vary by day of
the week, or remain fairly constant?
From what geographic area will waste be accepted? What sort(s) of waste?
Have staff from your facility or a contracted consultant visited the waste
treatment site for a comprehensive audit and evaluated environmental health
and safety and operational issues?
Are there any community or environmental health concerns associated with this
offsite facility? If so, in what ways could the facility facilitate positive changes
and reconciliation of those concerns?

Cost
There are cost issues associated with every type of treatment technology. When
summarizing cost implications for each treatment and disposal option, also consider the
following issues:













Capital equipment costs
Installation and facility costs: installation labour, facility modifications – cement
pad(s), curb cuts, sewers, electricity, space, security, etc.
Direct labor costs: number of employees needed to operate the treatment and
disposal equipment?
"Down time" costs: including repair (parts and labour), and alternative
treatment.
Utility costs
Permitting and compliance fees: water and air testing fees should be included in
annual operating costs. (For comparison purposes, testing fees for incinerator
ash should be included).
Fines: depending upon permitting requirements and state and federal
regulations, violations of permits or emissions may result in fines.
Compare cost per-ton of disposal for each technology under consideration. If
your facility is currently using on-site or off-site incineration, be sure to include
ash disposal in your estimate of current costs to contrast with potential future
costs of new technology. Regular testing of incinerator ash may designate
periodic loads to be hazardous and must be sent out as hazardous waste.
Estimate at least an annual occurrence.
All transportation, processing and tipping fees
Supply costs – personal protective equipment, spill supplies, special bags (for
example, some autoclave systems require particular bags), collection containers
(boxes or reusable containers)
Indirect costs/benefits – community satisfaction, environmental leadership

Environmental and Ethical and Community Issues


What are the organic and inorganic emissions to the environment and to what
media (air, water, land)? Dioxin and mercury are examples of such emissions. In
what volume are these pollutants released?
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Which emissions are regulated and by which authorities? (Local, state or federal
regulators may monitor different pollutants. Total emissions of any pollutant
should be considered, not only releases to one medium, such as air.)
Of the emissions that have been identified, which, if any, are harmful to human
health or the environment? What are those effects? (such as cancer, hormone
disruption, reproductive effects or cumulative impacts). Have you taking into
account predominant wind directions, speed, frequency and topographical
terrain (air dispersion modelling)?
What is the reputation and reliability of the waste disposal company, and/or
treatment technology?
Should facility waste be disposed outside of the city/county/state in which it is
generated if there is an economical alternative?
What opportunities have been provided for community input into the waste
treatment decision process?
Does the treatment process produce odours? Has the facility documented all
available options to reduce odours and related complaints?
How many years is the facility scheduled to operate?
How will the surrounding community be informed of any accidents or emissions
violations from the treatment facility?
Will the facility increase traffic in the neighbourhood (e.g., through trucks
hauling waste, chemicals, etc.)?
Is the technology noisy (for workers as well as the community), and how is this
defined and documented?
Is a permit for the treatment facility issued only once, or is it periodically
reviewed, with opportunity for renewed public input?
What are the zoning issues related to the project?
Are there other facilities in the community or neighbourhood that pose the same
or similar problems as those of the proposed treatment technology?

Regulatory and Compliance Issues








What permits does the technology require in order to operate?
Is a public hearing required?
Does everyone working on waste issues in the facility know the pertinent
federal, state, county or city regulations and are they working to maintain
compliance?
What pollution control equipment is required for this technology? Is there
additional equipment that is available to reduce environmental emissions? What
equipment will be used to monitor emissions, and how often?
Can the facility and surrounding community's sewer or septic system handle the
waste treatment equipment's discharges?
Has someone at your facility estimated the cost(s) associated with
environmental, health and safety violations related to prospective waste disposal
equipment?
What are the estimated costs for emissions testing, liability, violations and cleanup?
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Hazardous Waste Management







What residuals (waste still left after treatment) remain when the treatment
process is complete? Can all potential residuals be fully identified before
disposal? Will any require treatment as hazardous waste? What are the
estimated costs associated with this disposal? What is the liability attached to
this residual waste?
If chemicals are used to treat the waste, are they hazardous by themselves? If
so, what are the potential health and environmental impacts for the workers and
the community? Does someone in your facility know what potential reactions
that may occur from a combined mix of facility wastes and sewer disposal
wastes?
Does the production of any chemical required by the treatment process have
harmful environmental or health impacts?
Does the treatment process release radioactive isotopes? If not, how are those
isotopes contained?

Vendor Issues:



Does the vendor (of the equipment or waste hauler) or any of its subsidiaries or
contractors have any violations (environmental, criminal, etc.)? If so, how have
those violations been handled?
Is the vendor willing to meet with your facility's staff committee to answer
specific questions about the equipment and technology?

Contract Issues:







Has your facility's staff discussed the length of contract that best suits your
needs?
How does that compare with the contract being offered?
What is the waste management plan/back-up service options for down times? Is
there an extra fee, or is it part of the contract?
Have current waste service contracts been reviewed and rewritten for
educational, health and safety standards, and to maximize reuse, recycling, and
recycled-content?
What contract constraints are negotiable in order to get the best equipment and
services for your facility?
What is the length of the contract? Is it a "put or pay" contract, (i.e., one that
guarantees the health care facility will supply a certain amount of waste or pay
to make up the difference)?
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CLEANER PRODUCTION AND WASTE MINIMISATION
– AN OVERVIEW & FUTURE TRENDS FOR GOVERNMENT
BY JAMES BRICE, INTERNATIONAL CONSULTANT
In developed industrialised countries, waste management problems have historically
been manifested and addressed. Another general characteristic in many of these
countries is a long established environmental awareness. This together with
adequate resources has made it possible not only to implement basic waste
management systems to address the problems, but also to develop appropriate
philosophies and ethics as waste management has evolved. These logically address
the reduction of waste generation by prevention and minimisation, through efficient
production methods and use of resources. Also, the waste stream is reduced by
resource recovery. Finally, hazardous wastes are treated prior to disposal to reduce
the associated risks. These elements are included in the internationally recognised
Waste Management Hierarchy. This is the Integrated Waste Management Approach
in Figure 3. The concepts are very relevant to hazardous waste management.

Waste Hierarchy
Cleaner
Production

Prevention
Minimisation
Re-Use

Recycling

Recovery
Composting
Physical

Treatment

Chemical
Destruction

Disposal

Landfill

Figure 3
The Elements of the Waste Management Hierarchy
(Source: National Waste Management Strategy 2000, South Africa)
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Shift towards prevention
Pollution prevention is one of the most effective means of protecting people and the
environment. Pollution prevention eliminates costly and unnecessary waste and
promotes sustainable development. It aims to reduce risks to human health and the
environment by trying to eliminate the causes, rather than by treating the symptoms of
pollution. This objective reflects a major shift in emphasis from control to prevention.
The Integrated Pollution & Waste Management (IP&WM) policy stresses the need to
make pollution prevention a part of everyday activities and decisions, by all sectors and
individuals. The policy shows how the focus of environmental protection can be shifted
from reacting to pollution, towards the prevention of pollution at source.
Achieving prevention and minimisation
In order to achieve sustainable development, the historical focus on pollution impact
management and remediation should shift to a management approach, combining
pollution and waste prevention and minimisation at source, impact management and, as
a last resort, remediation. Effective pollution prevention focuses not only on the
installation of pollution abatement equipment in industry, but also on the shared
responsibility of all sectors of society to protect natural resources.
Pollution prevention:




relates to innovation in product design and production
encourages cost savings through efficiencies and conservation
insists on sound management of persistent, bio-accumulative and toxic
substances and on eliminating their use where necessary.

While the implementation of pollution prevention will differ among sectors, the general
techniques will include: policy and regulation, technical assistance and compliance
monitoring, prioritising substances of concern, efficient use and conservation of natural
resources, reuse and recycling, operating efficiencies, economic incentives and
disincentives, integration of environmental concerns into land-use planning and urban
development, training, household waste minimisation and recycling, product design,
process changes, cleaner production, creating efficient information systems, life-cycle
analysis, partnerships, raising awareness, building capacity, and developing strategies
and tools to enable people to follow sustainable lifestyles.
Changes in behaviour are paramount to the pollution prevention approach. Government
guidance and regulation are needed in this regard, to improve pollution prevention
measures by means of a legislative framework for responsive pollution prevention
programmes.
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Benefits of the shift to pollution prevention
The shift to pollution prevention will:














minimise and/or avoid the creation of pollutants and waste
minimise and/or avoid the transfer of pollutants from one medium
to another
accelerate the reduction and/or the elimination of pollutants
minimise health risks and impact
promote the development of pollution prevention technologies
use energy, materials and resources more efficiently
minimise the need for costly enforcement
limit future liability with greater certainty
limit costly clean-up practices
promote a more competitive economy
reduce human impact on the environment
enhance the quality of life, and
ensure intergenerational equity.

Implications of the shift
Establishing an integrated pollution and waste management system, will have a
significant influence on how pollution and waste management goals and objectives are
pursued in the future. The integrated pollution and waste management system will:






assist governments in attaining sustainable development goals
ensure that the quality, quantity and accessibility of information
are improved
facilitate strong partnerships between the government, private
sector, labour, non-governmental organisations and communities
facilitate compliance with environmental laws and reduce the
amount of bureaucratic delays, and
build capacity and awareness.

Approaches and issues relating to Policy Implementation
The elements below are key to identifying pollution and waste issues and addressing
them in a practical manner:








Adoption of a media-based approach, focusing on the primary receiving media,
i.e. water, air and land
Recognition of waste as a primary source of pollution
An integrated and phased approach dealing firstly with source control (including
prevention), secondly with impact management and lastly with remediation (see
Figure 3, Elements of the waste management hierarchy).
Training, education and capacity building of all sectors
Public participation
Ensuring a holistic approach by integrated pollution prevention and waste
management.
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The following sections describe specific aspects of pollution prevention and waste
minimisation that will be considered for each of the environmental media. The issues
have been identified through the stakeholder participation process. Note that in each
case, "issues relating to integration" refers to integration:
between environmental media, to address their interactions and overlapping
management issues, and
the IP&WM policy and other regulatory authorities, policies, strategies, etc.
governing the different environmental media.




Water pollution
The policy on water pollution management covers inland waters, both surface and
groundwater, as well as estuarine and marine waters. Issues, which will be considered
in relation to policy implementation, include:







River catchments as basic management units
Land uses affecting catchment water quality
Water quality requirements as specified by the catchment water users
Management of storm water from industrial and urban areas
Point sources of pollution, e.g. sewage treatment works and industrial waste
water treatment works
Diffuse sources of pollution, e.g.:
polluted base flow originating from industrial areas (including marine
outfalls)
polluted base flow originating from informal settlements, and
leachate from waste disposal sites
leakage from sewage reticulation systems and sewage works

With regard to integration, the following issues will be considered:







The regulation of water pollution
Preventative and management measures
The agricultural and domestic use of herbicides, pesticides and poisons,
and their contribution to the contamination of storm water run-off
Soil erosion resulting in siltation of reservoirs and high silt loads in
rivers
Atmospheric deposition on land and the indirect impact on surface and
groundwater
Wind-blown dust and solids from tailing deposits and their impact on
water quality.

Air pollution
The policy aspects relating to air quality management consider pollution on a local,
regional, national and global scale. Atmospheric pollution, malodour generation and
control, as well as indoor air pollution will be covered.
Issues which will be considered in relation to policy implementation are:
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Smoke (particulates) arising from coal and fuel burning (including
particulates from power generation)
Vehicle emissions
Emissions from industrial activities
Dust arising from mining and industrial activities
Various sources of greenhouse gases
Waste disposal sites
Incinerator emissions
Acid rain
Noise.

With regard to integration, the following issues will be considered:




The regulation of air pollution
The pollution of water used for scrubbing air
Air pollution arising from the disposal of solid waste.

Land pollution
The policy on land pollution considers urban, industrial, mining, rural and agricultural
land. The loss of arable land through compaction or alien invasion is not discussed in
this document. Soil erosion per se is also not covered, except under the water medium,
where it is regarded as a pollutant (see Water Pollution).
Issues and land pollution sources, which will be considered in relation to policy
implementation, are:







Injudicious/overuse of fertilisers and agricultural chemicals
Unsustainable farming practices
Irrigation with sewage sludge
Over irrigation
The impact of agricultural chemicals such as pesticides, herbicides and
fertilisers on surface water and groundwater quality.
Agricultural wastes

With regard to integration, the following issues will be considered:











The regulation of land pollution
The impact of land pollution on water quality
The impact of organic agricultural wastes on surface and groundwater
quality
The impact of soil erosion and agricultural management practices on
water quality,
Land pollution from liquid effluent disposal via irrigation
The impacts of industrial activities or infrastructure on surface and
ground water quality, in terms of related effects on land or soil
The impact of sewage treatment works
The impact of residential development
Land application of sewage sludge
The impacts of waste and hazardous waste disposal sites.
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Waste
Those aspects of the policy relating to waste management will address domestic,
commercial, agricultural, mining, industrial, metallurgical, power-generation, nuclear,
medical and hazardous waste, as well as litter. Waste is considered to be a source of
pollution and the policy will address the management of the entire waste handling
process, from generation to final disposal. Issues which will be considered in relation to
policy implementation are:





Waste avoidance, minimisation and prevention
Recycling and reuse
Treatment and handling
Storage and final disposal.

With regard to integration the regulation of waste will be discussed.
Integration
A functional approach to integrated pollution and waste management will need
to be adopted (see Figure 4).

Figure 4: A functional approach to integrated pollution and waste management
Source-based controls are used to control the generation and discharge of waste.
Controlling waste discharges at source supports the management of the receiving
environment. In some instances, source-based controls can be extended to prevent
waste production altogether.
Management of the receiving environment (impact management) entails
anticipating threats to environmental media, setting ambient quality standards and
ensuring that source-based controls are put in place to control such threats.
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Remediation entails retroactive intervention to reverse environmental damage and
achieve a specific ambient quality.
Education and training
The key role players in the stakeholder countries will need to promote the education
and empowerment of the people with regard to integrated pollution and waste
management by increasing their awareness of and concern for pollution and waste, and
assisting in the development of the knowledge, skills, values and commitment necessary
for successful integrated management.
Public participation
Public participation is considered a cornerstone for the development of this policy. The
government's approach in this policy is to establish mechanisms and processes to
ensure effective public participation and capacity building in integrated pollution and
waste management.
Policy Criteria
Policy criteria are norms for evaluating the implementation of the policy principles. The
following criteria will be used:


Accessibility: Management systems and information must be accessible to all
sectors of civil society. In addition, there will be access to authorities for
complaints, especially at local level.



Clarity: Legislation regarding the management of pollution and waste, including
regulatory instruments (such as standards, technology, incentives and effective
policing and monitoring), will be drafted in an unambiguous manner and be
understandable and accessible to all sectors of society
Consistency: All elements of this policy will be interconnected and interrelated
to ensure that there is no contradiction between different elements, and the
policy will be implemented on an ongoing basis and consistently through all
sectors of society.
Effectiveness: All elements of this policy should work together to ensure that
the results of the management process enhance the quality of the environment.
Enforceability: This policy will be backed by effective legislation with
mechanisms to enforce it.
Role of Women: Recognition of the role women can play in transforming
society and building capacity with regard to integrated pollution and waste
management will be recognised
Timeliness: Decision-making procedures should take place within reasonable
time frames, and should not be used to restrict public participation.
Transparency: All reasons for decisions will be recorded and made available for
public scrutiny.
Provision of resources for capacity building: Resources must be provided
to build capacity in both government and civil society.
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APPROACHES TO WASTE REDUCTION
Waste reduction, waste minimization, waste prevention, pollution prevention and source
reduction are all terms that are used to describe the reduction of waste generation at
source, or the first step of the waste management hierarchy.
Prevention deals with methods where wastes or emissions are prevented from being
generated at their source. An example of this is when a product or a process is
designed in a way that fully eliminates production of a certain waste or emission.
Reduction involves methods where the quantity, or hazardous nature of waste and
emissions are reduced at source. In this case, process or products redesign will not
completely eliminate a waste or emission, but will reduce its quantity or its hazardous
nature.
Resource efficiency is another term used, which means getting the same or better
service/production while using less resources. Resource efficiency is in fact an aspect of
source reduction or waste prevention.
Cleaner Production is a term used to describe the method and techniques used by
industries to achieve waste reduction and resource efficiency while still maintaining
production.
Cleaner Technologies are process or production technologies that result in waste
reduction before generation either through elimination, prevention or minimization.
Design for the Environment specifically concerns the design stage of the product to be
produced. It is a design approach that leads to minimum waste generation through the
life-cycle of the product. These are described in more detail below.
Waste Prevention/Source Reduction
Waste or pollution prevention reduces or eliminates waste at the source, before it is
generated, rather than controlling it after it has been created. It is an approach to
decrease the environmental impact of industry by preventing or decreasing the
origination of waste in the process line.
The US federal Pollution Prevention Act of 1990 uses the terms "source reduction" and
"pollution prevention" interchangeably and defines source reduction, in part, as any
practice which:

... reduces the amount of any hazardous substance, pollutant, or contaminant entering
any waste stream or otherwise released into the environment (including fugitive
emissions) prior to recycling, treatment, or disposal... The term includes equipment or
technology modifications, reformulation or redesign of products, substitution of raw
materials, and improvements in housekeeping, maintenance, training, or inventory
control.
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Source reduction is the first priority among waste management options because it has
virtually no negative effect the environment, conserves energy and resources, and does
not require new facilities.
Source reduction can be defined as any activity that prevents waste at its source. It
includes:
 Reducing the amount or the toxicity of material used to do anything.
 Reusing an item in its original form.
 Using repairable, refillable, durable products that last longer before they wear
out.
(http://www.moea.state.mn.us/berc/prevent.cfm)
Resource Efficiency
http://www.sustainable.doe.gov/efficiency/reintro.shtml
US Department of Energy- Centre for Excellence for Sustainable Development
Resource Efficiency aims to reduce the demand and the costs for energy, water, and
materials within industries and communities, by utilizing innovative management
practices and new technologies. Resource efficiency generally covers materials, water
and energy efficiency. The results are monetary savings which benefit the local
economy, reduced environmental impact, and conservation of resources.
The terms efficiency and conservation are often used interchangeably, but in fact they
have different meanings. Efficiency means getting the same or better service while
using fewer resources. Conservation means simply using less and reducing waste;
without efficiency, conservation generally implies a reduction in the level of service.
Industrialized society‘s voracious consumption of virgin and synthetic material resources
such as timber, minerals, metals, plastics, glass, and concrete increasingly depletes our
ecosystems‘ natural capital and produces enormous amounts of waste and pollution.
Using our material resources much more efficiently to prevent resource depletion,
waste, and pollution is a critical component of sustainability. Materials efficiency
requires the following:
 Designing all goods and services to require much less virgin material (see
‗Design for Environment‘)
 Creating policies that promote and support materials conservation, recovery and
efficiency
 Developing creative strategies for materials efficiency and waste prevention in
industries, homes, businesses and institutions
 Recovering the maximum amount of materials from the waste stream
 Fostering a robust economy for secondary (recovered) materials
Cleaner Production
Cleaner Production (CP) is a general term that describes a preventive approach to
industrial activity. It is a broad term that encompasses waste minimization, waste
avoidance, pollution prevention, and resource efficiency. CP involves applying expertise,
improving technology, and above all, changing attitudes in very many places.
CP refers to an attitude of how goods and services can be produced with the least
environmental impact within the framework of the existing technological and economic
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limits. CP concedes that production is not perfect. In practice there will be always some
residue of some sort from many processes and obsolete products. However, by using a
Cleaner Production philosophy to tackle pollution and waste problems, the dependence
on ‗end-of-pipe‘ solutions may be reduced and in some cases, may be eliminated
altogether.
CP recognizes growth while being resolute that sustainable growth should be
ecologically friendly. However, cleaner production does not entail recycling and effluent
treatment per se. The definition of CP that has been adopted by the United Nations
Environment Programme (UNEP) is the following:

―Cleaner Production is the continuous application of an integrated preventive
environmental strategy to process, products, and services so as to increase efficiency
and reduce risks on human and the environment‖
The main drive of CP is therefore on the manufacturing process and life-cycle approach
to products and services.
For production processes, cleaner production includes the efficient use of raw materials
and energy, the elimination of toxic or dangerous materials, and the reduction of
emissions and waste at the source.
For the product, the strategy focuses on reducing impacts along the entire life cycle
(―from the cradle-to-the-grave‖) of the products and services, from design to use and
ultimate disposal. ‗Design for Environment‘ is an approach which aims to achieve this.
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Figure 2 presents the UNEP Cleaner Production definition in schematic format:
Figure 2:
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Cleaner Technology
Cleaner Technology refers to the process and production technology required and used
to achieve Cleaner Production in industry. Some technologies are complex industrial
technologies while others refer to modifications to existing processes. Some
technologies may be commercially available while others may be innovative
developments by companies in-house.
Design For The Environment
Building on engineering concepts like "design for manufacturability" and "design for
disassembly," Design For Environment (DfE) takes environmental factors into account at
the earliest possible stages of product development and design. Paralleling the trend
toward Pollution Prevention, DFE recognizes that it's far more economical to design
quality into a product than to try to tack it on later.
For a typical product, 70% of the cost of development, manufacture and use is
determined in its design phase. By integrating environmental considerations into the
upfront product design, a company can increase efficiency, reduce waste of materials
and energy, and reduce costs.
DfE is a systematic way of incorporating environmental attributes into the design of a
product. There are three unique characteristics of DfE:
 The entire life-cycle of a product is considered.
 Point of application is early in the product realization process.
 Decisions are made using a set of values consistent with pollution prevention
and resource efficiency as well as integrative systems thinking.
DfE considers the potential environmental impacts of a product throughout its life-cycle.
A product's potential environmental impacts range from the release of toxic chemicals
into the environment to consumption of nonrenewable resources and excessive energy
use. Life stages of a product include the time from the extraction of resources needed
to make the product to its disposal.
In effect, designers design a product life-cycle, not just the product. An awareness of a
product's life-cycle will help the company avoid environmental surprises and liabilities.
Ideally, the design team will seek to reduce these environmental impacts to the lowest
level possible.
Using "benign by design" principles in the design, manufacture, and use of chemicals
and chemical processes is a concept known as "green chemistry." The concept
promotes the research, development, and implementation of innovative chemical
technologies that prevent pollution in both a scientifically sound and cost-effective
manner.
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Elements of DfE
(Source: Kenneth Crow DRM Associates - http://www.npd-solutions.com/dfe.html)
There are three major elements of design for the environment: design for
environmental manufacturing, design for environmental packaging, and design for
disposal and recyclability.
Design for environmental manufacturing involves the following considerations:





Non-toxic processes & production materials
Minimum energy utilization
Minimize emissions
Minimize waste, scrap & by-products

Design for environmental packaging involves the following considerations:




Minimum of packaging materials
Recyclable packaging materials
Bio-degradable packaging materials

Design for disposal & recyclability involves the following considerations:









Re-use / refurbishment of components & assemblies
Material selection to enable re-use and minimize toxicity
Minimum number of materials / colours to facilitate separating materials and reuse
Material identification to facilitate re-use
Design to enable materials to be easily separated
Design for disassembly (e.g., fracture points, fastening vs. bonding)
Limit contaminants - additives, coatings
Design for serviceability to minimize disposal of non-working products

To support design for recyclability, design for dis-assembly needs to be addressed.
Design for disassembly enhances maintainability or serviceability of a product, and it
enables recycling of materials, component parts, assemblies, and modules. There are a
number of principles to facilitate disassembly:








Provide ready access to parts, fasteners, etc. to support disassembly.
Design modular products to enable modules to be disassembled for service or
re-use.
Minimize weight of individual parts and modules to facilitate disassembly.
Use joining and fastening techniques to facilitate disassembly (e.g., fasteners
instead of adhesives)
Minimize fragile parts and leads to enable re-use and re-assembly.
Use connectors instead of hard-wired connections.
Design to enable use of common hand tools for disassembly.
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Example
BMW's 1991 Z1 Roadster, whose plastic side panels come apart like the halves of a
walnut shell, is an example of a car designed for disassembly. One of the lessons
learned, is that glue or solder in bumpers should be replaced with fasteners so that the
bumpers can come apart more easily and the materials can be recycled. BMW is also
changing instrument panels. In the past they were made of an assortment of synthetics
glued together. Now BMW uses variations of polyurethane, foam, and rubber so the
panel can be recycled. The portion of a car recycled is 80% by weight and BMW is
aiming for 95%.
Experiment
Thich Nhat Hahn, author of Miracle of Mindfulness, suggests this experiment:
With each mouthful of bread, be present to every element of the web of which the bread
is a part. The rain, the soil, the seed, the growing grass, the ripening grain. The farmer,
the tractor maker, the iron mines and miners, the fertilizer plant and oil well. The miller,
the baker, the delivery van, the grocer. The toaster. The taste. Wrapper to trash can to
trash man to landfill. The unused portion passed on to sewage and treatment and
waterways. And the rain. The big picture. Mindful of all that sustains us, in every
mouthful." - Gil Friend, May 1994)
Benefits of Design for the Environment
A DfE






project potentially provides many benefits, including:
Reduced health, safety, and ecological risks.
Increased efficiency and customer acceptance.
Improved worker morale and productivity.
Reduced regulatory burden.
Improved channels of communication, cooperation, and collaboration among
stakeholder organizations.
 Expanded business and market opportunities.

WASTE REDUCTION Methods and Techniques
Overview
Waste prevention includes any activity that reduces or eliminates the generation of
hazardous waste at the source, usually within the process. Materials efficiency and
waste prevention require a cyclical rather than typical linear "extract, use, and dump"
approach to manufacturing and utilizing resources.
Methods of reducing pollution include, but are not limited to, process modification,
inventory control measures, input material substitutions, various housekeeping and
management practices, and improved efficiency of machinery.
A tremendous amount of work has been published in the environmental and
engineering literature on waste minimisation and Cleaner Production in general and
specific to certain industry sectors. This ranges from fairly complex techniques (often
mathematically based) to examine the core processes that are creating waste; to ‗how-
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to‘ articles on CP methodology; to reports on some of the successes of the application
of CP studies to existing processes.
After reviewing the literature it can be concluded that there is a conceptual basis for
designing minimum waste processes. CP is essentially the application of familiar
analytical, problem solving, and project management techniques to the reduction of
waste in process operations.
In setting up a waste reduction programme it is important to distinguish between the
methodology and the techniques. The waste reduction methodology is the procedure
followed to manage the project i.e. to collect and process information and take
decisions. The waste reduction techniques are the creative methods used to generate
waste reduction ideas, possibilities, and options.
The USA Environmental Protection Agency (U.S. EPA) has produced a definitive waste
reduction assessment methodology, which is described in the Waste Minimisation
Opportunity Assessment Manual (1989). Many other organisations have produced waste
minimization or CP ‗how-to‘ guides, but they are usually based on the U.S. EPA manual.
The methodology consists of four steps, (1) planning & organisation, (2) assessment,
(3) feasibility study, and (4) implementation. Repeated for continuation of the program.
It essentially implies a comprehensive analysis of material flows that leads to the
generation and implementation of a number of prevention options.
CP Assessment Methodology
The Cleaner Production assessment methodology is used to systematically identify and
evaluate the waste reduction and resource efficiency opportunities and facilitate their
implementation in industries.
The main steps of a Cleaner Production assessment are outlined below. This procedure
is useful in organising the Cleaner Production programme in a company and bringing
together persons to be involved with the development, evaluation, and implementation
of Cleaner Production measures.
The CP Assessment is a systematic methodology to assist you in planning, measuring
and carrying out a company‘s waste reduction program. It helps companies better
understand what and how types of waste are generated, and how much waste-related
costs could be reduced. Information derived from a CP Assessment helps to identify and
select the most feasible and cost-effective waste reduction actions.
The aim of the assessment is to find the answers to the following questions:
 Where are wastes and emissions generated? (source identification)
 Why are those waste streams generated? (cause evaluation)
 How could those waste streams be avoided? (option generation)
The CP assessment is divided into the following phases (UNEP):
Phase I: Planning & Organisation
 Obtain management commitment
 Establish a project team
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Develop policy, objectives and targets
Plan the Cleaner Production assessment

Phase II: Pre-assessment (qualitative review)
 Company description and flow chart
 Walk-through inspection
 Establish a focus
Phase III: Detailed Assessment (quantitative review)
 Collection of quantitative data
 Material balance
 Identify Cleaner Production opportunities
 Record and sort options
Phase IV: Evaluation & Feasibility Analysis
 Preliminary evaluation
 Technical evaluation
 Economic evaluation
 Environmental evaluation
 Select viable options
Phase V: Implementation & Continuation
 Prepare an implementation plan
 Implement selected options
 Monitor performance
 Sustain Cleaner Production activities
There are detailed manuals which can be followed in the implementation of a cleaner
production project. A company may implement the project on its own following these or
hire experts to assist.
Waste Reduction Techniques
(Source SANTREN CP Manual)
Once the sources and causes of waste and emissions are known, the Cleaner Production
Assessment enters the creative phase. With the process flow chart and the material
balance at hand, you can choose the unit operation, material, waste or emissions
streams which you want to make subject to cleaner production changes most urgently.
The project team should now start looking for possible ways to increase efficiency and
reduce waste and emissions and energy losses. Some other sources of help in finding
cleaner production opportunities could be:








Personnel from in-house or other companies
Trade associations
Universities, innovation centres, research institutions, NGO's etc.
Equipment suppliers
Consultants
Information centres, such as UNEP etc.
Technical literature and electronic databases.
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After it is assured that all team members have been familiarized with the processes and
unit operations, and information about possible cleaner production options has been
gathered, a brain storming session should be held during which ideas for cleaner
production are developed.
The brainstorming focuses on all process parameters as shown in the Figures below:

Five process parameters
Technology

Raw
materials

Five techniques of CP
Technology
Good Practice
change

Operating
practices

Process

Material
substitution
/purification

Products

Internal
Reuse/
Recycle

Waste

Process

Product
Changes

Waste

Good housekeeping
Improvements to work practices and proper maintenance can produce significant
benefits. These options are typically low cost measures and should be implemented
first. Good housekeeping practices imply procedural, administrative, or institutional
measures that a company can use to minimise waste and emission. Good housekeeping
include the following:
 Management and personnel practices
 Material handling and inventory practices
 Training of employees
 Loss prevention
 Waste segregation
 Cost accounting practices
 Production scheduling
Change in raw materials
Environmental problems can be avoided by replacing hazardous materials with more
environmentally benign materials. Changes in raw materials accomplish cleaner
production by reducing or eliminating the hazardous materials that enter the production
process. Also, changes in input materials can be made to avoid the generation of
hazardous wastes within the production process. These options may require changes to
process equipment. Input material changes include:
 Material purification
 Material substitution
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Technological change
Resource consumption can be reduced by optimising existing processes. Process
optimisation options are typically low to medium cost and should be high on priority of
implementation.
Adopting new technologies can reduce resource consumption and minimise waste
generation through improved operating efficiencies. These options are often highly
capital intensive, but payback periods can be quite short.
Technology changes are oriented toward process and equipment modification to reduce
waste and emissions, preliminary in a production setting. These include the following:
 Changes in the production process.
 Modification of equipment, layout, or piping
 Use of automation
 Changes in process conditions, such as flow rates, temperatures, pressures and
residence time.
Product changes
Changing product design can result in benefits throughout the life cycle of the product,
including reduced use of hazardous substances, reduced waste disposal, reduced
energy consumption and more efficient production processes. New product design is a
long-term strategy and may require new production equipment and marketing efforts,
but paybacks can ultimately be very rewarding. Product changes are performed by the
manufacturer of a product with the intention of reducing waste and emissions resulting
from a product's use. Product changes include:
 Changes in quality standards
 Changes in product composition
 Product durability
 Product substitution.
Product changes can lead to changes in design or composition. The new product can
thus be made less environmental damaging throughout its life cycle by using Design for
Environment approach.
On-site reuse and recycling
Recycling or reuse involves the return of a waste material either to the originating
process as a substitute for an input material, or another process as an input material.
Screening and Prioritising Options
Once options have been identified, they need to be selected and prioritise the waste
reduction options for further study. Unclear ideas should be clarified, similar or duplicate
options should be merged, and all options should be challenged to be sure they are
cleaner production options.
Organising the options per unit operation allows a more structural approach to the
screening process. The implementation of one option may make another option
irrelevant. It is crucial to identify mutually exclusive options to avoid a selection of both
options. No & low cost options which seem to be cost effective and relatively easy to
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implement do not require an extensive feasibility study. These obviously feasible options
can be implemented immediately.
If not all options can be implemented and all not all options can be evaluated, options
should be prioritised. To guide in the prioritising there can focus on the availability,
suitability, environmental effects, and economic feasibility of the options.
Feasibility analysis
Economic Evaluation
The objective of the feasibility analysis is to evaluate the cost-effectiveness of a cleaner
production option. Economic viability is often the key parameter that determines
whether or not an option will be implemented. It is advisable to first evaluate the
options that are likely to be economically very attractive. This would strengthen the
interest and the commitment of a company for cleaner production.
Technical Evaluation
The objective of the technical evaluation is to determine the technical feasibility of
selected cleaner production options. All major investments require a technical
evaluation.
The impact of the proposed measure on process, product, production rate, safety, etc
should be evaluated. In addition, trial runs of the options may be required when the
option is significantly changing the present process practices. Experiences of other
meat processing companies with the option under consideration are very useful at this
point and can eliminate many in-house testing requirements.
It is important to include all employees and departments affected by the
implementation of the options. The technical evaluation will determine whether the
option will require staffing changes, additional operations and maintenance personnel,
and additional training of staff and personnel.
Environmental Evaluation
The objective of the environmental evaluation is to determine the positive and negative
impacts of the option for the environment. One of the main goals of cleaner production
is to improve the environmental performance of a company. Reduction in the
generation of hazardous waste is imperative.
In many cases the environmental advantage is obvious – a net reduction in the pollution
effects, hazardous nature and/or quantity of waste and emissions. In case the process
or product changes, the environmental advantages all along the life cycle of the product
have to be estimated.
Three levels for environmental evaluation can be distinguished:
 Simple evaluation based on the reduction in pollution effects and quantity of
waste and emissions and energy losses.
 In-depth evaluation of the effect of composition of new inputs and outputs.
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Simple Life Cycle Assessment (LCA)

Only in special cases should a detailed LCA be made, e.g. in case government requires
such as assessment. It should appraise how much effort that can reasonably be put
into making a detailed environmental evaluation, and which of the above-mentioned
approaches will be followed. Information needed to make a sound environmental
evaluation of the relevant product, raw material or constituent part of the process
relates to:
 Changes in amount and toxicity of waste and emissions throughout the product
life cycle.
 Changes in energy consumption throughout the product life cycle.
 Shift in the environmental effects to other materials
 Shift in the environmental effects to other media
 Changes in degradability of the waste and emissions
 The extent to which renewable raw materials are used
 Changes in the reusability of waste streams.
Information on environmental effects can be obtained from Material Safety Data Sheets
(MSDSs), or from suppliers of equipment. Information can also be obtained from
governmental bodies, non-governmental organizations, industry associations, or United
Nations organizations, such as the World Health Organization, the International Agency
for Cancer Research, and the United Nations Environment Programme.
In order to prioritise certain environmental effects over others, the national policy on
the environment and the government‘s priorities for environmental protection should be
studied. For Basel Convention, reduction in generation of hazardous waste is the
priority and reduction of total quantity of hazardous nature or both are options. The
greenhouse effect and ozone depletion are issues which are high on almost any national
environmental agendas but also local environmental problems can be placed high on
the environmental agenda and have a more significant effect on the company.
CP Tools
The U.S. EPA method of using manuals with worksheets as templates for data may be
too inflexible to accommodate process & plant specific characteristics and the
methodology suggested by the United Nations Environment Program (UNEP) is more
descriptive of the procedural requirements. An understanding of fundamental process
chemistry & technology may be needed to clarify causes of waste, and obtaining such
knowledge may require extensive information gathering and/or consultation with
technology experts. In addition, the assessment may also be organised to focus on
selected processes rather than the entire operating facility and prioritisation of waste
streams or production sources may be done on the basis of a set of constraints.
The main aim of the WMA, whatever the methodology, is to identify and select waste
minimisation options. The U.S. EPA ‗Waste Minimisation Opportunity Assessment
Manual‘ (1989) introduced the Waste Minimisation hierarchy discussed above. Although
it is a useful way of classifying waste minimisation possibilities, the EPA Manual says
very little on waste minimisation techniques. The waste minimisation literature however
contains numerous examples of techniques. These techniques can be grouped into two
types: Mathematical and Checklist.
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Obviously the results obtainable from using these checklists and manuals are only as
good as the ingenuity of the people using them. Industry needs to know not merely
what options are available, but also under what circumstances a given technique or
piece of equipment will be right for their particular factory, and what they must do to
maximise the likelihood of success.
Many of the manuals and factsheets are either available directly (may be downloaded)
or indirectly (may be ordered electronically) on the Internet. This is also true for
accessing or ordering manuals or factsheets from other countries (mainly from specific
industry organisations or projects that have their own website).
The various industry journals also have on-line versions, such as.Metal-Finishing.com
where articles may be accessed or ordered. The site also contains searchable databases
for alternative product data as well as announcements for developments in technology
(including Cleaner Technologies). Also easily available on the Internet are numerous
case studies from a variety of sources including the UNEP International Cleaner
Production Information Clearinghouse (ICPIC) Database of Case Studies for the Metal
Finishing Industry.
BENEFITS OF WASTE REDUCTION
There are a number of compelling incentives for minimising waste. If waste is reduced
at source it reduces the hazards and costs of managing the waste from handling to
storage to treatment and to final disposal. Many success stories show that cleaner
production can give often both environmental and economic benefits. According to
Environment Protection Agency (EPA, USA), pollution prevention is the most costeffective method of environmental protection because it promotes facility efficiency,
reduces the need for expensive end-of-pipe treatment and disposal technologies, and
reduces the long-term liabilities associated with releases into the environment.
Through waste reduction, particularly hazardous waste reduction, a company can
reduce its cost of waste management, reduce long-term liability for disposal of
hazardous materials, and become more efficient to enhance profit margins. In the case
that waste minimisation strategy has not completely solved the waste problem and endof-pipe technology is still required, it is always observed that the end-of-pipe equipment
is smaller, cheaper to operate and needs less investment than without waste
minimisation.
CP is good for business and the environment. While the main goal of waste
minimisation is to reduce or eliminate waste, it may also bring about an improvement in
a company‘s production efficiency. The intention is to achieve a lower level of pollution
and environmental risk. More efficient use of materials and process optimisation results
in less wastes and emissions, which in turn result in lower operating costs. CP also
focuses on occupational health and safety and also positive effects on worker
productivity and decrease in accidents. For a new process such benefits are usually built
into the equipment. For older plants, economic incentives can be achieved from process
changes and modifications.
There a several benefits of implementing cleaner production. The following is a
summary of some of them.
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Financial Benefits
 Reducing waste management costs
 Reduction in water costs
 Savings in raw materials
 Reducing facility clean up costs
 Reducing energy costs
 Reduced production costs through greater efficiency and increasing profits.
 Recovery of valuable by-products
 Opening of green markets
Because financial benefits can significant, these are expanded in more detail:
Reduction in waste management costs
 Off site treatment, storage and disposal charges
 Levies and taxes on producers of hazardous wastes
 Transport levies on other emissions
 On-site treatment, storage and handling
 Licenses, reporting and recording
Savings on the cost of raw and input materials
 Option that reduces the amount of waste and emissions usually leads to a
reduction in the demand for input materials.
Insurance and Liability Savings
 An option can reduce a company‘s insurance costs and potential liability
associated with remedial cleanup and workplace safety.
Changes in Costs associated with quality
 An option can have either a positive or negative effect on product quality. This
can result in higher (or lower) costs for rework, scrap or quality control.
Changes in utility costs
 A CP option can either increase or decrease the cost of electricity, process and
cooling water, compressed air, gas, etc.
Changes in operating and maintenance costs with allowances and social
contributions
 An option can either increase or decrease labour costs and supervision costs.
This can be reflected in changes in overtime hours, change in number of
employees, and supervision costs.
Changes in Operation and maintenance supplies
 An option can result in increase or decrease of operation and maintenance costs.
Changes in Indirect Costs
 Large CP projects can affect a company‘s indirect costs
Changes in revenue from increased or decreased production
 An option may produce a product that can be sold to a recycling firm or sold to
another company as raw material. This will increase the company‘s revenue.
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Environmental Benefits
 Reducing quantity and hazardous nature of wastes or both
 Reducing energy-related pollution, for example pollution from thermal power
plants
 Reducing water pollution from industrial activities
 Slowing the global warming & climate change process
 Reducing air pollution
 Reducing soil and general land contamination
 Sustaining a country's environment
Legislative Compliance Benefits
 Reducing liability. Cleaner production helps a company to reduce the risk of both
civil and criminal liabilities by decreasing the volume and potential toxicity of the
waste generated.
 Reduced exposure to future liability costs. Past disposal practices, even though
they may have been legal, have often caused environmental damage that has
proved to be expensive for industrial facilities as well as damaging to their public
image.
Improved company image
 Creating positive community attitude. Community attitudes will be more positive
toward companies that operate and publicise a thorough cleaner production
program.
 Producing environmentally acceptable products. In more industrialised countries,
environmental issues are of great importance and concern to their societies and
is factored in as consumers do their purchases.
 A green/eco-friendly image is likely to create a more positive attitude in the
employees towards their company
Improved Health and Safety
 Improved worker health and safety. CP focuses on occupational health and
safety and therefore has positive effects on worker productivity and safety.
 By reducing or eliminating toxic substance use, the safety of the work
environment can be improved and personal protective equipment requirements
decreased.
Cleaner Production can minimize or eliminate the need to make trade-offs between
economic growth and environment, between worker safety and productivity, and
between consumer safety and competition in international markets. Optimising several
goals at the same time in this way leads to "win-win" situations in which everyone
gains. Cleaner Production is such a "win-win" strategy: it protects the environment, the
consumer and the worker while improving industrial efficiency, profitability and
competitiveness.
Cleaner Production is also now especially attractive to developing countries and those
undergoing economic transition because it provides these countries, for the first time,
with an opportunity to "leap frog" over older, more established industries which are still
saddled with costly pollution technologies. Thus countries that start to adopt cleaner
production now will be able to take full advantage of a rare window of opportunity,
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which for once favours development in poorer countries over those in the industrialized
nations.
Linkages with other Environmental Strategies
Cleaner Production & Quality and Safety
Quality systems such as Total Quality Management (TQM) are based on a systematic
and holistic approach to production processes and aim to improve product quality while
lowering costs.
Environmental Management Systems (EMS)
Environmental issues are complex, numerous and continually evolving, and an ad hoc
approach to solving environmental problems is no longer appropriate. Companies,
therefore, have to adopt a more systematic approach to environmental management
through a formalised environmental management system (EMS).
Measuring the results
Source reduction can be readily measured on a product-by-product basis. For each
change that is made, costs as well as weight and volume of waste can be determined.
If hauling truck scales are used, it is possible to measure the change in an entire
facility's waste over time. Measuring the changes in a community's waste is possible,
but expensive. However, too much emphasis on measuring may divert money from the
actual reduction program.
There are other ways to assess the effects of reduction. Surveys can help determine
how well people have incorporated source reduction practices into their daily routines.
This information may help predict the success of a community source reduction
program.
TRENDS IN WASTE MANAGEMENT IN DEVELOPED COUNTRIES
Overview
In America and Western Europe, and increasingly now worldwide, the approach to
controlling or influencing the impact of industrial activity on the health of populations
and the environment has undergone change.
In the past 50 years the response of industrialised nations to pollutants and
environmental degradation evolved as follows:
 Relying on self-recovery of polluted nature;
 Ignoring the pollution problems;
 Diluting wastewater or dispersing the pollutants by constructing higher
smokestacks to, supposedly, decrease pollution effects;
 Trying to control the pollution by implementing end-of-pipe technologies;
 Applying cleaner production approach – preventing or minimising pollution at the
source where it is generated;
 Applying sustainable industrial development concept – efficiently using nonrenewable resources, conserving renewable resources, protecting the human
environment and not exceeding the functional limits of the ecosystem.
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The Move Towards Integrated Pollution Prevention and Control

(Adopted from MSc.Chem-Eng Thesis C. Janisch, University of Cape Town,SA)
The major role of government affecting adoption of improved waste management, has
been the development, implementation and regulation of national waste management
legislation and policies.
In America and Western Europe, initially the conventional method of dealing with
industry was development of legislative and regulatory structures (―the command-andcontrol approach‖). The response of industry was mainly reactive, which by and large
involved investment in ―end-of-pipe‖ technological fixes or solutions in order to ensure
compliance.
Environmental concerns in industry began with concern for water pollution and the
initial response to environmental pressure by industry was to implement end-of-pipe
technologies for effluent treatment. Air pollution was the next important focus after
water, and this then shifted to soil/land pollution. The majority of environmental laws
affecting industry, initially focused on end-of-pipe regulations, and on single-media
pollution. For example, in Denmark, in the period 1973-1990s, a company‘s process was
treated as a black box, and the focus was on the emissions to air and water. The
wastes and emissions were dealt with at end-of-pipe. Prior to the first Danish Cleaner
Production Programmes of 1987, environmental endeavours had primarily been based
on dilution and abatement methods. Environmental regulations were based on a caseto-case approach and the central authorities' knowledge of environmental and
production conditions in the enterprises mainly stemmed from the processing of
complaints and appeals.
Initial aspects of waste prevention were introduced in the early 1980‘s, and the focus
was mainly on the reduction of hazardous wastes. In the late 1980‘s attention began to
turn to encouraging the reduction of all waste streams rather than just dealing with
them and the popularity of pollution prevention as a strategy of preference of solving
environmental problems, grew.
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Until the 1990‘s, pollution prevention in practice had been slow to catch on, despite all
its advantages. Perhaps the biggest impediment to industrial implementation of
pollution prevention in the US was the existing regulatory system, which required
pollution abatement through installation of specific control technology. Once a company
had invested in expensive control technology, the company felt compelled to use it
rather than search out ways to avoid its use. Furthermore, very little information was
available on no- or low-pollution technologies or on ways to change processes through
pollution prevention techniques.
Pollution prevention gained support relatively quickly because it enabled governments
to pursue both economic development and environmental quality objectives – objectives
which are usually seen as irreconcilable.
In November 1990, the US Congress passed the Pollution Prevention Act (PPA), which
stated the nation‘s commitment to the concept:

―The Congress hereby declares it to be the national policy of the United States that
pollution should be prevented or reduced at the source... pollution that cannot be
prevented should be recycled in an environmentally safe manner... pollution that cannot
be prevented or recycled should be treated in an environmentally safe manner... and
disposal or other release into the environment should be employed only as a last resort
and should be conducted in an environmentally safe manner.‖
The premise of both the Federal and State statutes is that pollution prevention is a
"win-win" strategy from the perspective of economic, environmental and human health
concerns. As stated in the federal act, it is assumed that:

― There are significant opportunities for industry to reduce or prevent pollution at the
source through cost effective changes (which) offer industry substantial savings in
reduced raw material, pollution control, and liability costs as well as help protect the
environment and reduce risks to worker health and safety.‖
Several pollution prevention initiatives and grant programs were since implemented.
The U.S. EPA signed a Pollution Prevention Policy Statement in June 1993 outlining the
U.S. EPA‘s strategy for implementing the Pollution Prevention Act. U.S. Congress
reauthorized the Clean Water Act and reviewed the effluent guidelines and standards for
specific industry sector waste generators in the early 1990‘s.
It was the UK‘s Environment Protection Act of 1991 that had the most significant effect
on the uptake of waste prevention by British industry. Industry Associations had to take
up environmental issues to help their member companies comply with new regulations.
In Denmark at the end of the 1980's, consideration was given as to how environmental
regulation could be organised to promote prevention in a more appropriate manner,
and the Development Programme for Cleaner Technology was initiated in 1987. During
the course of relatively few years from the introduction of the Cleaner Technology
support scheme in 1987 to the amendment of the Environmental Protection Act in 1992,
the Cleaner Technology concept became a well-established and institutionalised part of
the Danish environmental regulation strategy.
Environmental policies initially focused on single-media approaches for environmental
protection. The next phase of policy directions were based on a multi-media approach,
recognising that pollutant releases to each environmental medium (air, land, and water)
affect each other. Environmental strategies needed to identify and address these interrelationships by designing policies for the ―whole facility‖. Design of environmental
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strategies for similar industrial facilities, enabled environmental concerns that are
common to the manufacturing of similar products, to be addressed in a comprehensive
manner.
Integrated Pollution Prevention and Control policy initiatives are currently being pursued
at all levels of government in most major industrialised countries. One of the most
effective aspects of these Policies is the adoption of the ―Polluter Pays Principle‖. This is
effective in that not only does it give responsibility of waste management to the
generator itself, but also has a direct effect on encouraging waste generators to reduce
waste at source. In the US, industries and communities pay for waste according to the
volume and hazardous nature of the waste produced. This ―waste tax‖ contributes to
the technical and other assistance provided by the US EPA. Those who pollute the most,
pay more and this money is used towards education and assistance of the generators to
reduce waste generation.
The Australian Environmental Protection (Waste Management) Policy (1994) included
the requirement for nominated industries to implement a Cleaner Production Plan. In
some states of the USA (e.g. Washington State), such Pollution Prevention Planning by
all waste generators is mandatory. However, implementation of these Plans is
voluntary. The goal is that facilities will voluntarily implement pollution prevention
because it makes good business sense. Technical Assistance with such Planning is
provided to individual companies by the Environmental Protection Agency, sometimes in
conjunction with industry sector associations. The result is that government spends less
money on writing planning guides and assisting companies in doing their own planning
than in doing the planning for them. A five year plan for each company is mandatory,
with yearly update reports on progress. This has been amazingly effective in reducing
waste without enforcing implementation. In Seattle, waste generation by industry was
reduced by 48% between 1990 and 1998.
The range of tools used by governments in developed countries to catalyse industry to
implement waste prevention is large and different countries have and will select those
combinations of tools they regard as most suited to their needs. Such tools include:
 Establishing Cleaner Production programmes
 Requiring Cleaner Production Audits/ Plans
 Publishing environmental performance data
 Providing technical assistance
 Revising existing laws and regulations
 Setting new regulations
 Changing permitting system
 Encouraging voluntary reduction schemes
 Making special enforcement provisions
 Changing use of technology standards
 Providing subsidies
 Offering grants for the development of Cleaner Production Technology, and
 Investing revenues from waste treatment and taxes in Cleaner Production
development.
Some of these tools are discussed below.
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Overall, in developed countries, Integrated Pollution Prevention and Control has
advanced from a concept to a proven, practical method. A wide variety of policy
approaches to waste management in this way have now been adopted reflecting the
differences in industrial profiles, environmental releases, business cycles, and the
political climate in each country.
Regulatory Aspects – “The Stick”
The single biggest influence on waste reduction within industries in developed countries
appears to be legislation and strong enforcement of the legislation. Industries are
subject to environmental regulations specific to their processes.
In Denmark Cleaner Technology was introduced in legislation in 1996, and companies
could be forced to use Cleaner Technology. Certain target industries achieved more
attention, for example, it is a common belief among those involved that the metal
finishing industry is the second most regulated sector in the US, following the nuclear
industry.
In Germany, certain industry sectors have been subject to well-defined national, state
and local regulations pertaining to environmental and waste minimisation for several
years. This regulatory environment has ensured that Germany maintains the most
stringent standards within Europe. National Law limits trade effluent discharge to lower
levels than most of Western Europe (and subject to any more stringent local limits).
Similarly, every effort must be made to avoid the production of solid waste and where
this is not possible, to seek out uses for the waste.
In the UK, the Integrated Pollution Prevention and Control (IPPC) statute regulations
have directly affected industry. They apply to the release of pollutants to air, water, and
land from certain processes. The effect of these regulations on the adoption of waste
minimisation has been significant.
The most common and successful Cleaner Technologies which have been adopted, are
those which have been forced upon the industry by regulations specific to processes.
Although many of these are ‗pollution control‘ technologies, some have waste
minimisation applications. Environmental legislation in countries in Western Europe is
derived from European Union directives.
The EU also has forums involving participants from government, industry and NGO‘s,
that meet to develop Best Practice Standards for particular industries.
The biggest impact of legislation in adoption of waste minimisation techniques has been
on the banning of specific hazardous substances such as chlorinated solvents and
cadmium, and the requirements for reduction in use of materials such as chromium and
cyanide (e.g. U.S. MACT standards for hexavalent chromium). This has lead to the use
of substitute materials and processes.
In Denmark, one of the focus areas of the Danish EPA‘s Cleaner Production
programmes has been on the substitution or reduction of organic solvents. Although
material use reduction or material/process substitution methods have mainly been
driven by regulatory pressure, other reasons for change, have included requirements to
reduce the impacts of their processes on the environment and worker health, and to
reduce operating costs.
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In Australia, the use of solvents as cleaning agents in the industry is very limited. This
has principally been a result of workplace health and safety and environmental
requirements for limiting or eliminating the use of solvent based products.
The enforcement of the regulations is made easier with the role of the environmental
protection agencies that have the resources to serve as both enforcers and helpers for
industry in adopting waste minimisation.
Even though there is now a move towards self-regulation by industry in developed
countries, it appears that strict enforcement at first is required as an initial step in the
learning curve for the industry. The strict enforcement builds awareness in that the
company is forced to implement changes, then sees the benefits of the changes and is
then more likely to be willing to implement changes the next time. Once this awareness
is there, co-operation between industry and regulators (co-regulation) becomes
possible.
Policy Incentive Tools – “The Carrots”

Training Manual UNEP

Voluntary Participation
Waste avoidance, waste minimization and the separation of waste materials at source to
facilitate recycling, all require the active participation of the waste generators, including
householders and commercial/industrial companies and their employees.
Since the mid-1980s, industry has been taking a more pro-active standpoint and is
recognizing that sound environmental management on a voluntary basis can increase
profits and competitiveness, reduce costs and hinder the need for further legislative
measures by authorities and at the same time enhance corporate image. This is evident
with the move towards ―green products‖ with the increasing use of ‖life cycle analysis‖ looking at the environmental impact of a product ―from the cradle-to-the-grave‖. These
in-company voluntary initiatives have produced other environmental management tools,
such as environmental auditing and Environmental Management Systems (EMS) and are
affecting the regulatory approach of Western governments, multilateral and donor
agencies.
The use of voluntary agreements, covenants or codes of conduct is now quite well
established in developed countries. Examples include the Covenant approach used in
the Netherlands, and the U.S. Common Sense Initiatives (CSI) in certain industry
sectors. These put the administrative burden on industry and allow considerable
flexibility in achieving negotiated targets.
All voluntary schemes around the world have been negotiated on the understanding
that if a satisfactory agreement is not reached, or if agreed targets are not met, then a
mandatory scheme will be introduced.
Sectoral and Cross-Sectoral Collaboration:
Two vital aspects of the successful waste reduction strategies are:
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An information and education program directed at the various sectors of
community, and
A series of voluntary cooperative programs to implement waste reduction in
practice.

Sectoral programs of waste prevention or recovery involves, for example, particular
commercial or industrial sectors working together, in liaison with the government and
perhaps also the voluntary sector, to devise and implement coherent waste reduction
plans within a sector.
A useful complement to such approaches is one which focuses on particular
components of the waste stream, such as heavy metals, oil, solvents, used batteries,
etc.
Financial Strategies: Producer Responsibility
In implementing the ‗Polluter Pays Principle‖ the concept of ‗producer responsibility‘ is
one which is rapidly becoming the norm rather than the exception around the world for
the management of wastes. The concept is that the manufacturer or importer of the
products giving rise to the waste should take responsibility for those wastes. These
groups are thereby encouraged to consider the implications of disposal of their product
and are given an incentive to investigate method of reducing, reusing or recycling their
wastes.
The producer typically levies a charge on the product to finance the cost of recovery
and collection of materials. This concept has been implemented in a number of
countries on a voluntary basis whereby industry negotiates agreed targets for waste
prevention and recycling with the government and is then left to implement these in the
most cost-effective manner.
For e.g. in the Netherlands, voluntary agreements, in the form of Covenants, have been
negotiated for a total of 30 different waste streams. The success of voluntary system in
the Netherlands is partly due to the fact that Dutch industry negotiates through industry
organisations that have the mandate to establish regulations governing their members.
Economic Instruments
Governments also use economic instruments as part of their policies in order to create
incentives and disincentives for industry to adopt waste minimisation (U.S. EPA, 1996).
Funding, taxes, and subsidies for waste minimisation projects and implementation of
technology within industry have facilitated the adoption of waste minimisation,
particularly in SMEs. The main purpose of these economic instruments is to create a
behavioural change by creating a financial punishment or reward. Dutch (local)
government has acknowledged the importance of stimulating SMEs towards Cleaner
Production. These schemes are not always made use of owing to the bureaucratic
method for applying for these schemes which discourages industries to make use of
them.
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In Denmark, financial instruments concerning waste minimisation are taxes, duties, and
fees, as well as grants and subsidies. There is a duty on raw materials and several
duties on wastes (not including materials for recycling or recovery) whether incinerated
or landfill disposed. Innovative technology generally is more expensive than older
technology as developers need to recoup research and development costs, and new
technology manufacture often doesn‘t have the benefit of economies of scale. In the UK
and Australia, grants and tax deductions are available to support the development of
clean technology.
Support Measures
Internationally, numerous demonstration projects have also been initiated and funded
as part of government policy to promote waste minimisation. These are mainly set up
after new environmental legislation comes into practice and tend to focus on the
problem industries/ materials (e.g. heavy metals).
By using pilot projects to develop technologies and demonstrate their environmental
and economic results, it is hoped to be able to stimulate other enterprises to implement
these technologies in their production. Most demonstration projects have been multiindustry projects, though a few have been directed specifically towards target industry
sectors. The Danish government specially developed programmes for diffusion of
technology within specific industry branches. These programmes have been highly
successful and are ongoing.
The perceived risk associated with the new technologies also can be minimised through
demonstration. Managers of SMEs in particular who are unwilling/unable to take risks
with new technologies need to be shown that they do work in practice.
Overall the technique of demonstration projects has been proven to be highly financially
viable to participants as well as being extremely environmentally beneficial for the
companies involved. The funding has obvious effects on improving the costeffectiveness of waste minimisation potential, particularly in SMEs. The Waste
Minimisation Club concept as demonstration projects have also been funded by UK and
Dutch governments and found to work well for SMEs in particular, as they cannot
generally afford the cost of an outside consultant.
Providing Access to Pollution Prevention Information and Case Studies
Governments also fund the ―marketing‖ of success stories (both economic and
environmental) from these demonstration projects. A major outcome of these projects
and other initiatives, are the published guidebooks and manuals for waste minimisation
in general and for specific industries. These include case studies from demonstration
projects. It has since been discovered that these large and detailed guides were not
generally used by industry. As a result these have been developed into shorter, to-thepoint factsheets (more likely to be read and used) that were made obtainable from
industry associations, environmental protection agencies, or specially developed
information clearing-houses. Some factsheets are specific to certain industries, while
others cover general topics like water saving techniques.
Some governments have funded, or set up self-sustaining, information clearing houses
(both physical and electronic). The Internet is playing a more and more significant role
in providing access to information on pollution prevention. The most well-known
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electronic information/technology transfer program is UNEP‘s International Cleaner
Production Information Clearinghouse. It includes an electronic information exchange
system that houses a vast number of international case studies, including a number for
the metal finishing industry. The U.S. EPA Pollution Prevention Information
Clearinghouse (PPIC) and Enviro$ense websites, provide a vast amount of pollution
prevention information which are applicable to multi-industry. Australian government
has established EnviroNET Australia, which is a network of databases, providing free
information on research & development, environmental technologies, integrated Cleaner
Production solutions, and industry expertise.
Such information provides companies, particularly SMEs with cheap and immediate
access to a technological database that would otherwise be inaccessible. Database
information ranges from being an initial tool to discover Cleaner Production, to providing
technical information on specific techniques. As a result, companies are able to assess
their processes using the ―checklist‖ waste minimisation assessment approach
(discussed in Chapter 2) to identify obvious areas for waste minimisation. In this way,
the time required for waste minimisation assessments may be significantly reduced, and
most importantly, the cost of the ―expertise‖ for identifying cost-effective options is
effectively ‗free‘.
International Cooperation
The incorporation of business and environmental aspects in the international arena,
especially after the 1972 United Nations Conference on Human Settlements culminating
in the publication of ―Our Common Future‖ by the Brundtland Commission in 1987,
reassessed the environment in the context of development. Industry was urged to
develop effective environmental management systems.
This turn around in attitude became very evident in Rio during the United Nations
Conference on Environment and Development (UNCED) in 1992. Agenda 21 of UNCED,
emphasizes giving high priority to the production methods, as well as preventative and
recycling technologies in order to achieve sustainable development. UNCED created a
global consensus on how governments and industry can cooperate in solving
environmental problems that threaten the very life-support systems that mankind
depends on for survival.
In parallel with these developments the International Chamber of Commerce (ICC)
developed the Business Charter for Sustainable Development, which was launched in
1991. Another initiative from the chemical industry was the launching of the
Responsible Care Programme in 1984, beginning in Canada, and now a condition for
election to membership of the Chemical Industries Association. The approach is based
on the principles of total quality management, including assessment of actual and
potential health, safety and environmental impacts of activities and products.
One of the most important developments in industry is the promotion of standards in
the environmental field, especially those adopted by the International Standards
Organization (ISO). Although these standard developments are not compulsory they are
affecting industry worldwide. The main developments have been the recognition of the
British Standard for EMS (BS 7750) in many countries and the implementation of Eco
Management and Audit Scheme (EMAS) in the European Union.
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The efforts of pollution control and reduction are taking place at a time when market
competition is global. Many companies are looking for ways and means to increase
productivity while ensuring that they produce products of very high qualities to meet
the expectation of consumers. Industries are therefore striving for improved production
efficiency while embarking on cost cutting production technologies.
Discussion of international hazardous waste landfilling trends
With the increased environmental awareness, especially in the northern hemisphere,
landfills have received a very bad name. This has been justified by the malpractice that
has occurred over the years, i.e. hazardous waste being dumped on badly sited,
designed and operated facilities, or facilities designed only for dry general waste. Such
malpractice has inevitably had adverse impacts on the environment. Consequently, both
in Europe and North America, current landfill directives and legislation, prohibit the
disposal of many hazardous wastes and particularly liquids on landfills. There has
therefore been a major shift towards incineration, which is very expensive because of
air pollution control (APC), and also pre-treatment of wastes and the removal of
organics, prior to landfilling.
In the northern hemisphere, the types of waste considered suitable for landfill are only
solid wastes with low leachability and low liquid content may. Liquids are not permitted,
since they simply add directly to the leachate requiring treatment. Typical dry wastes
for landfilling are slag and fly ash from the incinerator plant, filter cakes from the
physical/ chemical treatment plants, solidified product from solidification processes and
asbestos.
WASTE MANAGEMENT TRENDS IN THE DEVELOPING WORLD
Background
This section focuses mainly on Africa, with Case Studies drawn from the Southern
African region, where changes in waste management are relatively progressive.
Inefficient treatment, insufficient coverage of the collection system, combined with
improper disposal of wastes and contaminated sources of water supply, are major
threats to public health and environmental quality in Developing Countries (DCs).
Although these threats have been evident for several years, historically, pollution control
and environmental management have been given little or no attention in many DCs.
The concept of waste management is a relatively new one in the African continent. The
UN Centre for Human Settlement (Habitat), Africa Branch estimated that over 80% of
the African cities do not possess adequate and meaningful waste management. Waste
originating from domestic, commercial and industrial sources has reached such heights
that it has become responsible for vast amounts of water quality deterioration, disease
and health risks, and a dirty and aesthetically repulsive environment.
The problem of waste management in Africa is a direct result of a growing (urban)
population, the changing patterns of production and consumption, the inherently more
urbanized life-style and the consequent industrialization. The increasing amounts of
waste emanating from residential, commercial and industrial areas and the changing
nature of waste over time (type, composition, etc.) have triggered the alarm on the
short and long-term consequences on the environment and human life. The health
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hazard, threat to natural resources by depletion or contamination and the aesthetic
offences have to be checked and controlled.
The traditionally applied methods of dealing with wastes have been unsuccessful, and
resulting contamination of water and land has lead to pressure on governments,
municipalities and industry to improve the situation as well as to provide waste
management services.
While the concern for environmental problems is of more recent origin, issues related to
economic growth in Africa have been uppermost for many years. Indeed, historically the
focus has been on economic concerns. The emphasis on economic development will
continue, as people try to close the economic gap for the betterment of lives in the
continent. Recently, however, environmental quality in many urban areas in DCs has
deteriorated to such a degree that it can no longer be ignored. This situation has
resulted in a substantial concern and intensification of efforts to find and apply methods
of reversing the trend and of raising environmental quality to an acceptable level.
The motivating factors for change to the emerging demands is triggered by, mounting
environmental regulatory pressure, projected growing resource scarcity, increasing
stakeholders awareness of the increasing pollution of air, water and land, mainly from
industrial operations. In addition, external markets, particularly in industrialised
countries, are becoming increasingly less accessible for products from industries that do
not practice environmentally sound production techniques. For African industries to
benefit from the liberalisation of global trading systems, they should adopt policies
which reflect efficient and sustainable use of our finite energy and material resources in
their production processes.
Mozambique as a Case Study of Existing Waste Management Problems

(Report Presented At the Sub-Regional Workshop on ―Municipal Waste Management‖
Maputo, Mozambique by Felicio Fernando – Analytical Chemist and Hazardous Waste
Manager)
In Mozambique, management of industrial waste has typically been left under
responsibility of the owners of those industries and companies.
In Maputo City, when the waste is collected it is transported to the dumping site where
either it is burned or bio-decomposed and of course, it also leaks under ground
threatening the water bed. It is also important to notice that the current waste dumping
site in Maputo municipality is situated just inside the residential area.
In Matola Municipality, the situation of waste collection is worse than in Maputo because
there are no trucks for the activity and even no place for that purpose. The waste is
accumulated or transported by the individual citizen or by industrial factories‘
businessmen to one place (a common hole just in the margins of the river Matola)
where there were buried together with some hazardous wastes coming from the
surrounding industries in Matola city.
Any improvement process of the system requires money, organization and mostly the
political will form the decision makers. Poor economy means there are little resources
available in terms of finances and personnel. Little political will seems to exist, except in
the case of electoral political campaign or in case of epidemic disease. Even in those
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situations it is very little attention that is paid to the waste management system and it is
realized that by the end of the process the final victims are those who cannot afford the
best and hygienic conditions in their life.
Waste Destruction Treatment
There is no regular system for waste destruction (treatment) in Maputo and Matola
municipalities such as it happens in other countries. There is not any sorting waste
system in those municipalities. Thus, the collected waste is simply disposed in any place
and left to decompose by itself. There is also not any system for wastes toxicity
identification before dumping. As a consequence, the toxic wastes are simply mixed
with the non toxic ones, threatening in that way the public health. Waste amounts are
often uncovered and exposed to the winds and rains, and are never fenced by anything.
No research has yet been performed by researchers or scientific studies for the current
waste dumping sites to identify their impact to human health and their impact to the
underground water bed and even to air pollution.
Waste Quantification
It is difficult today to reveal the precise amounts of waste produced by the municipality
because there is a lack of studies in that field, and the municipalities are not able to
perform efficient control system of the waste generation process. Waste generation is
becoming bigger while municipality capacity is becoming weaker and weaker. Plus there
are many industries being currently built in the municipalities. Those factories will
produce a lot of waste becoming the largest proportion of the waste in the
municipalities.
Conclusion
Waste management is weak. There is a lack of awareness at the level of decision
makers in the field of waste management. There is a lack of safe system for waste
sorting, treatment/destruction and disposal. There is a lack of new technologies/ the
less polluting industrial processes in the current factories and industries. There is no
waste recycling or reuse system. There is no landfill for the municipal waste. The
current academic institutions are not sufficiently researching in the field of waste
management (Nov 1998). There is a lack of financial resources in the field internally and
also from the donors. There is not enough knowledge on cleaner production
technologies.
Trends in Waste Disposal

(An Overview of Solid Waste Management in Economically Developing Countries by Luis
Diaz, President CalRecovery Inc., USA)
Currently, the majority of solid wastes generated in developing countries are disposed in
open dumps. Most of the open dumps lack the proper equipment and trained personnel
necessary for conducting the operation in a manner such that the public health and the
environment are protected. There are very few modern landfills in developing countries,
and most of them are not designed or operated as sanitary landfills. Since few
resources usually are devoted to final disposal, the operation of the dump sites simply
consists of discharging the wastes and spreading them on the land in an uncontrolled
fashion. In addition, most of the disposal sites do not use modern construction methods
such as small working face, bottom liner and leachate control system, and landfill gas
control system.
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(Source: Report of Expert Group Workshop To Finalise Training Manual for Municipal
Waste Management in Africa organized by the United Nations Environment Program)
There are a number of special wastes that are generated in urban areas such as
household hazardous waste (HHW – paints, solvents, consumer batteries, etc.),
construction and demolition debris (CDD), medical and infectious waste (MIW), tyres,
sewage sludge, chemical and pharmaceutical wastes, as well as industrial hazardous
wastes. These wastes are very different from each other, so they must be handled
separately. But for the most part in Africa, services are not available for the separate
handling of special toxic and infectious wastes. The general practice is to collect these
items along with the rest of the waste stream and co-dispose of them at the same open
dumps used for regular Municipal Solid Wastes (MSW) which are subject to regular
flooding.
Some special wastes can cause significant health and environmental damage when
managed inadequately. Those who come into direct contact with the wastes, such as
waste pickers; are at great health risk. Toxic components of these wastes can enter the
environment, poisoning or infecting humans, animals, soil and water bodies, For
example, spilled used oil ,paints, solvents, pesticides can cause severe surface
groundwater and soil pollution. Hazardous materials can also damage equipment. Some
special waste materials with economic value are recycled either before or after entering
the waste stream.
Proper management of special wastes is quite difficult in most developing countries,
particularly in those where waste is not managed adequately. Three issues are always
relevant:
1. First, it is not clear who decides which wastes should be labelled special
hazardous waste.
2. Second, available resources to manage solid waste are limited and therefore
priorities have to be set.
3. Third, the technology needed to manage special wastes is seldom available.
During the 1990‘s a set of documents entitled the Minimum Requirements was
developed in South Africa. These documents comprise three volumes. Of these, the
volume entitled the Minimum Requirements for Waste Disposal by Landfill is the most
relevant to this section. These requirements were developed specifically for African
conditions and have enjoyed international peer review and acceptance, for use in
developing countries. They have also received recognition in Africa where they have
been used as the basis for the Botswana Landfill guidelines, and applied in Namibia,
Ghana, Swaziland and Angola.
The Minimum Requirements for Waste Disposal by Landfill are based on graded
standard, which in turn are based on a landfill classification system. In this context, it is
only the hazardous waste landfills, which are of interest. It is noted, however, that
hazardous waste management is based on the same principles as general waste
management.
From the foregoing it is clear that the secure, lined hazardous waste landfills under
consideration, are not to be confused with the uncontrolled or open burning dumps
which are ubiquitous in the region. Because of the threat posed to the environment and
public health, all hazardous waste disposal facilities have to be properly sited,
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investigated, designed and constructed. Once operational, they have to be operated
according to a proper operating plan and carefully monitored. Furthermore, if the
correct process is followed, all interested and affected parties are kept informed
throughout the process.
The Overview of Hazardous Waste Management, South Africa is something of an
exception to the rest of Africa, as it is an industrialised country. This is relevant,
because while South Africa is also aiming at the elimination of liquid hazardous wastes
on its landfills, it has been found that incineration with the requisite APC and some of
the pre-treatment of wastes prior to landfilling are prohibitively expensive and not
sustainable for a developing country. If this is true for South Africa, it is also likely to be
true for the rest of the region under consideration, unless specific funding is obtained.
Trends in Waste Recovery and Recycling
In most African countries, materials recovery is widespread and occurs efficiently
through traditional practices. Nevertheless, there are very serious problems that need to
be addressed. Waste reduction that could be achieved by legislation and protocols (such
as agreements to change packaging) is not, at present a high priority in these countries,
although some are now moving in that direction. Also governments are often more
sensitive to employment needs than to environmental considerations in waste
management. They are sometimes prepared to risk environmental and public health
problems in order to generate employment possibilities.
Here, the term "resource recovery" is used to mean the recovery of materials discarded
as wastes, and to the institutional arrangements leading to resource recovery (for
example, scavenging and governmentally or industrially operated enterprises).
Scavenging is the process through which materials are recovered by entities not
sanctioned by the government.
The reasons for waste recovery and recycling in most African countries include:
 Scarcity or expense of virgin materials,
 The occurrence of absolute poverty and therefore the availability of workers who
will accept minimal wages, and
 The large markets for used goods.
The following three factors generally contribute to the practice of resource recovery in
developing countries:
1) Economics – a relatively undeveloped economy of the country;
2) Material and Energy Conservation -- shortage of inexpensive raw materials
which are essential to local industries, lack of affordability or production capacity
for items that can be remedied by recovery of useable materials from wastes,
and shortage or cost of energy; and
3) Soil Conservation -- soils that are of low quality or that are being rapidly
depleted of organic matter.
The implementation of complex, mechanically-intensive resource recovery installations
requires sophisticated control systems and a well-trained workforce. These are
requirements that generally do not adapt to situations that are common in developing
countries. Consequently, it is unfortunate to observe the trend among some of the
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larger cities in developing countries that are attempting to put into practice complex
resource recovery processes.

Trends in Waste Reduction
In African countries, the main motivations for waste reduction are frequently related to
the high cost and scarcity of sites for landfills, and the environmental damage caused
by toxic materials in the deposited wastes. The places that currently do not have
significant disposal pressures can still benefit from encouraging waste reduction. There
solid waste departments, already overburdened, cannot afford to spend more money
and effort on the greater quantities of wastes that will inevitably be produced as
consumption levels rise and urban wastes change.
Lack of Trained Personnel
With only a few exceptions, primarily in the large cities, most of the personnel who
participate in the waste sector have received minimum or no training. This is true for
both the professional and technical levels. In addition, the average age of the laborers
is very high. Typically, laborers in the solid waste field are not provided with adequate
equipment to perform their duties, very few of them are given safety protection
equipment, and most of them are not motivated to perform their tasks efficiently.
The majority of educational institutions in DCs do not offer curricula in solid waste
management. This neglect results in a severe lack of properly trained human resources
necessary for the planning and implementation of waste management systems.
Consequently, DCs generally must rely on the services of advisors from industrialized
countries.
External advice is not be useful unless the advisors are aware of the considerable
differences in the conditions (social, cultural, financial, and environmental) and in the
characteristics of the waste between DCs and those of the native country of the
advisors. The end result is that alternatives and technologies that are acceptable and
practical in an industrialized country seldom are directly applicable to conditions in a
developing country. Either the technologies must be modified, usually substantially, or
they may in fact be completely incompatible. Attempts to directly transfer technology
and practice from an industrialized nation to a DC usually do not meet with success and
frequently fail. These efforts are the result of a lack of understanding of the local
conditions in DCs. An understanding of the conditions requires the collection of basic
key data, as well as a thorough knowledge of the social, cultural, financial, and
environmental conditions prior to the preparation of any type of plan.
Need for Basic Information on Waste Generation
In many countries in Africa, there is very little to almost no data on waste generation.
Some of the most important key information includes quantity, composition, and
characteristics of the waste generated in the country. Furthermore, there is little to no
data on existing waste management practices in many African countries, e.g., storage,
collection, treatment, final disposal, availability of equipment, maintenance procedures,
availability of human resources, budget, and sources of revenue. These data needs to
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be collected by experienced and trained personnel. If there is not sufficient time for
collecting data in the field, then the data can be obtained from reliable sources and
should be critically evaluated. Data collection is needed, but so is a critical evaluation of
the information to determine the accuracy of the information and subsequently justify
any needed modification to the data as a consequence of the evaluation.
Waste characterization is an important element in the development of a reliable and
sustainable solid waste management program. One reason is that successful
management and processing of wastes depends on the types, quantities, and
composition of the material. In addition, waste composition affects the type of
treatment system to be used for waste processing and the method of final disposition.
For instance, if landfilling is going to be the major means of final disposal in a
developing country, then the preparation of a waste management plan would rely
primarily on information on the types (e.g., residential, civic, commercial, and industrial)
and quantities of waste to be disposed. Only a superficial understanding of the
composition of the waste would be sufficient. On the other hand, in the event that
resource recovery and recycling are critical components of a waste management plan,
detailed information regarding the characteristics of the waste (e.g., composition, bulk
density, and moisture content), as well as quantities, would be a necessity.
Changing Situations
Although the waste management situation described is one of many shortcomings,
conditions are beginning to improve. Municipal officials and decision-makers have
become cognizant of the dangers and problems attending improper management of
solid waste and of the need to initiate remedial measures. Background studies and
surveys are being conducted, and courses of action are being prepared. Especially
important, plans are beginning to be implemented. The prospects for success will
depend upon the use of means best suited to the capabilities of the countries and their
people.
There are a number of issues that should be addressed to appropriately deal with the
solid wastes generated in developing countries. Isolated investments in equipment and
technology do not address the key issues, and generally the investments are wasted.
For investments in equipment and in technology to be successful and sustainable, they
must be preceded by investments in the following areas:





Development of a sound, reliable, and achievable national policy;
Preparation and implementation of adequate institutional arrangements;
Issuance and enforcement of appropriate and modern regulations; and
Motivation and training of human resources.

Developing new National Waste Management Policies and Legislation
Currently, most developing countries have extremely basic and ineffective laws
associated with waste management. In general, the laws simply indicate the responsible
agency and that this agency must collect and dispose of the waste. Thus, existing laws
and regulations are old and ineffective and need to be modernized in a practical
manner.

247

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

The modernization process should be carefully carried out so that changes lead to
improvements in the current conditions but do not necessarily result in a financial
burden to the community. The modernization process of the legal and regulatory
framework should also avoid copying regulations from industrialized countries. This is a
practice that has been conducted in a few instances and has led to costly investments
and goals that are difficult to achieve.
Local government units in developing countries cannot develop and implement reliable,
efficient, and cost-effective waste management programs without clear national goals
and priorities. There is a need in most African countries for new national policies on
waste management. These need to be developed through the establishment of a
national committee, composed of representatives from both the public and private
sectors and in close consultation with the public. It has been demonstrated that no
government policy or strategy will be successful without the full acceptance and
cooperation of the public (the end users of a waste management system). In order to
be politically sustainable, the development of a national policy needs to be based on
realistic goals, taking into consideration the social, political, cultural, and economic
conditions and limitations of the country.
Furthermore, the national policy should clearly define the roles and responsibilities of
the various government entities and other pertinent organizations in order to avoid
overlap, inefficiency, and controversy. A clear message should be included on the roles,
responsibilities, and rights of the users of the system. The national policy should instruct
the responsible entities to elaborate and enforce an appropriate regulatory and legal
framework which would allow those involved in the implementation of the policy to
achieve and maintain the goals.
Environmental regulators in developing countries are trying fresh approaches and
finding new allies in the battle to curb pollution. These initiatives stem from widespread
recognition that traditional pollution regulation is inappropriate for many developing
countries. Developing country regulators are opting for more flexible and efficient
systems that nevertheless provide strong incentives for polluters to clean up.
Cleanup has begun because developing countries have decided that the benefits of
pollution control outweigh the costs. This realisation has prompted many countries to
adopt innovative strategies that enlist local communities, consumers, investors, and
economic policy reformers in the struggle against pollution. The Cleaner Production
concept has received official recognition in many countries in the region. The United
Nations Environment Programme (UNEP) and the United Nations Industrial
Development Organisation (UNIDO) has, and is still establishing National Cleaner
Production Centres in some countries in a practical effort to promote this concept.
Furthermore, some companies in the region are increasingly coming to appreciate that
cleaner production (CP) implementation brings with it a reduction in the costs of
pollution controls and an increase in production efficiency and product quality. However,
notwithstanding the growing recognition of the importance and benefits of Cleaner
Production, there still remains great scope to improve the level of awareness,
understanding and implementation of the concept throughout Africa (SANTREN).
Pollution is still exacting a heavy price in developing countries, but there is no longer
any reason to accept it as the price of development.
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The following Case studies from Namibia, Botswana and South Africa, are provided as
indications of the approaches being taken by African countries to develop and
implement new policies and legislation on Waste Management. These approaches have
taken lessons from the trends in the developed world while adapting these to suit the
African situation. Southern Africa is generally more progressive in terms of
environmental legislation and enforcement.
Namibia as a Case Study

(Facing the Challenges of Waste Management in Namibia, by Ben Hochobeb Senior
Research Fellow, University of Namibia)
This baseline review contains an analysis of Namibia‘s legal and institutional framework
in this respect, as well as Namibia‘s obligations under international law. Namibia is a
Party to all of these conventions relating to pollution prevention with the exception of
the Bamako Convention.
1.
2.
3.
4.
5.
6.
7.
8.

The
The
The
The
The
The
The
The

Vienna Convention and the Montreal Protocol;
Climate Change Convention;
Basel Convention;
Lome Convention;
Protocol on Shared Watercourse Systems in the SADC Region;
United Nations Convention on the Law of the Sea;
Bamako Convention;
London Convention.

Waste management practices across Namibia are different as there is currently no
incentive or pressure to standardise and harmonise such practices. The completion and
enactment of the anticipated Environmental Acts will have little impact should
simultaneous training of waste management operators at all levels, and the
development of a competent enforcement system, not be put in place.
In addition, the following list describes some of the main points under current priority
problems:
a) No proper data on National waste arisings, types or quantities are available.
b) Inadequate waste handling and disposal facilities, poorly researched disposal
locations, poorly or unmanaged locations and ineffectively managed
equipment/plant, e.g. incinerators, insufficient specialised transport facilities.
c) Low priority is given to recycling and waste minimisation.
d) Inadequate legal framework.
e) No enforcement agency or powers (including fines, imprisonment, etc.).
f) No single Ministerial responsibility for waste management and environmental
pollution control.
g) No research/programmes into health effects of poor waste management.
h) Very view (? No) effective hazardous waste handling facilities, especially for
medical waste.
i) Ineffective controls for pollution and water quality in harbours, ports, estuaries
and coastline, including oil spills.
j) No public awareness programme for waste management and environmental
control.
k) Inter Ministerial and Departmental co-operation and co-ordination is very poor,
leading to confusion, duplication and conflict.
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l)

Lack of properly trained and experienced waste management and pollution
control personnel.

Short-term Action Plans
Action plans have been developed and implemented in logical phases
 Develop, and obtain official approval to, a National Waste Management and
Pollution Control Strategy.
 Finalise and enact the Draft Environmental Management Act and the Draft
Pollution Control and Waste Management Act.
 Ensure provision of adequate funds for waste management and pollution control
in the remainder of the current year and in future years.
 Prepare plans for the establishment of a National Environmental Management
and Enforcement Agency, as proposed in the Draft Pollution Control and Waste
Management Act.
 Plan and commence a detailed waste management survey of Namibia to include
waste production (types and quantities), waste collection and transportation,
waste disposal (including an assessment of all waste disposal sites, their
location, type, capacity and efficiency/acceptability), recycling/re-use and waste
minimisation initiatives
 There is a need to clarify the role of the Ministry of Environment and Tourism
when it comes to pollution control and waste management. Currently, this
Ministry has no formal role to play, as was witnessed when the National Profile
Author visited the different town during November/December 1998.
 Finalise and bring into effective operation a National Environmental Management
and Enforcement Agency, as proposed in the Draft Pollution Control and Waste
Management Act.
 Commence the implementation of improvements.
 Commence initiatives, in close co-operation with major stakeholders, on waste
reduction, recycling and re-use.
 Introduce new regulations for the conduct of environmental impact assessments
and the integration of town planning/zoning with waste management planning.
 Research new environmental standards for hazardous waste, waste disposal,
ground and water pollution, emission controls, coastal, estuary and port
pollution etc.
 Introduce schemes to increase public awareness of waste management issues.
 As part of above recommendations, it is recommended to establish a national
COSHH database. All users of chemical substances must become members and
users of such a database.
 Review and regulate sewage water treatment and effluent quality in the
different towns of Namibia.
 Conduct an analysis and classification of dredged materials and recommend
alternative disposal methods and dumping sites.
 Develop and implement a national policy and action plan on oil and chemical
pollution preparedness and response. Test the policy and plan through periodical
drills.
 Ministry of Mines and Energy to conduct periodical environmental impact
assessments of all mines.
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Long-term action plans
 Further refine the Environmental Management Act in the light of operational
experience.
 Further develop and refine the National Waste Management and Pollution
Control Strategy.
 Consider closure of environmentally unacceptable waste facilities and the
introduction of new, high standard disposal sites, including facilities for
hazardous and dangerous wastes.
 Consider the introduction of additional waste and pollution control mechanisms,
e.g. the licensing of waste carriers and waste disposal facilities, ‗polluter pays‘
regulations, heightened controls on hazardous waste, illegal dumping legislation,
etc. etc.
 Ensure sustainability through periodical reviews, amendments etc., of the Act,
and to maintain financial support until such a point where polluters, industries
and every one else will carry the financial burden for proper waste management
in Namibia.
Ben N Hochobeb (National Profile Author)
Senior Research Fellow
Multi-disciplinary Research Centre
University of Namibia
Botswana as a Case Study

(The Evolution of Waste in Bostwana ,by V.T.C. Matsoga, Principal Waste Management
Officer, Dept. of Sanitation & Waste Management, Gaborone, Bostwana)
Background
In Botswana the evolution of waste management can be traced back as recent as 1980.
It is at this time when Botswana moved from a syndrome of neglect to that of concern
in waste management. Unfortunately, this awakening at a very late period resulted in a
need for concrete affirmative action in providing for and in repositioning waste
management services in the basket of social services.
In the late 1970‘s, the country was developing very fast and calling for many foreign
investors. These brought wastes but no information on how to deal with the new types.
The councils could not and do not cope with the volumes and complexities of these new

arrivals.

Starting in 1980 and stretches for about nine to ten years there was noticed a
substantial shift of attention from that of neglect to that of concern. This was and it is a
direct result of the influence of the Primary Health Care strategy. The reaction of the
various members of the communities made the authorities to act.
In 1988, there was provided funds for refuse vehicles and fencing of sites. This vote
was originally for Sanitation or Latrinisation. It was first time that there was a specific
vote providing for issues of waste control. It was basically provided for purchase of
refuse vehicles and for assisting in the fencing of the refuse dumps to ensure control
and to keep out scavenging people and animals.

251

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

Evolution of Waste Management Legislation
In 1990, transfer of the service to village contractors
In 1991, privatisation option was started in Gaborone
In 1993, a national Waste Management Project was launched in the country and during
the same year, the country began to commemorate the annual Clean Up the World
Campaign, which is an international event sponsored by the United Nations
Environment Programme.
In 1996, the government created a national Waste Management Division to try and
harness all waste management issues at both local and central levels in the government
system. In the same year, there was drafted the Waste Management Policy and
Strategy. This document is the main policy that guides all activities of waste
management in the country. It calls for total adherence to the hierarchy of waste
management such are Reduction, Reuse, Recycling, Treatment and Disposal.
In 1998, the government promulgated the Waste Management Act. This act has a
number of penalties that cover all aspects of the service from littering to landfills. It
calls for the registration and licensing of waste facilities.
In 1999, there was created a new institution called Department of Sanitation and Waste
Management. This took over from the Division as mentioned above.
For educational and awareness creation purposes, the country has held four biennial
congresses since 1993. These have been accompanied by the production of waste
management videos in Setswana and English. A set of eleven posters has been
produced which cover various aspects of waste streams and their management.
There





are a number of developments that took place during this era such as:
The creation of Vision 2016
The provision of the National Development Plan 8
The acceptance of the Agenda 21
The resolve of the First Lady to start a Keep Botswana Clean Campaign as part
of her contribution.

Overcoming existing problems
For final disposal of wastes in Botswana there are 175 disposal sites and only three of
them are proper landfills. Currently the government is giving funds to all local
authorities for construction of landfills across the country. These landfills are being
constructed according to the requirements of the minimum guidelines that have already
been produced and made official operating documents. Some waste streams such as
clinical wastes are being incinerated although there is still room for improvement. There
are some health facilities that are not provided with incinerators.
Change of Attitudes
The establishment of proper waste management services requires a change of attitude
in those with power to make decisions. Many people are quick to blame councils for
non- delivery without studying the situation on the ground. The scrutiny of the problem
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many a times lies with the history of the past, which cannot be changed by council
alone.
We are now in an era that requires national planners, administrators and leaders to
realise that cleaning the environment is as equally important as defence of a country.
The mind set must change here. The fact of the matter is that waste management has
never enjoyed the priority given to its sister social services.
There is also a phenomenal tendency to blame the poor and the less privileged for the
indiscriminate littering yet it is evident that the worst culprits in improper waste
management practices are the rich, the educated, the industrialists, the institutions of
learning, the government institutions and the business communities. We must balance
the facts here and set the record straight.
The change of attitude can be achieved an intense sensitisation program for members
of the public. This is what the government has set to do through the Waste
Management Strategy. This task needs collaboration between agencies of government,
non- governmental organisations, private sector, the academic world and the business
community.
In some countries in Africa, there are no adequate structures for waste management
service and administration.
It is still a wide practice to ignore the provision of waste management when developing
new settlement, a shopping complex or even a new program. One example that can be
cited is the Home Based Care Program of the AIDS CONTROL. It is evident that clinical
wastes will be spread throughout the settlements and when this program was initiated,
there was no thought on how to handle the wastes generated through that process.
In addition to the foregoing, new imported goods of development and advancement are
imported from developed countries for consumption in developing countries. These
goods invariably bring along with them wastes that were never thought of in the first
place.
The phenomenon where waste management services are not provided for in budget
allocation is inexcusable. There is a need for an affirmative allocation for this sector if
we are to graduate from our state of lamentation. If we are to talk about African
Renaissance, then we must first reposition waste management practices and services.
Waste Management has to become part of infrastructure planning such as happens with
water, sewage, streets, electricity, fire brigade and so forth.
Waste management continues to occupy a very low position in development yet there
are many ratified international protocols and facilities such as: the Primary Health Care,
Agenda 21, Healthy Cities Project, Health and Environment Strategy, annual Keep
Botswana Clean Day, Clean Up the World Campaign, Basel Conventions, etc. These
have failed to graduate waste management into the national protocols for a long time.
There is growing problem of scavenging in this country. The disturbing factor is that
scavengers are rummage for food items at the disposal sites. These people go there
with their children and go to the extend of staying there and even building some
structures for over night stay. This is a great challenge in the trends of waste
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management in this country. It should be noted that scavenging itself is not a bad thing
because it is the beginning step for reuse and recycling. This is therefore an area that
needs a detailed follow up.
Management has become a new subject where there are many players I believe, ladies
and gentlemen, that we are left with the task of convincing many of our African leaders
and administrators that proper waste management practices are inseparable to
sustainable development. This is not an easy task. We still have situations where some
African countries sweep their wastes under the carpet only when dignitaries from across
the boarders visit their countries
 Waste management is one of the few concepts that will be taken into the next
century
 The concept is forcing itself into the minds of people without giving an excuse
 The concept of waste management has come about as a result of the combined
aspirations of the various players
 The African approach in waste management is at times very foreign to the mind
frame of the Africans themselves
 The current waste management hierarchy excludes the role of the communities
in the African context
 The African history of waste management seems not complete without the
history of the same in Europe or America
 There are some African countries which have adopted a system where parts of
their cities enjoy first world class service when other parts don‘t get any service
at all
 The subject of waste management has joined other services where those who
are socially well-off are serviced first and the unfortunate poor are remembered
late or as a result of crises, calamities or national pride
 There are certain schemes, especially in recycling, where the actual beneficiary
is the rich among rich somewhere far off and the toilers are the poor or the less
privileged
 Technological advancement and social development have brought in certain
streams of wastes that require urgent and sophisticated attention.
South Africa as a Case Study

Development of a National Waste Management Strategy for South Africa, by Tinus
Joubert, Deputy Director, Pollution Control, Dept. of Environmental Affairs and Tourism,
South Africa

Introduction
Until the 1990‘s, the South African environmental legislative framework had been very
fragmented, with no consolidated national statute on waste management. Instead it
relied on several statutes that can influence waste management and several provincial
ordinances and local by-laws control waste management. However, the New National
Waste Management Strategy (NWMS) of Integrated Pollution Control addresses the
fragmented administration of pollution management (Lazarus et al, 1997).
The Department of Environmental Affairs and Tourism and Department of Water Affairs
and Forestry, with the financial assistance of the Danish Co-operation for Environment
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and Development (DANCED), developed a National Waste Management Strategy
(NWMS) during 1997 to 1999. In order to successfully implement this NWMS, current
waste management resources and implementing mechanisms will have to be more
effectively and efficiently applied and in some instances re-directed and re-deployed to
address the initiatives of the highest priority. The systematic implementation of the
National Waste Management Strategy started in earnest during the second half of 1999.
Background
The Constitution of South Africa states that the people of South Africa have a right to
an environment that is not detrimental to human health, and imposes a duty on the
state to promulgate legislation and implement policies to ensure that this right is
upheld. One step taken to uphold this right is the development of a National Waste
Management Strategy (NWMS) for South Africa. A project to develop the NWMS was
initiated by the Department of Water Affairs and Tourism (DWAF) in partnership with
the Department of Environmental Affairs and Tourism (DEAT) and with financial support
from the Danish Co-operation for Environment and Development (DANCED), in 1997.
The overall objective of the NWMS is to reduce the generation of waste and the
environmental impact of all forms of waste and to ensure that the socio-economic
development of South Africa, the health of the people and the quality of its
environmental resources are no longer adversely affected by uncontrolled and
uncoordinated waste management.
Consultation with a wide range of stakeholders on the existing waste management
situation in South Africa identified the following as key issues and needs that have to be
addressed by the NWMS:
 To bring about a paradigm shift from end-of-pipe treatment to waste
minimisation.
 To provide basic waste management services to those sections of the population
for whom access to waste collection services has not been available or who
receive inadequate services.
 To ensure proper consideration of public health, occupational health and
sustainable environmental protection in all waste management practices.
 To initiate a system of integrated waste management through the
implementation of instruments such as legislation, capacity building, institutional
arrangements and funding mechanisms.
 To ensure integration of waste management initiatives with other governmental
initiatives, programmes and administrative systems.
The need for a National Waste Management Strategy, as well as Action Plans for
implementing the strategy, was recognised by the DWAF in the early nineties. The
momentum for a NWMS increased during the Consultative National Environmental Policy
Process (CONNEPP) and the drafting of the Environmental Management Policy for South
Africa, as well as the promulgation of the National Environmental Management Act
(NEMA) (Office of the President, 1998). The NEMA provides for co-operative
environmental governance by establishing principles for decision making on matters
affecting the environment.
The point of departure for the development of the NWMS was the Draft White Paper on
Integrated Pollution and Waste Management (IP&WM) for South Africa (DEAT, 1998 b),
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which defines government‘s approach to the management of waste. This policy
represents a paradigm shift to the management of waste that focuses on waste
prevention and minimisation rather than primarily on impact management and
remediation. A holistic and integrated approach is defined that extends over the entire
waste cycle from cradle to grave including generation, storage, collection,
transportation, treatment and final disposal. The NWMS follows the waste hierarchy
approach that promotes waste prevention/minimisation as the first step in waste
management followed by recycling, treatment and finally disposal.
The NWMS was developed in consultation with a wide range of stakeholders, including
government at all levels, non-governmental organisations, community-based
organisations, labour, business and industry, and mining. The strategic goals as set out
in the Draft IP&WM policy have formed the basis for the development of the NWMS, i.e.
 Effective institutional framework and legislation.
 Waste minimisation, impact management and remediation.
 Holistic and integrated planning.
 Participation and partnerships in integrated pollution and waste management
governance.
 Empowerment and environmental education.
 Information management.
 International co-operation.
Table 1 summarises in broad terms the key elements of the previous waste
management approach in South Africa, compared to the proposed situation after
implementation of the NWMS.
Table: The key elements of the existing and new waste management
approaches for South Africa
Existing
waste
management Strategic objectives for integrated
approach
waste management
Limited focus on control mechanisms
Focus on environmental protection and
sustainability
Inadequate waste collection services
Adequate waste collection services for all
Fragmented approach with single Consolidated multi-media approach
media focus
Conflict of interest
Transparency and conflict resolution
Insufficient information
Integrated waste information system
Inadequate environmental planning
Holistic integrated environmental planning
and capabilities
Inadequate research and development Focused
research
and
development
programs
crosscutting implications
Fragmented regulatory approach
Integrated regulatory approach
Regulations inadequately enforced
Enforcement facilitated
Full waste management costs not Total cost accounting and polluter pays
realised
principle
Source: (ReSource, 1999).
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In order to develop a practically implementable strategy the priority initiatives were
categorised into short- (by the year 2004), medium- (by the year 2008), and long-term
(by the year 2012) priorities. A phased approach over the twelve years is proposed for
the full implementation with initiatives set out for institutional, legislation, capacity
building, and financial requirements.
The two main legislative tools that will influence environmental management are the
new National Water Act (1998) and the National Environmental Management Act NEMA
(1999). The latter seeks to resolve the present confusion of environmental roles and
responsibilities between various inter-governmental departments and within differing
levels of government.
The New Water bill has replaced the Water Act 54, of 1956. Under the new Water Bill,
management must accept total responsibility for waste and pollution arising from their
industry. The Bill places responsibility on the user to purify effluent to an acceptable
standard so it can be returned to its original source. The Bill also makes way for a more
sustainable demand-management water pricing approach. Water pricing will now be set
to value the resource according to its scarcity, and will also be geared towards full-cost
recovery to a much greater extent than was done previously. This means that all the
costs in the provision of water will be incorporated into the water price (and related
effluent charge), including capital, operating, social and environmental costs.
The price of water will therefore rise significantly over the next years, not only to help
finance existing (and future) water infrastructure where necessary, but also to act as a
deterrent for inefficient and wasteful water use. The increases should be an incentive to
use water more sparingly, encouraging source reduction, particularly in those industrial
processes which use significant amounts of water such as electroplating, anodising and
conversion coating in the metal finishing industry.
With the shortage of engineered approved landfill sites, disposal methods used for
industrial waste will be increasingly closely monitored, and the costs involved will take
account of the environmental burden to a much greater extent. It is generally accepted
that the cost of waste disposal is going to increase significantly over the next few years.
The cost of waste disposal in the Western Cape has risen 700% since 1991 and the
trend is expected to continue in the future. If the metal finishing industry is unaware of
waste minimisation, they will face rising costs of pollution control which might put them
out of business or might force them to operate illegally.
Central to the adoption of Cleaner Production is a need to ensure that whichever
mechanisms are employed, they are properly monitored and enforced. This is likely to
be a primary concern in South Africa. Already understaffed departments responsible for
enforcement of these new laws are unlikely to be able to enforce more stringent
requirements without more staff and bigger budgets. The result of this is that unless
significantly greater financial resources are allocated to the departments concerned,
there is likely to be a greater level of self-regulatory legislation, and a continued
absence of consistent enforcement.
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Hazardous Waste Management
Hazardous waste management issues are allocated across different ministries dealing
with separate media and management areas.
There is a Hazardous Substances Act which has lead to the development of the widely
used document: ―Minimum Requirements for the Handling and Disposal of Hazardous
Wastes‖. There is Chapter 8 in the Road Traffic Act Regulations which deals with
transportation of dangerous goods by road. The National Water Act plus effluent bylaws regulate hazardous liquid waste which is discharged. These are all supplemented
by NEMA and the Environment Conservation Act, plus possibly a few more progressive
by-laws from local authorities. If the waste is radioactive then nuclear legislation covers
that. There are also some regulations in terms of the Occupational Health and Safety
Act which deal with hazardous materials and major hazard installations.
The Basel Convention on Transboundary Movement of Hazardous Waste deals with
hazardous waste going from one country to another so is not really relevant internally
(i.e. to control hazardous waste which remains in the country). The same is for the
Bamako Convention which bans the import into Africa and the control of transboundary
movement and management of hazardous waste within Africa.
The London Convention applies to dumping of wastes into the sea and there are several
other marine pollution prevention conventions. The MARPOL Conventions have a certain
waste component, although they focus largely on oil pollution prevention. In terms of
hazardous waste, the Dumping Convention is more relevant. The Law of the Sea
Convention also has some provisions, but more of a general pollution prevention nature.
The Convention for the Protection of the Ozone Layer, supplemented by the Montreal
Protocol, basically introduces obligations and targets to reduce certain emissions. As
does the UN Framework Convention on Climate Change.
The Way Forward for Developing Countries
World Bank Report
New regulatory institutions are often unable to enforce conventional discharge
standards at the factory level. Many regulators also recognize that such standards are
not cost-effective because they require polluting factories to toe the same line,
regardless of abatement costs and local environmental conditions.
To break out of this one-size-fits-all approach, developing country regulators are opting
for more flexible and efficient systems that nevertheless provide strong incentives for
polluters to clean up. Some of the pioneers have turned to financial incentives by
charging polluters for every unit of their emissions. Pollution charges not only cut
emissions but generate public revenue as well – which in turn can support local efforts
to control pollution.
Other environmental reformers are using simple rating systems to publicly recognize
factories that adhere to local and national pollution standards – and to train the
communal eye on those that do not. By classifying factories based on their reported
emissions, and widely broadcasting the results, regulators are enabling communities to
identify serious polluters and pressure them to clean up. This channel for ―informal‖
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regulation has proven to be potent, even in cases where formal regulation is weak or
absent. Indonesia and the Philippines, in particular, have shown that such public
disclosure programs can curb pollution at modest cost.
Public education regarding the sources and impacts of pollution also provides a powerful
lever for improving the lives of poor people who suffer greatly from emissions even as
industry‘s pollution intensity declines. Armed with good information, poor citizens can
work with environmental agencies and elect political leaders willing to pressure factories
to curb emissions, as regions and countries make the transition to greener industry.
To ensure the success of such programs, regulators are relying on low-cost computer
technology that cuts the cost of gathering, processing, and distributing information.
Selective focused use of environmental databases and computer models, along with
public involvement, also helps communities and businesses negotiate environmental
priorities and action plans based on a common understanding of the impact of pollution
and the cost of abating it.
These initiatives are working because they have a solid economic foundation. Plant
managers do not pollute because they enjoy fouling the air and water but because they
are trying to minimise their costs, so they will tolerate emissions to the point where the
penalty for more pollution becomes greater than the cost of controlling it. In fact,
managers‘ sensitivity to costs gives regulators many opportunities to influence their
decisions.
At the factory level, for example, environmental agencies can lower pollution control
costs by supporting training in environmental management for SMEs. Such programs in
Mexico have shown a cost-effective complement to conventional regulation. At the
national level, economic reforms can also reduce pollution. Greater openness to trade
can enhance managers‘ access to cleaner technologies, while cutting subsidies for raw
materials can encourage companies to reduce waste. State-owned enterprises are often
heavy polluters, so privatisation can contribute to cleaner production.
But economic reforms are no panacea, because growth-promoting measures can make
local pollution worse in some cases. To ensure sustainable development, economic
reformers should anticipate impacts and work closely with environmental agencies to
offset them.
Overall, the proliferation of innovative channels for reducing emissions has created a
new model for pollution control in developing countries. In this model, regulation is
information intensive and transparent. Environmental agencies become more like
mediators and less like dictators. Community representatives take their place at the
negotiating table along with regulators and factory managers. Market agents make their
presence felt through the decisions of consumers, bankers and stockholders.
The new model gives policymakers more options, but it also imposes new
responsibilities – for strategic thinking about the benefits and costs of pollution control;
a strong commitment to public participation; clever, focused use of information
technologies; and willingness to try new approaches such as pollution charges and
public disclosure.
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Of course, regulators will always have important responsibilities for monitoring factory‘s
environmental performance and enforcing regulations. But in the new model, regulators
use more resources to provide better public information, encourage informal regulation,
furnish technical assistance to managers, and promote environmentally sound economic
reforms.
Cleanup has begun because developing countries have decided that the benefits of
pollution control outweigh the costs. This realisation has prompted many countries to
adopt innovative strategies that enlist local communities, consumers, investors, and
economic policy reformers in the struggle against industrial pollution.
Polluters, in turn are showing that they can reduce pollution quickly while producing
profitably if regulators provide the right incentives. Industrial pollution is still exacting a
heavy price in developing countries, but there is no longer any reason to accept it as
the price of development.
The NGO and CBO agenda, and government response
Non-governmental organizations and community based organizations:
 Organize and motivate the community and industry
 Provide technical and managerial assistance to the community and industry
 Liase with local government, community and industries
(UNEP UNIDO training manual)
Experiences in many countries have shown that NGOs can play an important role in
alleviating urban environmental problems. Many NGO‘s and CBO‘s are already tackling
waste reduction in a number of cities and have produced results with variable success
rate. Their efforts are mostly oriented towards organizing campaigns for raising
environmental awareness and assisting in the social help of scavengers. Their roles can
be extended to assist the community and industry in technical and managerial aspects
of waste reduction, recycling and reuse.
The common problems faced by NGO‘s are:
 A lack of resources for continuous operation until the program becomes selfsustaining
 A lack of commitment and support from the local authorities
 Weaknesses in program design
 Having little authority of their own
Local governments can benefit by involving NGOs for the following reasons:
 NGOs are usually better organized to interact with and motivate the target
groups than the government
 Because the government‘s image as a provider of infrastructure and services
free of cost, the local government‘s direct efforts to motivate communities to
provide the community resources to the government in solving waste
management problems have often produced frustrating results
 Local governments are organized along bureaucratic lines restricting them to
cumbersome regulations and varied procedures, which often are contrary to
community spirit and expectations. NGOs can be more flexible and responsive in
their approaches to solving specific problems.
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Lobby groups, the community, NGO‘s and CBO‘s are effective as a conduit of
ideas, energy and implementation.

NGO‘s usually operate by lobbying communities, industries and government into action
w.r.t. important issues such as waste management. In USA and Western Europe, it was
public pressure combined with the activities of both national and locally based
environmental groups that helped move pollution prevention legislation through national
legislatures. Greenpeace, perhaps the most well-known international NGO, has through
demonstrations, brought attention to problems regarding hazardous waste that have
alerted the international community. Such public outrage that results from awareness of
the problems has lead to the development and adoption of International treaties and
Conventions as well as national government Bans.
NGO‘s and CBO‘s in Africa tend to be uncoordinated in their approaches. The
organizations typically work on their own and their overall effect is diluted. Work they
do is focused on communities and each operate individually in obtaining funding for
project proposal. Results in community level are good but are effectively only islands of
success. There is a need for NGO‘s to work together and combine their knowledge and
experiences as well as their lobbying power to catalyse authorities into action. Owing to
their success with communities their greatest likelihood of success is through raising
awareness and motivating community and general public to put pressure on
government for change. This can be coupled with providing expertise on solutions to
problems. They have a lot of knowledge but little authority behind them. Groups of
them working together, however, could have a bigger impact with the general public
and this could lead to pressure on governments. The lack of know-how and trained
personnel in government can be alleviated if NGO‘s with the expertise work together
with government in developing solutions to these problems.
NGO‘s in developing countries are also heavily reliant on outside donor assistance and
funding. Without this (e.g. if withdrawn as in Zimbabwe for example) the NGO‘s cannot
sustain their activities. In developed countries these NGO‘s have a lot more financial
assistance from general public who are educated and wanting to put their money
behind environmental issues. The general public do not have this money to spend in
developing countries. Commerce and industry are often the main funders after
international donors. Their objective is for publicity as a result of their financial support.
Commerce, industry and NGO‘s can work together. The NGO‘s can supply assistance
with waste reduction advice and help promote the success stories of those companies
who reduced their pollution. However there may be a lack of expertise in some NGO‘s
w.r.t. industrial waste management.
NGO‘s in developing countries need to find their strengths and build on these together
with other NGO‘s in order to have more widespread success and results in achieving
improved waste management and reduced waste generation across Africa.
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A SUMMARY OF THE REGIONAL NEEDS ASSESSMENT FOR ENGLISH
SPEAKING AFRICA
1 Introduction:
The Regional Needs assessment was first conducted in 2001 covering the whole region
of the English speaking African countries. From 2001, a number of capacity building
activities had been initiated to address the issues identified. The figure below show the
status of management of Hazardous waste in the Region as at 2001.
Figure 1 Rating of Current Regional Hazardous Waste Management Capacity
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For the three years from 2000 to 2003, a number of capacity building activities have
been carried out to address the key issues which were identified in 2001, a lot remains
to be done as confirmed through responses from countries in July 2004 and the needs
assessment now reflects as follows:
2 Trans-boundary movement of goods
The English speaking Africa comprises of a total of 21 countries. 13 Countries have
ports ( Kenya, Tanzania, Eritrea, Mozambique, Seychelles, Mauritius, Namibia, South
Africa, Ghana, Nigeria, Liberia, Sierra Leone, and The Gambia) and 8 are landlocked
(Uganda, Ethiopia, Zambia, Malawi, Zimbabwe, Botswana, Lesotho and Swaziland).
There are also huge inland water masses that are shared amongst a number of
countries as follows: Lake Victoria (which is the second largest lake in the world with an
area of 69,490 sq km) is shared by three countries namely Tanzania, Uganda and

262

BCRCA REGIONAL WORKSHOP ON SUCCESSFUL CASE STUDIES OF RECYCLING, REUSE AND RESOURCE RECOVERY
METHODS TOWARDS THE ENVIRONMENTALLY SOUND MANAGEMENT (ESM) OF HAZARDOUS WASTES IN AFRICA

Kenya. Lake Tanganyika which is the longest lake in the world (676 km) and second
deepest (1,4352 m) is shared by four countries namely Tanzania, Democratic Republic
of Congo, Zambia and Burundi. Lake Malawi (which is the ninth biggest Lake in the
world, 560 km by 80km wide, 700m deep) is shared by three countries namely
Tanzania, Malawi and Mozambique. There are pipelines built in this region one is the
35 year old oil pipeline transporting petroleum products from the Port of Dar es Salaam
( Tanzania) to Ndola Zambia a covering a distance of 1710 km. Between Kenya and
Uganda, there is an oil pipeline and between Mozambique and South Africa, there is a
gas pipeline. The whole of Eastern Africa and Southern Africa is connected by a
network of roads and railways. West Africa is also connected as such. Goods are
therefore carried throughout the region and transit goods are a common phenomenon
for all countries. Transport of hazardous materials along these networks is a common
phenomenon and transport of hazardous wastes is reported such as the waste oil and
used batteries from Botswana to South Africa for reprocessing. Cases of HZW accidents
within these trans boundary movements have to be reported and details can only be
documented through a proper study. The Region through these shared resources poses
a very serious challenge to the law enforcement officers across the borders on how to
monitor hazardous waste movement effectively. The Challenge lies on raising of
capacity for customs officers to be able to handle and monitor such intricate transboundary movements of dangerous goods including hazardous through a scheme of
timely exchange of information within the Region.
3

Priority of Hazardous Waste.

The region comprises a diversity of countries, some of which rank amongst the poorest
in the world. Most of the countries share similar socio-economic problems such as large
foreign debts, inadequate infrastructure, and insufficient financial and human resources
to address public needs. The countries which have been under war such as Sierra Leone
and Liberia, pose huge challenges compared to the rest and hence merit special
attention. In view of the plethora of other more pressing needs, the management of
hazardous waste is accorded a low priority as reflected by the magnitude of resources
and level of attention that are presently being allocated to the issue. The main
categories of hazardous waste that are of concern include medical waste, pesticides,
PCBs, and oil. Many of the countries have also expressed concern about wet and dry
batteries and their disposal.
In World terms the generation of HZW within the English speaking African countries is
relatively low. This is also reflected by low quantities of imports and exports. However
these countries are part of the globe as such they have a potential to be vulnerable.
Nevertheless, based on the increase in activity that has been applied to the
management of HZW by most countries during the past eight years, it is evident that
International Treaties such as the Basel Convention, have, at the very least, succeeded
in placing HZW on the environmental management agenda of the signatory countries.
The BCRC as a Regional Centre, has, through various targeted capacity building
activities been able to raise the profile further of the Basel Convention to the member
countries. The starting point were programmes of awareness raising in nature to the
middle management officials and key decision makers. There is still a lot to go to have
National institutions working closely at the National level coherently on the HZW issue.
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4

Commonality of HZW Problems and strategies to combat them.

There is a commonality to the HZWM problems experienced by countries of the region
and therefore the generic products and services to be rendered by the BCRC will be
applicable throughout the region. Many countries to date do not have strategies for
the management of Hazardous wastes. The way forward is through comprehensive
sharing of expertise between those who have managed to develop them and those who
have not. (Through the questionnaires sent out to countries in July 2004, still

confirm this need.)
5

Hazardous Waste versus General Waste

General waste and its environmental impacts is a common problem throughout the
region. Because hazardous waste management forms part of general waste
management, it is not possible to separate the two into distinct issues. Therefore,
hazardous waste will be unlikely to receive any focused attention, or higher priority,
until the status of general waste management has improved considerably. Projects and
activities that focus on hazardous waste will be more effective if they are seen as being
an integral part of total waste management. There are, nevertheless, specific categories
of hazardous waste that do not have strong links with general waste (e.g. medical
waste, oil, pesticides, industrial and laboratory chemicals) and separate systems and
projects can be developed independently. For this reason, a project 2 under category 3

(The environmentally sound management of Basel Convention priority waste
streams) has been included which aims at capturing the successful approaches and
experiences gained in the course of implementation of general waste management in a
number of cities and municipalities with a view of establishing approaches which could
make management of HZW a success.
6

HZWM Legislation and its enforcement

Legislation related to HZWM is mostly in place in most countries but is scattered around
so many pieces of sectoral legislations. The challenge still remains ― How to create an
umbrella Law on Environment which governs the environmental issues holistically‖.
Implementation and enforcement remain poor and this is attributed to a number of
reasons, such as inadequate resources, inadequate training of staff, in some cases the
low priority accorded to the HZW issues. Capacity building for Customs and law
enforcement officers is still a major need.
7 Importance of Linkages and Networks.
It was realised that the physical distances between the BCRC headquarters in Pretoria
and its prospective clients are enormous. From a manpower and financial perspective it
is impractical for the BCRC to become directly involved in all aspects of training and
technology transfer within each of the stakeholder countries. The original project
concept of harnessing and developing human resources within each country through the
establishment of a regional network of resource persons and linkage institutions remain
the most feasible implementation approach by which the BCRC‘s objectives can be
achieved.
It was noted that there was poor networking and functional relations between
government, industry, academic institutions, Non-Governmental Organisations and
Community Based Organisations, with little knowledge transfer or sharing of
information, dissemination of lessons learned and best practices among national
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stakeholders. Moreover, the involvement of academic and training institutions in
knowledge transfer is minimal. Hence, considerable attention in 2001 and 2002 was
focused at laying a sound foundation of building a trust between the focal points and
the rest of the institutions within each country through a programme which brought
them together where they were encouraged to develop a programme where each
stakeholders‘ role was discussed and agreed upon bilaterally. This arrangement was
built on trust and the realisation that it was the obligation of a country to utilise its
meagre human resources efficiently. Identification by the focal points the key National
collaborating institutions was country driven. Building on this, training of trainers
programme was piloted in 2003 with a view to establish the gaps towards developing
appropriate leaner centred short term and long term programmes. Currently there a
number of Regional experts who have graduated from the pilot BCRC TOT courses and
are now engaged in delivering BCRC courses in the Region such as South Africa and
Botswana. This process is gradual and has to be nurtured.
8

Competent Authorities and Focal Points

Initially the majority of the region‘s decision and policy makers appeared to be poorly
informed about the BCRC and its objectives. They also appeared to be unaware of,
and/or unresponsive to, their own responsibilities to assist with the development of the
BCRC. Most countries were not adequately positioned to interact optimally with the
BCRC. Issues relating to the BCRC were generally left to the country desk officers who
in some cases not well positioned to make policy decisions regarding the allocation of
resources to BCRC activities and are not in a position to place HW and the BCRC as a
priority item on their daily agendas. It was observed however that Focal Point desk
officers were generally well trained and knowledgeable about HZW and its
management. Unfortunately, they lack status, time and resources to make any
significant impact on their country‘s HZWM systems.
In principal all countries were highly supportive of the concept of the BCRC, the issue of
ownership of the Basel Centre had to be addressed through raising awareness of the
BCRC through its programmes which were well acclaimed in the Region. The way in
which Regional training was done was such that it was conducted in various countries in
the Region and its planning involved a number of stakeholders at the country level.
During these sessions, high profile policy makers were involved during the opening and
closing sessions. During closing sessions the various feedbacks were read to the policy
makers so as to canvass more political support of the Centre and the focal point
activities. This has been a gradual progress and it has paid dividends due to the
maximum involvement of the focal points who made country inroads possible

9 Overview of Existing Training Capacity in the Region
The country studies reveal that in general most countries have training capacity
associated with environmental management in general. However, the quality and
relevance of curricula to hazardous waste management issues varies considerably. Very
few countries have educational institutions, which offer specific courses on hazardous
waste management training, rather hazardous waste management tend to be included
as modules at Master of Science level. Nevertheless, potential expertise exists in most
countries which through targeted support can serve as in-country resources for the
delivery of training programmes. The potential, however, require nurturing and support
from BCRC through a combination of development of an appropriate curricular, training
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of trainers approach, support for country and sub-regional networking as well as
knowledge sharing/management aimed at enhancing training delivery competences.
Through this approach the learning process can be fast tracked.
Training has been seen as a component which should go hand in hand with the
implementation of defined waste management strategies and programmes.
10 Cleaner Production
Cleaner production technologies are mostly only applied by larger companies, either as
result of their multinational status or under the guidance of various National Cleaner
Production Centres. These centres have been established (and are in most cases still
supported) by international donor funds in a number of countries (e.g. Tanzania,
Zambia, Kenya, Zimbabwe and Mozambique, Uganda and South Africa. The Centres
initially focus seminars, training courses and demonstration projects to create
awareness, but also provide technical consultancy services and undertake capacity
building through dedicated training courses. Cleaner technologies are increasingly being
considered for existing projects to reduce the cost of waste handling and disposal, as
well to minimise the risk of pollution and associated negative consequences. The BCRC
has a working arrangement with these institutions.
11 Information and Information Management.
It was observed that availability of information on HZW was extremely poor, with a
general absence of monitoring, information management systems and regular reporting.
This is still true today. As a result of this it is impossible for Competent Authorities and
decision-makers to realistically assess the extent of HZW problems, their potential
harmful environmental impacts, and to formulate appropriate solutions. The
development and expansion of the existing information management capability is
central to the elevation of the quality of decisions made on the basis of properly
collected and analysed information.
12 Coordination among Donor Projects.
There are several HZW projects being carried out in the region, mostly with donor
support. There is a high potential for donor agencies to support new HZW projects,
what is needed is donor coordination.
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13 Summary of the characteristics of the region
It can simply be summarized as follows:









The countries are not heavily industrialised and do not produce large
amounts of HZW but are vulnerable.
In some cases HZW management problems are
due to outdated
technology;
In the recent past some countries have been targeted for the disposal of
HZW by unscrupulous operators from the industrialised countries;
Cross boundary effects exist, in which pollution created by HZW in one
country may have environmental effects in another by contamination of
air, ground or surface water;
The borders between the countries are long and not effectively
controlled;
The time spans for developing legal frameworks for the control and
treatment of HZW are very different in each of the region’s countries; and
Only a few of the regions countries have taken action to manage HZW in
an environmentally sound manner due to lack of capacity.

14 Summary of the capacity needs of the region:
It can be summarised as follows:







Inadequacy of legislation for HZW;
Lack of trained personnel to establish, enforce, and implement HZWM
standards;
Lack of trained manpower to control trans-boundary movements of
HZW;
Lack of information for decision-making, particularly on waste
production and disposal;
Lack of understanding and experience in appropriate technologies;
Severe lack of finances to provide human and physical resources
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