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SUMMARY
Kenya is party to the Stockholm Convention on Persistent Organic Pollutants (POPS) whose
main aim is to protect human health and the environment against the release and careless storage
and disposal of these chemicals. The Convention came into force on 23rd December, 2004, with
the initial action being the establishment of a national POPs inventory in compliance with the
requirements of the Convention.
Unintentionally produced POPs (U-POPs) are defined in the Convention as organic compounds
of natural and anthropogenic origin that resist photolytic, chemical and biological degradation.
They are also formed and released as by-products from thermal processes involving organic
matter and chlorine. The main categories of concern to human health due to their toxicity are
polychlorinated dibenzo dioxins (PCDDs) and polychlorinated dibenzo furans (PDDFs). The
toxicity of mixtures of PCDDs and PCDFs is evaluated as a single number called a Toxicity
Equivalent (TEQ), which is determined by multiplying the amount of earth of the toxic agents
(congeners) by a weighting factor relative to tetrachlori dibenzo dioxin (TCDD). This factor is
called the Toxicity Equivalent Factor (TEF).
The International Agency for Research on Cancer under the World Health Organization has
TCDD as the most toxic of all the U-POPs congeners known today, with typical LD50 values
being 0.022g/g liveweight (LW) for male rats 0.045g/g LW for female rats and 0.006g/g LW
for guinea pigs. The joint FAO/WHO Expert Committee on Food Additives (JECFA) has set a
provisional TCDD tolerable daily intake (TDI) of 70pg/kg LW per month which approximates to
2.3pg/kg LW per day. This is the amount of intake judged not to give rise to manifestations of
health effects if such an amount is taken every day for an entire lifetime.
The U-POPs enter the body through breathing contaminated air (especially for those people
working or living near sources like incinerators, metal smelters and open burning of wastes),
drinking of contaminated water, and eating contaminated fatty foods such as beef, pork, poultry,
fish and dairy products. The US Environmental Protection Agency has set an exposure limit of
0.00003g of TCDD per litre of drinking water, while the Food and Drug Administration
recommends not eating fish with more than 50 parts per trillion of TCDD. Under these
circumstances, the main goal of the Stockholm Convention is to control pollution of air, water
and soil in order to reduce or eliminate contamination of the human food chain by promoting
best environmental practices (BEPs) and employing best available technologies (BATs) for
waste handling and disposal.
The purpose of the study was to estimate the level of emissions, discharges and losses of U-POPs
from various sources based on activity statistics for the different emission factors, and to use
these estimates to determine the source strengths, prioritize the source categories, and establish a
U-POPs inventory for use by the Kenya Government in identifying controls and interventions as
required by the Stockholm Convention.
In Kenya, the first priority sources of U-POPs were identified in this study as waste incinerators
(including co-incineration of municipal and hazardous or medical waste), cement kilns firing
hazardous waste, pulp and paper production using elemental chlorine, and thermal processes in
the metallurgical industry. These are the sources which require BATs for the promotion of
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BEPs. The second priority sources were categorized as open burning of waste, residential
combustion, fossil fuel-fired plants, firing installations for wood and other biomass fuels,
production of chlorphenols and chloranil, crematoria and destruction of animal carcasses, motor
vehicle automobiles burning leaded petrol, textile and leather dying, smouldering of copper
cables, and waste oil refineries. These sources require the promotion of both BATs and BEPs.
Using field visits and questionnaires, the study addressed the status and quantities of the
emissions generated by various sources, including the type and quantity of waste generated, the
modes of disposal, and the efficiency and effectiveness of particular disposal modes. Annual
releases of PCDDs and PCDFs were expressed in TEQ units.
The survey established that in the Medical Sector, 41 of the 77 districts in Kenya operate the De
Montfort type incinerators, and an additional 24 are due to be constructed. Each of the major
hospitals operates an incinerator. However, most of the incinerators do not have effective air
pollution control systems (APCs). The uncontrolled batch combustion process (mainly open
burning) have no APCs and dispose of 1000 tons p.a. of waste thereby releasing into the air 40g
TEQ to the air. By contrast, the controlled batch combustion processes with minimal APCs
dispose of 5,300 tons of waste per annum and release to the air 15.9g TEQ. In total, 6,600 tons
of medical waste is generated annually in Kenya and on incineration releases 56.06, TEQ to the
air.
The waste consists mainly of infectious materials, secretes, blood, body parts,
pharmaceuticals, tools used during medical treatment, packaging materials, old linen and clothes.
The incinerator temperatures average 900oC. The waste is fed manually and this calls for proper
training of personnel on handling of such waste.
Hazardous wastes or waste oil are not currently used as fuel for firing cement kilns for fear of
compromising on cement quality. The only source of U-POPs in cement kilns would therefore
be the raw materials for cement manufacture and fuel oil. However, Kenya produces significant
quantities of bricks (using tunnel type kilns), lime, ceramics and glass. Most of the industries do
not have APCs and therefore production and release of U-POPs are anticipated. On average,
about 1.5 million tons of raw materials are fired annually to produce cement, bricks, lime and
ceramics. The firing leads to release of U-POPs, to the tune of 0.15g TEQ.
Kenya has six paper mills all of which use waste paper as part of their raw materials. The
biggest of these is the Pan African Paper Mills. It manufactures paper from wood pulp and uses
elemental chlorine for bleaching, making it a potential producer of U-POPs. The survey
established that annual releases of U-POPs amount to 0.01g TEQ to the air, 6g TEQ to water and
25g TEQ as residue to the land.
The metallurgical industry in Kenya uses thermal processes for secondary production of copper,
aluminium and lead products. In addition the iron and steel industry produces products which
are categorized into steel and hot rolling, wire and wire products, galvanized and cold rolling
steel coils and pipes and castings. The survey established that secondary copper production uses
1070 tons of scrap copper annually, thereby releasing U-POPs to the tune of 0.032g TEQ to the
air. Sinter plants in the iron and steel industry process 95,000 tons annually and because of the
poor technologies employed they are potential sources of U-POPs, to the tune of 0.95g TEQ to
the air and 1.43g TEQ a residue to the land. The Kenya Power and Lighting Company is the
major producer of aluminium scrap. About 4,340 tons of the scrap is processed annually in
secondary aluminium production. This generates U-POPs to the level of 0.65g TEQ to the air
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and releases 1.73g TEQ as residue to the land. In the secondary lead production industry, the
survey established that Associated Battery Manufacturers (ABM) is the only company which
recycles used automobile batteries. After lead extraction, the PVC waste is sent to plastics
manufacturing companies for recycling. However, at the ABM only minimum APCs are in place
thus raising the possibility of U-POPs emission. The company processes about 1000 tons of lead
scrap annually thereby releasing 0.08g TEQ to the air. In summary therefore, the metallurgical
industry using thermal processes generates U-POPs to the tune of 1.711g TEQ to the air and
3.161g TEQ as residue to the land.
Uncontrolled combustion of waste (open burning) is a common occurrence in Kenya. Presence
of plastics in municipal wastes is a major cause of concern because of the potential release of UPOPs to the environment. This concern was confirmed recently by the Dioxin, PCBs and Waste
Working Group of the International POPs Elimination Network Secretariat, ENVILEAD
(Kenya), and Arnika Association (Czech Republic) who found high levels of dioxins (22.92pg/g
of fat) in free-range chicken eggs collected near the Dandora dumpsite where open burning is a
common feature. The concentration exceeded background levels by almost 18-fold and were
more than six times higher than the European Union dioxin limit for eggs. The Dandora
dumpsite receives 803,000 tons of waste annually of which 60% is burnt in the open, the rest
scavenged or composed. Projecting this to the other urban centres using the 1999 census
statistics, total waste burnt country wide is approximately 2,125,286 tons, generating U-POPs to
the level of 2125g TEQ to the air.
The power generation releases significant amounts of U-POPs in Kenya. It has been established
that fossil fuel/waste oil – fired power boilers produce the highest amount (597.5g TEQ per
annum) compared to heavy fuel-fired boilers (2.86g TEQ) and light fuel oil/natural gas fired
power boilers (0.138g TEQ).
Residential combustion sources of U-POPs are categorized as biomass fossil fuels and natural
gas-fired stoves. Biomass burning using virgin wood and biomass-fired stoves generates UPOPs amounting to 56.52g TEQ annually to the air compared to oil fired stoves which generate
the highest (139.92g TEQ annually). The natural gas fired stoves release U-POPs to the air to
the tune of 2.21g TEQ.
The major crematorium, which handles considerable quantities (7.28 tons annually), is the
Nairobi City Council facility at Langata. There are other facilities in various parts of the
country. Most of these are essentially open burners with no APCs and therefore release U-POPs
to the air. It is projected that the combined release amounts to 0.0017g TEQ per annum.
In the Transport Sector, the major problem in Kenya is the continued use of leaded gasoline
which is the main contributor of U-POPs. On average the 4-stroke engines use about 300 million
tons of leaded fuel per annum, generating U-POPs to the level of 724.5g TEQ compared to
unleaded fuel whose annual consumption (about 40 million tons) produces about 3.96g TEQ.
Most waste oil generated mainly from automobiles is recycled after refining using non-thermal
treatment. This process does not therefore generate U-POPs but exposure to humans could result
from improper handling of the waste oil, spills and improper disposal.
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In view of the high potential the various sources have in the release of U-POPs, there is need to
put in place management interventions that would reduce and ultimately eliminate production of
dioxins and furans. Where production of U-POPs is inevitable for example, medical waste
incineration, cement kilns, and thermal metallurgical processes, appropriate APCs need to be
installed. Efficient management of the facilities to ensure they run at proper operating conditions
will also help in minimizing production of U-POPs. Wastes should be sorted out to isolate those
containing chlorine for appropriate disposal. Public awareness on the risks of U-POPs
production and exposure would be of benefit to the population.
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1.
1.1

UNINTENTIONAL PERSISTENT ORGANIC POLLUTANTS
Introduction

Unintentionally formed Persistent Organic Pollutants (U-POPs) are defined in the Stockholm
Convention as polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDF). These are as organic compounds of natural and anthropogenic origin that resist
photolytic, chemical and biological degradation. POPs are unintentionally formed and released
as by-products from thermal processes involving organic matter and chlorine reactions. They
may also be produced through non-anthropogenic activities. Observations show that U-POPs
may have been present in the environment for considerably longer than the onset of industrial
activity. Studies at Lancaster University (Alcock et al, 1998) and elsewhere (Ferrario et al 1998;
Winter et al 1998) have detected the presence of these substances in environmental samples
collected and stored from late 1800.
1.1.1 Characteristics and Mobility
The U-POPs are toxic chemicals that are persistent and bioaccummulative and are capable of
being globally transported. Persistent materials do not easily degrade in the environment. Bio
accumulative materials are usually fat-soluble and build up in higher trophic levels, including
humans. Because U-POPs are semi-volatile compounds, they can evaporate and condense in the
environment thus making them geographically mobile. Their transport results in widespread
distribution across the earth, including regions where they have never been produced hence
appear in environmental samples in these areas.
1.1.2 Commercial uses
There is no known value, commercial or otherwise of PCDD and PCDF, hence they are not
intentionally manufactured for any reason other than laboratory purposes. They are generated as
by-products during the manufacture of certain industrial products like paper, herbicides and
textiles and also in processes that involve heating or burning in the presence of chlorinecontaining substances or chlorine as a contaminant.
1.2

Risks of U-POPs to Humans

Because these chemicals exist throughout the environment, almost every living creature
including man has been exposed to U-POPs. Exposure arises mainly through consumption of
fatty foods, including breast milk, but can also arise from accidental or occupational situations.
Their health effects depend on a variety of factors including the level of exposure,
concentration, the age at which exposure occurs, and how long and how often the exposure
occurs (frequency).
Most of the information on the toxicity of these chemicals is based on the extensive studies with
experimental animals using the most toxic of the PCDD and PCDF compounds. The
International Agency for Research on Cancer (IARC) under the World Health Organization
(WHO) has identified tetrachlorodibenzodioxin (TCDD) with the chlorines in positions 2,3,7,8
of the dioxin skeleton structure as the most toxic.
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For polychlorinated biphenyls (PCBs), the highest toxicity materials are by comparison those
where in the molecule can assume a planner conformation, analogous to that of the number
PCDDs/PCDFs. The TCDD and related compounds can produce a wide variety of effects in
animals and might produce many of the same effects in the humans. The TCDD has been
identified as being carcinogenic to humans based largely on evidence from studies involving
accidental or occupational exposure. Animal studies have shown an increase in cancer cases
from long-term exposure to PCDDs and PCDFs. Typical LD50 values for TCDD have been
reported for male rats [0.022μg/g live weight (LW)], female rats (0.045μg/g LW) and guinea
pigs (0.006μg/g LW).
1.2.1 Tolerable Daily Intake
The Tolerable Daily Intake (TDI) is the amount of intake per kg of body weight per day of a
chemical substance judged not to give rise to manifestations of health effects if such an amount
is taken every day for an entire lifetime. The TDI established by the World Health Organization
in 1998 for chemicals TCDD was set at 1-4pg/kg body weight/day. In 2001, the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) set a provisional TCDD TDI of 70pg/kg body weight/month, which approximates to 2.3 pg/kg body weight/day.
Prolonged exposure to TCDD results in a wide variety of reproductive and developmental effects
in a number of species of experimental animals including reduced viability, structural alternation,
growth retardation, and functional alterations. There is also evidence of neurobehavioral effects
and effects on immune and various endocrine functions including those of the thyroid. Because
of this evidence in animals particularly at high doses (although in some cases at doses close to
those with relevance for human beings), scientists are concerned about the potential for these
same effects to occur in humans, especially the effects of prenatal exposure to developing
children.
The U-POPs also enter the body through breathing contaminated air especially for those people
working or living near sources like incinerators and metal smelters. Entry into the body may also
occur through drinking contaminated water or eating contaminated foods such as beef, pork,
poultry, fish or dairy products, especially if these organisms had been exposed to the
contaminants. Eating of contaminated food has been found to be the major contributor to
exposure, accounting for 90%. This is because the contaminants build up in the fatty tissues of
the exposed organisms. Other avenues of exposure such as burning of household waste and
forest fires contribute a relatively small fraction of the total exposure. The US EPA has set the
exposure limit of 0.00003g of TCDD per litre of drinking water, while the Food and Drug
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Administration of U.S.A recommends not eating fish with more than 50 parts per trillion of
TCDD.
1.2.2 Toxicity Equivalency
The Toxicity of mixtures of PCDDs/PCDFs is evaluated as a single number called a Toxicity
Equivalent (TEQ). To determine the TEQ of a mixture, the amount of each of the toxic members
of the family is multiplied by a weighting factor relative to the most toxic material, TCDD. This
is called a Toxicity Equivalent Factor (TEF). The first scheme derived by NATO in1989, called
I-TEFs, covered 17 PCDD/PCDF compounds. By 1997, Twenty-nine of the 419 individual
PCDDs, PCDFs and PCBs had been assigned TEFs by the World Health Organization (WHO)
in 1997 (Table 1) based on mammalian studies.
2. The Conventions Requirements for Kenya
Article 5 of the Stockholm Convention requires parties to take measures to reduce or eliminate
releases from unintentional production sources as elucidated in Annex C of the convention.
These measures include:
(i)

Reduction of annual total releases derived from anthropogenic sources of each of the
chemicals listed in Annex C with the goal of their continuing minimization and
where feasible ultimate elimination.

(ii)

The development of an Action Plan by Kenya by December 25, 2006.

(iii)

The use of practicable Best Available Techniques (BAT) for new sources in Part II
of annex C by December, 25, 2008;

(iv)

Promotion of Best Environmental Practices (BEPs) and incorporation of BAT.

It will be noted that Draft Guidelines for Best Available Technology (BATs) and Best
Environmental Practices (BEPs) have been developed by the Expert Group on BAT and
BEP (EGB) appointed by the Intergovernmental Negotiating Committee at its 7 th Session
and in which Kenya was a member. These guidelines were concluded at the third EGB
meeting held in Tokyo in October 2004. They will form an Annex to the National
Implementation Plan as points of reference.
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Table 1: Toxic Equivalency Factors
Congener

WHO/97 Mammalian

1-TEFs (NATO)

TEFs
PCDDs
2,3,7,8-TCDD

1

1

1,2,3,7,8-PeCDD

1

0.5

1,2,3,4,7,8-HxCDD

0.1

0.1

1,2,3,7,8,9-HxCDD

0.1

0.1

1,2,3,6,7,8-HxCDD

0.1

0.1

1,2,3,4,6,7,8-HpCDD

0.01

0.01

1,2,3,4,6,7,9-OCDD

0.0001

0.001

2,3,7,8-TCDF

0.1

0.05

1,2,3,7,8-PeCDF

0.05

0.5

2,3,4,7,8-PeCDF

0.5

0.1

1,2,3,7,8,9-HxCDF

0.1

0.1

1,2,3,6,7,8-HxCDF

0.1

0.1

2,3,4,6,7,8-HxCDF

0.1

0.1

1,2,3,4,6,7,8-HpCDF

0.01

0.01

1,2,3,4,7,8,9-HpCDF

0.01

0.01

1,2,3,4,6,7,8,9-OCDF

0.0001

0.001

PCDFs

PCBs
IUPAC No.

Structure

77

3,3’, 4,4’-TCB

0.0001

81

2,3,4’,5-TCB

0.0001

105

2,3,3’,4,4’-PeCB

0.0001

114

2,3,4,4’5-PeCB

0.0005

118

2,3’4,4’5-PeCB

0.0001

123………

.2’,3,4,4’5-PeCB

0.0001

126

3,3’,4,4’,5-PeCB

0.1

156

2,3,3’,4,4’5-HxCB

0.0005

. 2,3,3’4,4’5’-HxCB

0.0005

157………
167
169………
189……

2,3’4,4’,5,5’-HxCB
. 3,3’4,4’5,5’-HxCB
… 2,3,3’4,4’5,5’-HpCB

0.00001
0.01
0.0001
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The industrial source categories are especially crucial. For industrial source categories listed
below and also in Annex C of the convention, Part III, Kenya must promote use of BATs and
BEPs for new and existing sources that include:



2.1

Variety of Combustion sources
Chemical production processes releasing U-POPs
Waste recovery and disposal practices

Priority Listing

The sources of U-POPs can be prioritised into two groups depending on their significance.

Sources – Annex
C Part II
that Require BAT
for promotion of
BEP

Sources – Annex
C Part III that
require
Promotion of
both BAT and
BEP



Incinerators
(Municipal, hazardous, medical, sewage sludge)



Cement kilns firing – hazardous wastes



Pulp production using elemental chlorine



Thermal metallurgical processes
(Iron sintering, secondary copper, aluminum, zinc
production)



Open burning of waste, residential burning



Wood, other biomass firing



Fossil fuelled utility, industrial boilers



Other thermal metallurgical processes (Secondary
lead, steel, primary aluminum, magnesium)



Smoldering copper cables



Specific chemical processes (chlorophenols,
chloranil), textile and leather dyeing and finishing



Crematoria, destruction of animal carcasses



Motor vehicles, waste oil refineries, vehicle shredder
plants

Kenya National Inventory of POPs Under the Stockholm Convention
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2.1.1 First Priority Sources
In Kenya, the first priority sources of U-POPs can be categorized into:
(i)
Waste incinerators, including co-incinerators of municipal, hazardous or medical
waste or sewage sludge;
(ii)

Cement kilns firing waste oil;

(iii)

Production of Pulp using elemental chlorine or chemicals generating elemental
chlorine for bleaching;

(iv)

Thermal processes in metallurgical industry:


Secondary copper production;



Sinter plants in the iron and steel industry;



Secondary aluminium production;



Secondary Zinc production;

2.1.2 Second Priority Sources of Dioxins and Furans
(i)

Open burning of waste, including landfill sites;

(ii)

Thermal processes in metallurgical industry not specified in 1.4.1 above;

(iii)

Residential combustion sources;

(iv)

Fossil fuel fired utility and industrial boilers;

(v)

Firing installations for wood and other biomass fuels;

(vi)

Chemical production processes releasing U-POPs;

(vii)

Motor vehicles, especially those burning leaded gasoline;

(viii)

Textile and leather dyeing and finishing;

(ix)

Shredder plants for the treatment of end of life vehicles;

(x)

Destruction of animal carcasses;

(xi)

Crematoria;

(xii)

Smouldering of copper cables;

(xiii) Waste oil refineries;
3. Methodology Used for the Inventory
The inventory involved both desk and fieldwork.
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3.1

Desk Work

The UNEP guidance Toolkit provides both the methodology and a comprehensive set of
multimedia emission factors which form a valuable source of information for drawing up the
National Implementation Plan. Unlike the inventory of intentional POPs, the inventory of UPOPs conducted using the Toolkit provided a tool through which the government of Kenya will
be able to assess the contribution of different sources both for 1st and 2nd priority, and identify
where controls and interventions are required as well as allow progress towards continuing
minimisation and where possible ultimate elimination both quantitatively and qualitatively. It
must be emphasised that, while in many countries measurements of emission/discharge/losses at
source are made, it was not possible to do the same here. Rather, it was only possible to estimate
emitted quantities using the procedure in the Toolkit.
3.2

Estimation of the Annual Releases of U-POPs from Different Sources

Estimation of emissions, discharges and losses from sources based on activity statistics for the
different emission factors (e.g. number of vehicles, combustion trends and raw materials
consumption) was determined. Annual releases (source strengths) of PCDDs and PCDFs were
calculated as the product of emission factor and activity rate, for each of the five vectors: air,
land, water, product and residues. The activity rate was taken as the amount of feed material
processed or product produced in tonnes or litres per year; while the emission factor was taken as
the amount of U-POPs that is released into any of the five vectors per unit feed material
processed or product produced. The various factor values were obtained using data reported in
The Standardized Toolkit for Identification and Quantification of Dioxins and Furan Releases.
(UNEP, 2003)
The results were then expressed as annual releases in Toxicity Equivalency units (TEQs), taken
as the product of emission factor and activity rate.
The inventory addressed the situation as it appertains to Kenya, in terms of the status and the
quantities of the emissions generated by various sources, including the type and quantity of
waste generated, the modes of disposal, and the efficiency and effectiveness of particular
disposal modes. Field visits and questionnaires were used.
Since proper waste treatment and disposal can provide a high level of protection of the
environment as a whole, the choice of the actual disposal pathway is an integral part of the
overall waste management concept. In particular, the characteristics of the various types of waste
have to be taken into account. In addition, products and by-products of any waste treatment
process must fulfil the quality standards set out for re-use or safe disposal. For each process,
sanitary landfill represents the first step.
The inventory addressed the entire waste disposal spectrum and the associated sophistication,
efficiency, cost-effectiveness and acceptability. The broad range of technologies considered
were: biological treatment, mechanical separation, thermal treatment; gasification, pyrolysis and
combined systems.

Kenya National Inventory of POPs Under the Stockholm Convention

7

4. Results of the Estimates of U-POPs Releases From Main Categories
4.1 Sources – Stockholm Convention Annex C Part II that Require BAT for promotion of
BEP
4.1.1 Incineration.
Several factors are necessary for the formation of PCDDs or PCDFs during a combustion
process. Examples are presence of chlorine, operating with temperatures below 900C, presence
of oxygen, type of combustion materials and influence of catalysts (Figure 6)
Although in many areas landfilling remains the principal means for the disposal of municipal
solid waste, incineration and the subsequent land filling of residues has become a common
practice in many developed and industrialized countries. Where landfill space is scarce, or other
factors such as a shallow water table restrict its use, incineration is a sound alternative.
In Kenya, a number of towns such as Athi River were designed with no provision for a landfill.
Both hazardous and non-hazardous wastes have to be transported 35 kilometres away to
Nairobi's Dandora site, which is not cost-effective. The Dandora site is proposed to be closed and
the sanitary landfill will be at Ruai, some 27 kilometres away from the city centre, and 52km
from the Athi river waste site. This transport cost does not take into consideration the handling
costs. The same can be said of waste from the Limuru based Bata Shoe Company which would
be approximately 70km from the new disposal site. The composition of waste generated at some
sites in Kenya is given in Table 2a (hazardous or mildly hazardous) and Table 2b (for household,
paper, plastics and non hazardous industrial waste).
The other reason for choosing incineration was the classification of the waste as hazardous,
which means it cannot be rightly disposed of in Dandora or any landfill site for fear of the wastes
being re-used. Research Waste falls in the same category. Municipal Solid Waste incineration is
commonly accompanied by the recovery of energy (waste-to-energy) and indeed many proposals
have been made for Nairobi for ultimately generating steam and eventually electricity.
In discussing incinerators, all kinds of thermal treatment are considered as incineration
irrespective of the level of the technology.
The benefits of waste incineration include:
 Reduction in volume of the waste;
 The short distance involved in the transport of the waste as most is incinerated on site;
 Destruction of the toxic materials;
 Sterilization of pathogenic waste and the re-use of some residues as sources of metals;
and
 Possibilities of opportunities for recycling.
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Table 2a: Typical Composition of Wastes Generated in Kenya Category 4: Hazardous or
Mildly Hazardous Waste
Location

Ibera

Africa

Power

Station
Kenya

Airports

Contents

Disposal Method

Oil Soaked rags Empty

Disposed of by Bins

degreaser cans

Ltd.

Mixture of hazardous and

Contracted to Lacote

Authority

non hazardous

Orbit chemicals

Polythene

sheet

cutting

plastic drums



Plastic recycled



Paper & drum sold



Waste dumped
near Athi River

Henkel Kenya Ltd

Glaxo SmithKline

Scrap

metal

chemicals

Contracted to a firm

plastic

with an incinerator

Paper, plastic expired drugs

Incineration at site

polythene bags

using HDO

Two types of incineration management practices were observed.
(i)
Merchant plants at Twiga and Kitengela which provide commercial offsite waste
treatment services;
(ii)

Dedicated captive on site incinerators that handle waste for a particular facility.
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Table 2b: Typical Composition of Wastes Generated in Kenya (Category B: Household,
Paper, Plastics and Non Hazardous Industrial Waste)
Facility

Contents

Estimated

Disposal Method

waste
generated
(tons/Year)
Kenya

Literature

Paper food waste inks

48

Bureau

Incineration and open
burning

Nation Media Group

Paper, solvents

378



Incineration



Paper waste to
underground cess pit



Metal to scrap dealers



Oil to recyclers

Bamburi Cement

Cement Paper bags Plastic

1.68

Contracted

Crown Berger

Plastic tins

60

Garbage collection

Packaging paper bags
Swan Industries

Commercial

& Industrial

contracted
4200

Waste
General Motors

Plastic paper miscellaneous

Dandora
48.6

solids
Jomo

Kenyatta

Mixed Aircraft waste

Collected by contractor for
incineration

3600

International Airport
Nyanza Petroleum

Waste dumped near

Waste dumped near
Dandora

Commercial Waste

780

Waste dumped near
Dandora

Kenya Shell Aviation

Commercial & food waste

864

Stations

Dandora

Kenya Shell Company

Commercial Waste

720

(Shell B. P. Hse)
Kenya

Waste dumped near

Revenue

Dandora
Household/domestic waste

3420

Authority Staff quarters
Kenya Breweries

Waste dumped near

Waste dumped near
Dandora

Household commercial

2400

Waste dumped near
Dandora

NAS Airport Services

Food & food packaging

4200

Waste dumped near
Dandora

TOTAL

20,292.6
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4.1.2 Inventory Results for Medical Waste Incineration
The survey established that the majority of incinerators in Kenya are in the Medical sector. This
is mainly because, medical waste is classified as hazardous and thus cannot be disposed of in
sanitary landfills hence requiring alternative methods of disposal.
Waste that can be safely disposed of in sanitary landfills is normally disposed of in this manner.
The mode of operation involves manually feeding the waste into the incinerators followed by
manual removal and disposal of residues. Automatic feed incinerators were not encountered, the
main reason being that these are suitable for 24hr continuous operation and are yet to be installed
in Kenya. Kenyatta National Hospital, generating the highest quantity of waste, works for only
16 hrs a day. There is capacity to handle a higher volume if the two incinerators on site were to
operate simultaneously. Currently, only a single incinerator is operated at a given time. The
quantities and distribution of wastes generated countrywide are given in Table: 3
In summary, the survey established that:
 41 of the 77 districts had De Montfort type incinerators, which were operational. An
additional 24 are due to be constructed across the country, while a further 8 have been
planned for construction;
 Kenyatta National Referral Hospital, Nairobi Hospital, Mater Hospital, KEMRI,
Forces Memorial Hospital each operate an own incinerator;
 Many of the private big hospitals in Mombasa, Kisumu, and Eldoret also do operate
incinerators;
 Each district hospital generates on average 15 tons of medical waste per year
compared to 350 tons generated in each of the provincial hospitals;
 The big private hospitals Aga Khan, MP Shah, Nairobi and Pandya generate 180 tons
a year;
 There are also many small private hospitals in every district and these generate on
average 10 tons of waste per year.
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Table 3: Distribution of Incinerators in the Medical Sector excluding Major Hospitals:
Facility

District

Quantity/

3rd party

Mode of Disposal

Year
1.

Metropolitan Hospital

Nairobi

2.

Mother & Child Hospital

“

3.

Pumwani Maternity

“

14.4

Disposal
Incineration (Two Chamber)
Incineration (Two Chamber)

720

Hospital

Collection

by

the

City

Incineration

Council

4.

Marie Stopes Eastleigh

“

1.8

5.

Nairobi City Council

“

120

Open burning/ Incineration

6.

Westlands Health Centre

“

360

Open burning/ Incineration

7.

Sara Lee

“

1.8

Open burning

8.

University of Nairobi

“

9.

Rhodes Chest Clinic

“

Incineration
3.6

Open burning (Incinerator
under construction

10. Ngaira Dispensary

“

2.4

Opening burning

11. St. Clares Kaplong

Buret

360

Open Burning/Incineration

12. Vihiga District Hospital

Vihiga

14.4

Open burning/Incineration

13. Webuye District Hospital

Webuye

86.4

Open burning/Incineration

14. Sloam Hospital

Kericho

15. Kericho District Hospital

Kericho

Hospital

Open burning/Incineration
4.8

Open burning/( Incinerator
under construction)

16. Kericho Municipal Health

Kericho

Incineration

Centre

at the
Municipal
dumping
site

17. St. Elizabeth Hospital

Kakamega

7.2

Open burning/Incineration

18. Provincial General

Kakamega

72

Open burning/Incineration

Kakamega

7.92

Incineration

Hospital
19. Malava District Hospital
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The amount of medical waste generated countrywide averages 6,685 tons per year. It consists
mainly of infectious materials, secretes, blood, body parts, pharmaceuticals, tools used during
medical treatment, packaging material, old linen and clothes. The incinerators operate at an
average temperature of 900oC.
 The waste is introduced into the chamber manually in almost all incinerators. The
residues are removed and disposed of at landfill sites not far from the incinerator


A significant number of hospitals use open burning as a means of destruction of wastes
that are considered to be of significantly low risk e.g. paper, plastics, clothing etc.



The incinerator at Kenyatta National Hospital, which is situated just a few metres upwind
from the residential homes of low cadre staff of the Hospital and medical students’
hostels, emits noxious fumes that are carried to the homes and hostels, causing
considerable distress to the residents;
The dioxin-rich bottom ash from incinerators around Nairobi is normally deposited at the
Dandora dumpsite. This dioxin-rich bottom ash is likely to be responsible for dioxin
contamination of eggs from free-range chicken that roam the vicinity (IPEN et al, 2005).



It can be estimated that about 1000 tons of medical waste are destroyed using open burning
while the remaining 5000 tons are destroyed in controlled batch with minimal or no air
pollution control (APC) facility. The rest of the waste is destroyed in controlled batches with
good APC. Table 4 summarizes the annual release of U-POPs and the corresponding TEQs
from medical waste.
Table 4: Annual TEQ Values for Waste Incineration in the Medical Sector
Source Categories

Production 4.1.2.1.1

Annual release

Com
ment
s

tons/a

g TEQ/a g TEQ/a
Air
Fly ash

Class
1

Some medical
facilities were found

Uncontrolled batch
combustion, no APCS

1,000 to use this method for

2

Controlled, batch, minimal
APCS

3

Controlled, batch comb, good
APC

TOTALS

waste destruction
Majority of medical
facilities use
5,300 incinerators that fall
under this category
Few installations like
KNH and KEMRI use
300 incinerators that fall
under this category

6,600

g TEQ/a
Bottom Ash

40.00

0.00

0.20

15.90

0.00

0.11

0.16

0.28

56.06

0.28
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The results for the Waste Incineration sector are summarized in Table 5. These results show that
waste incineration contributes U-POPs mainly to the air, the main source being municipal solid
waste incineration (Fig. 1). The other sources are comparatively insignificant in terms of
potential release of U-POPs.
Table 5: Annual TEQ Values for Waste Incineration
Source Categories

Production Comments

Annual release

tons/a

g TEQ/a g TEQ/a
Air
Fly ash

G TEQ/a
Bottom Ash

Waste incineration
Municipal solid waste incineration
Low technology. combustion, no
APC system

Values from municipal waste
burning incorporated here

7438.15

0.00

159.39

0.35

0.90

0.00

40.00

0.00

0.20

15.90

0.00

0.11

0.16

0.28

0.03

0.00

7494.59

1.18

Hazardous waste incineration
Environment and Combustion

Controlled comb., minimal APC

1,000 Consultants ltd

Medical/hospital waste
incineration
Some medical facilities were found

Uncontrolled batch combustion, no
APCS

1,000 to use this method for waste
destruction
Majority of medical facilities use

Controlled, batch, no or minimal
APCS

5,300 incinerators that fall under this
category
Few installations like KNH and

Controlled, batch comb., good APC

300 KEMRI use incinerators that fall
under this category

Old furnaces, batch, no/little APCS
Waste Incineration Totals

60 Data from Farmers Choice
7660

Others
1%

Low
technology.
combustion,
no APC
system
99%

159.70

Others:
Controlled comb.,
Minimal APC,
Uncontrolled batch comb., no
APC,
Controlled batch, no or
minimal APC,
Controlled batch comb.
Good APC,
Old furnace, batch no or little
APC

Figure 1: Comparison of U-POPs Generation by Different Combustion Technologies
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4.1.3 Cement Kilns Firing Hazardous Waste
Kenyan enterprises producing cement include East African Portland Cement Company (EAPCC)
in Athi River, Bamburi Portland Cement Company (BPCC) in Mombasa, and Rhino Cement in
Kaloleni Coast Province.
The EAPCC is located about 25 Kilometres from Nairobi and started off operations using the
wet process with a production capacity of 120,000 tonnes per year. The plant currently produces
350,000 tonnes per annum. It has since moved from wet process to dry process and aims to raise
capacity to 700,000 tonnes per year. The BPCC in Mombasa was commissioned in 1954 with an
installed capacity of 1.2 million tones per year. Gypsum (imported) and lime are used in the
manufacture.
Cement kilns have been known to fire hazardous waste because the 1300C temperature attained
in the kilns is sufficient for the destruction of these wastes. The EAPCC and BPCC have been
approached to carry out co-incineration of hazardous wastes but have always turned down the
request for fear of affecting the quality of cement. As such emission of U-POPs from cement
plant arising out of co-incineration of hazardous waste, is currently zero.
However, as the guidelines show, cement kilns remain a viable way of disposing of hazardous
waste. There is no facility to dispose of hazardous waste in Kenya and the option of exporting is
not economically viable. Therefore a thorough study of the practicality of using the cement kilns
to co-fire hazardous waste should be undertaken.
It was also established that the setting up of the Kitengela Dump site for obsolete pesticides was
intended to use the capacity at the East African Portland cement for destruction. Unfortunately
the company changed from the wet process to the dry process.
Kenya produces significant quantities of bricks which are manufactured using tunnel type kilns,
lime, ceramics, and glass. There are also widespread asphalt mixing facilities. With the exception
of key manufacturing plants like Central Glass Industries that use modern technologies in their
production, the rest have systems that have no air pollution control leading to the generation of
high levels of dioxins and furans. In Kenya, it is estimated that a total of 1.5 million tons of raw
materials are fired for the production of mineral products that include cement, bricks, lime and
ceramics. This translates to an annual release of U-POPs to the air amounting to 0.15 g TEQ
(Table 6)
Table 6: Annual TEQ Values for Production of Mineral Products
tons/a
Production of Mineral Products
Wet kilns, ESP/FF temperature <200 °C and all types of dry kilns

g TEQ/a
Air

1,500,000

Brick, glass, lime, ceramics and asphalt mixing
TOTALS
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g TEQ/a
Residues

0.075

0.005

0.075

0.005

0.15

0.01
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It was estimated that the combined generation of U-POPs from the brick, glass, lime and asphalt
mixing industries would be approximately equal to that generated from cement manufacture.
4.2

Production of Pulp using Elemental Chlorine

Kenya has six paper mills all of which use waste paper as part of their raw materials. Pan African
Paper Mills (Panpaper) in Webuye is 53% State owned. The Birla Group of India and
International Finance Corporation hold the other 47%. The company has an investment of 7.4
billion Kenya shillings making it the biggest capital investment in Kenya. It has an installed
production capacity of 25,000 tonnes and is the only one that manufacturers paper from wood
pulp originating mainly from plantations. It utilizes elemental chlorine for bleaching which
makes it a potential producer of PCDDs and PCDFs. Chlorine is obtained from chlorine washer
tower as well as the caustic soda/chlorine generating plant. In this inventory, it was the only
paper manufacturer that was considered due to its use of elemental chlorine in its manufacturing
process.
Pulp and paper manufacturing utilizing elemental chlorine constitutes a major source of U-POPs.
It must be clarified however that the typical smell from the Kraft pulp mill observed at the PPM
is due to the presence of sulphur in the boiling liquor which is responsible for the generation of
hydrogen sulphides and methyl mercaptans (which are odorous at very low concentrations), as
well as methyl disulphide and sulphur dioxide gases. The point sources of these gases are as
follows:
 The blow tank vents of the batch digester plant;
 Seal tank vents of brown stock washing plant;
 Recovery boiler and lime mud re-burning kiln stack;
 Smelt dissolving tank vent stack;
 Vent from hot-well in evaporation plant;
 Vent from bleach(washers and bleach towers);
 Leakages from caustic soda/chlorine generating plant.
Apart from the odorous gases, particulate matter is emitted from the stacks of bark boilers,
recovery boilers, and lime –mud re-burning plant. Dust carried over in the flue gas from the
recovery boilers is collected in three electrostatic precipitators and introduced back into the
system.
It is thus difficult to pinpoint, within the factory complex, the actual stack that is the main source
that requires air pollution control. It is estimated that the pulp and paper industry releases 87% of
its total toxic emissions into the atmosphere and approximately 10% to water, while 2% is
precipitated and heaped on site. The accumulation of sludge and ashes is a particularly
worrisome problem for Webuye and a solution for sludge and ashes will need to be developed
The manufacture of paper may be broken down into three process stages




Pulp making;
Pulp processing;
Paper and paper board making.
Kenya National Inventory of POPs Under the Stockholm Convention
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Emissions of U-POPs into the environment may occur during the following processes:





Burning of lignin and black liquor to generate energy;
Burning of wood or bark to generate energy;
Discharge of untreated waste waters;
Bleaching to remove the residual lignin colour.

The bleaching process may be achieved using any of the following as bleaching agents:





Elemental chlorine: This utilizes chlorine (Cl2) and hypochlorite as the main bleaching
agents. Reactions between elemental chlorine, hypochlorite and lignin form compounds
including U-POPs;
Elemental chlorine-free bleaching: This utilizes chlorine dioxide (ClO2) as the main
bleaching agent;
Totally chlorine-free agents: This utilizes oxygen (O2), hydrogen peroxide (H2O2) or peracetic acid as the main bleaching agents. There is no production of U-POPs in this
process;
Bleaching of Mechanical pulps: This method, in contrast to the previous methods, utilizes
lignin saving methods instead of lignin removal methods. It is normally carried out in one
or two stages using sodium dithionate and H2O2. Unfortunately the bleaching effect is
not permanent and paper yellowing occurs with time. There is no production of U-POPs
in this process.

An extract summary of a case study on PCDD and PCDF production at Panpaper in given below.
The full report is given in Annex 4
Panafrican Paper Mills (E.A) Ltd., (Panpaper), is an integrated pulp and paper mill
producing bleached and unbleached sulphate pulp for manufacture of paper and paper
boards. The main cooking reagent is sodium hydroxide and sodium sulphide. Sodium
hydroxide is generated from the reaction between lime obtained by burning
limestone/lime sludge from the plant and sodium carbonate obtained from dissolving
smelt, a product of burnt black liquor (spent cooking liquor).
Depending on the amount of alkali used in the cooking and other cooking parameters
such as hold time at pressure and temperature two types of pulps are obtained. Soft pulp
and hard pulp. Only soft pulp is beached.
It is during bleaching at the elemental chlorine stage that comparatively high formation
and release of PCDD and PCDF, hexachlorobenzene (HCB) and polychlorinated
biphenyls (PCB) occur.

The Panpaper company has not been able to handle hazardous waste sufficiently, especially the
sludge. Hitherto the concern has been on the effluent treatment ponds. There is also great
concern that the complex is a major source of air pollution. The release and fate of dioxins and
furans has not been fully addressed by the company (Annex 4). It is expected that the annual
TEQ values reported in Table 7 would be higher than the estimated values if all possible sources
are taken into consideration.
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Table 7: Annual TEQ Values for Production of Chemicals and Consumer Goods
Source Categories

Production

Production of Chemicals, Consumer Goods
Pulp and paper mills
Bark boilers only
Pulp and paper
Kraft pulps/papers from primary fibres, Cl2
Recycling paper

tons/a

Annual release
G
g TEQ/a TEQ/a g TEQ/a
Air

25,000
25,000
100,000

All Main Sectors

Water

Products

0.01

0.01

g TEQ/a
Residues
25.00

6.00

0.20
1.00

6.00

1.20

25.00

The results in Table 7 show that pulp and paper production is the main generating source of UPOPs occurring mainly in residues. The rest are insignificant.
4.2.1 Thermal Processes in Metallurgical Industry : Ferrous and Non-Ferrous Metal
Production
Thermal process in the metallurgical industry, are not very highly developed in Kenya. Majority
of the establishments are involved in metal recycling utilizing low technologies which would
result in the release of high levels of U-POPs.
4.2.2 Secondary Copper Production
Kenya is not a major producer of copper. As such, the copper industry relies wholly on scrap.
Information obtained from The Ministry of Industry puts the estimated quantities and products
produced to be approximately 740 tons of bronze and brass per year. This scrap consists of pure
waste copper such as electrical materials and copper alloys scrap. The copper and copper based
alloys are used in manufacture of copper oxychloride (which is a fungicide in coffee and
horticultural farming), copper lightning arrestors, household electrical fittings, copper nuts and
bolts, bronze bushes, brass as well as gas burners. Kenya has a combined capacity to process
1,070 tonnes of copper and copper based alloys. The Kenya Power and Lighting Company is a
major generator of copper scrap, so is Telkom (K) Ltd. As summarized in Table 8a, the smelting
of copper based alloys releases to the air 0.32 g TEQ annually due to the low technology used in
the smelting plants.
Table 8a: Annual TEQ Values for Products manufactured From Copper Scrap
Source Categories

Production
Tons/a

Smelting and casting of Cu/Cu alloys

1,070

TOTAL

1,070

Comments

Annual release
g TEQ/a (air)

Production found to
be in this category
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4.2.3 Sinter Plants in the Iron and Steel Industry
The raw materials used in the production of iron and steel products are scrap metal, billets, hot
rolled coils, wire rods etc. Apart from scrap metal, which is sourced locally, most of these
materials are imported from Zimbabwe, Japan, Belgium and South Africa. The iron and steel
industry in Kenya can be classified into four categories depending on the products manufactured.
These are;


Steel making and hot rolling;



Wire and wire products;



Galvanised and cold rolling steel coils;



Pipe manufacture and castings.

The major products under the steel making and hot rolling process are pencil ingots, billets, wire
rods, round section channels and reinforcing bars. The manufacture of these products as well as
galvanising and repainting are associated with heating in chlorine environment.
The major companies involved in the production of these items are:
 ROLMILC (Kenya) Ltd;
 EMCO Steel Works;
 City Engineering Works Ltd;
 Kenya United Steel Company;
 Steel Billet Castings Ltd.
It is estimated that the total rolling capacity in the country is 500,000 tones per year, while the
smelting capacity is about 95,500 tonnes. The products manufactured from galvanising include
galvanised corrugated iron sheets, steel drums and window louvers. The two cold rolling plants
with installed capacity of 204,000 tonnes per annum namely Mabati Rolling Mills Ltd and
Standard Rolling Mills in Mombasa were not considered in this inventory because they are of
course not thermal and are thus not amenable to release U-POPs. The galvanised iron sheets are
estimated to have peaked at 75,249 tonnes in 1994. Information gathered in this inventory shows
that one of the biggest problems of the steel industry was power interruption leading to
production of U-POPs via de novo synthesis, as the systems cool down. However, the industries
are all under-utilised and have a limited source of scrap metal. This means that there is no
likelihood of scrap metal accumulating in Kenya. There was also a scarcity of specialised steel
technologists and metallurgists. Various classes of foundries employing different manufacturing
methods are operational in the country and contribute to the production of U-POPs as
summarized in Table 8b. Most of the methods employ no air pollution control facilities, and
where available, the controls are very minimal.
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Table 8b: Annual TEQ Values for Iron and Steel Production

Source Categories

Production
tons/a

Comments

Annual release
g TEQ/a
g TEQ/a
(air)
(residues

Iron and steel plants

Dirty scrap, scrap preheating, limited controls
TOTAL

Old
technology
95,000 used
95,000

0.95
0.95

1.43
1.43

With the introduction of BAT and BEPs, the following measures are proposed:
 Increase both the quality and quantity of iron available in the country;
 Upgrade and rehabilitate most of the existing plants in terms of plant equipment as well as
technology used in production;
 Upgrade the level of skills of the workers.
4.2.4 Secondary Aluminum Production
The Non ferrous metal sector relies on locally sourced scrap as the main source of its raw
materials. Limited scrap and ingots are imported to supplement stocks. There are some 40 nonferrous scrap dealers and scrap smelters in the country with a total installed capacity of 10,000
tonnes per year. Because of its diversity, it was found prudent to divide the sector into three
categories in order to meet Annex C categories of the convention. These are:
(i)

Factories using scrap as raw materials to produce sheet metal. These are Kalu-works,
Rolling Mills Ltd and Narcol Rolling Mills;

(ii)

Factories using scrap as the raw material to produce coatings e.g. Kens Metal Ltd and
Ribbon Ltd;

(iii)

Factories using scrap and ingots to produce wire products e.g. Aluminium Extrudes and
Booth Manufacturers.

Aluminium scrap is the most commonly used non-ferrous scrap in the country. The main
generator of aluminium scrap in Kenya is the Kenya Power and Lighting Company. Most scrap
is in the form of aluminium wire. Other types of scrap include aluminium cylinder head blocks
from motor vehicles, aluminium section and extrusions from automobiles, and discarded
aluminium products.
Processing facilities in Kenya have a combined capacity of 4,340 tones per year. These generate
and emit U-POPs to the annual of 0.651g TEQ to the air while the residue contains 1.736g TEQ
(Table 8c). Low technology used in the processing of the scrap

Kenya National Inventory of POPs Under the Stockholm Convention

20

Table 8c: Annual TEQ Values for Aluminium Production
Source Categories

Production Comments
tons/a

Annual release
g TEQ/a
g TEQ/a
(air)
(residues)

Processing scrap Al, minimal treatment of
inputs, simple dust removal

Majority of
production
4,340
found to be in
this category

0.651

1.736

TOTAL

4,340

0.651

1.736

4.2.5 Secondary Zinc Production
There are two types of zinc scrap found in Kenya:
(i)
Zinc ash;
(ii)
Zinc dross.
However, there is no technology in the country to re-process this scrap therefore the zinc waste
is exported. It was reported that Mabati Rolling mills exports its Zinc dross to South Africa
while Wire Products sends it to India. It was not possible to quantify the zinc used in the
galvanizing industry and the subsequent estimation of the levels of U-POPs generated.
4.2.6 Lead Production
Associated Battery Manufacturers is the only company that recycles used automobile batteries.
After extraction of the lead, the PVC casings are sent to plastic recycling companies for reuse.
The main area of concern was found to be in the actual lead reclamation process. Minimum air
pollution control facilities were in use. However the company reported that it had initiated plans
to improve the efficiency of its manufacturing processes including the installation of air pollution
control facilities. The company handles approximately 1000 tons of lead per annum. This would
generate U-POPs to the air to the tune of 0.08g TEQ annually (Table 8d).
Table 8d: Annual TEQ Values for Lead Production
Production Comments
tons/a

Source Categories

Annual release
g TEQ/a (air)

Sec. lead from scrap, PVC battery separators

Only one Lead production
1,000 facility was recorded, Informal
sector not quantified

0.080

TOTAL

1000

0.080
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4.2.7 Other Non Ferrous Metals Production
There are various other non-ferrous metal production facilities manufacturing brass and bronze.
These are facilities carrying out thermal non-ferrous metal production. Thermal wire reclamation
is of major concern. Burning of cables to reclaim copper is widespread in the informal sector. It
is notable that old technologies are primarily being used. These employ minimal air pollution
control if any at all. It was however not possible to quantify annual releases of U-POPs since
adequate data were not available.
Comparison of the overall results for the U-POPs production from both ferrous and non-ferrous
metal processing (Table 8e) shows that the iron and steel industry and aluminium products
production are the two major sources where air pollution control systems need to be installed.
These together account for over 90% of the annual TEQ emissions to the air (Fig 2).
Table 8e: Annual TEQ Values for Ferrous and Non ferrous metal production
Source Categories

Production Comments
tons/a

Iron and steel plants
Dirty scrap, scrap preheating, limited controls

Annual release
g TEQ/a g TEQ/a
(air)
(residues)

95,000 Old technology used

0.950

Production found to
1,070 be in this category

0.030

1.425

Copper production

Smelting and casting of Cu/Cu alloys
Aluminium production (all sec.)
Processing scrap Al, minimal treatment of
inputs, simple dust removal

4,340 Production found to
be in this category

0.651

1.736

Lead production

Sec. lead from scrap, PVC battery separators

Only one Lead
production facility
1,000 was recorded,
Informal sector not
quantified

0.080

Brass and bronze production

Simple melting furnaces
TOTAL

Production not
quantified:
Information from
Kenya Railways
used in assessing
technology level

0.000
1.711
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Lead
production
2%
Iron and Steel
production
48%
Aluminium
Production
(all sec.)
49%
Copper
Production
1%

Figure 2: Comparison of Contribution of the Ferrous and Non Ferrous Metal Processing in
the Production of U-POPs
The Stockholm Convention emphasizes the need to adopt measures that minimize the
unintentional production of dioxins and furans with the aim of their ultimate elimination.
This may entail among other things:
(i)
(ii)

Changing the manufacturing technologies;
Changing of feed materials.

The inventory established several key areas that need to be addressed in order to achieve these
objectives. These are summarized in Table 8f
Table 8f: Key Areas Identified for Control of U-POPs Emissions
Production Category
Incineration
 Medical
 Municipal waste

Production of mineral
products
 Cement
 Lime
 Brick
 Glass
 Ceramics
 asphalt mixing
Production of
Chemicals and
Consumer goods.

Key areas of Concern
 Average to low Air pollution
control employed
 PVC containing wastes
 Possible chlorine containing
fuel used where applicable
 Low efficiency of Incinerators
 Chlorine containing fuel
possibly used
 Air pollution control
equipment not installed
 Inefficient operation of
facilities




Use of elemental Chlorine for
bleaching
Poor handling of sludge

Action points
 Where available, its
proper maintenance
 Use of ‘clean’ fuel
 Efficient running of the
facilities to ensure proper
combustion takes place
 Use of ‘clean’ fuel
 Installation of air pollution
control equipment
 Proper cleaning of flue
gases
 Efficient running of the
facilities to ensure proper
combustion takes place
 Adoption of technologies
that do not use elemental
chlorine for bleaching
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Production Category
 Paper and pulp

Key areas of Concern



Ferrous and non
ferrous metal
production
 Iron and steel
 Copper
 Brass
 Bronze
 Aluminium
 Lead

4.3

Low level technologies used
especially in the informal
sector

Action points
 Proper sludge and waste
management practices to
be adopted
 Adoption of modern
technologies. This may
require adopting
mechanisms that will only
allow production to be
carried out in well
managed establishments
utilizing these
technologies

Results of the Estimates of U-POPs Releases From Sources – Stockholm Convention
Annex C Part III that Promote BATs and BEPs

It has been established that, the wastes generated in Kenya come from both domestic and
commercial sources. The inventory indicated that many of the facilities generating both
hazardous and non hazardous waste use open burning as the mode of waste disposal. In the City
of Nairobi for example, the City Council employees after sweeping will often burn them.
Households also practice open burning although in a majority of cases, composting is done.
It was also observed that there was no sanitary land filling in Kenya and nearly all local
authorities use dumping as a method of disposal which is often followed by open burning. It can
therefore be concluded that;
(i)
Open burning is the second most prevalent method of disposal after dumping, for
example, at Kangoki in Thika Municipality;
(ii)

Many enterprises practice open burning at certain corners with crude burners as the
available disposal method;

(iii)

There is no legal requirement against open burning.

Open burning is the single most important source of dioxins and furans to Kenyans.
4.3.1 Residential Burning
Heating and cooking in residential households with biomass is common practice in Kenya. It has
been shown that significant levels of dioxins and furans are released from residential combustion
sources as a result of incomplete combustion and use of fuel that contains carbon and chlorine in
any form, especially biomass and fossil fuel. It was found that over 74% of the people in the
rural areas rely on biomass energy for cooking and heating. Wood fuel provides the bulk of total
primary energy (about 70%) and meets 93% of the rural household energy requirements (Kituyi
et al 2001)
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Agricultural and forest wastes are also used as fuel. Briquetting is used by the Kenya Planters
Cooperative Union (KPCU) where 2500 tons of briquetted charcoal is produced annually from
coffee husks.
Livestock (cattle, sheep, goats, donkeys) waste produces substantial quantities of methane, in
most areas with high potential for agriculture, especially where farmers practice zero grazing.
Unfortunately, in this inventory, methane production could not be quantified.
In many urban areas, sawdust is used as fuel and so are plastics. In all these cases, 90% is on the
traditional 3 stone fireplace designs and not the conventional jiko (Kituyi et al 2001 a,b)
4.3.2 Open Burning of Waste
Uncontrolled combustion of waste generates high levels of U-POPs as compared to the other
categories. Figure 3 compares the source quantities of U-POPs from various categories in the
United States of America. This figure shows that municipal waste combustion and landfill fires
are ranked highest.

Figure 3: Comparison of Contributions of Different Sources of U-POPs in USA
Sources of U-POPs under this category include open burning and domestic biofuel combustion
(Kituyi et al 2001 ab) for cooking and room heating as well as burning of landfill sites. Presence
of large quantities of plastics in municipal wastes is a major cause for concern. Open burning of
this type of waste could lead to the generation of significant amounts of U-POPs as shown in
Figure 3. The survey established that the Dandora damp site handles 803,000 tons of waste per
year while Mombasa, Nakuru and Kisumu dispose of 1.124 million tons through open burning.
Combining with other towns countrywide, it is estimated that a total of 5.26 million tons of waste
are disposed of through open burning leading to the emission of U-POPs to the level of 2155g
TEQ into the air (Table 9).
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The following conclusions can be drawn from the above observations:
(i)

Open burning is the second most prevalent method of solid waste disposal an
example being the Kangoki site in Thika Municipality.

(ii)

Many enterprises practice open burning at certain locations with crude burners. These
enterprises consider this as the environmentally sound disposal method.

(iii)

There is currently no legal requirement against open burning.

(iv)

That open burning is the single most important source of dioxins and furans in Kenya.

Figure 4: Kenyatta National Hospital Open Dumpsite
Figure 5: Kenyatta National Hospital Open Dumpsite on Fire

Picture by Rachel Wambui
Picture by Rachel Wambui

Figure 4: Kenyatta National Hospital

Figure 6: Kenyatta National Hospital Open

Open Dumpsite

Dumpsite on Fire

(v)

All the main health institutions either have their own incinerators or hire the services
of one. In addition however some of the institutions are involved in open air burning.
For instance, Kenyatta National Hospital (KNH), the biggest hospital in Kenya burns
some of its waste in an open pit in front of the incinerator (Figures 4 and 5).
Polythene bags and plastics, including PVC items, make up approximately 225 tonnes
of the solid waste generated daily in Nairobi.

(vi)

Open burning of Municipal waste is widely used by the residents of Nairobi, as a
means of disposing solid waste. In a survey of two blocks’ area around Pumwani in
Eastlands, Nairobi, eight small open air waste burning sites were counted, all of
which had assorted plastics.

(vii)

The level of public awareness on the adverse effects of waste burning activities is
very low. A majority of the study’s respondents could not link any ill-health to waste
burning activities.
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(viii)

The Dandora dumpsite constitutes the most prominent, and challenging,
manifestation of problems arising out of the waste-burning pattern practice in
Nairobi.

(ix)

The level of waste recovery, reuse and recycling is grossly inadequate.

(x)

The legal framework regulating waste burning activities is very weak.

(xi)

The Nairobi City Council lacks the capacity to manage the waste generated in the city
effectively.

4.3.2.1 Findings about Plastics
Presence of plastics in municipal waste is the major contributor to the generation of dioxins and
furans during the burning process. Several meetings bringing together the various stakeholders
in the plastics industry have been held in the country to try and address the plastics problem.
Some of the meetings held so far include:
(i) September 1998, Kenya Association Manufacturers (KAM) and the Institute of
Packaging organized a stakeholders’ symposium to sensitize the stakeholders in the
plastics industry on the need for proper management of this non-biodegradable product.
During this symposium, a special taskforce was formed to spearhead the efforts of plastic
waste management, with government giving the lead.
(ii) April 2003, KAM revived the discussions with the ministry of Environment who directed
the matter to NEMA.
(iii) 26Th May 2003, a stakeholders meeting was held comprising representatives of the
industry and other interest groups (these included plastics’ manufacturers, users,
collectors and recyclers, local authorities, public health officers and environmental
interest groups) to develop guidelines, by-laws and mechanisms for the management of
plastics’ waste. A joint statement was issued to all leading media houses to inform the
Kenyan public on the resolutions.
Some of the findings of these consultative meetings revealed that:
(i) According to KAM, consumers and end users are the ones who cause environmental
pollution from plastics;
(ii) Not all plastics emanate from the local industry some are imported;
(iii) The plastics sector currently constitutes approximately 150 industries, and has an annual
growth rate of 6%;
(iv) Currently, there are about 17 firms that recycle plastics locally.
Plastics contribute 28% of all cadmium found in municipal solid waste and approximately 32%
of all lead; substances that are highly toxic to humans and the environment in general.
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Table 9: Annual TEQ Values FOR Uncontrolled Combustion Processes
Source Categories

Production

Comments

tons/a

g TEQ/a

Uncontrolled Combustion Processes

Air

Fires/burnings – biomass
Fires, waste burning, landfill fires, industrial
fires, accidental fires
Landfill fires

Not Quantified

2,125,186

Accidental fires in houses, factories (per event)

Annual release

2125.186
Not quantified

Uncontrolled domestic waste burning

Not quantified

Accidental fires in vehicles (per vehicle)

Not quantified

Uncontrolled Combustion Processes

2125.186

Note: Dandora in Nairobi receives 803000 tones of waste annually. It’s estimated that 60% is burnt in the open, the rest scavenged or composted.
Projecting this to the other urban centres using the 1999 census statistics, total waste burnt countrywide is appx. 2125286 tons

The results indicate that landfill fires are a major source of U-POPs in this category, the air being
the main recipient.
4.4

Fossil Fuel Combustion in Domestic heating, Automobiles and Power Generation

Fossil fuel is used for domestic heating in the following forms.


Liquefied petroleum gas (LPG): Approximately 32,200 tons were consumed in Kenya in
1999.



Paraffin: Approximately 406.800 tonnes were consumed in Kenya in 1999 (although this was
both for power generation and domestic cooking).

In many cases this is considered as the cleaner way of combustion in gas cookers and cookers
adapted to paraffin use. There are very few cases of central heating hence the use of extensive
boiler furnaces is almost non-existent.
4.4.1 Fossil-Fuelled Utility and Industrial Boilers
Industrial boilers burning fossil fuels are identified by their heat transfer method. These methods
include water tube, fire tube, and cast iron. Water tube boilers are designed to pass water through
the inside of heat transfer tubes while the outside of the tubes is heated by direct contact with the
hot combustion gases. Industrial water tube boilers can burn coal, oil, or natural gas. In fire tube
boilers, the hot gas flows through the tubes and the water being heated circulates outside of the
tubes. Most installed fire tube boilers burn oil or gas. In cast iron boilers, the hot gas is contained
inside the tubes and the water being heated also circulates outside the tubes.
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4.4.2 Sources of Unintentionally Produced POPs in Fossil-Fuelled Utilities
As illustrated in Fig 5.5, some dioxins and furans form and are destroyed (i.e. oxidized) in the
burner flames of combustion chambers. Most of the chlorinated precursor compounds, which
originate in the fuel and/or waste, volatilize and move with the gas stream through the
combustion process until they reach the temperature range favourable for dioxin and furan
formation (200 to 500°C). A small percentage of dioxins and furans can form in boilers where
the economizers and heat exchange equipment are located. Since most dioxins and furans tend to
form in control devices, gas streams leaving combustion processes should be cooled to
temperatures below 200°C.

Figure 7: Formation and destruction of Dioxins and Furans in Boilers
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Combustion studies indicate that both dioxin and furan compounds are destroyed when the gas
temperatures exceeds approximately 1000°C. In fact, oxidation of these compounds is completed
at lower temperatures than some other forms of partially oxidized compounds as indicated in
Figure 6. These temperatures usually exist in the combustion zones of incinerators and fossilfuel-fired boilers.
Petroleum fuel constitutes about 22% of the total primary energy consumed (Central Bureau of
Statistics, 2003). Domestic demand for petroleum products increased from 2,199,100 tonnes in
1998 to 2,311,600 in 1999. Figure 7 shows the lubricant sales in Kenya in 2001. Table 10 shows
petroleum supply and demand balance, 1995-1999 (000 tonnes) for uses related to fossil-fuelled
utilities and industrial boilers for 1998.
Lubricant sales in Kenya by sector – 2001
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– Lubricant sales in Kenya amounted to 30,705 kiloliters
– Potentially available used oil (12,282 kiloliters)
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Figure 8: Lubricant Sales in Kenya By sectors - 2001
Table 10: Demand for Petroleum Products in Kenya
Fuel Type
Liquefied Petroleum gas
Motor spirit

1998 (000) tonnes
31.3
395.8

Aviation split

3.2

Jet/Turbo fuel

419.4

Illuminating Kerosene

318.2

Light diesel oil

607.5

Heavy diesel oil

26.4

Fuel oil

397.3

Total

2,198.8
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Eliminating uses of transport (air, road), the fuel which is considered under the category of
fossil-fuelled utility and industrial boilers, can be summarised in Table 11
Table 11: Fuel Consumption for Fossil Fuel fired Utilities and Industrial Boilers in Kenya
Fuel

1998 (000) tonnes

Light Diesel Oil

607.5

Heavy Diesel oil

26.4

Fuel oil

397.3

Total Used

1,030.8

The key utilities using fossil fuel with potential to generate U-POPs include agro-based
industries such as tea processing factories and sugar mills as well as breweries and thermal
power stations. Some of the key industries are listed in Table 12:
Table 12: Some Key Facilities Utilizing Fossil Fuels
Mineral Products Production

Annual Consumption tones Fuel Oil

Cement Manufacture

175,000

Lime Production

150,000

Soda Ash Production (Magadi)

13,888

Agro-based Industries
Sugar production

N/A

Tea factories

N/A

N/A – Not available

4.4.3 Power Generation
The other major user of diesel is in power generation. It was not possible to do an inventory on
the privately owned power generating plants. Power generating stations under Kenya Power and
Lighting Company using fossil fuels are shown in Table 13
Table 13: Kenya Power and Lighting Company Power Generating Stations
Power Plant

Fuel Type

Specific Consumption

Kipevu Steam

HFO

0.35

Kipevu/Diesel

HFO

0.19

Kipevu II (Tsavo)

HFO

0.219

Kipevu Gas Turbines

IDO/Kerosene

0.32

Nairobi GT (Fiat)

AGO

0.42

Ibera Africa (Nigala & Wartsilla)

HFO

0.252

West mont GT

Kerosene/gas

0.27

Isolated Diesel Plants

HFO

0.29

Source: KPLC HFO-Heavy Fuel Oil; IDO-Industrial Diesel Oil, AGO-Automotive Gas Oil
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The survey established that there are 650,000 moving vehicles in the country. The combined
domestic heating, automotive combustion and power generation activities altogether use a total
of 4 million metric tons of fossil fuels per year and generate U-POPs to various levels as
indicated in Tables 14 and 15
Table 14: Annual TEQ Values for Power Generation and Heating/Cooking
Source Categories

Production
Tetra J/a

Comments/user point

Power Generation and
Heating/Cooking

Annual release
g TEQ/a g TEQ/a
Air
Residues

Fossil fuel power plants
Fossil fuel/waste co-fired power boilers
Heavy fuel fired power boilers
Light fuel oil/natural gas fired power
boilers

17,071,000

597.485

1,144,000

2.860

276,000 Ibera Africa and others

0.138

Biomass Power Plants

1. Other biomass fired power boilers

Quantities from Mumias ,
Agro chemicals and others
not available

2. Wood fired power boilers

Quantified used not
available

Landfill and biogas combustion
Biogas-fired boilers, motors/turbines
and flaring

Quantities used at Agro
Chemicals not available

Household heating and cooking Biomass
Virgin wood/biomass fired stoves

565,200

56.520

13,992,000

139.920

11.3

Domestic heating - Fossil fuels
Oil fired stoves
Natural gas fired stoves
Total

1,472,000

2.208
799.131

11.3

The results in Table 14 show that power generation and heating/cooking generate the highest
level of U-POPs in this category, mainly to the air, the major contributor being fossil fuel/waste
oil co-fired boilers which generates 597g TEQ per annum.
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By comparison, the results in Table 15 show that the major problem with the transport sector is
the continued use of leaded fuel which is the main contributor of U-POPs in this category
generating 728g TEQ per annum.
Table 15: Annual TEQ Values for the Transport Sector
Source Categories

Consumption
tons/a *

4-Stroke engines
Leaded fuel
Unleaded fuel without catalyst

2-Stroke engines

329,310,000 Assumed that 90% of total fuel used is
Leaded
39,590,000 Assumed that 10% of total fuel used is
Unleaded. Catalysts not working because of
having used leaded fuel
Quantities considered under general fuel
consumption leaded and unleaded fuel
combustion

Annual release
g TEQ/a
Air
724.482
3.959

Estimation considered under power
generation

Diesel engines
Heavy oil fired engines

Estimation considered under power
generation

All types
Transport

4.5

Comments

728.441

Disposal/Landfill

4.5.1 Waste Oil Disposal
Waste oil can be considered to comprise waste oil from business premises (waste cooking oil
from business premises, fat etc) and oils (mostly lubricating) from cars and other automotives.
These two are categorically different mainly because of their origin. Estimation of the actual
quantities of waste oil generated is difficult because of its processing/use in the informal sector.
The inventory only addressed the quantities determined from the formal sector (Table 16).
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Table 16: Annual Quantity of Used Oil Generated in Kenya
Approximate quantities of used oil generated in Kenya (‘000 Liters)
Nairobi

Mombasa

Kisumu

Eldoret

Nakuru

Mt.
Kenya

Total

Retail Outlets

4,166

1,250

667

500

500

1,250

8,332

Distributors

4,520

753

1,507

0

753

0

7,534

Commercial

3,623

1,610

1,208

805

805

0

8,052

Manufacturing

3,785

1,262

946

0

315

0

6,309

0

478

0

0

0

0

478

16,095

5,353

4,328

1,305

2,374

1,250

30,705

6,438

2,141

1,731

522

950

500

12,282

537

178

144

44

79

42

1,024

SECTOR

Bunkers
SALES
Approximate
quantity of used
oil potentially
available annually
Average used oil
generated
monthly

Nutek Solutions Ltd.

POPs workshop 06-16-2004.ppt
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The survey established that at the East African Marine Environmental Company, the annual
operational capacity is 13,000 tons. There is also another facility at Kikuyu, Optimum
Lubricants Refinery, which recycles waste oil. Both facilities have similar operational capacity.
One of the contentious issues when the Kikuyu factory was being estamblished in 1986 was the
disposal of sludge (Figure 8 and 9).

Nutek Solutions Ltd.

POPs workshop 06-16-2004.ppt
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Figure 9: Acid Sludge at Optimum Lubricants Refinery
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POPs workshop 06-16-2004.ppt
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Figure 10: Optimum Oil Refinery Oil Collection Facility
The estimated amount of sludge from the two facilities would be in the tune of 16 tons per
annum. Non-thermal treatment of waste oil does not lead to any generation of dioxins and furans.
Contamination and exposure to humans would thus arise from improper handling of the waste
oil, spills and improper disposal. Site specific inspection would need to be done in order to
establish exposure pathways.
4.5.2 Landfill Leachate
Quantification for this sector was not carried out. However it was noted that the sewage works in
the country mix both industrial and domestic waste.
4.6

Miscellaneous Sources of U-POPs

4.6.1 Crematoria
The major crematorium in the country which handles considerable quantities of hazardous waste
is operated by Nairobi City Council and is situated at Langata. The crematorium handles on
average 7.28 tons per annum. It can be estimated that crematoria in the rest of the country handle
would handle volumes just slightly higher than this, approximately 10 tonnes. No adequate air
pollution control mechanisms were found to be in place. In cases where the bodies were
cremated whilst having PVC containing articles on them, it would be expected that the
production levels of dioxins and furans would be higher than those estimated in Table 17
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Table 17: Annual TEQ Values for Crematoria
Source Categories

Production
tons/a

Crematoria
No APC system
TOTAL

Annual release
g TEQ/a
Air
0.0017
0.0017

17
17

It was also noted that some of the crematoria should be categorized as open burners as the
burning is done in the open and temperatures attained are low. This leads to an even higher
generation of dioxins and furans.
4.6.2 Disposal of Animal Carcasses and Animal Waste
The survey established that for most slaughterhouses, condemned meat is disposed of in pits and
the substances include liver and other body organs as well as condemned whole carcasses. Data
for 5 slaughterhouses in Nairobi indicate that a total of 2100 animals are slaughtered weekly and
for every 300 animals, 25 kg of solid waste is generated. This amounts to 9.10 tons of solid
waste generated annually in Nairobi alone (Wanjiru, 2002). Taking the composition in the other
major urban centres of Mombasa at 70%, and Nakuru, Kisumu and Eldoret at 50% of the Nairobi
figures, we estimate a combined total of 20.35 tons of solid waste to be generated.
Farmers Choice Ltd is the major producer of bacon and pig products. Its condemned meat is
disposed through an open burning furnace on site. It was estimated that 0.05 tons are disposed of
this way per day which amounts to 5 tons in a month or 60 tons a year giving an annual U-POPs
release value of 0.03g TEQ (Table 18). Organic waste is usually composted.
Table 18: Annual TEQ Values for Waste Incineration/Burning of Animal Carcasses
Source Categories

Production 4.6.2.1.1

Co

Annual release

mm
ents
tons/a

g TEQ/a
Air

Animal carcasses burning
Data from Farmers

Old furnaces, batch, no/little APCS

60 Choice

0.03

TOTAL

60

0.03

4.6.3 Tobacco Smoking.
Cigarette and cigar combustion/smoking is a thermal process and thus has the capability of
generating U-POPs. There are two main cigarette manufacturers, British American Tobacco and
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Mastermind. The total consumption of cigarettes is estimated to be around 1,000,000,000 sticks a
year. The current debate relating to the consumption of cigarettes is likely to affect the
production of U-POPs from this category. Reduction in advertising and other efforts geared
towards reducing cigarette consumption may lead to a reduction in the levels of U-POPs,
although this reduction may be countered by the annual parallel increase in consumer population.
It was noted that cigar smoking in Kenya is insignificant compared to cigarette smoking hence
estimation of U-POPs emission was based on the number of cigarettes smoked and the result is
depicted in Table 19
Table 19: Annual TEQ Values for Tobacco Smoking
Source Categories
Tobacco smoking
Cigarette (per item)

Production
sticks/a

Annual release
g TEQ/a (air)

1,000,000,000

0.0001

Under the miscellaneous category the combined TEQ results (Table20) show that the most
significant source of U-POPs is the crematorium, whose level is 10 times higher than that
contributed by cigarette smoking in Kenya.
Table 20: Annual TEQ for Miscellaneous Sources of U-POPs
Source Categories
Miscellaneous
Crematoria
No control
Optimal control
Tobacco smoking *
Cigarette (per item)

Production
tons/sticks per annum

Annual release
g TEQ/a
Air

10
7

0.001
0.000

1,000,000,000

0.0001

Miscellaneous Total
4.7

0.001

Outcome of the inventory

The summary of the preliminary results of the inventory in Table 21 shows that the main
significant sources of emissions of U-POPs in Kenya are:
 Medical waste incineration;
 Fossil fuel combustion;
 Biomass and Municipal Waste burning;
 Pulp and Paper Production (main contributor in the Category 7).
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Table 21: Summary of Preliminary Inventory Results
Source Categories
Cat.
1 Waste Incineration
2 Ferrous and Non-Ferrous Metal Production
3 Power Generation and Heating
4 Production of Mineral Products
5 Transportation
6 Uncontrolled Combustion Processes
7 Production of Chemicals and Consumer Goods*
8 Miscellaneous
9 Disposal/Landfilling
10 Identification of Potential Hot-Spots
1-9 Total

Annual Releases (g TEQ/a)
Air
Water Products Residue
7494.59
0.00
0.00
160.90
1.71
0.00
0.00
3.20
0.00
799.13
0.00
0.00
0.08
0.00
0.00
0.00
0.00
728.44
0.00
0.00
2125.19
0.00
0.00
0.00
0.01
6.00
1.20
25.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9621.50

1533.60

1.20

189.00

* major contributor is the pulp and paper production

Figures 8 (a), (b) and (c) show comparisons of U-POPs generated by waste incineration (relative
to the other categories) into the different ecosystems, air, water and land, in the environment.
Very small values in the different categories are not included.
It was noted in the survey that there were significant efforts in place to control discharge of UPOPs to water and land. It was however established that the level of understanding of the
management of incinerators by the operators was generally low. Further it was established that
there are no adequate facilities such as laboratories and equipment for the analysis and
monitoring of U-POPs in Kenya.
4.8

Proposed Management Interventions of U-POPs

4.8.1 Incineration
There are two major mechanisms for formation of dioxins and furans during incineration of
wastes:
 Formation of dioxins and furans in presence of chlorinated precursors by a homogenous
gas phase reaction at temperatures between 300 and 800oC;
 De novo synthesis, which involves formation of dioxins and furans during cooling of the
exhaust gas under the following conditions:
- Temperature range between 200 and 500oC, and adequate residence time in this
temperature range;
- Presence of chlorine source;
- Presence of oxygen (air) in the exhaust gas;
- Presence of dust containing catalysts such as heavy metals and carbon.
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Uncontrolled
combustion process

(a) Air

Waste Incineration

Transportation

(b) Water

Power Generation
and heating

(c) Residues to Land

Ferrous and
Non-Ferrous
Metal Production

Production of
Chemicals and
consumer goods

Waste Incineration

Figure 11: Comparison U-POPs Contribution to the Air by Different Categories
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The survey established that most medical waste incinerators in Kenya operate at temperatures of
up to 900oC, but due to the low level of training, it is unlikely that the incinerators operate under
ideal conditions. Hence, it is likely that the level of U-POPs formation from medical waste
incinerators is high. Most of these incinerators are batch type, hence under the de novo
synthesis; it is likely that the level of U-POPs formation is high. It is therefore proposed training
on incineration process be strengthened.
4.8.2 Medical waste
The nature and amount of the different waste fractions should be characterized for purposes of
proper disposal practices. The common categories of medical wastes are,
(i) Infectious materials;
(ii) Chemical and pharmaceutical waste including cytotoxic drugs (antineoplastics);
(iii)
Anatomical and pathological waste;
(iv) Sharps and radioactive waste;
(v)
Others: (glass, paper, packaging material).
Incineration is the current method of choice for destruction of medical waste. The Ministry of
Health has invested large sums of money in the purchase of incinerators for the management of
these wastes, probably because of the highly sensitive nature of the wastes and potential health
implications of its poor management. Until such a time that other waste disposal methods that
would meet the stringent medical waste disposal requirements with social approval are in place,
incineration will continue being the method of choice. In this regard, the most appropriate
management interventions to:
(i) Enforce the existing rules of handling waste;
(ii) Provide for proper documentation and control of the waste disposal;
(iii)
Ensure that the personnel handling the waste wear protective clothing (gloves,
shoes) during collection, transportation and storage. This will reduce exposure;
(iv) Establish of standards/guidelines for incinerators;
(v)
Train all personnel who handle waste on:
 Management of the risks associated with medical waste;
 Classification and codes of the different waste fractions and their
classification criteria be standardized countrywide;
 Illustration of the waste management from generation to disposal
responsibilities;
 Effects of mistakes and mismanagement on health risks be advertised
to create public awareness.
Key areas that need attention in relation to the Stockholm convention include;
(i) Installation of air pollution control equipments. This would lead to a minimization
of the levels of U-POPs emitted;
(ii) Efficient management of the facilities to ensure that they run at proper operating
conditions which will also assist in minimizing the production of U-POPs;
(iii) Feed materials especially fuels containing chlorine have to be avoided;
(iv) Alternative disposal methods for non-contaminated PVC articles should be
encouraged as opposed to incineration.
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4.8.3 Cement Kilns
The survey established that hazardous wastes or waste oil are not used as fuel for firing cement
kilns. Therefore the major source of U-POPs in cement kilns would be the raw materials and
fuel oil. The key management option would involve:
(i) Control and monitoring of flue gas emissions;
(ii) Ensuring the fuels used are chlorine-free and where necessary alternative feed
materials should be used.
4.8.4 Biomass and Municipal Waste Burning
The survey established that the major method of disposal is by landfill and subsequent open
burning. One problem is that the municipal waste is not sorted out into different types. The
management options for control of waste burning are:
(i)
(ii)
(iii)
(iv)

(v)

Waste reduction at source;
Compostable/natural packaging;
Packaging reduction;
Separation at source and at landfill sites into:
 Compostables,
 Reusables,
 Recyclables;
Proper management of the waste disposal sites.

Reduction and probable control of the use of plastics as a packaging material by introduction of
levy on use of polythene bags to act as a disincentive:
(i)
(ii)
(iii)
(iv)
(v)

Control the burning processes to minimize un-burnt carbon;
Construct special facilities for incineration;
Compost agricultural waste for use as fertilizer (manure);
Create public awareness programs on handling of waste;
Enforcement of the polluter-pays principle.

Recent increase in fire accidents involving informal settlements is an area of increasing concern.
The composition of household materials is such that these fires are bound to generate U-POPs.
Mechanisms to minimize the damaging effects of these fires need to be developed. If the fires are
arrested quickly, then in turn the levels of U-POPs produced in the combustion process are
minimized.
4.8.5 Hazardous Waste and Crematoria
The following management intervention options are proposed:
 Proper handling of the hazardous waste should be enforced. This includes identification,
categorizing and appropriate labelling;
 Install mechanisms to ensure that only qualified personnel are allowed to handle and
dispose of hazardous waste;
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Train personnel on the proper handling of crematoria.

4.8.6 Disposal of Animal Carcasses
The survey established that the major method of disposal is by burial. Appropriate management
options include:
 Enforce the regulatory measures governing the disposal of animal carcasses and wastes
by burial;
 Use of incineration should be considered provided the incinerators are properly managed.
An example of this practice is at Farmers Choice Ltd.
4.8.7 Waste Oil Disposal
The survey established that the main source of U-POPs is sludge. Management options for waste
oil disposal include:
 Wise use of used oil
 Management of sludge disposal
 Enforcement of regulations governing the disposal of waste oil sludge
 Ensuring escaped waste oil does not escape into the environment
4.8.8 Pulp and Paper Production
The survey established that the major sources of U-POPs are emission to water from pulp
breaching, and preparation of bleaching chemicals. Management options for the control of
emissions include:





Use of chlorine free bleaching processes;
Training of personnel on handling and discharge of wastes;
Compel the companies involved to monitor critical parameters during the production and waste
discharge stages;
Enforce regulations covering the installation and maintenance of waste pre-treatment facilities.

4.8.9 Fossil Fuel Burning
The survey established that unleaded fuel consumption is very low because most users prefer
leaded fuel. The management options are:
 Create public awareness on the advantages of using unleaded fuel;
 Phase out the use of leaded fuel;
 Enforce regulation governing automotive emissions;
 Develop standards governing all critical automotive emission parameters;
 Elimination of chlorine contaminants from fossil fuels.
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4.8.10 Ferrous and Non Ferrous Metal production
Use of poor or low technologies is the main contributor of production of U-POPs. The
management options are:
 The upgrading of the low technologies to higher ones hence reducing the high levels of
U-POPs generation,
 Regulatory mechanisms and guidelines to be put in place requiring secondary ferrous and
non-ferrous manufacturers to meet, deliberate and agree on measures to reduce U-POPs
generation
4.9

Hot Spots

The following sites shown in Table 22 (with x), were identified as hot spots needing site specific
investigations.
4.10 Priority Areas for U-POPs and Recommendations
This survey has established the following as priority areas for control of U-POPs generation and
emission:
 Handling and disposal of medical waste: There is need to train current personnel and
upgrade incinerators in use. This is in view of the fact that the generation of waste is a
continuous process and volumes are likely to increase.
 Biomass burning and municipal waste disposal: There should be public awareness
programs on proper waste handling. Relevant stakeholders should formulate proper
regulatory mechanisms for the handling of wastes and management of disposal sites.
 Fossil fuel combustion: Standards governing automotive emissions should be developed.
Public awareness on the advantages of using unleaded fuel should be launched.
 Pulp and paper Production: Regulations governing environmental monitoring should be
reviewed and enforced.

Kenya National Inventory of POPs Under the Stockholm Convention

43

Table 22: Hot Spots Needing Site-Specific Investigation
Identification of Hot Spots

Comments

Use of elemental Chlorine

Product
(µg TEQ/t)

Pan paper Mills

g TEQ identified
Water
Land
x indicates need for
site-specific evaluation
x
x

Application sites of dioxin-contaminated pesticides
Timber manufacture
Using pentachlorophenol, other dioxin-containing
preservatives
PCB containing equipment
Low chlorinated, e.g., Clophen A30, Aroclor 1242
Medium chlorinated, e.g., Clophen A40, Aroclor
1248
Medium chlorinated, e.g., Clophen A50, Aroclor
1254
High chlorinated, e.g., Clophen A60, Aroclor 1260
Leaching
Not leaching
Dumps of waste/residues from categories 1-9

x

Timsales
Kenya Power and
Lighting Company
Sites, Pan Paper
Mills, Kenya
Airports Authority
to be inspected

x

x

x
x

x
x

x

x

15,000
70,000
300,000
1,500,000

Municipal Dump
Sites
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ANNEX 1: Terms of Reference
The preparation of a national inventory of unintentionally produced POPs
(hexachlorobenzene and polychlorinated dioxins and furans) will require:
 identification and characterization of known and potential (suspected) sources of
unintentionally produced POPs in Kenya;
 Projection of the rates of production and releases, their periodicity and locations for
all established sources of unintentionally produced POPs in Kenya;
 Identification and characterization of sites contaminated with significant
concentrations of unintentionally produced POPs in Kenya;
 Description of provisions of current national legislation relevant to unintentionally
produced POPs;
 An evaluation of the opportunities for reducing emissions of unintentionally produced
POPs by plant modification and/or the application of Best available Technology
(BAT) and Best Environment Practice (BEP); and
 Identify any possibilities for the application of the assessment methodologies applied
under the Stockholm Convention, for example, The UNEP Standardization Toolkit for
Identification and Quantification of Dioxins and Furan releases and other
unintentional releases.
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ANNEX 2: Map of Kenya Showing Administrative Provinces,
Key Towns and Areas Visited During Inventory Exercise
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ANNEX 3: Summary of Information From Sites Visited
Name

Location/
Address

Contact
Person

Type of
facacility

Ruai Sewage
works

Nairobi

Eng. Mburu

Sewage
sludge
treatment

KEMRI

Kisumu,
Box 54

IBERA
Africa Power
(EA) Ltd.
ARM
Kaloleni

Nairobi

Nzoia Sugar
Company

Bungoma

ILRI

Nairobi

Mombasa

Type of
Furnace/heati
ng facility or
Other
N/A

Annual
Operational
Capacity

Observations

88,000m3
operating at
about 50%
capacity
58.5 tones
per/yr

Sewer water used for irrigation

267,833KWh

Wet sludge generated sold to local population

17,000
18,000
tonnes
annually
600,000
tonns per/yr

Heat recovery systems installed

Medical
waster
Incinerator
equipped
with thermosensors
Power
generation

Stoker furnace,
600-800C
afterburner
1000-1200C

Lime
production

Shaft Kiln,
1000C

Benjamin
Mbaya

Sugar
production

Fluidized bed
boilers. No
APC installed.
Fuel used:
baggasse

Robert C.
King

Medical
waste
Incinerator

Incinerator with 15.6 tonnes
Wet scrubber
per/yr
type APC

Robert .M.
Magotsi
Motang
Charles Bett
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Operates 3 times a week, plastics, pathogenic
materials, sharps and needles, blood.
Hazardous waste detoxicated by chemical
methods

2000m3 of waste water generated and treated at
plant before discharge into aerated lagoons
after which it is discharged into River Kaguwa
Sludge disposed of in farms
Quantity of ash produced not known. Disposed
off in special landfill
Household waste disposed of in an open
burning burner
Ash from incinerator and open and open
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Name

Location/
Address

Contact
Person

Type of
facacility

Type of
Furnace/heati
ng facility or
Other

Annual
Operational
Capacity

Observations

burner disposed of in landfill
1,095,000m
Majority of arrears not connected to the
per yr
sewage system
200 tonnes of Covers an area of 23 acres
sludge
Sludge is sold to farmers
produced per Water analysis done on a monthly basis in
yr
Nairobi
Treated water is discharged into Chania river
2750 tonnes
Only 65% of all waster arrives at the dump site
per/yr
Non combustibles are salvaged
Dumpsite area is appx 0.1 Hectares
Its located 0.5km from water source
Lack of proper waste collection equipment
Small area and facing encroachment by
developers
3

Nyeri water
Sewerage
Co.

Nyeri

David Irungu

Waste water
treatment

Nyeri
Minicipal
Council
Dump site

Nyeri

Richard
Kibiro,
Cleansing
supervisor

Waste dump
site

Open burning

Thika
Municipal
Council
Thika
Municipal
Council

Thika

Mr Mando
Maina

Solid waste
dump site

Open burning

Thika

Mr Maina
Mando

Waste water
treatment

Environment
al
Management
Co.

Mombasa

Fatma

Waste Oil
recycling

13,824
tonnes per yr

Not sorting done at the site

No records of
amounts of
sludge
generated
13,000
tonnes of
waste oil
processed per
yr; 10m3 of

De-sludging done every 10yrs. Sludge spread
out on open ground in the facility
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Waste water discharged at a rate of 200 lt per
hr
Sludge undergoes bio-remediation on site
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Name

Location/
Address

Contact
Person

Type of
facacility

Nairobi City
Mortuary
Incinerator,
Langata

Nairobi

Crematoria

Blood
Transfusion
Center

Kisumu

Alois
Medical
Walunya/
centre
Naftali Bundi

Mwea
Irrigation
Scheme

Nanguni

Mr Murithi
Munene

Biomass
burning

Kerugoya
Coffee
Factory

Kerugoya

Joseph Njeru

Coffee
processing

Type of
Furnace/heati
ng facility or
Other

Stoker
Operating
temperature not
known
No APC
Stoker furnace,
main 800C
secondary
burner 1500C
APC present
(venturi
funnels)
50 Kg of ash/
week

Annual
Operational
Capacity
sludge
generated per
yr
7 tonnes per
yr
0.104 tonnes
per yr
11.7 tonnes
per yr

Observations

Metallic objects on bodies are removed and
dumped in a pit before cremation

Incinerates contaminated blood, tissues,
needles syringes
Uses diesel fuel
No heat recovery
No thermo-sensors installed
Ash generated disposed of in landfill
Incinerator is under-utilized, can handle higher
quantities

960,000
tonnes of rice
processed per
yr; 576,000
tonnes of
biomass
waste burned
120,000 Kg/
yr of coffee
processed
571,945m3
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Name

Location/
Address

New Nyanza
Provincial
Hospital

Kisumu

Embu
Municipal
Council
Embu
Minicipal
Council

Embu

Kenyatta
National
Hospital

Nairobi

Contact
Person

Type of
facacility

Naftali Bundi Hospital

Embu

Runyenje B.
M. K.

Type of
Furnace/heati
ng facility or
Other

Incinerator,
Stoker
No APC

Municipal
Solid waste
disposal
Waste water
disposal

Open burning

Hospital

Incinerator,
stoker
APC dry
scrubber;
Main furnace
400-600C
2nd chamber
600-800C

Annual
Operational
Capacity
per yr of
waste water
generated
364 tonnes
per yr
2 tonnes of
ash produced
per week

No data
available
No data
available

365 tonnes
per year
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Observations

Incineration of medical waste
Facility under-utilized, operated once a week
No thermal sensors
Ash disposed of in a dump site
Open burning of non hazardous material (600
tonnes per yr) is carried out
Body parts are not incinerated due to cultural
inhibitions, disposed of by burial
Medical waste was found dumped at the site
Hospital dumps its
Only one third of municipality covered by
sewer line
De-sludging done once every 5 years and
sludge sold to farmers
Waste water analysis not carried out
Site located too near the municipality
Ashes disposed of in landfill
Two incinerators are present but only one is
operated at a time
Non hazardous was is disposed of in open
burning
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Name

Location/
Address

Contact
Person

Type of
facacility

KEMRI
Nairobi

Nairobi

Jethro Robin
Kibarunze

Medical
facility

Aga Khan
Hospital

Nairobi

Alice Kariuki Hospital
John Kyalo

Kenya Ports
Authority
Kenya Oil
refineries

Mombasa

Captain A.
A. Banafa
Rita
Mwadime

Mombasa

Crude Oil
refining

Type of
Furnace/heati
ng facility or
Other
3rd chamber
800 - 1200C
11 tonnes of
ashes per yr
Incinerator,
stoker
APC venturi
funnels
1st burner 8501100C
2nd burner
1100-1750C
Incinerator,
stoker
APC dry
scrubber
No thermal
sensors

APC present,
stack heights,
closed system

Annual
Operational
Capacity

Observations

28 tonnes per
yr
1.4tonnes of
ash

Ash disposed of in fields
Offers incineration services to other medical
institutions
New incinerator being installed with an
operational capacity of 80 Kg/hr
Non hazardous waste collected by contractor

182 tonnes
per yr
9.125 tonnes
per yr of
bottom ashes
and 0.52
tonnes of fly
ash

Heat recovery installed
Ash collected by waste disposal company

1,580,859
tonnes per yr
of crude oil
processed
29,166 l/hr of
waste water
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Majority of ships are of foreign origin and do
not refuel there
Oil interceptors are used to trap oil in the waste
water
Bio remediation of sludge is carried out
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Name

Location/
Address

Contact
Person

Type of
facacility

Bulleys
Tanning
Company

Thika

Mr Wanjoya
Nelson

Leather
processing

Homalime

Muhoroni

Emmanuel
Manngu

Lime
production

Kenya
Railways
Foundries

Nairobi

Robert D.
Ochieng

Metturlagy l
process

Type of
Furnace/heati
ng facility or
Other

Shaft Kiln
Wood
fuel/biomass
furnace
Temperature
attained1000C
No APC
Cupola,
Inductor and
Rotary Kiln
Fuels coke, fuel
oil, electricity
Temperatures

Annual
Operational
Capacity
discharged
332.5 tonnes
per yr of
sludge
produced
3276, 1373
tonnes of
skins and
hides
respectively
processed
19560m3 per
yr of waste
water
discharged
46,000
tonnes per yr
processed

10,000kg per
week cast
iron
800
kg/month
brass
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Sludge is taken to municipal landfill, quantity
unknown

24 tonnes of wood used per day
combustion chamber operated 24hrs per day
no heat recovery system installed

Heat recovery present
Several types of metals processes (copper, cast
iron, brass and aluminium)
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Name

Location/
Address

Tea
Processing
Factory

Nyeri

KENGEN
(Olkaria)

Naivasha

Pan African
Paper Mills

Webuye

Contact
Person

Eliud
Mwiruri

Type of
facacility

Green tea
leaf
processing

Power
generation
utilizing
steam
Paper
manufacture
from wood
pulp

Type of
Furnace/heati
ng facility or
Other
above 1200C

Annual
Operational
Capacity

200
kg/month of
aluminium
100
kg/month of
copper
200kg of
sludge
produced and
re-circulated
Boilers 90,000 10,000
lts of furnace
tonnes per yr
oil per six
green leaf
months, NO
1000 – 2000
APC wood is
l/day of
preferred due to waste water
cheaper cost

Observations

Water treatment ponds under construction
Sludge (200kg per week) is burned and ash
disposed of in landfill

Commercial and other wastes disposed of in
open burning

APC available,
wet scrubber,
cyclone
electrostatic
precipitator

110,000
tonnes per yr
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Has waste water treatment plant, aerated
lagoons and artificial wetlands. Treated water
is discharged into river Nzoia
Sludge is disposed of in landfill
Generated power using wood waste 30 tonnes
of wood used per day
Utilized elemental chlorine for bleaching
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ANNEX 4: REGIONAL CONSULTATION FOR THE
AFRICAN COUNTRIES ON THE DRAFT BAT/BEP
GUIDELINES, NAIROBI, KENYA 11 – 13 APRIL 2005.

MINIMIZATION OF POLYCHLORINATED DIBENZO – Ρ – DIOXINS (PCDD)
AND POLYCHLORINATED DIBENZOFURANS (PCDF) DURING THE
BLEACHING OF SULPHATE PULP.

CASE STUDY:

PRESENTER:

PAN AFRICAN PAPER MILLS (E.A) LTD, WEBUYE, KENYA.

MR. J. J. LUKORITO

DIRECTOR, QUALITY CONTROL &
ENVIRONMENT
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MINIMIZATION OF POLYCHLORINATED DIBENZO – Ρ – DIOXINS
(PCDD) AND POLYCHLORINATED DIBENZOFURANS (PCDF)
DURING THE BLEACHING OF SULPHATE PULP.
THE CASE STUDY OF

PANAFRICAN PAPER MILLS (E.A) LTD, WEBUYE, KENYA.
=================================================

SUMMARY/ABSTRACT
Panafrican Paper Mills (E.A) Ltd., (Panpaper), is an integrated pulp and paper mill producing
bleached and unbleached sulphate pulp for manufacture of paper and paper boards. The main
cooking reagent is sodium hydroxide and sodium sulphide. Sodium hydroxide is generated
from the reaction between lime obtained by burning limestone/lime sludge from the plant and
sodium carbonate obtained from dissolving smelt, a product of burnt black liquor (spent
cooking liquor).
Depending on the amount of alkali used in the cooking and other cooking parameters such as
hold time at pressure and temperature two types of pulps are obtained. Soft pulp is cooked to
a kappa number of 22 – 26 (K.No. 16 – 18) while hard pulp is cooked to a kappa number of
48 – 58 (K.No. 26 – 29). Only soft pulp is beached using to the sequence (CEpH1H2).
C= Chlorination
Ep= Extraction using caustic and peroxide
H1 = First hypo addition stage
H2 = Second hypo addition stage
It is during bleaching at the elemental chlorine stage that comparatively high formation and
release of polychlorinated dibenzo – ρ – dioxins (PCDD) and polychlorinated dibenzofurans
(PCDF), hexachlorobenzene (HCB) and polychlorinated biphenyls (PCB) occur.
Of these compounds only polychlorinated dibenzo – ρ – dioxins (PCDD) and polychlorinated
dibenzofurans (PCDF) have been identified as being unintentionally produced during the
production of pulp using elemental chlorine. Of the 17 PCDD/PCDF congeners with chlorine
in the 2,3,7 and 8 positions, only two congeners – namely 2,3,7,8 – tetrachlorodibenzo – ρ –
dioxin (2378 – TCDD) and 2,3,7,8 – tetrachlorodibenzofuran (2378 – TCDF) – have been
identified as potentially being produced during sulphate bleaching using chlorine(Guidelines
on BAT and Guidance on BEP, 2004 Draft).
The following primary measures can be taken for elimination and decreasing the formation of
2378 – TCDD and 2378 – TCDF are:
 Eliminate elemental chlorine by replacing it with chlorine dioxide (ECF bleaching) or
with chlorine – free chemicals (TCF bleaching).
 Reduce application of elemental chlorine by decreasing chlorine multiple or increasing
the substitution of chlorine dioxide for molecular chlorine.
 Minimise precursors like DBD and DBF entering the bleach plant by using precursor –
free additives and thorough washing.
 Maximise knot removal.
 Eliminate pulping of chips contaminated with polychlorinated phenols
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1.0

INTRODUCTION

1.1

Background Information

Panafrican Paper Mills (E.A) Ltd (Panpaper) was conceived in the late sixties by the
Government of Kenya not only to exploit the vast forest plantations but also for socio
economic development of the Western region.
Tree planting had already started in the forties and the main species were pine and cypress.
These are fast growing trees with a high yield. Later, eucalyptus was introduced.
The Kenya Government then embarked on shopping for an investor to put a factory for
processing wood into pulp and paper products. However, many developed countries turned
down the offer on the argument that Kenya was not ripe for the industry.
Orient Paper and Industries (OPI) of India had at this time been running two such factories in
India and one in Nigeria. Back in India, it was a model outfit with its headquarters in Kolkata.
It was Honourable Mwai Kibaki while serving as Kenya’s minister for commerce and
Industry who contacted OPI as an emissary of the Kenyan Government. The subsequent
negotiations led to the formation of the company in 1969. It started with three partners,
Kenya Government, Orient Paper and Industry (O.P.I) and International Finance Corporation
who held one third each of the shares. OPI provided technical know how and management
services to Panpaper since inception. With the support of OPI, several technologies were
introduced and Panpaper made considerable progress during this period. Panpaper has
introduced many specialized paper grades in the Kenya and the regional markets. The
company had been fine – tuned for the East African Community market but soon the
community collapsed and there was no option but to resort to all avenues of exportation apart
from utilizing the local market.
Panpaper started production in 1974 with a rated capacity of 45,000 tons per annum (tpa).
The company has been a blue chip company until recently having gone through several
diversified expansions and de – bottlenecking programs, raising its rated capacity to 120,000
tons per annum of paper and boards without any fresh injection of equity capital but by
reinvesting its cash surplus and arranging loans from international and local financial
institutions.
Panpaper employs 1500 people directly and 30,000 indirectly. Over 7700 people have been
benefited from Panpaper organized or sponsored trainings in various crucial fields, a figure
that is acknowledged to be the biggest by any company in the country. The company has an
asset base of Ksh 17 billion.
1.1.1



1.1.2


Highlights of the Company
Savings of foreign exchange by import substitution and exports; over Sh 5
billion per annum.
Direct payment to exchequer e.g. VAT, duty on fuel oil, customs duty, royalty
on wood etc. Sh 1 billion and
Payment to parastatals, KPL and Kenya Railways, Sh 1 billion per annum.
Re-afforestation Program
Panpaper assisted the Government in the Re-afforestation program
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 Total area of plantation established so far is approx. 41,000 ha as against
23,000 ha clear felled. Panpaper assists implanting (3) trees for every tree cut.
Panpaper has a capacity of raising 6 million seedlings per annum in its
nurseries in Kaptagat and Webuye.
The company’s biggest challenge is the stiff competition by foreign countries and the local
market remains fragmented and stagnant to large extent. The recent incidents of power
rationing badly undermined the capacity to hold onto the hitherto traditional markets which
were easily taken over by competitions some of whose production in home countries are
always subsidized.
Currently the stiffest competition is coming from European countries and South Africa all
whose production is helped by the availability of large reserves of coal, which produces
energy, and hence production costs affordable as compared to the local situation. Over –
dependence on imported fuel oil from the Middle East makes Panpaper spend up to 47% of
the total production cost on energy.
The company currently relies, apart from the local market, on exports to countries like the
Great lakes countries of Uganda, Rwanda and Burundi who still provide some degree of
reliability as markets. Our products are of international quality. These products are exported,
directly and indirectly, to East African community, West Africa, Europe, Egypt, Middle East,
India and other countries.
1.2

Raw Materials and Requirements for the Pulp and Final Products

At Panpaper, pulps for paper are manufactured using both sulphate and mechanical pulping
methods. The wood species used are Cupressus lustanica, Pinus patula, and Eucalyptus
saligna. Wood represents a complex mixture of some substances cellulose (40 – 45 %),
hemicelluloses (25 – 35%), lignin (20 – 30) and extractive (2 – 15 %).
Pulping and bleaching effort required vary widely depending on the grade of paper being
manufactured.
1.3

PROCESS DESCRIPTION

1.3.1. Pulping Methods Applied
The main processes involved in making pulp and paper products are: raw material handling
and preparation, storage, wood debarking, chipping, de – knotting, pulping, pulp processing
and bleaching if required and paper & paper board manufacturing.
The manufacture of pulp at Panpaper utilizes mechanical and chemical (Sulphates) methods.
Mechanical pulping processes use grinding of logs whereby mechanical shear forces are used
to pull the fibres apart, and the majority of lignin remains with the fibres, although there is
still some significant dissolution of organics. Mechanical pulps can often be used without
bleaching, but where brightening is applied it is achieved using compounds such as
peroxides.
In sulphate pulping, the fibres are broken down chemically – chemicals are used in a cooking
process to enter the fibre lumen and dissolve lignin in cell wall to gain access to the
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compound middle lamella. Lignin has to be removed from the middle lamella to free the
fibres. The lignin and many other organic substances are thus put into solution by use of a
mixture of sodium hydroxide and sodium sulphide under alkaline conditions to dissolve the
lignin from wood. This occurs in digesters, which are heated and pressurized. Spent cooking
liquor (back liquor) is recovered to generate white liquor for the first pulping step. With soda
recovery on site, most of the dissolved wood substances are combusted to generate steam
while the inorganic constituency of black liquor recovered in form of smelt is causticized to
generate white liquor. The wastewater mainly contains the organics in condensates and at
bleach plant, the substances dissolved during bleaching and the residues of the bleaching
chemical. This process is the dominating pulping process worldwide constituting 84% of the
world’s chemical pulp production and 63% of total chemical and mechanical pulp
production.
1.3.2 Bleaching
Bleaching after pulping is a chemical process applied to pulps in order to increase their
brightness. All lignin cannot be removed selectively enough in a single bleaching stage,
hence at Panpaper pulp is bleached in four stages. The first two stages primarily release and
extract lignin, and the subsequent stages removes the lignin residues and finish the product.
These bleaching sequences are applied to minimize the bleaching effect of each component
are Chlorination, Alkaline extraction, Hypo chlorite and Hypo chlorite (CEHH), depending
on the final brightness requirements. Whenever high brightness is required peroxide is
incorporated in the bleaching sequence. These bleaching sequences in which chlorine – based
chemicals are used are called Chlorine Chemical Bleaching (CCB). Water is used to perform
intermediate washes to remove extracted waste from the pulp.
1.3.2.1 Bleaching with Elemental Chlorine and Hypochlorous acid
Elemental chlorine and hypochlorous acid are electrophilic bleaching chemical agents which
react with all unsaturated structures, namely lignin structures, with polysaccharide
degradation products, such as hexenuronic acid, as well as with extractive structures that
contain carbon – carbon double bonds. These electrophilic bleaching agents are able to react
with different unsubstituted aromatic carbon atoms in lignin to either:
a) Chlorinate (when the carbon is not bonded with an oxygen atom),
b) Chlorinate and deplymerize (via displacement of an α – hydroxyl group), or
c) Merely depolymerize without chlorination (via hydroxylation).
These chlorination or depolymerization reactions make lignin alkaline soluble, and it can be
removed from pulp in the alkaline bleaching stages of the bleaching sequence.
1.3.2.2 Formation of 2378 – TCDD/F
Most of the formation of the 2378 – TCDD and 2378 – TCDF is generated in the
Chlorination stage via the reaction of chlorine with precursors of TCDD, namely dibenzo – ρ
– dioxins (DBD), and with the precursor of TCDF which is unchlorinated dibenzofuran
(DBF). When these precursors are chlorinated, the key reaction is electrophilic aromatic
substitution. The rate of this reaction will depend both on the concentration of the precursor
and the concentration of chlorine. The levels of 2378 – TCDD and 2378 – TCDF are not
determined by the content of the lignin in pulp.
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The chlorination of non – aromatic structures, such as hexenuronic acid, does not lead to the
formation of polychlorinated aromatic degradation products. The unchlorinated dioxin
precursors are prevalent in certain mineral oils, which are part of some defoamer
formulations used in pulp and paper industry and are the major source of precursors. Wood
itself may act as the source of dioxin precursor. Compression wood in particular contains
higher concentrations of precursors than normal wood. The compression of wood also entails
higher levels of coumaryl – type lignin which may be a source of DBD- and DBF – like
precursors.
1.3.2.3. Elimination Mechanisms for 2378 – TCDD/F
Preventing the formation of 2378 – TCDD and 2378 – TCDF in the bleaching will be
achieved mainly by decreasing the amount of chlorine used in the first bleaching stage. This
can be accomplished by reducing the atomic chlorine multiple by improving washing prior to
chlorination by using an oxygen and peroxide – reinforced extraction stage as well as by
increase chlorine dioxide substitution.
1.3.2.4. Measures undertaken to Eliminate/Decrease the Formation of

2378 – TCDD and

2378 TCDF







Reduction at source i.e. prevent formation by replacing elemental chlorine with chlorine
free bleaching chemicals such as chlorine dioxide.
Reduce use of elemental chlorine decreasing its multiple effects.
Minimization entry of TCDD and TCDF precursors such as DBD and DBF into the
bleach plant.
Efficient washing of brown stock to enable the reduction of chlorine multiple.
Efficient screening of the pulp for maximum knot (compression wood) and dirt removal.
Avoid pulping of chips contaminated with polychlorinated phenols.

1.3.2.4.1. Measures/Technologies adopted at Panpaper
 Reduction of the application of elemental chlorine to decrease the multiple effects by
introducing peroxide (H2O2) in the bleaching sequence i.e. peroxide reinforced extraction
stage).
 High delignification i.e. Kappa number 20 - 22 from Kappa number 22 – 26 and efficient
washing to reduce chlorine demand during bleaching.
 The mill demand of bleached pulp is only 16 – 20 % of the total daily pulp demand.
 Strict process control monitoring and optimization. To be able to reduce different
pollutants simultaneously and to maintain low releases, improved process control is
required. Raw material specification and monitoring of raw materials for precursor
materials.
 Training, education and motivation of personnel on the measures to reduce discharges of
harmful substances.
 Environmental Management System ISO 14001:1996 has been incorporated in process
change controls. The system clearly defines the responsibilities for environmentally
relevant aspects in a mill. It has raised awareness and includes goals and measures,
process and job instructions, check lists and other relevant documentation.
 Monitoring of the releases absorbable organic halides (AOX) in the effluent is carried out
on quarterly basis by a reputed laboratory in France. The values are well within the
specified limits of IFC/World bank guidelines. (see attached AOX analysis results)
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An environmental Audit is carried out annually to meet NEMA requirement as well as
monitoring of the drains from the bleach plant and pulp mill in general.
Panpaper has carried out a pilot trial on pulp bleaching using enzyme to enhance pulp
brightness and reduce use of chlorine/hypochlorite. The trial was not successful to the
desired level since the unbleached pulp pH is about 10 instead of 7.0 – 8.5. However a
new enzyme to work at pH of 9.5 has been identified for further trial.
Panpaper produces an average of 60 tons of bleached pulp per day. The Company’s
bleached products are mainly newsprint (60%), and the rest is distributed to white top
kraft liner, cream wove, writing paper. Solid and coated board, etc. Newsprint pulp is
bleached to low brightness (78%PV) which results in low chorine demand. When
Panpaper studied the option of adopting ECF bleaching sequence, it was found not
economically feasible. In its present situation Panpaper requires over USD 16 million to
have elemental chlorine free bleaching plant. Panpaper is prepared to look into this
option if long term financial assistance is available.

Other facilities in use containing Persistent Organic Pollutants (POPs)
Persistent Organic Pollutants (POPs) are organic, natural and anthropogenic compounds,
which are persistent in nature.
Of the industrial chemicals, polychlorinated biphenyls (PCB) is used in transformers.
Panpaper purchased 20 numbers pyranol (PCB) filled distribution transformers of various
capacities ranging from 1MVA to 5 MVA from GE (USA) during 1972/73 and pyranol filled
capacitors for power factor correction.
Panpaper contacted the manufacturer (GE – USA) through the supplier in 1999, and it was
indicated that in the USA, transformers installed prior to the ban of PCB will be treated under
the Grandfather laws (are not subject to the ban, unless of course they develop a leak).
However new installations are non – PCB transformers / capacitors. A list of serial numbers
of pyranol filled transformers in use were given to the supplier for advice.
From various literatures, it is gathered that there are very few facilities even in advanced
countries to dispose off PCBs and PCB contaminated equipment safely.
The outstanding is that all PCBs filled equipment had to be replaced with non-PCB filled
equipment and old equipment to be returned to disposal facilities for safe disposal.
We would like to know the practices followed in advanced countries like USA and Europe
where large number of PCB filled electrical equipment are in service.
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ANNEX 5; Contamination of Eggs From Surrounding of
Dandora Dumpsite by Dioxins, PCBs And Hexachlorobenzene
“Keep the Promise, Eliminate POPs! “ Campaign Report
Prepared by Dioxin, PCBs and Waste WG of the International POPs Elimination
Network (IPEN) Secretariat, ENVILEAD (Kenya) and Arnika Association (Czech
Republic)
Introduction
Persistent organic pollutants (POPs) threaten all living organims on planet Earth. This group of
chemicals includes pesticides as well as unintentionally produced POPs such as polychlorinated
dioxins and furans. “Recognizing that persistent organic pollutants possess toxic properties, resist
degradation, bioaccumulate and are transported, through air, water and migratory species, across
international boundaries and deposited far from their place of release, where they accumulate in
terrestrial and aquatic ecosystems,” delegates from around the globe agreed on new international
treaty on POPs in May 2001 in Stockholm, which is therefore called Stockholm Convention.
Among others list of POPs under Stockholm Convention includes also unintentionally produced POPs
(U-POPs): polychlorinated biphenyls (PCBs), hexachlorobenzene (HCB), polychlorinated dibenzo-pdioxins (PCDDs) and dibenzofurans (PCDFs), last two groups are called simply as dioxins.
The Convention text establishes the Convention’s goal on U-POPs to be “their continuing
minimization and, where feasible, ultimate elimination 1.” To achieve this above goal, Parties to the
Convention are to promote the use of substitute or modified materials, products and processes to
prevent the formation and release of U-POPs.2
Each Party to the Convention must develop an inventory of its significant sources of U-POPs,
including release estimates.
To help understand the need for examining sources of U-POPs, the International POPs Elimination
Network (IPEN) asked whether free-range chicken eggs might contain U-POPs if collected near
potential sources of U-POPs named by the Stockholm Convention. Chicken eggs were chosen for
several reasons: they are a common food item; their fat content makes them appropriate for
monitoring chemicals that dissolve in fat; and eggs are a powerful symbol of new life. To find out
level of contamination of the environment it was important to collect free range chicken eggs instead
of store-bought eggs from each country and locality examined. Free range hens can easily access and
eat soil animals and therefore their eggs were found as a good tool for biomonitoring of contamination
by U-POPs.
This study is part of a global monitoring of egg samples looking for chemicals listed under Annex C
of the Stockholm Convention: polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs),
polychlorinated biphenyls (PCBs) and hexachlorobenzene (HCB).
Analysis for PCDD/Fs, PCBs and HCB was done in the Czech Republic in laboratory Axys Varilab.
This is a national report about the results of this monitoring project for Kenya and it is the second one
within the project containing most likely first data about dioxins levels in Kenyan environment.

1
2

Article 5, introduction
Article 5, paragraph (c)
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Sampling
For sampling in Kenya we have chosen dumpsite Dandora dumpsite located in the Eastlands suburb
of Nairobi, a capitol city of Kenya.
Sampling was done by members of ENVILEAD at place about 30 meters from the edge of the dump
(see map at Picture 1) at December - 18th 2004.
Two chicken fanciers supplied 10 eggs from their free range chickens. The eggs were kept in cool
conditions after sampling and then were boiled in Kenya by ENVILEAD for 7 - 10 minutes in pure
water and transported by express service to the laboratory at ambient temperature.
The eggs were collected from two sites bordering the Dandora dump. One was from the Western
border of the dump, within Dandora estate, and the other from the Northern border, within the
Ngomongo slum. The hens from which the eggs were picked were between 6 months and one year
old, and were all free-range although occasionally provided with shop-bought food supplements. The
hens do not feed directly from the dump, but live at the edge where ash from the dump is easily
deposited.

Analysis
After received by the laboratory, the eggs were kept frozen until analysis. The egg shells were
removed and the edible contents of 6 eggs were homogenised. A 30 g subsample was dried with
anhydrous sodium sulphate, spiked by internal standards and extracted by toluene in a Soxhlet
apparatus. A small portion of the extract was used for gravimetric determination of fat. The remaining
portion of the extract was cleaned on a silica gel column impregnated with H2SO4, NaOH and
AgNO3. The extract was further purified and fractionated on an activated carbon column. The fraction
containing PCDD/Fs, PCBs and HCB was analysed by HR GC-MS on Autospec Ultima NT.
Laboratory Axys Varilab, which provided the analysis is certified laboratory by the Institute for
technical normalization, metrology and probations under Ministry of industry and traffic of the Czech
Republic for analysis of POPs in air emissions, environmental compartments, wastes, food and
biological materials3. Its services are widely used by industry as well as by Czech governmental
institutions. In year 1999 this laboratory worked out the study about POPs levels in ambient air of the
Czech Republic on request of the Ministry of the Environment of the Czech Republic including also
soils and blood tests.

About hot spot and sampling places
The Dandora dumpsite is located in the Eastlands suburb of Nairobi (115’’ South, 37 º East). It is at
an altitude of 2000 metres, and has a population density of over 100 persons per square kilometer.

Potential Sources of POPs Releases and Exposure Pathways
The most obvious potential source of POPs releases at the site is the burning of PVC plastics. There
are several likely exposure pathways for such POPs contamination. One would be through the
consumption of free-range chicken eggs or other products from animals (such goats, pigs and cows)
that feed and drink from the surrounding area. Another would be through the consumption of
vegetables grown along the banks of the river that passes around the edge of the dump. The direct
inhalation of fumes from site would be the other likely pathway. The predominant wind direction is
North Westerly.
3

Certificate in copy available at the laboratory website: http://www.axys.cz.
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Passing below the dumpsite is Nairobi River (as seen on the pictures), which eventually drains to the
Indian Ocean. The soils that are found on this site are usually well drained to moderately well drained
which means that chemical compounds like PCDD/PCDF in the ash can easily find their way to the
ground water sources and therefore ending-up in the river. There is also the aspect of rains washing
away these ashes into the river.
Picture 1: Map of the Dandora dumpsite and surrounded area.

Results of eggs analysis for U-POPs
The results of the analysis of a pooled sample of 6 eggs collected near the Dandora dumpsite are
summarized in Tables 1 and 2. Pooled sample fat content was measured at 11.5%.
Levels of dioxins found in sampled eggs from Dandora were over six times higher than the EU dioxin
limit for eggs. In addition, the samples exceeded the proposed limits for PCBs (in WHO-TEQs) by
more than four-fold. Table 2 shows that the level of dioxins in eggs shown as fresh weight exceeded
one and half times the limit for commercial eggs in the USA. The US Food and Drug Aministration
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estimates a lifetime excess cancer risk of one in 10,000 for eggs contaminated at 1 pg/g ITEQ. The
samples collected near the dumpsite at Dandora exceeded this cancer risk level4.
Table 1: Measured levels of POPs in the sample from Dandora near Nairobi per gram of fat.
Measured level
PCDD/Fs in WHO-TEQ pg/g 22.92
PCBs in WHO-TEQ pg/g
8.10
Total WHO-TEQ pg/g

31.02

PCB (7 congeners) in ng/g
HCB in ng/g

31.1
4.40

Limits
3.0*
2.0
(proposal)**
5.0
(proposal)**
200***
20 (10)****

Action level
2 (proposal)**
1.5 (proposal)**
-

*Limit set up in The European Union (EU) Council Regulation 2375/2001 established this threshold limit value
for eggs and egg products. There is even more strict limit at level of 2.0 pg WHO-TEQ/g of fat for feedingstuff
according to S.I. No. 363 of 2002 European Communities (Feedingstuffs) (Tolerances of Undesirable
Substances and Products) (Amendment) Regulations, 2002.
** These new limits are discussed in the document Presence of dioxins, furans and dioxin-like PCBs in food.
SANCO/0072/2004.
*** Limit used for example in the Czech Republic according to the law No. 53/2002 as well as in Poland and/or
Turkey.
**** EU limit according to Council Directive 86/363/EEC, level in brackets is proposed new general limit for
pesticides residues (under which HCB is listed) according to the Proposal for a Regulation of the European
Parliament and of the Council on maximum residue levels of pesticides in products of plant and animal origin,
COM/2003/0117 final - COD 2003/0052.

Table 2: Measured levels of POPs in the sample from Dandora near Nairobi per gram of egg fresh
weight.

PCDD/Fs in WHO-TEQ pg/g
PCBs in WHO-TEQ pg/g
Total WHO-TEQ pg/g
PCBs (7 congeners) in ng/g
HCB in ng/g

Measured level
2.64
0.93
3.57
3.58
0.51

Limits
1*
-

Action level
-

-

-

* U.S. Department of Agriculture Food Safety and Inspection Service [Memo 8 July 1997] Advisory to Owners
and Custodians of Poultry, Livestock and Eggs. Washington, DC:U.S. Department of Agriculture, 1997. FSIS
advised in this memo meat, poultry and egg product producers that products containing dioxins at levels of 1.0
ppt in I-TEQs or greater were adulterated. There is even more strict EU limit at level of 0.75 pg WHO-TEQ/g of
eggs fresh weight for feedingstuff according to S.I. No. 363 of 2002 European Communities (Feedingstuffs)
(Tolerances of Undesirable Substances and Products) (Amendment) Regulations, 2002.

We compared found levels of PCDD/Fs in eggs from Dandora with other comparable measurements
of these compounds in eggs. That means with measured pool samples and mean values from larger
scale of samples measurements respectively. Comparison with individual eggs measurements is not
relevant, because we didn’t analyse individual eggs. You can find this comparison at graphs in
Annexes 1 and 2.

4

was estimated (using a cancer potency factor of 130 (mg/kg-day)-1 and rounding the risk to an order of
magnitude) for consumption of 3-4 eggs per week (30 g egg/day) contaminated at 1 ppt ITEQ 4, 4
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Composite sample of eggs from Dandora exceeds 18-times and more levels marked as background
levels (0.2 - 1.2 pg WHO-TEQ/g of fat), but is lower than concentrations found within the
surrounding of and old waste incinerator in Maincy (France)i and/or in area affected by spread
mixture of waste incineration residues in Newcastle (UK)ii. Mean value of 42.47 pg WHO-TEQ/g of
fat respectively level of 31 pg WHO-TEQ/g in pool sample were found at two cited locations.
It is clear that among all measured U-POPs there was found most serious contamination by dioxins
(PCDD/Fs) in the sampled eggs from Dandora dumpsite. PCDD/Fs contribute by almost 75% to
whole TEQ value in eggs as visible from graph in Annex 4. But also PCBs and HCB levels found in
eggs are not negligible as shown in Annex 3 for PCBs and in Annex 5 for HCB. PCBs levels
expressed in WHO-TEQs are lower than those found in Lysa nad Labem from Czech Republiciii, but
higher than for example levels found in Uzbekistaniv and/or in Dutch organic farmsv.

Discussion
Measurement of U-POPs in eggs from Dandora dumpsite are most likely first data gathered for Kenya
about the U-POPs in its environment as well as for central African countries in general. As first such
result it shows surprisingly high levels of both dioxins as well as PCBs expressed in WHO-TEQs.
While we have got a result of analysis of 6 eggs from 2 chicken fanciers from 2 different edges of the
dumpsite it gives rather representative picture how the situation looks like. It is not possible to say
that this is just one egg sample. On the other hand it calls upon further monitoring activities.
To solve the problem it is important also to find the potential source of dioxins and PCBs as we found
them as a major U-POPs contaminants to address in eggs from Dandora dumpsite surrounding. There
is one clear major potential sources of these chemicals: dumpsite with common open burning of the
waste. PVC waste is one of major potential basic material which burned contributes significantly to
increased levels of both dioxins and PCBs. But these can be also other chlorinated materials buried at
dumpsite.

Global scale of the topic
As this project is a part of broader IPEN campaign called “Keep the Promise, Eliminate POPs!” and
find levels of U-POPs in MWI Koshice surrounding is one of pieces of more general and more global
picture, let us to discuss more decisions prepared at global level related to U-POPs environment
contamination levels and their releases by significant sources.
There will be first Conference of Parties to Stockholm Convention (COP1) this year in Uruguay, four
years after Convention was created. Several key topics will be discussed at COP1 that reflect how the
Convention will work. There are three important decisions waiting for delegates at COP1 related to
POPs by-products:
1) Guidelines on Best Available Techniques and Best Environmental Practices - BAT/BEP
(related to article 5 of the Stockholm Convention),
2) Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases
(related to article 5 of the Stockholm Convention) and
3) “levels of destruction and irreversible transformation of POPs in waste” and “low POPs
levels in waste” (related to article 6 of the Stockholm Convention).
It is a big question whether these documents and suggested decisions will address such problems as
prevention of U-POPs releases from open waste burning. Looking at BAT-BEP guidelines as they are
proposed for adoption by COP1 it doesn’t cover important topic concerning prevention of dioxins
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created during open burning, what is material substitution. Also bigger space in BAT-BEP guidelines
could be given to waste minimization and zero waste as strategies, which prevent POPs releases into
the environment. Issue of U-POPs levels in waste is another important topic related to landfills in
global South, where it is common, that also wastes for example from medical waste incinerators is
landfilled together with other wastes.

Basel Convention versus Stockholm Convention
“Levels of destruction and irreversible transformation of POPs in waste” and “Low POPs
levels in waste”
Another important topic at COP1 involves the interaction between two Conventions. The Basel
Convention primarily covers wastes that move across national borders and this includes the 12 POPs
listed in the Stockholm Convention. Article 6 covers this issue in the Stockholm Convention.
POPs require guidelines for management and disposal but the proposed Basel Convention levels
of most POPs in wastes that trigger the requirement for destruction or irreversible
transformation are quite permissive at 15 ppb (in I-TEQ) for PCDD/Fs and 50 ppm for all other
POPs listed in Annexes to Stockholm Convention (see “General technical guidelines ….” in
Annexes). Delegates at COP1 will have the opportunity to tighten these guidelines so that they
provide greater protection to human health and the environment.
For example level established for dioxins (PCDD/Fs) at 15 ug I-TEQ/kg is really high if we consider
example from UK, where waste incineration fly ash was spread on the allotments and poultry was
contaminated by high levels of dioxins. Fly ash spread on the allotments contained levels of dioxins in
the range of 0.020 - 4.224 ug I-TEQ/kg dry weight and contamination by this waste led to
contamination of poultry eggs up to 56 pg WHO-TEQ/g on lipid basevi. EU limit set up for dioxins
content in eggs is at 3 pg WHO-TEQ/g on lipid base, which was exceeded by almost all eggs samples
from Newcastle measured after this accident .
Decision taken by Conference of Parties to Basel Convention on levels of destruction and irreversible
transformation is even worse and doesn’t comply with the Stockholm Convention definition and
requirements in its article 6. No „levels of destruction and irreversible transformation“ were
established „to ensure that the characteristics of persistent organic pollutants as specified in
paragraph 1 of Annex D are not exhibited;“ as required in article 6 of the Stockholm Convention.
Basel Convention technical guidelines redefined „levels of destruction and irreversible
transformation“ instead (see decided text of Basel Convention Technical Guidelines on POPs Waste
in Annexes).

Conclusions
We found high levels of dioxins exceeding EU limit and also high levels of PCBs expressed in
WHO-TEQs in free range eggs sampled in surrounding of the Dandora dumpsite. Also HCB level
found in eggs is not negligible. These results call upon specific actions at regional, national and global
level:
1) more monitoring in whole African region is needed;
2) more measured and publicly accessible data about U-POPs releases from all potential sources in the
region are needed to address them properly and
3) limits for U-POPs emissions and levels in waste should be introduced into the national legislations.
Actions needed at international level are discussed in further text.
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Position of IPEN Dioxin, PCBs and Waste WG on some decisions that should be taken
by COP1
Considering all consequences and crucial role of decisions on three above discussed topics in next
steps to eliminate U-POPs listed under Annex C of the Stockholm Convention IPEN Dioxin, PCBs
and Waste WG of IPEN suggests:
1) to consider BAT/BEP Guidelines as a document that remains a work-in-progress. Further work is
needed. If COP1 wishes to adopt these , that if adopted the Guidelines, it should be done explicitly on
a provisional basis recognizing that considerable additional work is still needed;
2) to decide that “the general guidance on prevention and release reduction measures in Annex C
and guidelines” as required in article 5 of the Stockholm Convention will be developed and to set up
framework under which these guidelines will be developed;
3) to avoid adoption of “levels of destruction and irreversible transformation of POPs in waste” and
“low POPs levels in waste” as they are proposed in Basel Convention Technical Guidelines on POPs
Waste. Adoption of these levels would lead to serious contamination of the environment by POPs
releases as it was shown on case of Newcastle in UK for example.
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