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Understanding content of bottom ashes from incinerator especially toxic heavy metals is an important
step towards ash utilization. The aim of this paper was to evaluate heavy metals levels of in bottom-ash
from hospital waste incinerators in four different hospitals in Dar es Salaam city (Muhimbili National
Hospital and three regional referral hospitals Mwananyamala Ilala and Temeke) in Dar es Salaam city,
Tanzania. It has been estimated that Tanzania has an average annual generation of healthcare waste of
6,745 tons per year with a generation rate of about 0.41 kg/occupied bed/day of healthcare waste.
Burning of hospital waste releases toxic metals in the bottom ash which can pollute the environment if
not well managed. The samples were collected from a pile of bottom ash, according to Standard Guide
for sampling waste piles ASTM D6009-96, digested with a 3:1 of concentrated acids HNO 3 and HClO4.
The concentration of heavy metal were determined using Inductively Coupled Plasma-Optical Emission
Spectrometer (ICP-OES). The maximum concentration of other metals were 0.348 ± 0.161 Cr (Ilala
Regional Hospital), 0.019 ± 0.012 Cd (MNH) and 0.677 ± 0.499 Pb (Ilala Regional Hospital). The level of
metals determined exceeded the US-EPA regulation maximum permissible limit in good soil quality and
therefore classified as harmful and toxic. There is a need to explore environmentally friendly techniques
for proper disposal of ash generated by incinerators, to minimize heavy metals in products ending up in
the healthcare waste.
Key words: Bottom ash, healthcare waste, incinerator, heavy metal, health risks.

INTRODUCTION
Incinerator’s fly ashes and bottom ashes are potentially

toxic due to heavy metals contained in ash residues of

*Corresponding author. E-mail: hanicetus@gmail.com. Tel: +255 754311115.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
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incinerators (Patra et al., 2017). They also contain other
organic toxic chemicals including dioxins, PCBs and
PAH. A study on the potential effects of metals and other
pollutants in the environment (Michelle et al., 2001)
showed that heavy metals are very persistent and may
spread beyond the area close to the hospital incinerator.
Many hazardous compounds including inorganic
pollutants such as heavy metals, sulphur dioxide nitrogen
dioxide and organic chemicals such as brominated
dioxins, chlorinated and PCBs are released from
incinerators and PCNs. Study has identified innumerable
toxic substances, which are emitted in pile gases and in
ashes, also many unidentified substances of unknown
toxicity levels (Allsopp et al., 2001).
Studies have shown ash products formed by the
combustion of dry active hospital wastes contain a
mixture of unburned carbon and various metal oxides,
alumina and silica (McDougall and Pyrah, 1999; Singh
and Prakash, 2007; Gidarakos et al., 2009; Zhao et al.,
2010). The incinerated bottom ashes ranges in physical
form from a mixture of powder to a freely flowing
homogeneous powder, trace metallic items, and char or
slag. Basically, the bottom ash should be homogeneous,
chemically and biologically inert, and free of organic
materials with low carbon content. Studies indicated the
composition of the incinerator solid residue (ash), which
depends on the composition of hospital waste mixture
incinerated (McDougall and Pyrah, 1999; Gidarakos et
al., 2009; Manyele et al., 2011).
During hospital waste incineration man-made organic
chemicals as well as toxic forms of some of heavy metals
can be created. The most important constituents of the
emission byproducts, in terms of health effects include
particulates matters, combustion products of man-made
chemicals and heavy metals; the latter two can be
adsorbed onto the smaller particulates making them
hazardous. In Tanzania, most of hospitals incinerators
have low incineration efficiency, with few of them made of
fire brick and other refractory materials (Manyele and
Anicetus, 2006). Therefore, in these cases, it is more
important for the purpose of protecting the living
environment and the health of the public, to assess the
levels of pollutants emanating from the use of
incinerators for medical waste treatment and disposal for
early detection of extent of risks posed by ashes and flue
gases thereby devising appropriate measures to alleviate
or reduce the identified plausible risks.
The Dar es Salaam city, for the past three decades is
the fastest growing city among East African countries
with a growth rate above or near 5% (Mhache, 2012).
Due to over population and rural to urban migration, the
city like many other metropolitan cities in developing
countries, faces a very big challenge of managing
healthcare waste generated in healthcare facilities
(HCFs). According to the Tanzania Ministry of Health,
Community Development, Gender, Elderly and Children
(MoHCDGEC) (URT, 2014), an average annual

generation of hospital waste in Tanzania is about
6,745tons. Currently, the hospital waste generation rate
is about 0.41 kg/occupied bed/day. In dispensaries and
healthcare centers the healthcare waste generation rate
is about 0.03 kg/patient/day (URT, 2014). Study on
medical waste generation rate focusing district hospitals
in Tanzania revealed high waste generation rate,
indicated about 2,250 kg/day generated in Amana and
2,500 kg/day generated in Ligula hospital. According to
Kagonji and Manyele (2011) the generation rate of
medical waste of each patient per day was also high,
about 1.8 kg/patient/day at Amana hospital and 2.0
kg/patient/day at Ligula hospital. Muduli and Barve
(2012), indicated that in Tanzania healthcare centers,
most of the waste generated is not appropriately
managed especially when it comes to waste segregation,
collection, storage and disposal or treatment (leading to
incineration of waste contaminated with toxic heavy
metals. Appropriate management of healthcare waste
(HCW) is very important to the wellbeing of the people
and country at large due to its potential environmental
hazards and public health risks which may be posed by
healthcare waste. The healthcare waste produced in the
course of healthcare activities may carry a higher potential
for infection, injury and toxicity.
The World Health Organization (WHO) and UNICEF
have graded radioactive waste as the most hazardous
waste followed by healthcare waste (HCW) (WHO/
UNICEF, 2015. The safe healthcare waste disposal in
developing countries like Tanzania is often limited. The
only viable technique is incineration of the waste.
Otherwise inappropriate disposal of healthcare wastes,
like contaminated sharps (syringes and needles) that
may be scavenged and reused, may lead to significant
numbers of health risks including spread of hepatitis C,
hepatitis B, HIV/AID and many other infections problems.
Gautam et al. (2010) indicated that about 73% of the
total healthcare waste needs to be incinerated according
to international practices. The reason for the increased
HCW generation in the country include the multiplication
and expansion of healthcare centers especially in urban
areas due to drastic population growth as well as ongoing immunization campaigns for different diseases
outbreak, like tetanus and tuberculosis where the usage
of disposable syringes and needles in avoidance of
transmission is very common.
In less developed countries like Tanzania, healthcare
waste generated usually ends up disposed at dumpsites
and landfills, while in developed countries where land is
meager and environmental protection controls are tight,
environmental policies be likely to lessen landfill
disposals as much as possible. Becquart et al. (2009)
estimated that about 16 million tons of bottom ashes are
produced per annum. In these developed countries, due
to problems associated with land filling, bottom ashes are
used in road construction and maintenance. According to
Okada et al. (2007), about 80% of municipal solid waste

Honest et al.

is incinerated and the incinerator bottom ash is recycled
in different ways. For example in a country like China,
more than 80% of the MSW ends up as landfill, and
compost production in these land filling ranks as the
second major application; only very few processes
involving the recycling of bottom ashes have been
undertaken (Li et al., 2004).
According to WHO (1994), medical waste forms about
15% of the total hospital waste which is considered to be
hazardous and may be toxic or radioactive. Poor
management of these medical wastes can cause
significant problems and associated health risk (Syed et
al., 2017; WHO, 2004). Poor management practice may
create a risk, and pollute the environment through
emitted smokes and improperly disposed of incinerator
by product (Askarian et al., 2013). According to Matiko
(2015) the incineration of medical waste as a treatment
option is viewed as dangerous. The incineration practice
is worsened when operated by untrained or improperly
trained operators (Batterman, 2004). Furthermore, when
healthcare waste containing toxic metals like mercury is
incinerated without proper care, it may release mercury
vapor in the atmosphere. When this vapor is inhaled by
humans it may be toxic, deadly or lead to life frightening
injuries to respiratory and neurological systems (Howard,
2002).
According to Matee and Manyele (2015), the proper
healthcare waste management starts from generation
stage followed by segregation followed by collection,
transport and lastly disposal of hospital waste must be
properly managed so as to minimize the health risks to
patients, healthcare providers, the general public and
safety of the surrounding environment. The improper
disposal of medical waste including bottom ash normally
sent to the landfill may amplify the health risk by
spreading infections and of exposure to toxic chemicals
like heavy metals. The common categories of medical
waste generated in different Dar es Salaam hospitals
included: general, pathological, radioactive, chemical,
infectious, sharps like syringes, pharmaceutical wastes
and pressurized containers. These categories are also
generated in referral hospitals but at varying quantities
(Manyele, 2004).
According to Walter (2002), during incineration process,
there are two types of residues generates, bottom ash
and fly ash. The amount of bottom ashes generated
during incineration process is approximately 20 to 30%
by weight of the incoming solid waste material (Walter,
2002). Moreover, the inherent ash content of the general
waste, fly ash can also contain other mass by virtue of
chemical reagents used to treat the inherent fly ash.
Systems must be included in the incinerator design so as
to handle and treat the two ash streams. However, these
two ash streams they can be processed in combination.
Pirkle et al. (1991) indicated that heavy metals may not
be destroyed or damaged in the incineration process
even at elevated temperature but they are simply
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concentrated up to high levels in the ash residues or
dispersed over the surrounding environment from the
incinerator stack as a flying ash. For example, if one is
exposed to elevated levels of heavy metal like lead, a
person can have numerous adverse effects on renal
function, developmental effect and reproduction adverse
in animals and humans (Bernard et al., 1995; Pirkle et al.,
1991).
The by-product of incineration can be categorized into
two: bottom ash and fly ash. According to Anamul (2012),
most of the ash in the bottom ash is the residues inside
the burner after incineration process. The flying ash
settles on post burner equipment such as scrubbers.
Therefore, it should be noted that bottom ash is the
remainder resulting from the incineration of waste
material (Anamul, 2012). Recent research paper reported
that metals, such as Ni and Zn in the bottom ashes from
medical waste incinerators were having high leachability.
The current best use of the by-product to safely get rid of
ashes is to put ashes in construction materials, or can be
used in cement, or to solid waste landfills (Anamul,
2012). However, the bottom ash from medical waste has
some special characteristics that must be considered
before it can be reused.
The bottom ash from medical waste incineration may
contain a large proportion of toxic heavy metals or toxic
organic compounds that might hinder its reuse. Previous
study by Anamul (2012) has indicated that bottom ash
from medical waste contains higher amounts of heavy
metals such as Ni, and Zn than does Municipal Solid
Waste (MSW). The composition and distribution of toxic
heavy metals in bottom ash from hospital incinerators
may vary depending on the type of incinerator in use
(Anamul, 2012).
Sabiha-Javied and Tofail (2008) also analyzed different
heavy metal (Cd, Cr, Cu, Ir, Pb and Zn) in the hospital
incinerator bottom ash. The concentration level of heavy
metals Pb and Zn were found to be relatively higher than
that of other constituents in the waste. The higher
concentration level of heavy metals and dioxins such as
polychlorinated
dibenzodioxin
(PCDDs)
and
polychlorinated dibenzofurans (PCDFs) were also
observed in hospital incinerator bottom ash by several
researchers (Racho and Jindal, 2004; Gidarakos et al.,
2009).
Mohajer et al. (2013) indicated that it is predicted that
incinerated healthcare waste may contain heavy metals
such as Cr, Pb, Cd, Hg, Zn and many other as well as
carcinogenic organic compounds like PCBs, dioxins,
benzene, and many other cancer causing organics. If
these medical waste by-products are not well disposed,
they can pollute the entire environment and pose public
health problems such as gastrointestinal abnormalities,
acute respiratory syndromes, and various cancers (Zhao
et al., 2010; Auta and Morenikeji, 2013).
In Ghana for example, they have guidelines advocating
for controlled disposal of medical waste incinerator bottom
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ash at landfills. The key components indicated in the
guideline are: monitoring of hospital waste incinerator
bottom ash quality, environmental pollution potential, and
treatment strategies so as to ensure the safety of hospital
incinerator bottom ash to be disposed of (Adama et al.,
2016). This may not be the case for most of African
countries where the observations made at the waste
incinerator in Dar es Salaam city showed continuous
dumping of bottom ash in an open dump pit very close to
the incinerator. This habit can lead to high toxic heavy
metal levels observed in soils around the dumping site.
This paper analyses the toxic heavy metal content of the
bottom ash at three regional hospitals and one National
hospital at Dar es Salaam city.

MATERIALS AND METHODS
Study area
The present study was conducted in three regional hospitals
(Mwananyamala, Temeke and Ilala) and one National Hospital
(Muhimbili) at Dar es Salaam city. Weighing of healthcare waste
was done for 14 consecutive days in all hospitals. Weighing of
healthcare waste was done over two shifts. Wastes generated
during the night shift was weighed in the morning likewise, all the
waste generated during the day was weighed and recorded before
the end of days shift.

Sampling and analysis
About 200 g of incinerator by-product (bottom ash) from the
selected hospitals were collected twice weekly from each hospital
from 13th January 2020 to 26 February 2019 making a total of 25
samples from each hospital. A process is repeated to get a triplicate
sample of each bottom ash. The bottom ash samples were
collected according to ASTM D6009-96 Standard Guide for
sampling waste piles and stored in glass packs. The samples
collected were transported to the Government Chemist Laboratory
Agency (GCLA) for heavy metal analysis. The bottom ash samples
obtained were air-dried to constant weight at ambient temperature
(27°C) in the laboratory. A dried sample (1 g) was accurately
weighed and transferred into round bottomed flask containing 10 ml
Conc. HNO3. The mixture then was slowly evaporated over a period
of 1 h on a hot plate. The residues obtained were digested for about
10 min at room temperature before heating on a hot plate. The
digested mixture was placed on a hot plate and heated
intermittently to steady temperature of 150°C for about 5 h until the
fumes of HClO4 were no longer evolving (Asemave, 2014). The
mixture was allowed to cool slowly to room temperature and then
filtered using Whatman No.1 filter paper into a 50 mL volumetric
flask and made up to the mark with deionized water after rinsing the
reacting vessels, to recover any residual metal. The filtrate was
then stored in pre-cleaned polyethylene storage bottles ready for
analysis. The concentrations of heavy metal were determined using
Inductively Coupled Plasma-Optical Emission Spectrophometer
(ICP-OES). A multi-element instrument calibration standard was
prepared at a concentration of 10 mg/L, matrix matched to the
samples (that is, in 15% v/v hydrochloric acid and 5% v/v nitric
acid). The calibration was validated using a quality control standard
(8 mg/L), prepared internally from different reagent stocks. Any
sample exceeded the calibration range was diluted accordingly, in
duplicate, and re-analyzed.

RESULTS AND DISCUSSION
Key parameters of Healthcare Waste Management in
the studied Hospitals
Quantities of healthcare waste generated in a given
hospital ranges widely depending on different factors
such as size of the hospital, number of outpatient and
number of beds. The Muhimbili National Hospital (MNH),
which is a National Referral Hospital, has 1500 beds,
attended up to 1200 outpatients per day. The volume of
healthcare waste generated per day is 325 kg,followed by
Mwananyamala Regional hospital having 210 beds and
299 kg/day of waste generated (Table 1). The volume of
healthcare waste generated is 3 times higher than the
capacity of incinerators. This was also observed earlier
(Manyele and Anicetus, 2006), which means most
hospitals had low incineration capacity and they cannot
accommodate all wastes generated in the respective
hospital with few of them are fire brick incinerators.
The volume of hazardous waste generated was very
high. The result from investigation reveals that there was
a poor segregation at the source of generation of
infectious and sharps waste by use of color coding
system. This was contrary to what was observed earlier
(Matee and Manyele, 2015). Other studies in different
African countries show that healthcare waste is either not
properly or insufficiently segregated or not segregated at
all. Though government policies and action plans are in
place, but they are not sufficient or not comprehensive
enough to address this problem (Matiko, 2015; Msuya et
al., 2003). For the perfect working incinerator, the
combustion efficiency is assured by operating the
secondary combustion chamber at a temperature
≥1000°C (Baharun et al., 2005). This was not the case for
the incinerators visited (Table 1). The maximum
temperature observed was 914°C at Muhimbili National
Hospital and the lowest was at Ilala Regional hospital
with 711°C.

Sources of heavy metals in healthcare waste
During use phase of medical equipment in hospitals, a
small portion of the toxic heavy metal may be lost from
the products either by corrosion or wear. The heavy
metals may be discharged directly to the environment or
end up in HCW. The sources of discharges of the toxic
heavy metals to the environment and waste water are not
addressed in this study, but focus is on the heavy metals
in the incinerated waste. Apart from the lost part of the
heavy metal, main part of the toxic heavy metals will still
be present in the material when the discarded products
are disposed of as waste material. The toxic heavy metal
will either be part of those collected for recycling or
disposed of in the municipal solid waste incinerators
(MSWI) or go directly to landfills. However, since the toxic
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Table 1. Description of hospitals.

No. of
beds

Waste
generation
rate (kg/day)

Type of incinerator

Combustion
Design

Muhimbili National
Hospital

1500

3250

Diesel burner
operated incinerator

Mwananyamala
Regional Hospital

210

299

Ilala Regional Hospital

170

Temeke Regional
Hospital

190

Name of facility

Incinerator
capacity
(kg/h)

Observed
maximum
temperature (°C)

Vertical double
chamber

100

914

Diesel burner
operated incinerator

Horizontaldouble chamber

100

792

143.4

Diesel burner
operated incinerator

Horizontal
double chamber

100

711

232

Diesel burner
operated incinerator

Horizontal
double chamber

150

842

heavy metal content of the data presented here is based
on per unit weight of the waste incinerated, the data
remain valid whether some part is lost in the HCW,
wastewater and vapourization during use. A minor part of
the toxic heavy metals will be disposed of as chemical
waste and recycled or landfilled via chemical waste
treatment. Only very few and incomplete analyses exist
of the content of heavy metals containing products in
HCW and other complex waste fractions like photographic
waste from radiology units. The reason is that these
heavy metals are not homogeneously distributed in the
medical waste material and it is necessary to sort very
large amounts of this waste material to get results of a
satisfactorily statistical significance. Figure 1 shows the
flow of heavy metals from hospital supplies to the
incinerator ashes via healthcare waste.
For instance, the main use of lead compounds, which
are lead oxides for cathode ray tubes and crystal glass
and stabilizers for polyvinyl chloride (PVC), other uses
include plastic syringes, sharp wastes and batteries. With
reference to the knowledge of the application of the
heavy metals and disposal pattern of the heavy metal
containing-products, it is possible to identify the type of
chemical based products that may end up in solid waste.
For the quantification of the sources, it is necessary to
have appropriate knowledge of the consumption of the
heavy metals by application both past and today.
However, as many products may contain heavy metals,
which can last for many years, meaning that they have
high half-life; especially those which can be used for
infrastructure and in the building sectors, the current
analyses of sources of heavy metals to the waste
materials may underestimate the contribution from these
products.

Flow of heavy
healthcare waste

metals

during

incineration

of

The known purposes of incineration process are basically

to reduce the volume of the waste, to utilize the energy
contents and to destroy harmful organic compounds and
microorganisms in the waste materials. At the same time,
some of the heavy metals during waste, incineration are
mobilized or vaporize and accelerates the release of the
metals to the environment or some times to the
atmosphere. The incineration process typically takes
place at temperatures about 1000C, at which
temperature organic materials will burn and be
mineralized completely. At this temperature, heavy
metals will depend on their physical properties of
vaporization, melting or remain in metallic form. The fate
of the heavy metals by the incineration will also depend
on the waste composition and type of actual process,
especially
the
flue
gas
cleaning
technology
(Schachermayer et al., 1995). A schematic view of the
flow of toxic heavy metals through an incinerator using
wet scrubber for flue gas cleaning is shown in Figure 2. It
is important to note that many types of incinerators of this
kind in addition may have carbon filter and specific
processes for further treatment of the residues, like
gypsum precipitation, washing and stabilization of the
residues.

Measured Levels of heavy metals in bottom ash
Overall analysis
The bottom ash samples from the four hospitals were
tested for eight heavy metal concentration (Cd, Cu, Fe,
Zn, Mn, Cr, Pb, As). Most of these toxic heavy metals are
required in human body and they can be present in all
tissues of the body. Therefore, it is not surprising to find
high level of these toxic metals because waste materials
from these hospitals contain pathological human parts as
well as placentas which are always incinerated. Based on
Figure 1, the heavy metal content in the incinerated
waste results from sources found in the Waste collected
from the hospital cleanliness.
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Human body parts
Steel alloys

Mn

KMnO4 (cleaning,
disinfectants, bleaching)
Incinerator metal parts
Scrap metal

Fe

Medical equipment
(needles, scalpels, blades)
Flue Gas

Paint

Fly ash,
Vapours: Cr, Pb, Zn

Textile (linen)
Metal alloys

Cr

Plastic dyes (bags, bottles)
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HEALTHCARE
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INCINERATOR
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Plastic syringes
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Building plumbing
Heating pipes
Air conditioner pipes
Refrigeration pipes
Electrical/Electronic products
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Electroplating
Polymers (heat/light stabilizers)
Insecticides, fungicides,
wood preservatives

Figure 1. Flow of heavy metals from hospital supplies to the incinerator ashes via healthcare waste.

Figure 2. Schematic view of the flow of heavy metals by incineration using wet acid gas cleaning process.
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Table 2. Average heavy metals concentration in bottom ash from selected hospital incinerators (in mg/kg).

Cr
Cu
As
Pb
Fe
Cd
Zn
Mn

MNH
0.16 ± 0.09
61.31± 13.91
BDL
0.24 ±0.11
409.62 ±52.98
0.019 ± 0.010
77.32 ±19.32
68.04 ±21.25

Ilala
0.33 ± 0.27
52.04± 0.79
BDL
0.68 ± 0.58
213.33 ±58.32
0.011 ± 0.005
89.58 ±10.13
42.22 ±07.17

Table 2 summarizes the average metal concentrations of
the heavy metals in the bottom ash of the selected
hospital incinerators in Dar es Salaam. The average
concentration of chromium arranged from highest can be
reported as 0.33 ± 0.27 mg/kg (Ilala regional hospital),
>0.26 ± 0.07 mg/kg (Temeke regional hospital), >0.17 ±
0.09 mg/kg (Mwananyamala regional hospital) and >0.16
± 0.09 mg/kg (Muhimbili National Hospital).
The detected levels were higher than the recommended
limit (USEPA, 2010) which is 0.1 mg/kg. These values
were about 6 times higher than the values detected in
earlier studies (Xu et al., 2016), where the level of
chromium was 0.05 mg/kg, but 3 times lower with values
detected by Al-Muzaini (2016) which was 0.94 mg/kg.
Figure 3 compares the experimental results in graphical
form.

Chromium
The variation in the concentration of Cr within incinerator
ashes was probably due to two factors. The first factor
was the variation in the hospital waste’s composition and
the second factor was the differences in the services
offered within the hospitals and influx of materials in the
hospital (Powell, 1987a). These levels were not
unexpected since hospital wastes normally contain about
20% nonorganic materials and, occasionally, the levels
can increase as high as 30% (Powell, 1987b). Another
factor which leads to high level of chromium in bottom
ash is the operating temperature of the incinerator. It is
known that the higher the temperature, the lower the
concentration of the chromium. The lowest concentration
was observed at Muhimbili National hospital where the
o
maximum operating temperature was 914 C, while Ilala
regional hospital detected highest level of Cr where the
o
maximum operating temperature was lowest at 711 C.
The chromium is normally used in tanning, in wood
processing especially in conservation and pigments and
dyes for plastic materials. Also in paints and textiles
materials and in some cases the Cr alloys (European
Commission, 2003). Due to the presence of colored
plastics in the waste collected that could be one of the

Mwananyamala
0.17 ± 0.09
73.37± 4.73
BDL
0.25 ± 0.13
344.42 ±54.37
0.016 ± 0.013
67.09 ±8.20
53.03 ±03.10

Temeke
0.26±0.07
83.01± 13.93
BDL
0.54 ± 0.26
556.32 ±55.71
0.011 ± 0.005
87.30 ±19.51
43.02 ±06.00

sources of Cr metal in the incinerated healthcare bottom
ash material.

Zinc
Zinc concentration ranges from 67.09 ± 08.20 mg/kg
detected at Mwananyamala regional referral hospital to
89.58 ± 10.13 mg/kg detected at Ilala regional referral
hospital. These values are higher than 0.5 mg/kg which
was detected in Singapore by Paula et al. (2017).
However, these values were within the USEPA (2007),
permissible allowable limits for waste disposal to landfill
which is 70 mg/kg. Other metals like lead, zinc metal has
a melting point 419.5°C. This temperature is very low
compared to incineration temperature. Therefore most of
the zinc may have escaped in the flue gas.
Zinc is one of the essential elements to human beings.
Because of its nature as an essential trace element, the
oral uptake of trace amounts of zinc is essential for
human survival. The recommended dietary allowance
(RDA) for zinc is 11.0 mg/day for men and 8 mg/day for
women (Trumbo et al., 2001). When the recommended
amount is excess, immediate symptoms of zinc toxicity
including abdominal pain, nausea, and vomiting can be
observed. Additional effects include anemia, lethargy,
and dizziness (Porea et al., 2000).
During incineration process, about 40% of zinc and
copper can remain in a slag and remained 60% of them
are volatilized and go into the fly ash and may escape
into the atmosphere (Zhang and Kasai, 2004). The
melting point of the respective metal has a strong
influence on the he rate of volatilization of the heavy
metal (Zhang and Kasai, 2004). Hence, the amount of
zinc in a slag decreases with increase in temperature.
This was evident from another study (Zhao et al., 2009),
where the mean level of zinc in the incinerated bottom
ash was 4,510 mg/kg, while in the fly ash the mean
concentration was 75,093 mg/kg. In order to effectively
control the removal process of Zn as it is for metals like
Pb with lower melting points it is important to understand
their vaporization behaviors from molten materials,
usually in chlorine-bearing slag so as to keep community

354

Afr. J. Environ. Sci. Technol.

Figure 3. Comparison of the heavy metal concentration in bottom ash between different HCW
incinerators.

safe on metal toxicity (Barin, 1989).

Copper
The mean concentration of copper ranged from 52.04 ±

7.90 mg/kg to 83.01± 13.93 mg/kg, which was detected
at Ilala regional referral hospital and Temeke regional
referral hospitals, respectively. These values are twenty
times higher than the values detected earlier (Patra et al.,
2017) which was 2.2 mg/kg. However, these values are
lower than the landfill disposal limits in Singapore for
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instance, which is 100 mg/kg (Patra et al., 2017). In this
case, it is obvious that the higher the amount of waste
with various composition of waste is the major factor for
observed different value per facilities. The source of
Copper is in building’s materials, house wiring materials,
house plumbing materials, heating utensils, air
conditioning as well as refrigeration, architectural
materials, electrical and electronic products, industrial
machinery and many others applications (Lam et al.,
2010). Copper compounds for example CuSO4 are used
in agricultural activities and can be used as fungicides,
insecticides, bactericides, pigments. In animal husbandry
they can be used in animal feeds, dietary supplements,
antifouling paints, and as heat and light stabilizers in
polymers. Also copper compounds can find its application
in wood preservatives and electroplating.

Iron
The minimum average for Iron concentration, 213.33 ±
58.32 mg/kg, was found for ash samples collected from
Ilala regional referral Hospital and the maximum average
level detected was 556.32 ± 55.71mg/kg detected at
Temeke regional referral hospital. The average level of
iron in the incineration bottom ash correspond with the
values detected by other researchers earlier, 314 .0
mg/kg (Racho and Jindal, 2004).
The variability could be due to the amount and type of
waste generated and collected for incineration. However
it is a common metal found in any incinerated medical
waste. It was difficult to establish any reference regarding
Fe because TBS has not provided any specifications for
this metal. However WHO (2003) provides standard for
consumption of Fe not exceed 0.8 mg/kg of body weight.
Iron is ranked fourth most abundant element in the
earth’s crust and it is one of the components of stainless
steel which is an alloy of metal Iron, carbon, chromium,
silicon, molybdenum, and nickel. The highest
concentration of iron in the bottom ash could be due to its
high melting point which is 1,493°C higher than most of
the incinerators maximum operating temperature. The
main component of medical equipment such as needles,
scalpel, hypodermic blades and much other compliance
are made up of iron. That could be the reason of high
level of level of iron to be high in the analyzed bottom ash
(Yang and Ren, 2010).

Manganese
Manganese element is one of essential element for living
organisms, including human beings. Most enzymes
require manganese for example, manganese superoxide
dismutase, and some enzymes are activated by the
manganese for example kinases and decarboxylases
(USEPA, 1984; Hurley and Keen, 1987). The highest
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mean concentration of manganese was 68.04 ± 21.25,
which was detected at Muhimbili National Hospital while
the lowest was 42.22 ± 07.17 detected at Ilala regional
referral hospital. These values are lower than
214.4 ± 4.11 mg/kg as reported in previous literature
(Zhao et al., 2009).
Most of the organs of the body like kidney, liver,
pancreas and other organs contain good amount of
Manganese compound (Tipton and Cook, 1963). It also
accumulates preferentially in the brain in infants and
young animals (Kontur and Fechter, 1988). Therefore,
incineration of human parts increases concentration of
manganese in the bottom ash. The steel alloys and
manganese compounds can be another source of
Manganise (IPCS, 1999). Manganese dioxide and many
other manganese compounds are also used in
manufacture of batteries, glass and fireworks. Potassium
permanganate is also a known oxidant which is
commonly used for cleaning, bleaching and disinfection
purposes in hospital laundry. Also, food remains in
healthcare is the most important source of manganese
(USEPA, 2002). The tolerable upper intake level of Mn is
11 mg/day for adults, based on a recent review (Greger,
1999).

Cadmium
Cadmium can be found in many applications including
PVC stabilizer and as a pigment in other plastics, as well
as in nickel - cadmium batteries and in some metal
plating. Also pigments used in plastic (main use),
ceramics, glass and paint (USEPA, 1996). The highest
concentration was recorded at Muhimbili National
Hospital, 0.019 ± 0.001, while the lowest was recorded at
Temeke regional hospital, 0.011 ± 0.005 mg/kg. The
levels were extremely low when compared with an earlier
study that recorded 7.14 mg/Kg (Adama et al., 2016).
However, the levels were within the acceptable permitted
standard 0.005 mg/kg (USEPA, 2007).
Cadmium is one of the heavy metals which is not
essential for plant or animal life. The solubility of
cadmium is relatively high compared to other heavy
metals. That is why, cadmium is more mobile in soil, and
more bioavailable and tends to bioaccumulate. Therefore,
using landfill in disposing the ashes is not recommended
because of bioavailability, cadmium can find its way to
agricultural products. Cadmium can accumulate in the
human body and especially in the kidneys through food
web, which can lead to kidney dysfunction (Jorup et al.,
1998).

Lead
Lead concentration ranges from 0.24 ± 0.11 mg/kg to0.68
± 0.58 mg/kg at Muhimbili National Hospital and Ilala
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regional hospital respectively. These levels are slightly
lower than levels detected somewhere else with average
of 0.85 mg/kg (Patra et al., 2017), though higher than
maximum acceptable limit of 0.05 mg/kg (USEPA, 2007).
Like Zn and other heavy metals, such as Cd, have high
volatility and sometimes can easily form high volatile
compounds (CdCl2 or PbCl2), and thus tend to be
transferred into fly ash during the incineration process
(Sukandar et al., 2006; Shim et al., 2005).
Most of medical waste incinerated in the selected
hospitals contained mostly sharps which consisted of
plastic needles and other colored plastic materials.
Therefore, it was not surprising that the Pb content was
high in the analysis because lead is normally used in
pigmentation of plastic materials as well as termination of
polymerization process. The low level of lead could be
due to its lower melting point which is 328°C, and it is
lower than observed incineration temperature ranges
between 711 to 914°C. Therefore, melted lead
compounds during incineration might have adsorbed on
surface area of bottom ash.

Arsenic
The Arsenic compounds found its way in many
applications including wood preservatives (such as,
chromium copper arsenate); electronic appliances (such
as, semiconductors); in agricultural products (such as,
fungicides, herbicides, pesticides, and silvicides);
nonferrous alloys; animal feed additives; glass; ceramics;
and dyeing and printing (USEPA, 1996; Matee and
Manyele, 2015). It is most commonly found sulfide ores
as arsenopyrite. However, Arsenic was not detected in all
four incinerators.

Estimation of the quantity of heavy metals in the
waste loaded into the incinerator
Based on the average concentration of the metals in the
incinerator bottom ashes (mg metal/kg bottom ashes)
(Table 2), and knowing the amount of waste loaded into
the incinerator per cycle (Table 1), the quantity of the
metals in the waste load (g/kg waste) was estimated for
Cr, Cd, Cu, Zn, Pb and Mn. The data for Fe was
excluded due to contribution of other sources such as
grate and top frame supporting the firebricks, especially
for Temeke Hospital Incinerator. Figure 4 presents the
results for the four incinerators studied.
Thus, knowing the waste incinerated per day, and
hence the corresponding waste generation rate, the
quantity of the heavy metals disposed via bottom ashes
can be estimated. This can be followed by feasibility
studies regarding extraction of the metals from the ashes,
given the current price of the metals in the market. The
concentration of Pb in the waste is important because Pb

is conserved in the combustion process; all the Pb fed to
the combustor exists with the bottom ash, is collected as
fly ash, or is emitted as fine particles in the stack gas.

Estimation of the quantities of heavy
disposed of per year via bottom ashes

metals

Generally, toxic heavy metals are strongly attached to the
bottom ashes due to the high content of alkaline material
in these residues, which strongly limits the solubility of
heavy metals, and also because these heavy metals are
integrated in a silicate matrix created during the
incineration process. Due to high concentration of toxic
heavy metal in the bottom ashes, and weight reduction of
95%, the amount of heavy metals in g/kg ashes was
estimated per cycle. Knowing the number of cycles per
day and hence number of cycles per year (360 days), the
kg of heavy metals emitted into the environment based
on disposal of bottom ash was estimated for each metal
as presented in Figure 5.
The quantity of iron released to the environment via
ash disposal was the highest compared to other metals
due to additional sources released into the ashes during
incineration. This is caused by oxidation of iron bars due
to rusting and high temperature corrosion (Xu et al.,
2016). Moreover, the iron and steel content in the
incinerated waste is also high due to many items made of
iron or steel entering the healthcare waste stream as
reported also by Matee and Manyele (2015) and Manyele
et al. (2011). Results show that MNH has the highest
release of metals attributable to the large quantities of
waste generated per day and thus per year. This
because, based on Table 2, most of the metal
concentration for MNH were within the observed range
for incinerators in other hospitals.
Lead (Pb) emissions from waste incineration process,
are influenced by the concentration of Pb in the waste
feed, the chemical form of Pb, the physical matrix of the
waste, the degree of ash carryover from the primary
combustion chamber, thermal conditions in the primary
and secondary combustion chambers that affect Pb
volatilization, and the air-pollution control system
efficiency for fine-particle removal from the gas. The
method of feeding waste to the combustion chamber (in
batches vs. continuous feeding) can have an indirect
effect on Pb emissions. Figure 5, demonstrated that lead
will end up in the slag, while cadmium, which due to its
low boiling point it will evaporates during the incineration,
will tend to adhere to particles mainly end up in the
electrostatic precipitator dust.
The environmental concerns related to incineration
have traditionally been focused on the vapor (flue gas) as
an important source of immediate heavy metal release to
the environment. In most cases, emitted heavy metals
will be deposited relatively close to the incinerators
although a part of the metals - and especially mercury -
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Figure 4. Quantities of heavy metals in the waste loaded per cycle based on concentration in the bottom ashes.

Figure 5. Quantities of heavy metals released to the environment per year via bottom ash disposal.
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may be transported over long distances. It is evidently
noted that although only a very small part of the heavy
metal content of the waste is emitted to the air, emission
from waste incinerators may constitute a significant part
of the total air emission from a country (Lassen and
Hansen, 1996; Drivsholm et al., 2000). However, as the
flue gas cleaning systems improve to modern standard,
disposal of slag and in particular flue gas cleaning
residues are becoming major subjects of concern.
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The qualitative and quantitative analysis of pollutant loads from effluents discharged into Lake
Tanganyika has been studied, with a view to evaluate remediation strategies. The discharge of effluents
into Lake Tanganyika calls for concern as it poses serious threats to the biological wealth of the lake.
Physico-chemical and microbiological parameters were evaluated for pollution from the effluent source
to Lake Tanganyika (discharged point) using standard procedures. Results revealed significant
pollution of the lake from prisons, the general hospital of Uvira and household channels. The prison of
Uvira was the highest emitter of organic loads with a 42% chemical oxygen demand (COD), followed by
the general hospital (30%) and finally households (28%). The absence of faecal coliforms, Escherichia
coli and Salmonella sp. could be explained by the high concentration of chloride (varied from 1174 to
1388 mg/L) in this wastewater. The identification of latrines near the said collector reveals that 64% of
septic tanks are connected directly or indirectly to the collector and 36% of indigenous latrines. The
population is called upon to carry out individual sanitation, by building septic tanks that meets
established standards and local authority’s requirement to assist in establishing a waste station which
can mitigate the problem.
Key words: Uvira, collector, Belgian technical cooperation, pollution, individual sanitation, self-purification.

INTRODUCTION
Lake Tanganyika is of international importance and
constitutes a vital resource shared between Burundi, the
Democratic Republic of Congo, Tanzania and Zambia.
However, the governments of the four bordering countries

and the international community are increasingly
recognizing that threats to the biological wealth of the
lake and the sustainable use of its resources are
increasing rapidly (Cohen, 1991; West, 2001). This
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obvious and substantial increase in human activities
around
the
lake,
associated
with
increasing
industrialization and urbanization poses environmental
problems since the city of Uvira and its factories (the port
and its oil depot, the Kiliba sugar refinery) and its general
referral hospital have no wastewater treatment facilities,
all of which, end up in Lake Tanganyika directly or
indirectly via its tributary rivers (Bailey et al., 2001).
Since the beginning of the 21st century, the
environment (atmospheric, terrestrial and aquatic) has
been subjected to the increasing pressure of industrial
and human activities, the effects of which were quickly
felt. Any substance of anthropogenic or natural origin
released into the environment with unfavourable
biological effects is a pollutant (Moriarty, 1990) or a
xenobiotic. The latter term refers to any substance which
does not exist in its natural state and which is
characterized by high toxicity at low concentrations
(Ramade, 2000). Contaminants released into the
environment end up more or less quickly in aquatic
environments, especially estuarine and coastal areas,
where they can have short and long-term effects (Burton,
1992).
The collector built by the Belgian Technical Cooperation
(BTC) takes its source just at the foot of Mount Mitumba
that is threatened by very advanced anarchic
constructions due to the high population density at the
base of the mountain which presents harmful effects to
the environment. The population growth in the area puts
the lives of inhabitants at risk as the passage of the
collector exposes the area to multiple natural disasters.
This collector receives a large part of the solid and liquid
household waste from the inhabitants of Kakungwe
quarter (Shishi avenue), the General Reference Hospital
of Uvira (HGR) and the waste water from the central
prison which contributes to the pollution of the
environment and imbalance of the ecosystems of the
lake, following the lack of an appropriate hygiene and
sanitation practices (Figures 1 and 2).
The large collector built by BTC is connected to four
outfalls, namely: rainwater from roof channels coming
from the main entrance of Shishi Avenue which flows into
the collector from upstream, Mitumba chain covering the
Institut la Belle, the HGR outfall and finally the
wastewater outfall of the central prison that is sufficiently
loaded. Wastewater and water from collectors is channel
into Lake Tanganyika, which constitutes pollution that can
contribute to imbalances in ecosystems. It should be
noted that the city of Uvira has no sewage system, nor a
liquid and solid waste treatment station. Consequently, all
the waste produced by households, both solid and liquid,
is discharged into the drains of several avenues in the
town to be channelled to the lake (Lumami et al., 2016).

Lake Tanganyika is home to several endemic species,
most of which are found nowhere else in the world
(Fermon, 2007). Fishermen at Lake Tanganyika operate
near the coast, in small canoes, using "lusenga" (large
conical landing nets), dormant gillnets, beach seines,
nets and hand lines between 0 and 5 m deep (West,
2001). It is possible that this artisanal fishery captures
fish contaminated by pollutants and to be sold to the
population. This constitutes a danger in the food chain by
bio-accumulation and this phenomenon could badly
regenerate to humans by the phenomenon of biomagnification. The current strong demographics in the
city of Uvira cause enormous challenges in the provision
of drinking water, drainage and the management and
treatment of both solid and liquid wastes which are
discharged directly and indirectly into Lake Tanganyika
without any prior treatment, faced with the above
problems, aim of this research was to assess,
qualitatively and quantitatively, the pollutant load
conveyed by the collector into Lake Tanganyika and
identify the emitters of pollutants in order to establish the
eco-toxicological risk and propose strategies for
remedying pollution in the future.

MATERIALS AND METHODS
Presentation of the study site
The study site was located by Google Earth and then Arc GIS
version 9.3 software was used to design the map (Figure 3). The
study took place in the City of Uvira, located at the end of the
northwest basin of Lake Tanganyika in the East of the Democratic
Republic of Congo in the Province of Sud-Kivu (West, 2001). It is
located between 03°20' and 04°20' south latitude, 29° and 29°30'
east longitude. The City of Uvira is bounded to the North by the
Ruzizi plain, to the South by the Fizi Territory, to the West by the
Mitumba Mountains and finally to the East by Lake Tanganyika
which gives it an opening towards the Burundi, Tanzania and
Zambia from the port of Kalundu. A global positioning system (GPS)
was used to take the geographic coordinates of the sampling sites
with coordinates 29°08’32.7” East, 03°23’31.2” South and
29°08’39.0” East, 03°24’ 26.3’’ South.

Sampling and analytical methods
Samples were taken from four sites along the BTC collector and the
fifth site was from Lake Tanganyika in the direction of effluents, in
order to determine the dilution of pollutants in the Lake (see the
dotted lines on the map). Eleven samples were taken from each
site from February 2015 to October 2018. The analyses were done
immediately after sampling in the Water Chemistry Laboratory of
the Higher Pedagogic Institute/Bukavu, the Laboratory of Analytical
Chemistry of the Environment at the University of Burundi/
Bujumbura, the Microbiology Laboratory of the University of Dar Es
Salaam and the Chemistry Laboratory of the Hydrobiology
Research Center/Uvira.

*Corresponding author. E-mail :bulengyim@yahoo.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
License 4.0 International License
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Figure 1. Obstruction of water channel by solid and liquids waste.

Figure 2. Discharge system of domestic collectors and hospital worn water towards
the Lake.

The measurement of the flow rate was carried out by a chemical or
dilution method, which consists in injecting a miscible substance

(sodium chloride) of known concentration in water, and measuring
the concentration at a certain distance downstream (good mixture)
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Figure 3. Location of green balloon sampling sites.

over time. The flow rate was then calculated using the following
formula (Agence de l’eau, 2006):

𝐹𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 (𝐿 / 𝑠) = (𝑄𝑠 × 1000 × 1.86)/(𝐶𝑑 × 𝑇𝑓)

(1)

Where: Qs = quantity of salt injected in grams, Cd = difference
between the average conductivity (Cm) and the initial conductivity
(Ci) in μS/cm, Tf = flow time in seconds.
Eight flow rate measurements were the subject of this sampling
during normal times (around 7 to 9 am) and on the other hand a
single sampling was made just 10 min after a heavy morning rain
on October 9, 2015.
The physico-chemical parameters studied were: pH, electrical
conductivity, suspended matter (SM), Chemical Oxygen Demand
(COD) and Biochemical Oxygen Demand for 5 days (BOD5). The
pH was determined in situ by a Hanna HI 9828 pH meter fitted with
a probe measuring electrical conductivity and dissolved oxygen.
The suspended matter was determined by filtration of a volume of
waste water on a cellulosic filter (125 mm); (Rodier, 1996).
Unfiltered samples of total nitrogen and total phosphorus were
measured using a spectrophotometer. Chloride was determined by
the Mohr method. Turbidity was determined by the photometric
method using 2100P ISO Turbidimeter. The COD was measured
with near-metered test tubes containing all the reagents necessary
for mineralization and the appearance of colour (Rodier, 1996). The
measurement was made with the DR 2800 spectrophotometer
model Hach Lange, with eight measurements per site, giving a total
of forty measurements. The biochemical oxygen demand (BOD 5)
was measured with Oxytop bottles in which a quantity of the sample
indicated for the estimated range of BOD5 was introduced. The
whole was placed in an incubator which ensured a constant

temperature of 20°C, (Rodier, 1996). Coliforms and E. coli were
analysed by the membrane filtration method, (CEAEQ, 2016;
USEPA, 2002) and Salmonella sp by the presence/absence
method, (CEAEQ, 2013). Macro invertebrate was determined by the
keys (19.Cl; 19.C3; 19.C6; 19.C11), (Tachet, 2003).
The pollutant load was calculated using the following relationship
(EPA (NURP), 1983):

𝐹 (𝑘𝑔/𝑑) = 𝑄𝑖 𝑥 𝐶 𝑥 𝑇𝑖

(2)

Where: F: is the polluting flux, Qi: the flow rate, C: the concentration
of a given pollutant, Ti: time interval.
The water quality was assessed according to the classification of
Bliefert and Perraud (2001) (Table 1) and the simplified list to
assess the quality of surface water (Table 2).

RESULTS AND DISCUSSION
Physico-chemical characteristics of wastewater and
tributaries
Results of global chemical and physical parameters are
presented on Figure 4. The pH had its minimum and
maximum values between 7 and 9 (Figure 4a). Acidic
character was observed at sites 2 and 5. Low pH (acidic
waters) increases, in particular, the risk of the presence
of heavy metals in a more toxic ionic form. High pH
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Table 1. Classification of stagnant and running surface water according to their quality.

Quality
class
1A
1B
2
3
4

Rate of saturation
in O2 (%)
≥ 90
70…..90
50……70
< 50
-

Dissolved O2 in
mg/L
≥7
5 ….7
3….5
<3
-

BOD5 (mg/L)

CO D (mg/L)

≥3
3….5
5….10
10….25
> 25

≥ 20
20….25
25…..40
40……80
> 80

Quantity of
water
Excellent
Good
Average
Poor
Out of range

Source: Bliefert and Perraud (2001).

Table 2. Simplified list for the evaluation of chemical qualities of surface water.

Dissolved O2
(mg/L)
>7
7-5
5-3
3-1
<1

+

BOD5 (mg/L)

COD (mg/L)

NH4 (mg/L)

<3
3-5
5 - 10
10 - 25
>25

<20
20 - 25
25 - 40
40 - 80
>80

<0.1
0.1 – 0.5
0.5 - 2
2-8
>8

Total P
(mg/L)
<0.1
0.1 – 0.3
0.3 – 0.5
0.5 - 3
>3

Fecal coliform
(CFU/100 ml)
<20
20 - 2000
2000 – 20
>20000
-

Category
Excellent
Good
Average
Bad
Very Bad

Source: Secretary of State to the Ministry for Energy, Mines, Water and the Environment, in charge of Water and the
Environment« Webwww.water.gov.ma. »

increases ammonia concentrations and statistical analysis
shows that there was no significant difference (p = 0.967
> 0.05) between the pH values.
The temperature of the water ranged from 25 to 32°C
(Figure 4b). It plays an important role in the solubility of
salts and gases including, among others, oxygen
necessary for the balance of life. In addition, the
temperature of this wastewater was very high due to the
pollutant load and decreased the dissolved oxygen
content of the wastewater. Statistical analysis showed
that there was no significant difference (p = 0.599 > 0.05)
between the measured temperatures. The dissolved
oxygen (Figure 4c) of the wastewater was too high, which
leads to a sharp decrease and sometimes lack of
dissolved oxygen which can lead to the disappearance of
certain species, the decrease of self-purification, the
accumulation of foul-smelling deposits (odours),
accelerated growth of plant (including algae). Statistical
analysis showed that there was a difference (p = 0.042 <
0.05) between dissolved oxygen values.
With the exception of the lake, the waste water from
other sites contained inadmissible turbidity (Figure 4d)
and statistical analysis showed that there was a
significant difference (p = 0.00001 < 0.05). This
significant turbidity of the water lead to a reduction in its
transparency which reduces the penetration of solar
radiation useful for the aquatic life (photosynthesis). The
increased turbidity of the water and the deposition of
sediments counteract the growth of algae, which could
have profound effects on other components of the food

chain. In the study of ostracods through a variety of
habitats that were disturbed by sediments in a light,
moderate or high way, Cohen et al. (1993) found that
ostracods from highly disturbed environments (both hard
and soft substrates) were significantly less diverse than
those in less disturbed environments, with differences in
specific richness ranging between 40 and 62%. Total
Dissolved Solids (Figure 4e) values were much higher for
all the sites and statistical analysis showed that there was
no significant difference (p = 0.0734 > 0.05) between its
values. All the waters analysed had electrical
conductivities that were not acceptable because they
were much higher than the guideline value of 1000 µS/cm
(Figure 4f). The large conductivities could be attributed to
the strong mineralization of the water and the presence of
sedimentary rock in the city. Large organic pollution loads
increase electrical conductivity. Statistical analysis shows
that there is no significant difference (p = 0.214 > 0.05)
between the electrical conductivities.

Flow rate
The flow rate of the collector was 0.52 L/s for normal time
and 4.87 L/s under the rain (Table 3). These values were
higher than other rivers and collectors of wastewater
such as the Bwindi and Kawa rivers at Bukavu which are
3
respectively 0.27 and 0.11 m /s. This flow rates makes it
possible to assess the pollutant load which flows daily
into Lake Tanganyika.
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F value Pr (>F)
0.139
0.967
(a) pH

F value Pr(>F)
0.696
0.599
(b) Temperature

F value p (>F)
2.75
0.0425
(c) Dissolved Oxygen

F value
p (>F)
10.21
1.39e-05 ***
(d) Turbidity

F value p (>F)
2.385
0.0734
(e) Total Dissolved Solids

F value
p (>F)
1.513
0.214
(f) Electrical Conductivity

Figure 4. (a) pH, (b) temperature, (c) dissolved oxygen, (d) turbidity, (e) total dissolved solids, (f) electrical
conductivity. *** - significant.

Table 3. Liquid flow rate measurement.

N°
01
02

Sampling time
Normal time
Under the rain

Flow rate L/s
0.52
4.87

Kapepula et al.

BOD5
Househ
olds,
33%,
33%

Central
prison,
37%,
37%

General
hospital,
30%,
30%
Figure 5. % BOD5 of various emitters.

367

hospital, describing an average of 400 patients per month
and 111 households with 284 people had been identified.
Approximately 1709 people were thus connected to the
collector.
In all, we found that the major emitters of pollutants
from this collector, out of the 100% of COD, are the
central prison (42%), followed by the general hospital
(30%) and households (28%). Unlike COD, BOD5
showed that household production (33%) was higher than
that of the general reference hospital (30%). This is
because hospital effluent seems not to be easily
biodegradable as compared to household waste; Figures
5 and 6 shows the current state of BOD5 and COD.
In the set of households that were overloading the
collector, 64% of these households use septic tank
latrines, whose drainage pipes were connected directly to
the collector and 36% of these households use traditional
latrines wherein as soon as it is full, the household
destroys it to build another. The identification and
quantification of toilets near the collector are shown on
Figure 7.

Characteristics of the organic load of liquid effluents

COD
Househo
lds,
28%,
28%
General
hospital,
30%,
30%

Central
prison,
42%,
42%

Figure 6. % COD of various emitters.

Emitters of pollutants
The three major emitters of pollutants were the central
prison, the Uvira general reference hospital and
households. The central prison was designed for a
capacity of 150 prisoners, but unfortunately it had 1025
persons (about seven times more at the time of this
study), according to the annual statistics of the
Penitentiary Center of Uvira, established in December
2019. The 2019 annual report of the general referral

The values of BOD5 and COD shown on Figures 8 and 9
are too high in certain sampling sites. Site 5, which is the
lake, presented certain values a little lower than those of
the other sites because there was dilution along the line.
Despite this, these values were still higher compared to
the established standard. Ndrianirina et al. (2020)
presented results whereby BOD5 values ranged from 85
to 225 mg/L while COD values ranged from 175 to 530
mg/L in domestic waste water from the urban centre of
Antananarivo, Madagascar.
BOD5 is an expression to indicate the amount of
oxygen that is used for the destruction of decomposable
organic matter by biochemical processes. The COD and
BOD5 values of this collector were very much higher than
the standards and varied from site to site. Their values
varied seasonally (F value = 2.04 for COD and 0.931 for
BOD5). Figure 10 shows the degree of degradability of
the effluent in the collector. By calculating the degree of
biochemical degradation α (α = BOD5/COD), its values
varied from one site to another. These values are
sometimes close to 0, which explains why biochemically
non-biodegradable compounds are high.
The relationship between BOD5/COD varies depending
on the period and the following observations were made:
site 1 (exit of the central prison) evacuated nondegradable liquid in February, March, May 2015, and
February, March, May, September, and October 2016,
while the waste evacuated in June, July and August 2016
where biodegradable. Site 2 (exit of the general hospital)
released biodegradable waste to the BTC collector in
February and March 2015, July, August, September and
October 2016 and on the other hand in May 2015,
February, March, and June 2016, its wastes was not
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Proportion in %

Septic tank
latrine,
64.28%, 64%

Septic tank latrine
Traditional latrine

Figure 7. Quantification of the types of toilets surrounding the collector.

Figure 8. Seasonal variation of COD.
F value = 2.046, p = 0.104.

biodegradable. Site 3 is the mixing zone between the
central prison (site 1) and the general referral hospital of
Uvira (site 2), the choice of this site allowed us to assess
the contribution of households to the collector.

Determination of the hydrogram and pollutogram
The average pollution parameters of this collector varied
significantly in space. Peaks were most observed around
10 a.m. to 1 p.m. Statistical analysis by Kruskall wallis
and ANOVA showed that the difference between the

variations is not significant (p > 0.05). Table 4
summarizes the means and standard deviations of the
spatial variation of the pollution parameters. From Table
4, it was observed that the average values of pollution
parameters were very high compared to the standards
established by Bliefert and Perraud (2001) and State
Secretariat for Energy, Mines, Water and Environment, in
Rabat in Morocco (S.E.E.E).
The temporal variation of pollutants of the said collector
was also varying daily. The statistical test of Kruskall
wallis and ANOVA showed a significant daily difference in
+
COD (p = 0.04 < 0.05), NH4 (p = 0.03 < 0.05) and
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Figure 9. Seasonal variation of BOD5.
F value = 0.931, p = 0.455.

Figure 10. BOD5/COD ratio of the various sites.

Chloride (p = 0.03 < 0.005). Table 5 summarizes the
means and standard deviations of the temporal variation
of the pollution parameters. The daily averages of COD,
BOD5, N ammoniacal, total N, total P, suspended matter
and chloride on Monday 23/07/2018 were very much
higher compared to those on Wednesday 25/07/2018. On
the other hand, the COD, BOD5, N ammoniacal and
suspended matter on Friday 27/07/2018 were higher than
the values on 23/07/20218 and 25/07/2018. Low

concentrations were observed on the second day of
sampling (Wednesday 25/07/2018). This difference in
daily concentrations is explained by the anthropic
activities carried out in the central prison of Uvira which
includes significant number of prisoners whose sanitary
conditions are not appropriately respected. Prisoners
usually do their maintenance work at the start and end of
the week, according to information received from their
officials. The chloride content was too high, although not
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Table 4. Spatial variation of the physicochemical parameters of pollution.

Flow rate (L/s)
COD (mg/L)
BOD5 (mg/L)
+
NH4 (mg/L)
Total N (mg/L)
Total P (mg/L)
TDS (mg/L)
Chloride (mg/L)

7 a.m. (X ± SD)
0.79 ± 0.12
367.66 ±216.8
88.3± 48.04
9.48±3.26
23.83±3.35
12.67± 5.12
512 ± 518.16
1221.33 ± 86.63

10 a.m. (X ± SD)
0.82± 0.23
568.66± 478.0
221.66±242.6
10.72±6.38
19.58±7.4
27.21±29.08
382.66 ± 356.42
1273.33± 187.08

1 p.m. (X ± SD)
0.92± 0.36
911± 1023.72
10.93±487.88
10.93± 6.17
19.7± 7.5
30.45± 33.6
2090± 3084.36
1338± 147.39

4 p.m. (X ± SD)
0.71± 0.08
292.66±84.47
59.33±14.3
11.23±1.76
21.55± 3.48
18.59 ± 11.40
386.66± 246.84
1253.33± 44.61

chi-squared
0.74
1.05
1.30
0.55
1.25
0.28
0.81
1.51

p
0.8
0.7
0.7
0.9
0.7
0.9
0.8
0.6

*p < 0,001: Highly significant, ** p < 0,01 : very significant and ***p < 0,05 :significant.

Table 5. Temporal variability of the physicochemical parameters.

Flow rate (L/s)
COD (mg/L)
BOD5 (mg/L)
+
NH4 (mg/L)
Total (mg/L)
Total P (mg/L)
TDS
(mg/L)
Chloride(mg/L)

23/07/2018
X ± SD
1.002 ± 0.26
977.7±825.8
387.5±396.09
12.63±0.82
23.73±2.05
38.56±30
1573.5 ±2718
1388±98.1

25/07/2018
X ± SD
0.72 ±0.05
238.5± 65.8
56.25 ±8.5
6.077 ±2.7
17.44 ±7.3
13.57 ±5.2
215± 23
1252.5 ± 61

27/07/2018
X ± SD
0.71 ±0.13
388.75 ±151.03
85.75 ±47.03
13.077 ±3.79
22.33± 3.75
14.56±10.33
740±295.18
1174± 82.59

chi-squared

p

5.34
6.03
4.5
6.52
1.65
1.42
4.51
6.61

0.06
0.04***
0.1
0.03***
0.43
0.49
0.1
0.03***

*p < 0.001 : Highly significant, ** p < 0.01 : very significant and ***p < 0.05 :significant.

harmful, but is an important indicator of the presence of
pollutants.
Results for COD, BOD5, suspended matter and
ammoniacal N were very high compared to the results of
Buhungu et al. (2017) on the Kinyankoge river in which
ammoniacal N varied from 3.2 to 11.5 mg/L, COD from
59 to 85 mg/L and BOD5 from 26 to 38.6 mg/L. They
were also higher than those of Njoyim et al. (2016) in
which, N ammoniacal varied from 0.56 to 2.6 mg/L and
Chloride from 0.7 to 8.6 mg/L; Ndikumana et al. (2013)
who studied the collectors of Bujumbura and COD varied
between 209 and 676 mg/L, BOD5 between 39 and 114
mg/L. Pollution parameters of this collector were also
higher than the parameters of the wastewater of Bukavu
rivers (Kapepula et al., 2015). This collector takes a
significant amount of suspended matter (average 1574
mg/L) into the lake. Lake Tanganyika usually blows a
strong wind towards the south and this wind in turn
produces strong waves. In the agitated state of the lake,
the pollutants take an orientation perpendicular to the left
lateral. On the other hand, if there is no wind, no waves
will be generated and the pollutants would disperse to the
lake linearly. Table 6 shows the evolution of the dilution
of pollutants in Lake Tanganyika. It was observed that the
pollutant load was higher at the coast of the lake and the

dilution was linear in normal time at Lake Tanganyika up
to a distance of 8 m. There was a significant amount of
ammonia in the lake, which is an indication of
contamination by discharges from domestic sources
Buhungu et al. (2018). Human or animal urine indeed
contains large amounts of urea which quickly transforms
into ammonia.
Hydrogram
The collector flow was not constant, and showed a
maximum around 10 a.m. and 1 p.m. By analysing Figure
11, it can be seen that in normal times, the flow rate of
this collector did not vary appreciably. The peaks
observed on July 23, 2018 from 10 a.m. to 1 p.m. are due
to the intense activities of the central prison of Uvira at
the beginning of the week and also these hours were
strategic, because school children are getting ready for
school and the others arriving home get ready for
housework.
Pollutogram
The wastewater from the central prison of Uvira, the
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Table 6. The dilution of pollutants in Lake Tanganyika.

Linear dilution in meter
Discharge system
Linear dilution 1
Linear dilution 2
Linear dilution 5
Linear dilution 8

COD
mg/L
131
121
118
112
98

BOD5
mg/L
79
70
72
76
71

Total N
mg/L
17.2
13.1
11.8
4.3
2.08

Ammoniacal N
mg/L
9.2
7.1
4.02
1.1
0,8

Total P
mg/L
15.6
12.2
6.28
2.1
0.9

Figure 11. The daily hydrogram of the collector BTC.

General Reference Hospital of Uvira and households was
very polluted because the pollutant flow in kg/d carried
into Lake Tanganyika presented much higher values. The
high flow rate was observed at the beginning and at the
end of the week; this is explained by the maintenance
activities at the penitentiary centre which are usually
carried out on Monday and Friday. Table 7 presents the
values in kg/d of pollutant flow discharged into Lake
Tanganyika.

Biotic parameters
Total coliforms in the samples increased from site 4 at
the collector outlet to site 5 at Lake Tanganyika at a
distance of 2 meters from the vertical inlet of the
pollutant. The increase in the number of Total Coliforms
in the lake is explained by the open environment of the

lake, which receives all the solid and liquid waste from
the city of Uvira (Lumami et al., 2016), and this solid
waste are piled up on the shoreline of the lake, and
currently the shoreline of the lake is considered a public
dumping ground.
Faecal Coliforms, E. coli and Salmonella sp were
completely absent in all the samples. Coliforms are
naturally present in the environment, as well as in human
and animal faecal waste. The high number of Faecal
Coliforms is caused by the penetration of soil or organic
matter into the water or by conditions favouring the
growth of other types of coliforms. Therefore, the
absence of faecal coliforms at other sites and the
complete absence of total coliforms, E. coli and
Salmonella sp, is explained by the high chloride content
in these waters and other pollutants that inhibit their
presence. Nchofua et al (2020) upon analysing water for
quality control in Bangolan, Northwest Cameroon,
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Table 7. Pollutant flow sent to Lake Tanganyika in kg/d.

Polluant flow
(kg/d)

Parameter
BOD5
COD
+
NH4
Total N
Total P
TDS
Chloride

23/07/2018
4.2
10.5
0.13
0.25
0.41
17
15

25/07/2018
0.43
0.43
0.05
0.13
0.1
1.67
9.73

27/07/2018
0.65
0.65
0.1
0.17
0.11
5.67
9

kg/d: The quantity in kilograms of pollutants carried to the lake per day.

discovered that faecal coliforms were present in all the
water samples with counts ranging from 8-160/100 ml.
The identification of macro invertebrate made in the
collector, revealed the presence of macro invertebrates of
the order of Diptera, families of Culicidae and Muscidae,
of the genus Anophele and Musca.

Conclusion
The measurement of the main pollution parameters
reveals significant pollution of BTC collector by waste
from the penitentiary, the general reference hospital of
Uvira as well as households. This had a negative impact
on Lake Tanganyika, that is the average values of COD
and BOD5: at site 1, were 3814 and 1890 mg/L; at site 2:
2713 and 1568 mg/L; at site 3: 2009 and 1361 mg/L; at
site 4: 2538 and 1712 mg/L; at site 5: 994 and 472 mg/L
respectively. The central prison of Uvira was the first
emitter of the organic load with 40% of COD and BOD5,
followed by households (32%) and finally 28% at the
general referral hospital of Uvira. During sampling, it was
identified that 64% of households have septic tank
latrines which are directly or indirectly connected to the
collector, and as soon as they are full, households take
advantage of emptying them in the rain.
3
The hydrogram flow rate varied between 0.7 to 1 m /s
during sampling and this influenced the average amount
of pollutant load, which varied daily from 0.65 to 10.5 kg/d
for COD, 0.65 to 4.2 kg/d for BOD5, 0.05 to 0.13 kg/d for
ammoniacal N, 0.17 to 0.25 kg/d for total N, 0.11 to 0.41
kg/d for total phosphorus, 9.73 to 15 kg/d for chloride and
finally from 5.67 to 17 kg/d for suspended matter.
There was absence of total coliforms, faecal coliforms, E.
coli and salmonella sp and could be explained by the
high concentration of chloride in this wastewater, which
varied from 1174 to 1388 mg/L and also others pollutants
that inhibit the latter.
Regarding the results, the raw sewage from the central
prison of Uvira, general reference hospital in Uvira as
well as households are all connected to the collector built
by the Belgian Technical Cooperation and present values
of the major physicochemical pollution parameters that

relatively exceed the general maximum permissible
values of direct and indirect discharges into the receiving
environment. Lake Tanganyika is at high risk of
environmental pollution; hence the need to treat raw
wastewaters before discharge, as it poses a very high
risk on the food chain. The company in charge of the
distribution of drinking water in Uvira is unable to serve
the entire population due to the large demographic
distribution and a good number of persons rely on Lake
Tanganyika with contaminated water which may be the
cause of waterborne diseases and would also affect
coastal fishing. As for the lake, the pollutant effect will
cause a rupture in the trophic chain by the elimination of
endemic and polysensitive species. The adoption of an
individual sanitation system would be an asset for the
protection of the environment and Lake Tanganyika in
particular.
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In this study, farmers’ perceptions and adaptation options to climate variability and change were
assessed in the Bilate watershed of south central Ethiopia. The determinant factors that influence the
choice of farmers to climate change and variability adaptation were also investigated. Above 92% of the
surveyed farm households perceived variability and change in climatic variables. Based on the data
from 270 households, 59% of the households participated in one or the other way of the six major
adaptation strategies which most prevailed inside farmers of the watershed. Changing the crop variety,
using water harvesting scheme, intensifying irrigation, using cover crop or/and mulching, reducing the
number of livestock owned and getting off-farm job are the main adaptation strategies used by the
farming households. The results from the binary logistic model further showed that age and
educational level of the household head, farm size and the income level of the household are household
characteristics that significantly affect the choice of adaptation options, while access to climate
information in the form of seasonal forecast and local agro ecology are other factors that determined
the selection of adaptation methods by the farming households in the study area. The main constraints
to adaptation to climate change in the study area are seen to be knowledge gap in the form of lack of
information, shortage of labour and minimal land sizes which are the three most explained constraints
to climate change as explained by responding household heads.
Key words: Climate variability and change, perception, binary logistic model.

INTRODUCTION
Climate change is defined statistically as significant
variation in either mean state of the climate or its
variability which persists for an extended period typically
decades or longer. It is a global environmental threat to
all economic sectors, particularly in the agricultural sector

(Chandrasiri, 2013). Climate is a key factor influencing
agricultural production. Agriculture also affects climate
change, which means higher temperatures, reduced
rainfall and increased rainfall variability reduce crop yield
and threaten food security in low income and agriculture-
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based economies (Deressa et al., 2011).
Adaptation to climate change is getting global attention
as the confidence in climate change projections is getting
higher, because it can no longer be ignored (Wilbanks
and Kates, 2010). Adaptation in the context of climate
change refers to any adjustment that takes place in
natural or human systems in response to actual or
expected impacts of climate change, aimed at
moderating harm or exploiting beneficial opportunities
(Smit and Wandel, 2006; Picketts et al., 2012). Adapting
to climate variability and change has been part of human
practice for long period and the historical record includes
many cases of successful adaptations (Wilbanks and
Kates, 2010).
Impact of climate change is detrimental to countries
that depend on agriculture as the main source of
livelihood (Deressa et al., 2011) and Ethiopia is
fundamentally an agrarian country, with its agriculture
sector continuing to be the most dominant contributor to
the national economy. It accounts for nearly 46% of GDP,
73% of employment, and nearly 80% of foreign export
earnings (ATA, 2014). To guide future adaptation
strategies, we have to understand how farmers perceive
and adapt to climate change because adaptation to
climate change is a two-step process; the first step
requires the farmers to perceive a change in climate and
the second step requires them to act through adaptation
(Deressa et al., 2011). In order to understand what
adaptation options are needed and how the perceptions
of farmers are affected, it is important to identify the
climatic and non-climatic factors that influence the
sensitivity of rural livelihoods to climate change for
example age or farming experience of farmers, exposure
to mass media and income level of rural household may
all affect perceptions of climate change (Ishaya and
Abaje, 2008; Semenza et al., 2008; Akter and Bennett,
2009). Number of studies shows that in one way or the
other farmers perceive that the climate is changing and
also trying to adapt to reduce the negative impacts of
climate change (Mertz et al., 2009; Deressa et al., 2011).
The impacts of climate change are typically discussed
at the global, continental or national levels and
developing countries are recognised as the most
vulnerable to climate change impacts and have less
capacity to adapt (Lindseth, 2005). But the impacts of
climate change are most acutely felt at local level, so
there are many advantages to pursuing adaptation
planning at this level (Juholaa et al., 2012) and there are
a lot of studies on farm-level adaptation to climate
change across different disciplines in various countries
which explored farmers’ adaptive behaviour and its
determinants (Deressa et al., 2009; Bryan et al., 2013;
Abid et al., 2015).
System’s ability to adjust to climate change in order to
minimize potential damages, and take advantage of
opportunities or cope with the consequences of climate
change is its adaptive capacity (IPCC, 2007; Juholaa et
al., 2012). Adaptive capacity is highly varied within a
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society or locality and often influenced by factors such as
class, gender, health, social status and ethnicity (Nielsen
and Reenberg, 2010). This study is meant to, first to look
how farmers perceive long term changes to the local
climatic variables and second to analyse how farmers
adapt their farming in response to perceived changes in
climate.

METHODOLOGY
Description of the study area
The Bilate River watershed (BRW) covers an area of about 5625
km2 and is located in the southern Ethiopian Rift Valley and partly in
the Western Ethiopian Highlands. The Bilate River watershed
stretches across different topographical zones, sections of the
watershed are located in the Ethiopian Highlands and display
mountainous characteristics while other areas are part of the Rift
Valley and thus, are almost flat or undulating. The altitude of the
watershed ranges from 1300 at Lake Abaya to 3050 m above sea
level at Mt. Ambaricho. Geographically, its absolute location, southnorth extends from 6° 36'N 38°00'E at Lake Abaya Wolaita zone
SNNPR to 8°05'N 38°12'E at Gurage and Silte zones border,
SNNPR. On the other hand its west-east extension is from 7°18'N
46'E at Kambata zone to 7°12'N38°22'E Sidama zone (Figure 1).
The land cover in the BRW is predominated by different types of
agricultural land (87%), grass and rangeland only 0.8% and the
remaining mixed land cover including plantation forest, shrub land
and wetland accounts for about 12.2%. These days the forests are
transformed to croplands and/or grazing areas. The problem is
directly attributed to increasing human population especially in the
rural areas.
The mean annual rainfall in the BRW ranges between 721 and
1353 mm which shows large spatial variability with a maximum
rainfall is as large as 1.87 times the minimum rainfall. Areas that
belong to the part of the Western Ethiopian Highlands show higher
rainfall on annual base while the part of the watershed that belongs
to the Ethiopian rift valley shows lower rainfall. Based on the
interpolation method used, the mean annual rainfall of the period
1984-2013 is estimated to be 1121 mm. The highest vales of the
daily mean temperature is observed in February and March which
are the dry period of the area. The lowest value of maximum
temperature is recorded in the months of July and August.
The study kebeles (the lowest administrative unit in Ethiopia)
come from three districts representing the upper, middle and lower
parts of the Bilate River watershed and known to practice irrigation
in the watershed. The first study site is Bilwanja kebele of Hulbareg
Woreda in Silite zone near by the Hulbareg town with mean annual
rainfall of 1131 mm from the upper part of the watershed. The
second study site is Alemtena Kebele, in Halaba Zone near Alaba
Kulito town with mean annual rainfall of 1025 mm representing the
middle course of the watershed and the third study site is Bilate
Charcho kebele in Duguna Fango Woreda of Wolaita zone near
Bilate Tena with mean annual rainfall of 781 mm representing the
lower course of the watershed Table 1.

Sampling and data collection
A multi stage sampling technique was used to select the study
Kebeles and sample households in the watershed. First the Bilate
River watershed was selected as the overall study area. In the
second stage, three districts representing the upper, middle and
lower course of the watershed and one kebele within each district
were also purposely selected to include villages which practice
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Figure 1. The Location map of the Bilate River watershed and selected kebeles.

Table 1. The study zone district (Woreda) and Kebele.

Zone/Woreda
Silite Zone/Hulbareg
Halaba Zone
Wolaita Zone/DugunaFango

Kebele
Bilwanja
AlemTena
BilateCharcho

irrigation and whose community are aware of the dynamics of the
hydrology in the watershed. From these sampled kebeles, based on
the methods by Israel (2009), 270 households were selected
proportionally.
The survey was conducted between December 2013 and

Total No. of HH
1030
506
735

No. of HH Interviewed
95
86
89

January 2014. Interview schedule was used to collect information
from all sample farming households making use of structured and
validated questionnaire to Understand Agricultural Household
Adaptation to Climate Change prepared by Living Standards
Measurement Study-Integrated Surveys on Agriculture (LSMS-ISA)

Wodaje et al.

project with slight modifications. Pretesting of the questionnaire was
performed to avoid missing any important information.

The study examines, first whether smallholder farmers in the Bilate
watershed perceived climate change and then whether, they have
tried to adapt to the perceived climate change in their agricultural
activities, finally to model the factors influencing their choice of
adaptation methods.
To find out whether farmers in the watershed perceived climate
change, a sample farm households were asked if they have
observed variation in the climatic parameters and descriptive
statistics were used to assess the perception of farmers on climate
change and the different adaptation methods adopted by them.
Smallholder farmers are known to use adaptation methods when
the perceived net benefit of their agricultural productivity is
significantly greater than from the productivity without using it. That
means the decision of whether or not to use any adaptation option
could fall under the general framework of utility and profit
maximization (Deressa et al., 2008, 2011; Gbetibouo, 2009).
At initial stage the multinomial logit (MNL) model was planned to
be used to model climate change adaptation behaviour of farmers
by making use of discrete dependent variables with multiple
choices. Based on literatures multinomial estimation exhibits
superior ability to predict discrete choices (Bezu et al., 2009); it is
computationally simple (Hadgu et al., 2015) and the same model
was used for similar studies in Ethiopia (Deressa et al., 2009;
Tessema et al., 2013; Legese et al., 2014) for causes in which
respondents are restricted to select only one adaptation option from
different adaptation measures. During the survey, it was found out
that several adaptation options were used simultaneously by a
single respondent. This behaviour made the use of MNL modelling
inappropriate by violating the assumption of mutually exclusiveness
and failing to fit to the test for their independence of irrelevant
alternatives (IIA).
Binary logit model specification is adopted to examine factors
influencing the climate change adaptation behavior of farmers
involving dummy dependent variables with binary choices. Consider
a latent variable equal to the benefit expected from the
adoption of a given adaptation measure:
(1)
is a latent binary variable with subscripts i showing the

household adapted to climate change and j showing six different
adaptation measures,

adaptation option j (

if the perceived benefit from option j

is greater than zero (

, otherwise household i will not use

adaptation measure j if the perceived benefit from it is equal to or
less than zero
(Abid et al., 2015).

Methods of analysis

where
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stands for the model intercept,

vector of the binary regression coefficient,

is the

is the vector of

Therefore, we can interpret the Equation 2 in terms of the
observed binary variable
as follows:
(3)
where G(.) takes the specific binomial distribution (Fernihough,
2011; Abid et al., 2015).
The parameter estimates of the binary logit model provide only
the direction of the effect of the independent variables on the
dependent variable; it does not show the magnitude of change and
probabilities. Therefore, to quantify the results, we need to find the
marginal effects

by differentiating Equation 3 with respect to

the explanatory variables provides marginal effects of the
explanatory variables that describes the effect of a unit change in
explanatory variables on the probability of dependent variable.
(4)

Model variables
Dependent variables (Adaptation options)
A wide variety of actions taken by an individual farmers, community
level and organizations to prepare for, or respond to, climate
change impacts have been identified as adaptation options by
climate change research community. The adaptation options in
Bilate watershed are identified by asking the farming households
about their perception of the climate change and measures they
take to offset the negative impacts of the changes (Figure 2). Some
other adaptation options like planting shade trees, changing from
crop to livestock, migrating to another area and renting out their
land holding were assumed to be part of the adaptation options but
ignored after interview schedule because they are not reported in
the response of the farm households or are perceived as
community level mitigation measures.
The used cover crop and mulching mainly to conserve moisture
and intensification of irrigation are two main adaptation methods
reported to be used by farmers of the Bilate watershed whereas
changing crop varieties and building water harvesting schemes are
the least used methods. About 41% of the farming household
participants in the interview schedule reported that their family used
none of the adaptation methods.

exogenous explanatory variable that influence the farmers choice
particular adaptation option and k in the subscript shows specific
explanatory variables and,

is error term which is

normally distributed.
One cannot directly observe the latent variable

. All one

can see is
(2)

where

is observed variable showing the household i will use

Independent variables
Farmers’ choices of adaptation strategies are determined by a
range of household socio-economic characteristics, institutional
factors and agro-ecological setting. Hypothesized factors are
discussed subsequently and the description with expected effect of
each of these variables is presented in Table 2.
Age: In literatures, the age of farmers has been discussed to
influence their decision to adopt to new technologies both positively
and negatively (Gbegeh and Akubuilo, 2013). Some studies in
Ethiopia showed the age of the household head as a measure of
farming experience so that this experience affects positively the
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Figure 2. Farmer’s adaptation options in Bilate watershed.

Table 2. Description of the independent variables.

Explanatory variable
Age of the household head
Gender of the household head
Educational level of household head
Family size of household
Average annual total income of the household
Access to extension services
Access to climate information
Local agro-ecology (Mid-land)
Farm size in hectare
Livestock ownership

Mean
39.49
0.76
5.48
6.33
9728.63
0.85
0.50
0.67
1.30
0.95

S.D
8.55
0.43
3.22
1.95
4633.72
0.36
0.50
0.47
0.84
0.22

farmer’s adaptation options (Deressa et al., 2009; Hadgu et al.,
2015). While other researchers concluded that older farmers are
less likely to be flexible than younger farmers and thus have a
lesser likelihood of adopting new technologies (Adesina and BaiduForson, 1995). The study of Shiferaw and Holden (1998) in Ethiopia
shows that there is a negative relation between age and adoption of
improved soil conservation practice. Here, it is expected that
households with older head are more likely to adapt to climate
change.
Gender: Gbetibouo (2009) argues the effect of gender on climate
change adoption decisions to be location-specific. In many parts of
Africa, women have fewer capabilities and resources than men, this
in turn weaken their capacity to embrace labour-intensive
agricultural innovations (Gbegeh and Akubuilo, 2013). In Ethiopia
female-headed households are expected to be less likely to adapt
due to their limited access to land, information, inputs and
institutions as a result of traditional social barriers (Wilson and
Getnet, 2011; Tessema et al., 2013). There are some other studies
with results contrary to the aforementioned argument which shows
that female-headed households are more likely to take up climate
change adaptation methods (Nhemachena and Hassan, 2007).
Thus, adaptation methods are assumed to be context specific.
Educational level: There is a positive relationship between the
education level of the household head and the adoption of the

Description
Continuous
Dummy takes the value of 1 if male and zero otherwise
Continuous (number of formal schooling years)
Continuous
Continuous
Dummy takes value of 1 if there is access and otherwise zero
Dummy takes value of 1 if there is access and otherwise zero
Dummy takes value of 1 if kola and Zero otherwise
Continuous
Dummy takes value of 1 if own cattle and otherwise zero

household to new technology (Asfaw et al., 2015) and the years of
formal education of the farmers were positively related to
adaptation to climate change (Shongwe, 2014). This shows that
farmers with higher levels of education are more likely to adapt
better to climate change (Obayelu et al., 2014). Here also it is
assumed that farmers with higher levels of education are more
likely to adapt better to climate change.
Household size: There are two categories of views for the
influence of household size to climate change adaptation (Deressa
et al., 2008). The first category argues that households with a larger
number are more likely to adopt an agricultural technology and use
the execs labour more intensively because they have fewer labor
shortages at peak times (Croppenstedt et al., 2003). While the
second category argues that larger households were less likely to
adapt to climate change than the smaller households (Ndambiri et
al., 2012). Here it is expected that hypothesized households with
larger family size have high probability of adapting to climate
change.
Wealth: Owning Land and Livestock and Farm and nonfarm
income are known to represent household wealth in rural areas and
also influence adaptation options of households (Tessema et al.,
2013). Shortage of land is seen to be a barrier in climate change
adaptation (Bryan et al., 2009). Higher income and livestock
ownership are seen as facilitators of climate change adaptations in
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literature (Tessema et al., 2013) because wealthier farmers are
advantageous in adaptation (Foster and Rosenzweig, 2010). So all
land size, income level and livestock ownership are hypothesized to
have positive relation with adaptation to climate change.

RESULTS AND DISCUSSION

Extension and Climate information: Many of the decisions made
by farmers are affected by weather and climate but there is lack of
reliable information that can help them consider these decisions
(Clarkson et al., 2014). As discussed in Deressa et al. (2008)
extension on crop and livestock production and information on
climate are among these information’s required to make decision on
climate change adaptation. Extension services are claimed to
encourage adaptation to climate change by raising farmer’s
awareness of the issue (Nhemachena and Hassan, 2007).
Therefore, here also both the access to extension services and
access to information on climate are expected to positively
influence adaptation.

In order to adapt to climate change, farmers must first
perceive that changes are taking place (Bryan et al.,
2009). Adger et al. (2009) discussed farmer’s perception
of long-term changes in climate to be crucial pre-indicator
for the climate change adaptation. Therefore, sample
farm households were asked if they perceived or not
changes in long term climate indicators in their vicinity.
The results of the study shows that (Figure 3) the
majority of farmers perceived decrease in the amount of
annual rainfall (92%) while only 4% of the farmers felt an
increase in annual rainfall while the remaining 4% said
they did not notice any change in the amount of the
rainfall in their area. 79% of the farmers felt an increase
in the number of hot days while 11 and 10% of the
remaining farmers are for the group of people who did not
feel any change and those who felt decrease in the
number of hot days, respectively. The sample households
did not ask about their feelings in the change of mean
temperature because the area under investigation is
known to be with high range of daily temperature and it
will not be easy to perceive the mean change in daily
temperature for farmers.
The onset and end date of rainfall in a given year are
determinants of the Length of Growing period for an area
(Stern et al., 2006; Abiy et al., 2014). The farming
household’s perception on these climatic events is crucial
to counteract the changes from the norm. 73% of the
farmers perceived that the onset of rainfall in the area in
the last 5 years is delayed, 27% said it is starting on time
and no one has perceived it to begin earlier than the
usual. 71% of the responding farmers also perceived that
rainfall in the area ends sooner than the usual. So, most
of the farmers perceived that in recent years, rainfall
starts late and ends soon that leaves them with shorter
length of growing period.

Agro-ecological zone: The agro-ecological setting of farmers is
expected to influence their adaptation to climate change. In
Ethiopia, there are three traditional agro-ecological zones, the kolla
(lowland) characterized by hotter and drier climate, the woinadega
(middle land) and Dega (highland) are wetter and cooler (Deressa
et al., 2009; Tessema et al., 2013). Deressa et al. (2009) also
explains that farmers in drier and hotter climate are more likely to
respond to climate change. The study sites in this research are
located in the woinadega and the kola areas and farmers residing in
the Kolla area are hypothesized to adapt to climate change that the
farmers of the woinadega area.

Hypothesis testing for model significance
A logistic regression model is very useful under two circumstances:
first, given a set of values of the independent variables, we wish to
estimate the probability that the event of interest will occur and
second to evaluate the influence each independent variable has
upon the response. There are various methods to measure the
appropriateness of fit of logistic models under these circumstances.
So, to test the overall significance of models, the global null
hypothesis approach which tests the hypothesis that all the
regression coefficient β’s = 0 versus the alternative that at least one
is not zero, was used.
In logistic regression, a likelihood ratio Chi-square test (Stata
calls this LR Chi2) is used and it is computed by contrasting a model
which has no independent variables (that is, has the constant only)
with a model that does (Williams, 2015). The test statistics is
distributed 2 with degrees of freedom equal to the difference
between the number of variables in the model with predictors and
intercept-only model (Abid et al., 2015).
In our case, it can be seen that 2 (Table 3) for all adaptation
values holds positive values between 58 and 118 with the p values
associated to it are all less than 0.001. On the base of test
statistics, the null hypothesis that states all the regression
coefficient β’s = 0 can be rejected and the alternative hypothesis
that at least one is not zero can be accepted, so it can be
concluded that our models with predictors fit significantly better than
the intercept-only model.
The goodness of fit of all adaptation models is determined by the
measure of pseudo-R2. The results of pseudo-R2 ranged from 0.26
to 0.56 showing the better fit of the models in adaptation to climate
change. The classification matrices in logistic regression serve to
evaluate the accuracy of the model. The overall percentage of
accurate predictions for the models varies between 82 and 92%
which shows only few cases are classified incorrectly and all the
models selected for this study can fairly estimate the factors
affecting the use of different adaptation methods in the study area.

Farm level perception of climate change

Farm level constraints to adaptation
Long term deviation of climatic variables from the norm
was perceived by 92% of the sample farmers in one way
or the other. Even though, the major sect of the
community perceived that climate was changing, only
58% of the sample households actually made an
adaptation at household level. The farmers who did not
use any adaptation methods mentioned five main
constraints (Figure 4) that hindered them from using
adaptation options. These are knowledge gap in the form
of lack of information (23%), financial constraints (16%),
shortage of labour (21%), shortage of land size (21%)
and water scarcity in the irrigation channels (19%).
The knowledge gap in the form of lack of information is
mainly attributed to the educational level of the head of
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Table 3. Model significance test and predictive power.

Model
Changing crop variety
Water harvesting scheme
Intensifying Irrigation
Using cover crop or/and mulching
Reducing livestock number
Found off farm jobs

2

df

p level

-2 Log
likelihood

AIC

58.35
69.50
118.99
81.15
71.65
74.21

10
10
10
10
10
10

0
0
0
0
0
0

134.14
121.12
156.68
212.22
192.93
214.17

154.14
141.11
178.68
234.22
214.93
236.17

Model
correctness
(%)
86.9
92.2
89.3
85.6
83.0
82.2

Nagelkerke
2
pseudo-R
0.38
0.31
0.56
0.39
0.37
0.26

df- Degrees of freedom, p-level shows the statistical significance to reject the null hypothesis (Ho), AIC (Akaike information criterion) measures relative
quality of statistical model.

Figure 3. Farmers perceptions of climate change in Bilate watershed.

the household. The results of the cross tabulation of
educational level of the household head with their
response of adaptation for shift in temperature or rainfall
show that 88.5% of the farmers who had 10 years and
above formal schooling were made adaptable, while
85.2% of farmers who did not attended any level of
formal education did not made adaptation.

Determinants
methods
The logistic

of

farmer’s

regression

choice

of

adaptation

models for the adaptation

strategies were used to quantify the impact of
independent variables affecting the choice of adaptation
methods by the sample farming households. The
coefficients of the logistic regression (Table 4) provide
only the direction of the effect of the independent variable
on the response variables but do not show the actual
magnitude of change and probability. Therefore, the
marginal effect from the logistic regression model (Table
5) was computed and presented to show the expected
change in the probability of a given choice in adaptation
measure being made with respect to a unit change in an
independent variable. The fitness of the model was
earlier discussed.
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Figure 4. Constraints to adaptation to climate change in the study area.

Table 4. Parameter estimates of the logistic regression model for climate change adaptation at farm level.

Explanatory variable
Age of the household head
Gender of the household head
Educational level of household Head
Family size of household
Average annual total Income
Access to Extension services
Access to climate information
Local agro-ecology kolla
Farm size in hectare
Livestock ownership
const

Changing
crop
variety
-0.0693**
-0.0959
0.2476*
-0.1634
0.0000
1.4226
-1.4354*
-1.7476*
0.6678**
0.4646
-5.5165**

Water
harvesting
scheme

Intensifying
Irrigation

-0.06974**
0.301735
0.074736
-0.08552
-0.000344*
0.514987
0.788514
-0.417091
-0.267969
2.458837
-18.2407

-0.24169*
0.17167
0.33413*
0.23174**
0.00005
1.08566
-0.96229**
-0.58346
1.30393*
1.07656
4.2613**

Using cover
crop or/and
mulching
-0.09026*
-0.78114
-0.0451
0.0752
-0.0001278*
-0.1902725
1.651216*
2.671329*
-0.0564182
1.081059
-3.8419**

Reducing
livestock
number

Found
off farm
jobs

-0.1152137*
-0.4600129
0.1371988**
-0.0768305
-0.0002944*
1.245076
-0.5327847
0.7797067**
1.780417*
1.708569**
3.145837

-0.014342
0.3057538
0.1354289**
-0.080697
0.0000276
0.6463725
-0.3868611
-0.6721689
-1.698609*
0.6750463
-2.5157

*,** show significance at 1and 5% probability levels, respectively.

Age of the household head
Contrary to the expectation and findings in other
researches in Ethiopia the age of the household head is
negatively associated to major adaptation strategies
prevailed in the area at 5% level of significance. The
average marginal effect computed shows that sample
households with one more year older head would
decrease the probability of the intensifying irrigation at
1% significance level by 1.26% and for other adaptation
strategies the decrease in the probability at 5%
significance level is extremely low with effects varying
from 0.11 to 1.1%. The finding of this research is in
agreement with arguments of Adesina and Baidu-Forson
(1995) which states that older farmers are less likely to
be flexible than younger farmers and thus have a lesser

likelihood of adopting new technologies and in Ethiopia
there is a negative relation between age and some
adoption strategies to climate variability (Shiferaw and
Holden, 1998).

Gender of the household head
A positive coefficient of the gender of the household head
for building water harvesting scheme, intensifying
irrigation and getting off-farm job indicates positive
relationship between male headed household and
probability of using these adaptation measures (Table 4)
even if it is not significant at 1 and 5% significance level.
But the negative coefficient of the gender for using
mulching and reducing the number of livestock shows
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Table 5. Marginal effects of the binary logistic models offarm level climate change adaptation.

Explanatory variable
Age of the household head
Gender of the household head
Educational level of household head
Family size of household
Average annual total income
Access to extension services
Access to climate information
Local agro-ecology kolla
Farm size in hectare
Livestock ownership

Changing
crop
variety
-0.00307
-0.00434
0.01095
-0.00723
-1.30E-06
0.04259
-0.06718
-0.10908
0.02955
0.0249

Water
harvesting
scheme

Intensifying
Irrigation

-0.00205
0.008252
0.002196
-0.00251
-0.00001
0.01289
0.02372
-0.01317
-0.00787
0.03125

-0.01260
0.00860
0.01742
0.01208
2.73E-06
0.041706
-0.05133
-0.03352
0.06798
0.03755

these adaptation fevered by female household heads.

Educational level of household head
The years of formal education of the farmers were
positively related to adaptation to climate change
(Shongwe, 2014). According to results in Table 4, the
highly significant coefficient of education of the household
head to major adaptation strategies shows that the
probability of adapting to climate change increases with
the formal years of schooling. A unit increase in number
of years of formal schooling would result 1 and 1.7%
increase in the probability of changing crop verity and
intensifying irrigation, respectively at 1% significance
level (Table 5). Similarly, the marginal values of
education are positive for reducing livestock number and
getting off-farm jobs as adaptation to climate change.

Using cover
crop or/and
mulching
-0.0111942
-0.1118589
-0.0055962
0.0093289
-0.0000158
-0.024728
0.2108997
0.2628968
-0.0069969
0.0947675

Reducing
livestock
number
-0.0099
-0.0438
0.0118
-0.0066
-0.00003
0.07737
-0.0460
0.06096
0.15317
0.08260

Found
off farm
jobs
-0.00155
0.03517
0.01466
-0.0087
2.98E-06
0.0592
-0.0419
-0.0796
-0.18383
0.05817

cover crop or mulching and reducing number of livestock.
The computed marginal effect for all strategies is almost
zero. This finding is contrary to prior researches
explaining that wealthier farmers are advantageous in
adaptation (Foster and Rosenzweig, 2010).

Access to extension services
Extension services on crop and livestock production are
known to be encouraging factor to adaptation to climate
change (Nhemachena and Hassan, 2007). Also, in the
current study, the direction of change is positively related
to the adaptation methods explained except for mulching
where it is negatively related (Table 4). But the relation
was not significant at all level.

Access to climate information
Family size of household
Our results indicate that family size of the household is
found to positively and at 5% significance level relate to
intensifying irrigation. But this variable is not found to
determine the other adaptation strategies at up to 10%
significance. Even though it is less significant, the
household size is negatively related to the rest of the
adaptation measures and this is in agreement with the
argument that larger households were less likely to adapt
to climate change than the smaller households (Ndambiri
et al., 2012).

Access to climate information mainly in the form of
seasonal forecast has mixed direction of relation for the
adaptation strategies mainly used in the study area. It
has significant and positive impact on using cover plant
and mulching as adaptation mechanism, thus households
with access to climate information use this method (21%)
more often than the households that are not using it at
1% significance level. But the result in Table 4 also
shows that access to climate information is negatively
and significantly related to changing crop varity and
intensifying irrigation.

Local agro-ecology
Income
Regardless of the expectations, it is found that
households with overall income is negatively and without
fail associated to using water harvesting scheme, using

According to Deressa et al. (2009) farmers in drier and
hotter climate are more likely to respond to climate
change. In this research, also farmers residing in the
lowland (Kolla) area are hypothesized to adapt to climate
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change than the farmers of the midland (woinadega) by
using all types of adaptation strategies. But the results
are not consistent for all types of adaptation strategies.
People living in kolla area use mulching and cover crop
26% more times people living in the woinadega and this
is reliable at 1% level of significance. From Tables 4 and
5, we can see that people in kolla area are 10% less
likely to opt for changing crop as mechanism to climate
change adaptation.

Farm size
Owning land is known to represent household wealth in
rural areas (Tessema et al., 2013). From the result in
Table 4, we can see that land area has positive impacts
on changing crop variety, intensifying irrigation and
reducing livestock number. One unit change in the land
area changes the probability of changing crop variety and
intensifying irrigation by 2.9 and 6.7%, respectively at 5
and 1% significance level. This finding is in agreement
with other research in Africa that states shortage of land
is seen to be a barrier in climate change adaptation
(Bryan et al., 2009).

Livestock ownership
Livestock ownership is not found to significantly
determine any of the adaptation methods in the study
area but the direction of relation is positive for all the
adaptation option making the finding consistent with other
researches that report livestock ownership as facilitator of
climate change adaptations (Tessema et al., 2013).

Conclusion
The research was conducted in three kebeles in Bilate
watershed (BRW) where 270 farm households were
randomly selected for the study. Binary logit model
specification is adopted to examine factors influencing
the climate change adaptation behaviour of farmers
involving dummy dependent variables with binary
choices. Hypothesis testing for model significance was
made to measure the appropriateness of fit of logistic
models and all the models selected for the study was
seen to fairly estimate the factors affecting the use of
different adaptation methods in the study area. Even if,
the majority of farmers (over 92%) perceived that climate
was changing in one or the other form only 59% of the
sample households were actually made an adaptation at
household level by using different methods. Those who
did not use any of the adaptation methods explained their
real and perceived constraints for farm level adaptation to
climate change. Knowledge gap in the form of lack of
information, shortage of labour and minimal land size
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are the three most explained constraints to climate
change as explained by responding household heads.
The results further showed that age and educational
level of the household head, farm size and the income
level of the household are household characteristics that
significantly affect the choice of adaptation options, while
access to climate information in the form of seasonal
forecast and local agro ecology are other factors that
determined the selection of adaptation methods by the
farming households in the study area. Contrary to the
expectation and findings of other research, explanatory
variables like sex of the household head and access to
extension services on crop and livestock production were
not found to determine the adaptation methods in the
study area significantly.
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Climate change is the severest environmental threat of the 21 century. The main factor responsible for
the current pace of climate change is attributed to anthropogenic emission of greenhouse gases
(GHGs), mainly carbon-dioxide (CO2). So, the aim of reducing carbon sources and increasing the
carbon sink can be achieved by protecting the carbon pools. Forests are the largest carbon pool on
earth as they hold more than 80% of all terrestrial above ground carbon (AGC) and more than 70% of all
soil organic carbon (SOC). Therefore, forests are found to play a key role in the emission mitigation by
sequestrating the atmospheric carbon into biomass and soil, and it plays an important role in the global
carbon cycle. This article is focused on to understand the carbon sequestration potential of disturbed
and undisturbed/managed forest ecosystems due to community interventions which could have a
significant contribution against global climate change. It concludes that managed/undisturbed forests
are the most effective and consistent sinks of GHGs compared to unmanaged forests. Besides the
forest biomass, forests soils also have the potential to slow down the rate of atmospheric CO 2
enrichment through the process of carbon sequestration. Therefore, proper and systematic
management of forests can store a huge amount of carbon, contribute to mitigate climate change, and
help to achieve the required goal of emission reduction as per Kyoto Protocol. Hence, further research
is needed to develop a better understanding on the impacts of disturbances on carbon sequestration of
the forests ecosystem.
Key words: Biomass, carbon pools, carbon sequestration, climate change, forests, greenhouse gases.

INTRODUCTION
st

Climate change is the most serious threat of the 21
century. It has been considered as one of the debatable

burning issues among scientists as well as political
communities globally (Ferrarini, 2012). Climate change is
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defined as “alteration in the climate which is directly or
indirectly attributed to an anthropogenic activity that
modifies the global composition of atmosphere”
(UNFCCC, 2001). The global climate is changing more
drastically in the present than in the past period. The
anthropogenic activities that contribute GHGs are the
major causes of recent climate change and the
concentration of GHGs has been found to increase over
the past centuries. Carbon has been existing in the
earth's atmosphere for vast periods of geological history
primarily in the form of carbon dioxide gas that
constitutes a very small percentage of the atmosphere
that is about 0.04% approximately (Halmann and
Steinberg, 1998)
According to the Intergovernmental Panel on Climate
Change (IPCC)'s fifth assessment report, climate change
is already adversely affecting the ecosystem and is
expected to continue (IPCC, 2014). IPCC synthesis
report (2014), mentions that the last three decades have
been experienced as warmer decades than any foregoing
decade since 1850. On the other hand, globally averaged
combined data as calculated by a linear trend on land
and ocean surface temperature shows a warming of
0
0.85 C (0.65 to 1.06°C) from 1880 to 2012. Moreover, the
period from 1983 to 2012 was the warmest in 30 years
since 1400, specifically in the Northern Hemisphere
where such assessment is feasible (IPCC, 2014). IPCC
(2014) has predicted 3.7 to 4.8°C warming if the business
as usual continues. The continuous increase in
greenhouse gas emission due to anthropogenic pressure
would further amplify the rate of increase in temperature
and intensify the frequency of extreme weather events
including floods, droughts, changing rainfall patterns,
water resources depletion, and severe heat/cold waves.
Nepal also has experienced direct impacts of climate
change, and it is recognized as one of the most
vulnerable countries to climate change globally. The data
trend from 1975 to 2005 shows that the mean annual
temperature has been increased by 0.06°C, while the
mean rainfall has decreased by 3.7 mm (-3.2%) per
month, per decade (MoPE, 2016). Similarly, mean annual
temperature is expected to increase between 1.3 to 3.8°C
by the 2060‟s and 1.8 to 5.8°C by the 2090‟s; while
annual precipitation can diminish by the range of 10 to
20% across the country (MoPE, 2010). To control global
warming and rapid climate change, there are many
options such as the mitigative option which comprise
sequestration of CO2 and reduction of emission; the
adoptive option which consist of adjustment in ways that
reduce the negative impacts of the environment in
temperature; and indirect policies like controlling
population growth or changing technologies. Among the
options, increasing
the consistency of
carbon
sequestration potential in forested areas is the best and
cost-effective mitigative option (IPCC, 1995). The
importance of forested areas in carbon sequestration has
already been well recognized and documented (Sohel et
al., 2009; Tiwari and Singh, 1987).

Carbon sequestration is the process of net removal of
carbon from the atmosphere and depositing it into longlived pools/reservoirs of carbon principally through
changes in land use (Mandal and Van Laake, 2005).
Forests are capable of effective sequestration and
storage of atmospheric carbon in above-ground and
below-ground biomass by way of processes of
photosynthesis and tree growth (Liu et al., 2016). These
terrestrial ecosystems are productive and susceptible to
environmental fluctuation, which varies with seasonal
carbon fluxes and other functions occurring in the forests
(Baldocchi, 2008; Stoy et al., 2008; Smith et al., 2015).
To sequester the carbon in terrestrial ecosystems, there
are mainly 3 basic mechanisms which are as follows
(Jina et al., 2008).
(i) By increasing the amount of carbon inputs to an
ecosystem
(ii) By segregating the total amount of carbon to longerlived pools, and
(iii) By increasing the reliability of possible existing carbon
pools. The general objective of carbon sequestration
activities is to uphold the ecosystem in the sink phase.
Although, if the system is disturbed from the activities
such as forest fire, timber logging or land cultivation, a
large quantity of previously accumulated carbon may be
released into the atmosphere through combustion or
decomposition (Scharlemann et al., 2010; Joshi et al.,
2020).
Similarly, soil also plays a vital role in carbon
sequestration by increasing soil organic carbon. The
carbon pool in the soil is more advanced than the
vegetation carbon pool (IPCC, 2006). Out of the total
global terrestrial carbon pools, 60% of the carbon has
been found shared by forests and soil only (Winjum et al.,
1992) and a single forest ecosystem comprises more
than 90% of the land sequestration capacity (EPA, 2016).
Thus, forests play a vital role in the regional and global
carbon cycle because they sequester a large fraction of
carbon in vegetation and soil as well as exchange the
sequestered carbon with the atmosphere through the
process of photosynthesis and respiration when they get
disturbed by natural or human causes. Hence, the forests
and soil can be well managed to sequester or safeguard
substantial amounts of carbon on the land (Brown et al.,
1996; Sharma et al., 2011). Carbon emission from
deforestation accounts for an estimated 20% of global
carbon emission (IPCC, 2007), second only to that
produces by fossil fuel combustion (Campbell et al.,
2008). The emergent trees and other vegetation absorb
CO2 from the atmosphere and combine it with water to
produce sugars and carbohydrates which is the result of
the removal of 3.67 ton of carbon dioxide from the
atmosphere (Hunt, 2009). This global importance of
forest ecosystem emphasizes the need to accurately
determine the amount of carbon stored in different forest
ecosystem (Nizami, 2010).
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Deforestation and forest degradation are the main drivers
that have a direct impact on the lives of 1.6 billion people
whose livelihoods depend on forests; among them, one
billion are the world's poor (Madhurima and Banerjee,
2013). In every two seconds, an area of forest equivalent
to football ground is being destroyed by illegal loggers
around the globe; as a result, consequences are the
release of CO2 emission (IPCC, 2014). Similarly, more
than 50% of the tropical forests have been devastated
globally since the 1960s, and in every second, more than
one hectare of tropical forests is being destroyed or
significantly degraded. Halting deforestation and forest
degradation can support to stop 18% of CO 2 emission
(IPCC, 2014) and one of the important purposes of
REDD (Reducing Emissions from Deforestation and
Forest Degradation) is to enhance the forests (Araya and
Hofstad, 2016). REDD has been therefore evolved into
REDD+ integrating the degree of conservation,
sustainable management of forests, and enhancement of
forest carbon stocks. For combatting the impact of
climate change, REDD+ is considered as an effective and
efficient mitigation mechanism in tropical countries
(Skutsch and Laake, 2008). In this review paper, we
report to understand the current status of carbon
sequestration potential of disturbed and non-disturbed
forest ecosystem along with mechanisms and factors
affecting carbon dynamics with a limited focus on climate
change mitigation strategies through all literature and
secondary information.

FOREST ECOSYSTEMS: AS CARBON SINK
The forest is a reservoir, a component of the climate
system where greenhouse gas is captured, as well as a
sink, a process that removes GHG from the atmosphere
(IPCC, 2000; Herzog et al., 2000). Forest ecosystem
shows dual characters in balancing the global carbon
cycle. Its strong mitigation potential makes carbon
management as a main component of proposed future
natural climate solutions (Griscom et al., 2017; Fargione
et al., 2018).
In one aspect, it plays the role of the sink by
sequestering the atmospheric carbon dioxide through the
process of photosynthesis, while in others it plays the role
of source by releasing carbon through land-use change.
The role of forests in carbon sequestration is probably
best understood and appears to offer the greatest nearterm potential for human management as a carbon sink.
Carbon content in soil of the biosphere is potentially
feasible sink for atmospheric carbon (Lal, 2004). The sink
capacity of forest increases when tree density and area
expand. It stores more CO2 (4500 Gt CO2) than the
atmosphere (3000 Gt CO2) (Prentice et al., 2001). In
average, 50% dry weight of the biomass is a carbon
(MacDicken, 1997). Forest soil and vegetation contributes
nearly 60% of the global terrestrial carbon (Winjum et al.,
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1992). Therefore, forests are very critical in the emission
of carbon into the atmosphere. When trees are cut down,
carbon stored in above and below-ground biomass and
the soil is liberated back into the atmosphere. In the
global carbon pool, forests share 17-20% of the
greenhouse gas emission (CO2) (IPCC, 2007). This is
higher than the emission by the whole transport system.
The total contribution of Nepal to the global annual GHG
emission is about 0.025% (MoPE, 2004). The very simple
and least cost-effective solution to abate global climate
change is afforestation, reforestation, conservation and
management of forests (Brown et al., 1996). Since, forest
functions as emission sources as well as viable sinks of
atmospheric carbon, prudent sustainable community
forest management will be the milestone steps in tradeoff of the carbon concentration in global mitigation of
climate change (Banskota et al., 2007).
Carbon stored in a forest ecosystem is classified into 5
major carbon pools by Good Practice Guidelines
developed by IPCC (2006). The living portion of biomass
is divided into two pools: aboveground biomass and
belowground biomass. Dead organic matter is also
classified into two pools: deadwood and litter. The fifth
pool is soil organic matter, which consists of a substantial
amount of organic carbon. The different carbon pools of
the forest ecosystem are shown in Figure 1.

CLIMATE CHANGE AND REDD+
Co2 is simply sequestrated by the plants through
photosynthesis and respiration when they get disturbed
by natural and human causes (Brown et al., 1996). This
sequestrated carbon is now stored as plant biomass
(IPCC, 2006).
This process is an important strategy to minimize the
risks of climate change. Reducing Emission from
Deforestation and Forest Degradation (REDD) is the
proposed mechanism which is developed at the United
Nation Framework Convention on Climate Change
(UNFCCC) in Bali, Indonesia in December 2007. This is
such a mechanism in which those who help to reduce
carbon dioxide emission through reducing deforestation
and forest degradation, in turn, would be paid. Here, the
developing countries conserve their forest in their way,
and in return they were compensated through the carbon
credit they have accumulated. The concept of REDD is
not a new idea. Compensating tropical forest
conservation was proposed by environmental scientists in
the 1980‟s and 1990‟s, but it gained popularity at the
international level, when it was discussed in UNFCCC
forums, especially at COP-3 in Kyoto in 1997. Kyoto
Protocol established a policy to reduce GHG emission
through reforestation and afforestation (Corbera et al.,
2010).
The Coalition for Rainforest Nations (CfRN), a group of
tropical countries lobbying for the inclusion of forest
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Figure 1. Different carbon pools in forest ecosystem.
Source: Sedjo (1993).

conservation, put forward the REDD policy in consecutive
UNFCCC that received attention in Bali Action Plan,
2007. Now, this has proliferated as REDD+ that includes
reducing emission from sustainable management and
forest enhancement in excess. The participation in the
Reducing Emissions from Deforestation and Forest
Degradation plus (REDD+) mechanism has a brighter
prospect for Nepal as it has opened the door for Nepal's
forest to participate in carbon trading, to generate carbon
revenues as well as non-carbon benefits for the nation
and the people where preliminary estimates show that
REDD+ may bring between $20-86 million per year to
Nepal (UN-REDD, 2014). By enhancing the carbon
sequestration rate of the community forest, Community
Forest User Groups (CFUGs) could gain monetary
benefits through carbon credits, and dependent
indigenous peoples could get the benefits and maintain a
sustainable livelihood. In context to climate change,
community-based forest management can be a potential
contributor to REDD+ schemes/programs in the near
future which may also help to achieve the binding target
of Kyoto protocol to offset emissions.

FORESTRY AS MITIGATION OPPORTUNITIES
Forest ecosystems offers several ecosystem services
such as provisioning, regulatory, supporting, and cultural
services that are important to the lives and livelihoods of
humans, and they also play a significant role in sustaining
environment and habitats that support global biodiversity
(Raich et al., 2014; Escobedo et al., 2011). Compared to
other terrestrial ecosystems, forests store the most
carbon (Pan et al., 2011), with the majority of
sequestered carbon held in woody biomass (Scott et al.,
2004). Due to this, forests can also play a vital role in
global climate change mitigation (Millar et al., 2007)
(Figure 2). Carbon sequestration by forest was a subject

matter of the Kyoto protocol, 1997, and was looked like a
potential climate change mitigation options. Mitigation
opportunities by using the forest as a potential instrument
are:
(i) Increasing the standing phytomass and soil biomass,
either through expanding the area of forest, increasing
the growth rate of existing forests, or reducing the rate of
forest loss and/or conversion to other land uses.
(ii) Increasing the storage of carbon in long-lived forest
products.
(iii) Substituting wood products for other materials whose
manufacture and usage causes more carbon to be
emitted to the atmosphere.
(iv) Utilizing biomass energy as a replacement for fossil
fuels.
The above mitigation opportunities would come to an
effect on multiple regimes. One of the regimes is by
providing economic incentives to encourage additional
tree planting and conservation efforts that bring positive
CO2 balances and to offset the CO2 emission (Sampson
and Sedjo, 1997). However sometimes, carbon stored in
the forest ecosystem may return to the atmosphere by
disturbances such as fire and insect outbreaks,
exacerbated by climate extremes and climate change. As
a result, it may cause a high risk for climate change
mitigation through forest ecosystem. Hence, it is
concluded that proper management of natural forests has
greater potential to store more amount of carbon which
can be a cost-effective tool to mitigate climate change
(Figure 3).

DISCUSSION
Recent decades shows the escalating trend of climate
change which directly or indirectly impacts on ecological
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Figure 2. Global forest cover map.
Source: FAO (2010).

Figure 3. A forest management strategy for climate change mitigation and adaptation.

systems and livelihoods worldwide, and the vulnerability
of forest-dependent communities raise concerns about
the consequences of ecosystem changes for human wellbeing. The various shreds of evidence collected from
local climate stations of the Himalayas overwhelmingly
show a global warming trend at different rates and in
different periods depending on specific regional and
seasonal circumstances (Gautam et al., 2013). Several
studies evaluating the impact of climate changes in forest
ecosystems in India has been published recently by
Gopalakrishnan et al. (2011). However, most of these
studies are lacking the assessment of predicted

development at the local level (Upgupta et al., 2015).
According to Levy et al. (2004), the forest ecosystem acts
as a major biological scrubber of atmospheric CO 2 which
can significantly increase its efficiency when careful
management and conservation is done. Hence, the
managed forests are known for its effective and reliable
sinks of GHGs accumulating more carbon stock than
disturbed forests. However, Klooster and Masera (2000)
found that among the different practices of sustainable
forest management prevailing in the world, communitymanaged forestry programs are the most desirable
options of carbon sequestration, primarily in emerging
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countries. The community-based forestry programs are
supporting to impound a higher amount of carbon stock
into biomass as well as in soil through two approaches.
Primarily, there is a substantial increase in carbon pool
due to active reforestation or afforestation in a
waste/barren land, and secondly, reduced emissions due
to the control of deforestation. Carbon sequestration in
forest soil has huge potential to lessen the rate of
enrichment of atmospheric concentration of CO 2 (Joshi et
al., 2020). The carbon stock of the forest soils can be
enhanced through sustainable forest management
including various management activities such as site
preparation, afforestation, selection of the species,
species management, use of fertilizers, and fire
management (Banik et al., 2018). However, as per the
study conducted by Lal (2004), the efficiency of carbon
stock and its productivity in any forest ecosystem
depends on the age of its vegetation. It is well-known that
tree plantation in the forest ecosystem generally have
higher carbon sequestration capability beyond maturity
which would vary from 25 to 75 years depending upon
the type of forests (Lal and Singh, 2000). Thus, plantation
of trees on disturbed/degraded forest ecosystem can be
a better option for long term carbon storage that
ultimately acts as a tool for combating climate change.
However, natural/undisturbed forest ecosystem resulted
in lower above-ground biomass (AGB) due to the wide
variation in stand structure and tree growth. Different
stages of forest growth cycle, varying tree density,
species variability, and its habitat are the other factors
liable for lower AGB (Terakunpisut et al., 2007) In natural
forest ecosystem, many researchers have stated that
there is a net addition to standing biomass leading to
carbon storages only until maturity of trees which may
arise due to various erratic and contemporary
disturbance events (Baishya et al., 2009). The total
amount of gross primary productivity in a mature forest
ecosystem is either consumed in respiration or reverted
to the soil as litter with no net addition to the standing
biomass (Jassal et al., 2007). Hence, these matured
natural/undisturbed forest ecosystems do not contribute
significantly towards carbon accumulation, though helps
to promote regeneration and biodiversity in a sustainable
manner.
In a study conducted by Brown et al. (1996), it was found
that the progressive carbon dynamics distinguished by
long phases of steady build-up of biomass (sink),
substituted with short periods of huge biomass loss
(source). Thus, the forests ecosystem alters between
being a source or a sink for existed carbon pool (Dixon et
al., 1994). It is well-understood that the binding target of
declining carbon sources and increasing the carbon sink
can be attained well by managing and conserving the
carbon pools in existing forest ecosystems (Binkley et al.,
2002). However, based on the disequilibrium theory,
given by Luo and Weng (2011), the depletion of C due to
disturbance drives the C cycle towards a disequilibrium

stage. At the disequilibrium stage when the C pool size is
smaller than the equilibrium size, respiratory CO 2 release
is less than the photosynthetic influx, leading to C
sequestration and an increase in the C pool size over
time. With the gradual increase of C accumulation, the
ecosystem will get to a new equilibrium state. In a study,
conducted by FAO (2006), it was found that the total
carbon content in the world‟s forest ecosystem was 638
Gt of carbon, in which biomass accounts for 44%, soil
carbon up to 30 cm depth includes 46%, dead-wood 6%
and litter 4% of total forest ecosystem carbon. According
to the FAO total carbon stock of the whole world is 161.1
ton per ha. FAO (2010) global forest resource assessment
report indicates that the world‟s forests store more than
650 billion tons of carbon, 44% in the biomass, 11% in
dead wood and litter, and 45% in the soil, estimating total
carbon stock of the world more than 289 Gt. FAO (2010)
assessed the global average of regional distribution of
carbon stock to be 161.8 ton per hectare (Table 1).
In recent years, there has been made a substantial
progress towards a deeper understanding of the process
of controlling carbon storage that ultimately helps in
improving and deploying predictive models of C dynamics
that can guide policy and decision-makers. However, it is
equally true that many new (and some old) gaps in our
knowledge have been identified and the need for further
research has been assessed. The sustainable
management and conservation of forest ecosystem
effectively augments biomass and carbon that might be
used to offset emissions globally (Binkley et al., 2002).
Similarly, SOC forms a major portion of the overall
carbon content of many forest ecosystems, and if the
ecosystem is cleared then the accumulation and
disintegration rates of SOC may have a direct influence
on comprehensive carbon stability of forest ecosystem
(Banik et al., 2018). More specifically, accepting the
contribution and distribution of SOC in forest ecosystems
is significant for improving its soil quality and production
sustainably (Liu et al., 2016). The total amount of
biomass captured in the forest ecosystem under
community-based forest management (CBFM) depends
upon its different practices of forest management and
awareness level among the local users (De Stefano and
Jacobson, 2018). The concept of forest management was
progressed after the late 1970s when massive
deforestation started to occur in state-controlled forests
(Gautam et al., 2008). According to Thoms (2008), after
accepting the dependence and contribution of local users
on the forest ecosystem and their significant role in the
conservation aspect, the concept of the consumption of
these forest products sustainably must arise within the
management. To overcome these challenges it may
require a drastic change among the forest policy-makers
for comprehensive decision making. Local forest users
groups should be engaged in this sort of forest
management practices to promote them towards the
conservation and protection of the forest ecosystem
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Table 1. Regional distribution of Carbon stock for the year 2010.

S/N

Region

1
Total Africa
2
Total Asia
3
Total Europe
4
Total North and Central America
5
Total Oceania
6
Total South America
World (global average)

Total carbon stock
million tones
98,242
74,453
162,583
107,747
21,692
1,87,654
652,371

-1

t ha
145.7
125.7
161.8
152.7
113.3
217.1
161.8

Source: Global Forest Resources Assessment (FAO, 2010).

avoiding deforestation (Skutsch, 2006). Conclusively, the
community-based forest management practices can be
considered as the successful models for sequestrating
the enormous amount of carbon by reversing the process
of deforestation that ultimately supports to achieve the
binding target of Kyoto-protocol to offset emissions.

CONCLUSION
Climate change is the most severe environmental threat
of this century. It is concluded that increasing carbon
emission in the atmosphere is one of today‟s major
concerns that can be overcome by managing and
increasing forest cover. Forests are found to be the
largest carbon pool on earth surface that acts as a major
source and sink of carbon in nature. As the importance of
forested areas in carbon sequestration has been already
well recognized and documented, it has the potential to
form a principal constituent in the mitigation of global
warming and adaptation to climate change. Thus, the
selection and plantation of species that store more
carbon are highly recommended for all forest types.
Similarly, soil also plays a vital role in carbon
sequestration by increasing soil organic carbon. The
carbon pool in the soil is higher than the vegetation
carbon pool. Though the forest is the most imperative
land use for mitigation of GHGs, agro-forestry
intervention in the farming sector seems to be the most
appropriate land use strategy for carbon sequestration.
It is well-known that the assessment of carbon stocks in
forest ecosystems will enable us to estimate the amount
of carbon loss during deforestation or the amount of
carbon that a forest can capture when such forests are
regenerated. The carbon sequestration trend in afforested
forests or reforested forests is generally found to be
higher in comparison to the old forest. Thus, it is highly
recommended for the plantation in barren and wasteland
to regulate the climatic condition and to get benefit from
carbon trading. Hence, properly managed forests are
seen to be the most consistent and effective sinks of
GHGs capturing more amount of
carbon than

unmanaged/disturbed forests. It also shows the huge
potential of storing and sequestering carbon in the
community forest as well. Similarly, carbon sequestration
in forest soils also has a great potential to lessen the rate
of enrichment of atmospheric concentration of CO 2 too.
Therefore, it is proven that proper management of natural
forests has the potential to store more amount of carbon
which can be a cost-effective tool to mitigate climate
change.

RECOMMENDATIONS
The increasing phenomenon of climate change and its
effects on human lives have been a worldwide issue of
discussion and debate in recent years. Forests are a
large pool of both the carbon sink and sources.
Inadequate information about the status of biomass and
carbon stock in the forest has been a major problem to
estimate the total contribution of forest carbon
sequestration. Hence, to increase the viable sinks of
atmospheric carbon and for climate change, mitigation,
following recommendations should be practiced:
(i) It is recommended to conduct sufficient research in
different forest types, different agro-climatic zones,
different soil types, and different forest management
systems to collect enough data on carbon stock and
sequestration.
(ii) The allometric equation for the different tree species
of different ages are recommended for precise and
accurate calculation of biomass of tree species of the
forest ecosystem at local and regional levels.
(iii) It is recommended to use remote sensing techniques
with limited field data that can help to get forest resource
assessment over a large area in a cost-effective manner
within a short period.
(iv) The selection and plantation of species that store
more carbon is highly recommended for all forest types.
Based on the research and study, the tree species like
Shorea robusta, Tectona grandis, etc. are recommended
for Terai region and the species like Pinus roxburghii,
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Cedrus deodara, etc. are recommended for hilly regions.
(v) Carbon content varies with species to species;
therefore, species-specific assessment of carbon stock
should be prioritized.
(vi) It is recommended to manage the forest effectively as
it has enormous potential to sequester more carbon,
which could be useful to different forest user groups if the
forest is included under the clean development
mechanism.
(vii) The carbon sequestration efficiency in younger
forests is generally found higher compared to old forests.
So, it is strongly recommended for the plantation in a
barren land and wasteland to regulate the climatic
condition and to get benefit from carbon trading.
(viii) The economic valuation of forest carbon
sequestrated must be carried out and public awareness
would be raised about the benefit of carbon sequestration.
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