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The characteristics of clays from Abakaliki Formation, Southeastern Nigeria was evaluated to establish 
its suitability as drilling mud when compared with commercial bentonite such as Wyoming bentonite. 
The chemical, mineralogical and geotechnical properties were employed in assessing the suitability of 
Abakaliki clay as drilling mud. Mineralogically, the clays were all characterized as dominantly Illite as 
well as montmorillonite with low percentages of kaolinite. The chemical composition of the clays 
indicates low percentages of Na2O when compared with that of Wyoming bentonite with fairly higher 
percentages of CaO and K2O than are required for drilling mud clays. The clays are plastic; with liquid 
limit (LL) of 58.8 to 72.8, plastic limit (PL) of 25 to 30 and plasticity index (API) of 26 to 45.8. They are 
classified as inorganic clays of high plasticity (CH) according to Unified Soil Classification System 
(USCS) and as A-7-6 according to American Association of State High and Transportation Official’s 
(AASHTO) classification systems. The natural pH values are greater than 8.10, while the viscosity values 
varied from 5.9 to 8.0 centipoises for 10 g clay per 350 ml water. Some of these natural properties (Na2O 
and CaO contents, LL, PI and viscosity) of these Nigerian clays failed to satisfy the required 
specifications outlined for clays used as drilling mud when compared with the properties of Wyoming 
bentonite. This clay will possibly yield low plastic viscosities but with additives such as sodium 
carbonate and carboxymethyl cellulose, the rheological properties for Abakaliki clay will remarkably 
improve.    
 
Key words: Abakaliki Formation, drilling mud, geotechnical analysis, Wyoming bentonite,   Southeastern 
Nigeria. 

 
 
INTRODUCTION  
 
Clay are generally fine-grained materials, with particle 
size less than 0.002 mm with predominately clay 
minerals. Other minerals associated with clay minerals in 
clays may include quartz and feldspar (Grim, 1968), as 
well as detrital materials that were eroded from the 

earth‟s surface. Clay is one of the earliest mineral 
substances utilized by man. It played an extremely 
important part in ancient civilizations, records of which 
were preserved in brick buildings, in monuments and in 
pottery, and as inscriptions upon clay tablets. Clay is 
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Figure 1. Map of Nigeria showing states with occurrence of bentonitic clay (Modified from Apugo-Nwosu et al., 2011). 

 
 
 

still an indispensable raw material today. The present 
uses of clay and clay products are too numerous to list 
completely. Because of its characteristic plastic property, 
clay has several industrial uses, which include manufac-
turing of refractories as well as in drilling mud in the 
water, oil and gas industries. Several clay occurrences 
have been investigated and reported in Nigeria (Elueze, 
1998). The interest in these studies is hinged on the 
effective exploitation of the local raw materials for use as 
drilling mud for sustainable economic growth and creation 
of employment opportunities  

Despite the abundance of clay and its wide industrial 
uses, it is essential that certain property specifications be 
met by either the raw or refined clay. The refining of clays 
usually alters the geotechnical properties of the natural 
clays, hence, could boost their industrial potentials. Raw 
materials used for the mud making are usually selected 
clays with appreciable amount of montmorillonite and are 
judged by their behavior in water (Nestle, 1944). Their 
suitability is determined by various criteria, among which 
are the viscosity, the volumetric yield of given clay and 
filtration characteristics (Apugo-Nwosu et al., 2011). The 
raw material which meets most of these requirements for 
drilling is the bentonite clay. Bentonite is formed by the 
weathering of volcanic ash. The weathering process, by 
which the clay minerals are formed from the parent 
minerals are complex but the main factors are climate, 

topography, vegetation, and time of exposure. In addition 
to montmorillonite, bentonite may also contain feldspar, 
biotite, kaolinite, illite, cristobalite, pyroxene, zircon and 
crystalline quartz (Parkes, 1982). By extension, the term 
bentonite is applied commercially to any plastic, colloidal 
and swelling clay regardless of its geological origin 
(Apugo-Nwosu et al., 2011). Such clays are ordinarily 
composed largely of minerals of the montmorillonite 
group. Bentonite is clay that expands to many times its 
original volume when wetted; it is also characterized by a 
high cation-exchange capacity, by an ability to form 
viscous suspensions and thixotropic gels when mixed 
with large amounts of water, by a high adsorption 
capacity, and by an ability to form an impervious seal 
(Rath, 1986). 

Drilling activities for the development of oil, gas and 
water resources usually require enormous amount of 
drilling mud, which is usually imported into the country. 
Such importation, apart from draining the nation‟s 
reserves in hard currency, is also inimical to local content 
policy being currently promoted for the oil industry in the 
country. Thus, the need for local sourcing of bentonitic 
clays or close substitutes has become imperative. 
Fortunately, clay deposits occur abundantly in the 
sedimentary basins of Nigeria, especially in Abakaliki 
area (Figure 1). 

This  work  evaluates, by  means of simple but  relevant  
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geotechnical tests, the properties of some clay deposits 
from Abakaliki area, southeastern Nigeria. The aim was 
to determine whether the clay deposits meet the 
specifications for use as drilling mud when compared with 
that of Wyoming bentonite as well as other commercial 
bentonite.   
 
 
Literature review                                                  
 
Research performed in the early 90‟s by the Bureau of 
Mines of the U.S.A, showed that the sum of bentonite 
deposits in the world was about 1.36 billion tons, and the 
U.S.A. has more than 50.0% of the total (Apugo-Nwosu 
et al., 2011). Clays of various kinds and grades abound 
throughout Nigeria's sedimentary basins and on the 
basement (Falode et al., 2007). Recent investigations by 
the Nigerian Mining Corporation established the 
existence of bentonitic clay reserves of over 700 million 
tonnes in the country, with the largest single deposit at 
Afuze in Edo State holding 70-80 million tonnes (Apugo-
Nwosu et al., 2011).  

Although there is a general absence of universally 
accepted procedure for standardizing industrial specifica-
tions of the properties of clays used as drilling mud, the 
properties of the naturally active Wyoming bentonite 
which most oil drilling companies use as an effective 
drilling mud have been employed to evaluate the 
potential of most clays applied in drilling operations 
(Rath, 1986). Thus, earlier workers such as Omole et al. 
(1989) were able to have a pioneering study on the 
suitability of the black cotton clay soil of northeastern 
Nigeria as drilling mud. Their work evaluated the nature 
and geotechnical properties as well as effects of 
beneficiation on the clay soil. The results of their 
beneficiation tests showed that the beneficiated clays 
were still not suitable for direct use as oil drilling mud but 
could be used for drilling water wells. Later researchers, 
such as Mihalakis et al. (2004), observed that the 
rheological properties of the black cotton clays improved 
with addition of Na2CO3, such that the upgraded clay can 
be used as multipurpose drilling mud.   

Other researchers (Ezeribe and Oyedeji, 2005) added 
lignite to clay mud to improve its rheological and filtration 
properties. The lignite was activated with sodium 
hydroxide and added to fresh water mud at different 
concentrations. The authors concluded that the addition 
of lignite improved the suitability of the clay with a 
significant improvement observed when 3% of lignite was 
introduced. The work of Okogbue and Ene (2008) 
revealed that some southeastern Nigeria natural clays 
possess properties that are somewhat similar to those of 
naturally active bentonitic clays from Wyoming and Texas 
which are used in the industry as drilling mud. Physical 
and rheological properties of the clays were however, 
said to  be poor. The characteristics  of Abakaliki clay  for  

 
 
 
 
use as drilling mud have not been evaluated.   
 

 

Properties required for drilling mud 
 

Chemical properties 
 

The chemical properties of drilling mud are central to the 
performance and hole stability. Properties that must be 
anticipated include the dispersion of formation clays or 
dissolution of salt formations; the performance of other 
mud products- for example, polymers is affected by pH 
and calcium; and corrosion in the well. Sodium 
montmorillonite particles are laminar in shape carrying 
surface electrical charge not homogeneously distributed. 
The faces bear a permanent negative charge while the 
edges are conditionally charged depending on the pH of 
medium (Kelessidis et al., 2005). It is the imbalance in 
the electrical charge that characterizes the type of 
interactions of clay particles with other materials. 
 

 

Rheology and density 
 

In geology, rheology is defined as the study of how 
matter deforms the flows, including its elasticity, plasticity 
and viscosity. Rheology is an extremely important 
property of drilling muds, work-over and completion 
fluids, cements and specialty fluids and pills. Mud 
rheology is measured on a continual basis while drilling 
and adjusted with additives or dilution to meet the needs 
of the operation. A high viscosity fluid is desirable to 
carry cuttings to surface and suspend weighing agents in 
the mud. However, if viscosity is too high, friction may 
impede the circulation of the mud causing excessive 
pump pressure, decrease the drill rate, and hamper the 
solids removal equipment. Plastic viscosity is a measure 
of the internal resistance to fluid flow attributable to the 
amount, type and size of solids present in a given fluid 
(Garvey et al., 1988). The value expressed in 
centipoises, is proportional to the slope of the 
consistency curve determined by the region of laminar 
flow for materials obeying Bingham‟s Law of plastic flow. 
 
 

Geomorphology 
 

Abakaliki which is the study area is made up of villages 
like Nkaliki, Onuebonyi, Agbaja Unuhu, Ugboloke, 
Ishieke, Izzi unuhu and Abakaliki urban (Figure 2). The 
area is geographically located between latitude 6°15'N 
and 6°20'N and longitude 8°05'E and 8°10'E covering a 
total area of about 81 km

2
. The areas were accessed 

through Enugu, Ogoja, and Afikpo through a network of 
tarred roads which include the Abakaliki Enugu Express 
road, Abakaliki Ogoja Express road and Abakaliki-Afikpo 
Express road. During the fieldwork, vehicles, motorcycles 
and footpaths were employed to aid accessibility and
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Figure 2. Map of the Benue Trough of Nigeria ( Modified from Obaje et al. , 1999).  

 
 
 
movement through the outcrop locations and sample 
collections. The vegetation of Abakaliki and its environs is 
luxuriant vegetation of tropical rainforest.  

Its vegetation is densely populated with grasses and 
trees of different sizes in the area. The area is marked by 
undulated range of shale outcrops and the shales are 
either greyish or reddish brown in colour depending on its 
content and degree of weathering. The area had 400 ft as 
its highest contour and 100 ft as its lowest contour above 
sea level. The climate of the study area is of humid 
tropical climatic region. It experiences one rainy season 
and one dry season (eight months of rainfall and four 
months of dryness). Harmattan is felt between December 
and January. The mean annual temperature stands at 
28°C. Humility in this area is about 50-60% P.a. The 
mapped area has a mean annual rainfall of 2500 mm. 
Rainfall is highest in September and lowest in January. 
The drainage system of the study area is dendritic in 
pattern, as a function of lithologic control. The study area 
is mainly drained by Iyiokwu River, Iyiudene River and 

Ebonyi River with few minor drainage flows. All these, 
both the major and minor drainage system flow eastward 
to join the Cross River somewhere outside the study  
area. 
 
 

GEOLOGY  
 

Abakaliki area Southeastern Nigeria is underlain by the 
southern Benue Trough (Reyment, 1965). The origin of 
the Benue Trough is closely associated with the breakup 
of western Gondwanaland during the separation of the 
African and South American Plates, and opening of the 
south Atlantic Ocean, in the early Cretaceous (Wright, 
1976). The Benue Trough has been described as an 
„intracratonic rift system‟ or an „intercontinental 
Cretaceous Basin‟ stretching in a NE–SW direction 
(Benkhelil et al., 1989). 

The southern section of the trough, which underlies 
most parts of Southeastern Nigeria, has stratigraphic 
record of deposits represented by sediments of three
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Figure 3. The areas where samples were collected. 

 
 
 
main marine depositional cycles, Albian-Cenomanian, 
Turonian-Santonian and Campano- Maastrichtian 
(Reyment, 1965). The stratigraphic successions in the 
Southern Benue Trough and Anambra Basin are presen-

ted in Figure 2. The first marine transgression in the 
trough is generally believed to have started in the mid-
Albian period with the deposition of the Asu River Group 
made up of predominantly shales and localized develop-
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Figure 4. Diffractograms of some of the studied clays and Wyoming clays. 

 
 
 

ment of sandstone, siltstone and limestone facies (Hoque 
and Nwajide, 1988). The study area is covered by 
sediments of Asu River Group. 
 
 
MATERIALS AND METHODS  

 
Sampling 

 
Ten (10) fresh samples of clays were taken from Abakaliki area in 

southeastern Nigeria (Figure 3). The samples are herein 
designated as L1 to LI0. Care was taken when sampling to ensure 
that fresh samples were taken and that such samples were 
representative of the materials to be assessed. The sampling depth 
ranged from 1 to 2.5 m. Tests on the clay samples were carried out 
at the material laboratories of the National Steel Raw Material 
Exploration Agency, Kaduna in Nigeria.  
 

 
Laboratory tests 
 
Relevant laboratory tests were carried out to determine the 
properties of the sampled Abakaliki clays. The pulverized clay 
sample was prepared by creating a highly polished surface in the 
cavity of the sample holder of the Pw 1800 diffractometer with 
copper tube anode. This was introduced to the x-ray diffractometer 
equipment (XRD) which scanned the sample continuously for clay 
bulk analysis. A generator tension of 40 kv and current of 55 mA 
were used. From the XRD traces, the clay minerals in the samples 
were determined by their diagnostic peaks according to diffraction 

intensity published by ASTM (1989), in powder diffraction files. An 
IVT-20 computer-automated X-ray fluorescence (XRF) 

spectrometer was used for bulk chemical analysis of the clay 
samples. The clay samples were prepared in accordance with 
outline given in Kenigan (1971). Cation exchangeable capacity of 
metallic bases in meq/100 g of dry sample were measured by 
leaching 50 g of the sample with neutral normal ammonium acetate 
and the resulting aliquots were analyzed characteristically for Na, K, 
Ca and Mg cations, following method outlined in ASTM 2354 
(1989). The fraction that passed the 75 µm BS (No. 200) sieve was 

oven-dried, weighed and later dispersed with a solution of sodium 
hexametaphosphate and sodium carbonate. It was then analyzed 
using the hydrometer method as specified in BS 1377 (1990). The 
bulk density and specific gravity were determined using 100 g of 
oven-dried samples, passing 75 µm BS (No. 200), according to 
procedures outlined in ASTM (1989). The viscosity and pH were 
both determined from clay-water suspension with 20 parts water 
using methods described in L ASTM C97 (1989). The Atterberg 
limits of the clay samples were determined in accordance with BS 

1377 (1990). Free swell test was conducted using methods 
described by Holtz and Gibbs (1956).   
 
 

RESULTS 
 

Mineralogical, chemical analysis and cation 
exchangeable capacity  
 

The diffractograms of the clay samples are as presented 
in Figure  4. The results of the mineralogical  composition 
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Table 1. Mineralogical composition of Abakaliki clay. 
 

Clay mineral Wyoming bentonite (%) Abakaliki clay (%) 

Montmorillonite 35.85 20-30 

Kaolinite 5.01 15-25 

Quartz 23.98 28-30 

Calcite 8.32 13-24 

Biotite 3.23 
 

Feldspar 23.98 28-32 

Illite 0 30-38 

 
 
 
Table 2. Chemical composition of Abakaliki clay. 

 

Composition (w%) 

Chemical 
oxides  

Abakaliki clay (%) Wyoming bentonite (%) 

SiO2 50.10-58.96 45 

Al2O3 19.90-25.08 17 

Fe2O3 3.80-4.67 11.1 

TiO2 1.10-2.10 1.68 

CaO 1.00-5.42 1.77 

MgO 0.32-2.02 0.33 

K2O 0.52-1.40 0.05 

Na2O 0.68-1.98 2.7 

MnO 2.00-3.34 0.15 

 
 
 
of Abakaliki clays are summarized in Table 1 and 
compared with that of Wyoming clay, as reported by 
Falode et al. (2007).  

The results indicate that the clays are composed 
predominantly of Illite and mixed layer clays, with 
presence of Montmorillonite which ranges from 20-30% 
and kaolinite which ranges from 15-25%. Montmorillonite 
produces “sensitive” clay even where it is present in 
minute (5% to 10%) amount (Okagbue, 1989). The 
presence of the montmorlloiite in Abakaliki is significantly 
low when compared with Wyoming bentonite. The 
presence of quartz, which acts as an abrasive according 
to Apugo-Nwosu et al. (2011), could lead to poor physio-
chemical performance of the clay. It has been observed 
(Sowers and Sowers, 1970) that Na-montmorillonite is 
quite more expansive than the Ca-montmorillonite type. 
The presence of kaolinite in the Abakaliki clay could lead 
to poor rheological properties since such type of clay has 
low swelling capabilities.  
 
 

Chemical composition 
 
The results  of chemical analysis of the clay  samples are  

 
 
 
 
presented in Table 3. The chemical composition of the 
Abakaliki clay sample indicated very high alumina (19.90- 
25.08%) and silica (50.10-58.96%) when compared with 
the value of Wyoming bentonite that has silica of 45% 

and alumina of 17% (Table 2). The alkaline earth mineral 

(CaO) and the alkali mineral (K2O) of Abakaliki clay are 
1.00-5.42% and 0.52-1.40% respectively and that of 
Wyoming bentonite are alkaline earth mineral 1.17 % and 
alkali mineral (0.05%), respectively. The bentonite of 
Wyoming is a high-sodium bentonite and differs from 
bentonite in the southern United States, which contains 
much calcium and has different characteristics. The XRF 
results indicate low content of Na2O (0.68-1.98%) when 
compared with that of Wyoming clay which has 2.7 of 
Na2O. The fair consistency in the concentrations of 
oxides may generally indicate similarities in the 
mineralogy of the studied clays. The relatively high 
amounts of CaO noted in the clays may possibly be 
attributed to the occurrence of carbonates such as calcite 
in the sediments (Reyment, 1965). In all, the enrichment 
in CaO, as well as depletion in Na2O, might suggest that 
the predominant clay mineral is the Ca-rich type. The 
presence of alkalis and magnesia in the samples 
suggests presence of clay mineral which may not likely 
be montmorillonite. Abakaliki clay showed low value of 
Fe

2
O

3
, this indicates low laterite concentrations. The very 

high alumina and silica contents when compared with 
refractory standards (25-45% alumina and 55-75% silica) 
as noted by Falode et al. (2007), coupled with the high 
levels of iron and organic matter would make the 
Abakaliki clay sample very suitable as a refractory 
material. The MgO value for Wyoming clay is very close 
to the value recorded for Abakaliki clay. This compound 
is normally used to enhance gel strength of mud 
samples (Falode et al., 2007).  

The results of the analysis of the samples for the CEC 
are presented in Table 3. Ca

2+ 
is the main cation in all the 

studied clays while Na
+ 

is a minor cation. The CEC 
recorded for Wyoming bentonite indicates that the values 
range from 60-65 Na

+
 to 15-20 Ca

2+
. The typical CEC 

range of pure smectite is from 80 meq/100 g to 150 
meq/100 g (Grim, 1968). The presence of Na and Ca 
ions, among other factors, influences the swell potentials 
of active clays. While Ca

2+
 limits the swelling of 

montmorillonite, Na
+
 enhances it. Tourtelot (1974) had 

observed that Ca
2+

 as the main exchangeable cation has 
a strong depressing effect on the swelling capacity of 
montmorillonite. Ca-montmorillonites can swell only up to 
100% while Na-montmorillonite in bentonite may swell up 
to 2000%. 

Natural clays rich in montmorillonite generally contain a 
mixture of exchangeable cations, including Mg

2+
, K

+
 and 

Fe
3+

, although Na
+
 and Ca

2+
 predominate but in varied 

proportions. Montmorillonite with these mixed proportions 
of exchangeable cations would be expected to swell in
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Table 3. Results of cation exchangeable capacity and hydromteter test. 
 

Parameter LI L2 L3 L4 L5 L6 L7 L8 L9 L10 Average 

Cation exchangeable capacity (meq/100 g) 

Ca
2+

 33.2 36.3 38.6 32.3 30.1 32.9 28.8 34.8 35 28.98 33.1 

K
+
 1.49 2.36 2.07 2.69 3.66 2.12 2.31 2.07 2.67 2.19 2.4 

Na
+
 12.3 16.6 12.8 11.1 13.5 12.4 16.5 12.3 14.8 12.79 13.5 

Mg
2+

 4.3 5.7 5.3 4.9 5.6 4.9 6.7 5.3 5.4 6.7 5.5 

 

Results of hydrometer analysis (%) 

Sand 18 14 10 8 10 20 29 20 14 11 15.4 

Silt 48 46 44 52 48 42 38 48 48 51 46.5 

Clay 34 38 46 40 42 38 41 42 38 38 39.7 

Viscosity in centipose 7 6 8 6.5 7.8 6.9 8.9 8 8.3 6.7 7.4 

Free Swell% 60 63 59 55 62 56 60 50 58 58 58.1 

pH 8.1 9 8.25 9.1 8.18 9.3 7.8 7.95 8.12 7.9 8.37 

 
 
 
Table 4. Results of Atterberg limit test, specific gravity, bulk density and calculated activity value.  

  

Parameter L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 Average 

Specific gravity 2.54 2.56 2.42 2.64 2.6 2.2 2.45 2.6 2.54 2.34 2.48 

Bulk density 1.55 1.68 1.67 1.52 1.45 1.7 1.57 1.59 1.45 1.53 1.57 

Plastic limit  24.8 24.6 30.1 25 27 34 27 30 32 28 28.25 

Liquid limit 66 58.8 70 62.4 72.8 65 62 56 60 63 63.6 

Plasticity index 41.2 44.2 39.9 37.4 45.8 31 35 26 32 35 36.75 

Activity 1.21 1.16 0.86 0.9 1.09 0.81 0.85 0.63 0.84 0.92 0.92 

 
 
 

Table 5. Classification of soils based on activity. 

 

Activity Soil type Abakaliki clay 

A<0.75 Inactive 
 

A= 0.75 to 1.25 Normal 0.92* 

A> 1.25 Active 
  

*Average activity value. 

 
 

 

amounts intermediate between those of Ca-
montmorillonite and Na-montmorillonite end members 
(Tourtelot, 1974).  
 
 
Geotechnical properties  
 
The results of the Atterberg limits tests on the natural are 
presented in Table 4. These results indicate that the 
clays in their natural states have relatively high plasticity. 
When compared with Wyoming bentonite which has LL 
600-700 (Skempton 1953), the LL values (58.8-72.8) of 
Abakaliki clay, however, are significantly low. Atterberg 
plasticity index (API) of 26-45.8 shows that the sample is 

plastic over a wide range of moisture content. These also 
corroborate the alkaline earth mineral of 1.00-5.42% and 
the alkali mineral of 0.52-1.40% of Abakaliki clay. 

The high plasticity index reveals the clay‟s potential for 
great volume change characteristics (Figure 5). The silt 
content makes the sample material unsuitable for wide 
ceramic applications. The results of the gradation 
analysis and the calculated Skempton activity values of 
the clay samples are also presented in Table 4. The 
results indicate that the samples are characterized by 
marginally higher proportion of silt-sized particles with 
average value of 46.5% than the clay-sized particles with 
average value of 39.7%. The clay fractions, despite being 
lower than the silt fraction, would be considered 
significant and are capable of influencing the 
geotechnical behaviour of the clays, especially if they 
made of the highly expansive mineral type. Okagbue 
(1989) had noted that the colloidal (<0.001 mm) content 
of a soil is an important influencing factor in the 
absorption of water and in volume changes in the soil 
depending on the mineral types constituting the colloids.   

Activity (A) according to Skempton (1953) of the soil is 
the ratio of the plasticity index and the percentage of the 
clay fraction. Activity is a measure of the water-holding
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Figure 5. Location of clay minerals on the Casagrande plasticity chart using the Abakaliki clay 
(Modified from Skempton, 1953). 

 
 
 
capacity of the clayey soils. The Activity values of the 
tested samples which range from 0.63 to 1.21 may 
suggest that the clays are possibly Ca-rich, rather than 
Na-rich. Soda rich active clays, according to Skempton 
(1953) and Tourtelot (1974), have activity values greater 
than 5. The average activity value for the studied clay is 
0.92 (Table 5) indicating normal soil type. Active clays 
have both high water retaining and high cation 
exchangeable capacity (Skempton, 1953).  

The swelling potential values as indicated from free 
swell (Table 3) also suggest that the clays are not the 
very active types. Using LL as one of the swell indicators 
(Chen, 1988), the free swell test results also indicate that 
the tested natural clay samples have low swelling 
potentials when compared with bentonites from Texas 
with mean LL value of 1110% and free swell range of 397 
and 401 (Rath, 1989). As shown in the tables, there is fair 
consistency in the results of bulk density of all the tested 
clays, suggesting similarity in the material type; a 
situation already reflected in the results of mineralogical 
and chemical analyses. The result suggests that the 
clays generally have low Gs values (average of 2.48) 
when compared with that of Texas bentonitic clay which 
has specific gravity range of 2.50 to 2.80 g/cm

3
. 

Commercial Bentonite sample of China origin according 
to Abdullahi et al. (2011) has specific gravity of 2.87. 

Kearey (2001) noted that a crystal of montmorillonite 
would have Gs of about 2.74. Since tests have suggested 
that the tested clays are illite predominated, it may mean 
that the other fraction that is non-montmorillonite is, most 
probably the mixed layer fraction, of the low Gs clay 
mineral type. Attapulgite (or palygorskite) is to be 
suspected because of its close association with Ca-rich 
montmorillonitic clays (Kearey, 2001) and its low Gs 
(mean Gs value of 2.48) (Lambe and Whitman, 1979). 
The clay needs increase in its density since according to 
Hall (1993), clays used as drilling mud must be 
“weighted” by addition of high density solids such as 
barite or haematite in order to control over pressure.  
 
 
Rheological properties 
 
The results of the pH measurements of the clay slurries 
indicate that they are all alkaline. The viscosity of the 
natural clay slurries, also shown in Table 3, range from 
6.0 to 8.9 centipoises. These values are comparatively 
low when compared with those of drilling mud. Rath 
(1986) observed that natural bentonitic clays from 
Wyoming recorded viscosity that ranged between 8.0 and 
25.0 centipoises. Bentonites with higher clay percen-
tages  (lower  non-clay  mineral content)  as  Wyoming 



 

 

 

 
 
 
 
should show high rheological properties. Clay such as 
montmorillonite that has a high cation exchange capacity 
swells greatly and forms viscous suspensions at low 
concentrations of clay, particularly when sodium is in the 
exchange position. Considering the relative higher 
swelling volumes of Wyoming bentonite indicated by 
higher montmorillonite content, it should make better 
suspensions with water and therefore good rheological 
properties can be obtained whereas the Abakaliki clay 
would require some beneficiation to improve the swelling 
properties. This clay will possibly yield low plastic 
viscosities but with additives such as sodium carbonate 
and carboxymethyl cellulose, the rheological properties 
for Abakaliki clay will remarkably improve.    
 
 
Performance of the clays as drilling mud 
 
A good drilling mud should have excellent plasticity, 
lubricity that protects the drilling bit, and viscosity that is 
required for the transportation of drill cuttings. A 
comparison of the properties of the Abakaliki clay and the 
properties of Wyoming bentonite indicates that the 
recorded viscosity is low against the standard clays that 
have their viscosity values ranging between 8 and 25 
centipoises. With respect to the chemistry, the concentra-
tions of most of the oxides generally compare well with 
those of the standard clays. Few oxides, such as Al2O3, 
MgO, TiO2, however are marginally higher. Texas clay 
recorded bulk density that ranges from 2.50 to 2.80 
g/cm

3
. The Abakaliki clay has their bulk densities all 

below 1.73 g/cm
3
. A significant inadequacy is also 

observed in the Atterberg limits, swelling potentials and 
other properties linked to response of clay minerals to 
moisture conditions. For example, the free swell values of 
the Abakaliki clays are generally below 63%, whereas the 
standard clays all have free swell above 700%. Similar 
trend is also noticed for PI. While the natural studied 
clays all have API below 46, the standard clays record PI 
all above 358. Exchangeable Ca

2+
 is also quite higher for 

all the samples studied in comparison with that of the 
standard clays. 
 
 
Conclusions 
 
This study evaluated the physical and chemical 
properties of some clays from Abakaliki Formation, 
southeastern Nigeria and the extent to which sodium 
carbonate and barite improved these properties for 
possible use of the clays as drilling mud. X-ray diffraction 
test on the studied clays from Asu River Group showed 
that the dominant clay minerals are Illite, kaolinite and 
mixed layer types. The chemical compositions indicate 
that the values of Na2O are lower than would be expected 
for  clays that  are used as drilling mud. Ca

2+
 and Na

+
 are  
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the main exchangeable cations with calcium ion as the 
dominant cation. The clays exhibited presence of high 
concentration of exchangeable Ca

2+
. The clays in their 

natural state possess relatively high liquid and plastic 
limits and classified as clays of high plasticity (CH), 
according to Unified Soil Classification System. The weak 
swelling properties are thought to buttress the presence 
of low expansive montmorillonite, most probably the 
calcium variety. A comparison of the chemical com-
position of the studied clays with that of naturally active 
bentonite from Wyoming and Texas used in drilling mud 
showed that the plasticity and swelling properties of the 
Abakaliki clays are very low. The viscosity values of the 
clays are also low. This clay will possibly yield low plastic 
viscosities but with additives such as sodium carbonate 
and carboxymethyl cellulose, the rheological properties 
for Abakaliki clays will remarkably improve. However, the 
Gs and pH values of the clays are close to those of 
Wyoming and Texas bentonites.  
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Population increase in Thiririka sub-catchment is causing high demand of water against limited supply. 
Currently, only 12,000 households out of 250,000 in the catchment have access to pipe water. 
Groundwater offers the one of the available options to the limited and irregular supply of pipe water. 
This study aims to find out the extent to which groundwater as alternative source of water for both 
domestic and irrigation activities is explored in the Thiririka sub-catchment. To achieve this objective, a 
field survey was conducted using semi-structured questionnaire to seek the extent to which individuals 
and households use groundwater. The study indicated a very low and adopted use of groundwater in 
the catchment. Only 36.7% of the various households visited use groundwater for domestic activities 
and 13.30% for irrigation purposes. It was found out that residents perception on groundwater to be 
polluted and therefore not safe for domestic activities, lack of cash availability for individuals who wish 
to construct wells at their homes and lack of awareness and education on the benefits of groundwater 
are some of the challenges contributing to the low use of groundwater in the Thiririka sub-catchment. It 
was therefore, recommended that education on the benefits of groundwater by the Gatundu South 
Water Services and Sanitation office and other NGOs be intensified to the residents of Thiririka sub-
catchment and more community boreholes and wells should be provided to the communities by the 
government, churches and NGOs, beside the pipe connections.  
 
Key words: Groundwater, Groundwater use, Thiririka sub-catchment, Kenya, Millennium Development Goals. 

 
 
INTRODUCTION  
 
Water is vital for human welfare and a basic key for 
enhancing economic development in the world at large. It 
plays a pivotal role in the achievement of all the 

Millennium Development Goals (MDGs). For instance, 
the MDG 7C outlines the target for halving the proportion 
of population without sustainable access to safe drinking 

  
*Corresponding author. E-mail: sirakem34@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 

 

 

 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


520        Afr. J. Environ. Sci. Technol. 
 
 
 
water and basic sanitation by 2015. 

Though the MDG 7C has been achieved on global 
basis, Sub-Saharan Africa is still lagging behind with only 
an improvement of 16 percentage points from 1990 to 
2012 (MDG Report, 2014). Similarly, the World Bank 
(2015) reports that, 85 and 53% of the urban population 
and rural population respectively in Sub-Saharan Africa 
has access to safe drinking water. These figures look 
promising but far below the world average of 96% for 
urban population and 82% for rural population (World 
Bank, 2015).  

Kenya is a dry country classified as chronically water 
scarce because it has a fresh water endowment of only 
about 650 cubic meters per capita, which according to 
Wafula (2010), has the potential to drop to 235 cubic 
meters per year largely due to population growth. 
According to Marshall (2011), some of the reasons why 
Kenya face severe water crisis are increase in 
population, drought, contamination of water bodies, 
frequent floods, lack of proper water management and 
deforestation. Thus, the issue of rapid population 
increase and cost has made potable water supply 
inadequate to meet the high demand for water by the 
populace.  Groundwater can be a very cheap alternative 
to scarce water resources. Groundwater is increasingly 
becoming the source of drinking water for inhabitants of 
both rural and urban settlements due to intermittent water 
shortage which has been hitting most parts of cities 
(Nyarko, 2008). In Kenya, most of the rural population 
lack access to safe drinking water. According to the 
World Bank (2015), only about 55% of the rural 
population in Kenya have access to clean water as while 
82% of the urban population have access. In Kajiado 
North District in Kenya, climate change which has 
affected water resources in terms of drought, runoff and 
increased evaporation had communities to rely on 
groundwater as their main source of water (Mngoli, 
2014). Groundwater provides one of  the realistic water 
supply option for meeting rural demand, as alternative 
water resources can be unreliable and expensive to 
develop (Foster and Tuinhof, 2000; MacDonald et al., 
2005). This is because groundwater is cheaper to 
access, provides water on demand, easy to develop 
abstraction systems and face minimal transmissions and 
storage loses than surface systems (Mumma et al., 2011, 
Shah et al., 2007).  

In Kiambu County in Kenya, 25% of residents use 
unimproved water sources such as ponds, direct from the 
rivers, unprotected springs and from water vendors 
(KNBS and SID, 2013). Groundwater has been an 
essential source of drinking water for the rural and urban 
communities (Singh, 2009). Field interview in November 
2014 with one officer at the Gatundu South Water 
Services and Sanitation indicated that the target 
population of households to which they are to supply pipe 
born water is 250,000. However, only 12,000 households 
out of this figure are currently supplied with pipe born  

 
 
 
 
water in the catchment. He therefore, concluded that 
because of high demand and topography of the area, the 
people in the catchment do not have regular supply of 
water at times. Ashun (2014) added that consequently, 
the inhabitants have had to increasingly rely on 
groundwater as their sole or supplementary source of 
water in the Thiririka Sub-catchment to meet the rising 
demand.  

Nevertheless, several studies in the Thiririka sub-
catchment in Kiambu County in Kenya had limited 
themselves to the assessment of water quality. Little work 
has been done on the extent to which groundwater is 
prioritised for domestic and irrigation activities in the 
catchment. It is therefore, against this background that 
this study sought to find out the extent to which 
groundwater is used for domestic and irrigation 
purposes/activities in the Thiririka sub-catchment. Studies 
of this nature will help advice policy makers in taking 
precautionary measures against protecting groundwater 
to safeguard the health of the inhabitants in the Thiririka 
Sub-catchment who depend on the groundwater for their 
livelihood. Again, an investigation of groundwater for 
various domestic and irrigation purposes is important 
because of the role groundwater resource can play in 
Kenya context in supplementing the scarce surface 
polluted water. Firstly, the groundwater resource is in 
constant demand as an alternative potable water supply 
and must therefore, be protected, and secondly, it is a 
subject which is of legislative importance in Kenya 
context, with the newly enacted Water Acts of 2002, 
which lays much emphasis on sustainable water resource 
management. Access to these groundwater sources 
could be an important part of the peoples‟ coping 
strategies when there is a shortage of piped water or 
when household circumstances change. Therefore, the 
main aim of this paper is to find out the extent of 
groundwater use for both domestic and irrigation 
activities in the Thiririka sub-catchment in the Kiambu 
County in Kenya.  
 
 
METHODOLOGY  
 
Study area characteristics 
 
The study was carried out in the Thiririka Sub-catchment in Kiambu 
County in Central Province. The Sub-catchment is about 50 km to 
the North along the National A2 and C66 from Nairobi off Thika 
road and along Kenyatta Road. The Thiririka Sub Catchment is in 
Upper Athi Catchment and its source is in the Southern slopes of 
the Aberdare Ranges in the Kikuyu Escarpment Forest and flows in 
a South by East direction to emerge from the forest near to the East 
of the Karatu Rural Market and joins Ruiru River at Juja farm, which 
later joins Nairobi river downstream. Geographically, the Thiririka 
Sub-catchment is bounded by the following coordinates, longitudes 
36° 34.6' 0", 37° 9' 0" and latitudes 0° 51' 0" and 1° 13.7' 0". The 
Sub-catchment extends approximately 2.8 and 2.5 km West of 
Gatundu town and is bounded by the Kikukyu escarpment to the 
North and the Kiaora Estate to the South. The Sub-catchment lies 
within the humid to semi-humid agro-climatic zones of Kenya and  
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Figure 1. Map of the Thiririka Sub-catchment. Source: Geography Unit, Kenyatta University, 2015. 
 
 
 

covers approximately 134 km
2 
(Ashun, 2014). The map of the study 

area is presented in Figure 1. 
The Thiririka Sub-catchment experiences an annual average 

rainfall ranging between 800 and 2000 mm which vary along the 
agro-ecological zones. The Sub-catchment receives a mean annual 
rainfall of 1160 mm with two distinct peaks in March to May and 
October to December (Bi-modal pattern). The maximum and 
minimum rainfall received is 257 and 33.4 mm in April and July. The 
mean annual temperature in the humid zone varies between 14 to 
18°C while in the Sub-Humid to Semi-Humid zones the mean 
annual temperatures vary between 18 and 22°C. The annual 
maximum temperatures range from 25.2 to 30.4°C in the months of 
August and March respectively while the minimum temperatures 

range from 9.8 and 15.4°C in the months of February and April, 
respectively (Gatundu Agricultural office station and Rwabura 
Irrigation Project, 2013). 
The soils in the Thiririka Sub-catchment correspond to the typical 
Humic Nitisols which are found on the upper part of the Sub-
catchment while Rhodic Nitosols are found in the lower parts of the 
Sub-catchment. These Nitosols have great agricultural potential 
coupled with the relatively high rainfall regime in this Sub-
catchment. Tea production, coffee, tropical fruits, food crops such 
as maize, beans and potatoes are some of the crops cultivated 
here. 

The main economic activities in the Sub-catchment are 
subsistence and commercial farming. Most typical type of farming  
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Plate 1. Major types of crops (banana, kales, coffee and maize) grown in the Thiririka sub-catchment. 
Source: Fieldwork (2014). 

 
 
 
practiced in the area is mixed cropping. Livestock rearing is another 
important activity in the Thiririka Sub-catchment and includes cattle, 
goats and sheep. Donkeys are an important form of transport, 
particularly for firewood, water and other goods for the market. The 
main source of energy for cooking in the homesteads within the 
catchment is firewood. 

 
 
Sampling design, data collection and data analyses 

 
The study population was all households in Thiririka sub-catchment, 
Kiambu County, Kenya. The study employed a representative 
research design using simple random technique to select 30 
household heads, 10 from each of the three zones: downstream, 
middle stream and upper stream. Data collection method included 
both primary and secondary data sources. Secondary data sources 
included published and unpublished information on the study area 
and on groundwater in general. Primary data was collected using 
questionnaires. Semi-structured questionnaires were administered 
to respondents to collect information on demographic 
characteristics and the use of groundwater for domestic and 
irrigation purposes. The questionnaire involved both open-ended 
and closed-ended questions. Some of the questions asked included 
age, household size, educational level, type of groundwater used, 
distance covered in search of groundwater, source of water used 
for irrigation, among many others. In addition, recording tools such 
as camera, eye, pen, and paper were used for recording field 
observations, especially non-linguistic aspects of human behavior. 
Some of the field observations recorded were type of groundwater 
in the various households, general condition of the households, and 
type of crops grown in the sub-catchment, among others. 

The data was analysed using SPSS 17.0 and outputs generated. 
The data was analysed descriptively to show the type of ground 
water available, uses of groundwater use, socio-economic 
characteristics, among others. Descriptive statistics such as 
frequencies and percentages were used to summarize results. 
Results were presented using tables, pie charts and bar graphs. 

RESULTS AND DISCUSSION 
 

Existing situation 
 

All the visited households during the field interviews had 
their main source of income from either subsistence or 
commercial agriculture. The main occupation of the 
respondents within the catchment is farming. The typical 
type of farming practiced in the catchment is mixed 
cropping (Plate 1). Types of crops grown mainly include 
maize, kales, banana, coffee, among others. Dairy cattle 
are also raised on a minimal scale (Plate 2). The 
percentage distribution of the respondents‟ occupation in 
the sub-catchment is displayed in Figure 2 below. 63% 
(50% males and 78% females) of the respondents were 
farmers, 30% (43.8% males and 14.3% females) being 
salaried workers and 6.7% (6.3% males and 7.1% 
females) were business persons. None of the 
respondents in the catchment was unemployed.   
 
 

Types of Groundwater in Various Homes in Thiririka 
Sub-catchment 
 

From Figure 3, 23.3% (25 % males and 21.4 % females) 
had and use wells, 13.3% (25 % males only) had and use 
springs in their homes. None of the homes had boreholes 
present. 63.3% (50% males and 78.6 % females) had 
and use no groundwater. These results also agree with 
Mngoli (2014) who reported that only 33.7% households 
use and depend on groundwater (mainly boreholes) in 
Kajiado North District in Kenya, though that is the major 
source of water use in this area. Those with groundwater  
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Plate 2. Cattle keeping carried out as part of crop farming in the sub-
catchment. Source: Fieldwork (2014). 

 
 
 

 
 

Figure 2. Percentage distribution of respondents‟ occupation by sex in the 
sub-catchment. Source: Fieldwork (2014). 

 
 
 

 
 

Figure 3. Types of groundwater in various homes in Gatundu district, Thiririka 
sub-catchment. Source: Fieldwork (2014). 
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Plate 3: Groundwater (well) in one of the homes in Thiririka sub-
catchment, which the owner uses to irrigate her farmland. Source: 
Fieldwork (2014). 

 
 
 

 
 

Plate 4: Crops grown under green house, where the owner 
uses the water from the well to irrigate the crops. Source: 
Fieldwork (2014). 

 
 
 

 
 

Plate 5. Groundwater (well) under construction in one of the homes 
in Thiririka sub-catchment, where the owner considers it for her 
dairy farming. Source: Fieldwork (2014). 

 
 
 
in their homes only consider it solely for irrigation 
purposes (their croplands and dairy farming). Plate 
3shows one well where the owner uses for irrigating her 

farmland and crops grown under green house (Plate 4). 
Plate 5 also shows one well, which is under construction, 
where the owner considers using it for her dairy farming. 
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Figure 4. Use of groundwater for domestic activities by respondents 
in the Thiririka sub-catchment.Source: Fieldwork (2014). 

 
 
 

 
 

Plate 6. Thiririka River as the main source of water supply in the Thiririka 
sub-catchment. Source: Fieldwork (2014). 

 
 
 

Level of groundwater use for domestic activities in 
the Thiririka Sub-catchment 
 
From figure 4, groundwater use for domestic activities 
such as cooking, washing, drinking and bathing is 
minimal. 36.7% of the respondents use groundwater for 
cooking, washing, drinking and bathing. 43.3% of the 
respondents use groundwater for irrigation activities and 
63.3% considered using groundwater for other activities 
such as expanding the size of their farmlands. The main 
reason for low usage of groundwater is attributed to the 
fact that, 80% of households have access to pipe water 
connections. In addition, most households perceive 
groundwater to be polluted with chemicals and thus 
unsafe for domestic activities especially drinking and 
cooking. These observations agree with findings by Philip 
and Stevens (2013), who reported low groundwater use 
for domestic puroposes in four communities in Kisumu, 

Kenya, at 9 to 29% because the households perceived 
groundwater to be polluted with chemicals and thus 
unsafe for their domestic activities. People in the 
catchment will rather prefer using water from the Thiririka 
River (Plate 6) and its tributaries in dry seasons and 
when there is irregular water supply from taps to using 
groundwater. 

Table 1 shows the distance to groundwater by 
respondents who used groundwater in the Thiririka sub-
catchment. From the table, 42.9% covers less than 0.5 
km distance to fetch groundwater, 7.1% covers within 0.5 
to 1 km distance to go fetch groundwater and 50% had 
groundwater made in their home premises. 

Table 2 shows the distance respondents spend or 
cover to fetch tap water. From the table above, 17.2% 
covers less than 0.5 km to go fetch tap water, 3.4% 
covers within 0.5 to 1 km to go fetch tap water and 79.3% 
use or fetch tap water from pipes made in their homes.  
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Table 1. Distance to groundwater of respondents who use groundwater in the Thiririka sub-
catchment. 
 

Background 
Characteristics  

<0.5 0.5 – 1 km On 

premises 

No.  of 

respondents 

Sex of Respondent     

Male 37.5 12.5 50 16 

Female 50 0 50 14 
     

Age of Respondent     

19-25 years  100 0 0 6 

26 - 45 14.3 0 85.7 15 

45 and above 0 50 50 9 
     

Level of Education      

Primary 25 0 75 17 

Secondary 16.7 16.7 66.7 8 

College / University 100 0 0 5 

Never Enrolled 0 0 0 0 

Overall Total 42.9 7.1 50 30 
 

Source: Field data (2014). 

 
 
 

Table 2. Distance to tap water of respondents in the Thiririka sub-catchment. 
 

Background haracteristics  <0.5 0.5 – 1 km On premises No. of  respondents 

Sex of Respondent     

Male 25 0 75 16 

Female 7.7 7.7 84.6 14 
     

Age of Respondent     

19-25 years  16.7 0 83.3 6 

26 - 45 21.4 0 11 15 

45 and above 11.1 11.1 77.8 9 
     

Level of Education      

Primary 31.3 6.3 62.5 17 

Secondary 0 0 100 8 

College / University 0 0 100 5 

Never Enrolled 0 0 0 0 

Overall Total 17.2 7.1 79.3 30 
 

Source: Fieldwork (2014). 
 
 
 

These figures compared to same distances residents 
travel to go fetch groundwater further explain the reasons 
why groundwater use in the sub-catchment is minimal. In 
short, tap water is made easily accessible and available 
within reach more than groundwater. 
 
 

Amount of money spent on tap water monthly and 
price affordability of tap water 
 

Figure 5 shows the amount of money respondents spend 
on paying for tap water in Kenyan shillings (ksh) and 

compared to see if groundwater is an alternative to 
respondents. 90 ksh presently exchanges for 1 United 
States dollar (USD). It could be seen from the figure 5 
that 82% of the respondents spend less than 500 ksh on 
tap water monthly, 11% spends between 500 to 1000 ksh 
and 7% spends more than 1000 ksh monthly on paying 
for tap water. These figures further explain that tap water 
is more affordable to the respondents and further 
explains the less use of groundwater water in the study 
area. These results confirm a similar study by Ashun 
(2012) in the Thiririka sub-catchment, who found that  



 
 
 
 

 
 

Figure 5. Amount spent on tap water by 
residents in the Thiririka sub-catchment. 
Source: Fieldwork (2014). 

 
 
 

 
 

Figure 6. Price affordability of 
tap water by residents in Thiririka 
sub-catchment. Source: 
Fieldwork (2014). 

 
 
 

 
 

Figure 7. Percentage of 
respondents who considers 
groundwater as an alternative for 
domestic activities, if they cannot 
afford the price of tap water. 
Source: Fieldwork (2014). 

 
 
 

75% of the people spend less than 500 Kshs per month 
for buying water. Price affordability of water to the 
respondents is explained more in figure 6. In terms of 
whether respondents are able to afford the price of tap 
water, 93% said “yes” they can afford and 7% of the 
respondents said “no”. This further explains the reason  
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Figure 8. Percentage of respondents to regularity of supply of 
tap water. Source: Fieldwork (2014). 

 
 
 
why majority of the households do not use groundwater 
especially for their domestic activities in the sub-
catchment. 
 
 
Groundwater as an alternative supply of water for 
domestic activities 
 
The households of Thiririka sub-catchment will consider 
groundwater as an alternative supply of water for 
domestic activities if they cannot afford the price of tap 
water. In terms of whether households consider 
groundwater as an alternative supply of water for their 
domestic activities 67% responded „yes‟ and 33% 
responded „no‟ (Figure 7). Also, out of these, all the 
females (100%) responded „yes‟ to considering 
groundwater as an alternative because the supply of 
water from the taps is irregular and unreliable within the 
week, it will help them to have enough water to irrigate 
their farmlands and only if they have enough money to 
dig the well. Philip and Stevens (2013) reported of 
improved household livelihoods in terms of family income 
levels, increased farm productivity and food security of 
women who depended on groundwater use for their 
farming activities in Kisumu, Kenya. 
 
 
Regularity of water supply in the Thiririka sub-
catchment and groundwater as an alternative 
 
Regular flow of tap water in pipes in various homes in the 
Thiririka sub-catchment is a problem. Households 
reported that tap water flows about three times a week. 
This means water from the taps is not reliable, though 
about 80% of the households had pipes connected in 
their homes. Figure 8 shows the regularity of tap water in 
the sub-catchment. From the figure, 93% of the 
respondents receive irregular water supply in pipes and 
7% receive regular flow of water in pipes. These results  
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Figure 9. Percentage of respondents who will consider 
Groundwater as an alternative to irregular tap water 
supply in the sub-catchment. Source: Fieldwork (2014) 

 
 
 

 
 

Figure 10. Percentage size of farms of respondents in the Thiririka 
sub-catchment. Source: Fieldwork (2014). 
 

 
 

 
 

Figure 11. Percentage of irrigation use in the Thiririka 
sub-catchment. Source: Fieldwork (2014). 

 
 
 

confirms similar findings by Philip and Stevens (2013) 
who found out that the supply of piped water is unreliable  
with frequent water shortages in four informal 
communities in Kisumu, Kenya. Also, Figure 9 shows 
whether households consider groundwater as an  

 
 
 
 

 
 

Figure 12. Percentage of groundwater use for irrigation in the 
Thiririka sub-catchment. Source: Fieldwork (2014). 
 
 
 

alternative coping measure to the irregular tap water 
supply. From Figure 9, 64% respondents said „yes‟ they  
consider ground water and 36% respondents said „no‟ 
they do not consider groundwater as an alternative 
coping strategy to the irregular supply of tap water in the 
sub-catchment. 
 
 

Use of groundwater for irrigation in the Thiririka sub-
catchment 
 

The main occupation of the respondents in the sub-
catchment is farming (crop farming and animal rearing). 
Households mostly farm at the subsistence scale ranging 
between 0.5 acres to more than 1 acre. The Figure 10 
below shows the percentage of farm sizes of respondents 
in the catchment. From the figure, 16.7% have farms of 
less than 0.5 acres, 20% have farm sizes between 0.5 to 
1 acre and 63.3% have farm sizes of more than 1 but 
less than 3 acres. 

Figure 11 shows the percentage of irrigation use of 
respondents in the sub-catchment. From the figure, 33 % 
use irrigation on their farms and 67% do not use irrigation 
on their farms. This is because most of the farmers in the 
catchment operate at the subsistence level and usually 
rely on natural rain to water their farms. 
 
 

Groundwater use for irrigation 
 

From Figure 12, households in the catchment do not use 
groundwater (GW) for irrigation. Households usually rely 
on rainwater to irrigate their farms. It could be deduced 
from the Figure 12 that 53.3% of the respondents rely on 
natural rain (RF) to grow their crops, 33.3% rely on 
surface water (SW) such as tap water and water from the 
river to irrigate their farms. Only 13.3% use GW to irrigate 
their farms. This is because many of the respondents 
believe groundwater is polluted with chemicals and that it 
is not suitable for irrigation. However, the few (13.3%) 
who use groundwater to irrigate their farms, all of them, 
testifies that groundwater is more reliable for them than 
tap water from the pipes, which are usually irregular in 
supply and that they had realized benefits of relying on 
GW for irrigating their farms such as increased crop 
yields, increased number of times they harvest in a 

 

 
 

 

  

 

 

  

 

 

 

 

 

 



 
 
 
 

 
 

Figure 13. Factors influencing GW use over TW by 
respondents in the Thiririka sub-catchment. Source: Fieldwork 
(2014). 

 
 
 

 
 

Figure 14. Percentage of education on benefits of GW use by 
respondents in the Thiririka sub-catchment. Source: Fieldwork 
(2014). 

 
 
 
growing season, increased enrollment of their children at 
school, able to pay for their house rents, electricity bills 
and water bills as well as improvement in their household 
income levels. It is commonly noted that access to 
groundwater is reliable, available on demand, improves 
household incomes and ensures food security (Philip and 
Stevens, 2013; Mumma et al., 2011; Shah et al., 2007). 
 
 
Factors influencing peoples’ use of GW over TW 
 
From Figure 13, 88.2% of respondents use groundwater 
(GW) because it is easily accessible (EA), 5.9% 
responded they will use GW if they have the cash 
available (CA) to dig a well and 5.9% said they will GW 
based on other reasons such as for supplementing 
irrigation of their farms and increasing their crop 
production, if they cannot afford the price of tap water, if 
water supply from taps is not regular, if it is the only one 
available and because they cannot trust the readings 
from the water meters at times. One respondent had this 
to say:  
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“Me, myself, I like farming and all I need is water. If I can 
get enough cash, I will build my own well and I will do 
wonders. I will feel comfortable, extend my family size 
and can do farming on a large scale. I really need to dig 
one right now.” 
 
 
Education on benefits of GW 
 
From Figure 14, respondents‟ use of GW is low partly 
due to little education they receive about the many 
benefits GW offers. From the figure, only 10% of the 
respondents receive education on GW benefits and 90% 
do not receive education on GW and its benefits. 
 
 
Conclusion 
 

The study assessed the extent of groundwater use for 
domestic and irrigation activities in the Thiririka Sub-
catchment, Kiambu County, Kenya. Findings from the 
study indicated that groundwater use for domestic and 
irrigation activities is very low and not adopted in the 
catchment. This is because about 80% of the various 
households visited during the survey had connections to 
pipe born water, the fact that residents perceive 
groundwater to be polluted and therefore not safe for 
domestic activities and lack of cash availability for 
individuals who wish to construct one at their homes. As 
a result, most of the households use and depend more 
on tap water and Thiririka River for their domestic 
activities. Similarly, most households depend more on 
natural rainfall to irrigate their farms, which are usually at 
the subsistent level, followed by surface water such as 
tap water and river water. 

However, respondents prefer using groundwater for 
irrigation activities to boost their crop production than to 
use it for domestic activities such as cooking, drinking, 
washing and bathing. Moreover, households consider the 
use of groundwater when they cannot afford the price of 
tap water, when the supply of tap water is not regular and 
when they need more water to expand their farm size. 
Finally, education on benefits of groundwater was very 
low in the sub-catchment. As a result, the Gatundu South 
Water Services and Sanitation office and other non-
governmental organizations need to provide and intensify 
education on benefits of groundwater in the sub-
catchment. 
 
 

Recommendations 
 

Based on the results of the study, the following 
recommendations are made: 
 

i) There is the need for education to the households of 
Thiririka on the benefits of groundwater by the Gatundu 
South Water Services and Sanitation office and other 
non-governmental organizations in the District; 
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ii) More groundwater especially community boreholes 
and wells should be provided to the communities by the 
government, churches and NGOs, beside the pipe 
connections. This will help provide all year round water 
for the households especially in times of dry seasons; 
iii) Finally, individuals who wish to construct their own 
wells at their homes in order to expand their farm size 
could be supported by the government to do so. This will 
make them increase food production through irrigation 
and thereby increase household income to make them 
more sustainable. 
 
 
Conflict of Interest 
 
The author(s) did not declare any conflict of interest. 
 
 
ACKNOWLEDGEMENTS 
 
The authors would like to express their profound gratitude 
to the two anonymous reviewers who made wonderful 
comments to shape this work. Another thank you goes to 
Dr. George L. Makokha of Geography Department of 
Kenyatta University in Nairobi, Kenya, for his supervisory 
role towards this work. Also, to Mr. Renold Shimba, an 
M.Sc. IWM student at Kenyatta University for his 
wonderful contributions made on the analysis of this 
work. Finally, many thanks go to DAAD GERMANY for 
financial sponsorship towards the field survey for this 
work.  
 
    
REFERENCES 
 
Ashun E (2014). Assessment and Mapping of Groundwater Quality in 

the Thiririka Sub-Catchment Kiambu County, Kenya. Unpublished 
M.Sc. Thesis. Department of Geography, Kenyatta University, 
Nairobi, Kenya. 

Ashun E (2012). Environmental and Human Causes of Ground Water 
Pollution in the Thiririka Sub-catchment of the Athi Basin, Gatundu 
South District, Kiambu County, Kenya. Unpublished M.Sc. Field 
Report. Department of Geography, Kenyatta University, Nairobi, 
Kenya. Pp. 23-24. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
Foster S, Tuinhof A (2000). Kenya: The Role of Groundwater in the 

Water Supply of Greater Nairobi.  Available at 
http://siteresources.worldbank.org/INTWRD/Resources/GWMATE_E
nglish_ CP_13.pdf. Accessed on 20th January, 2015 at 18:45. 

Habila O (2005). Groundwater and the Millennium Development Goals, 
Proceedings, Groundwater and poverty reduction in Africa. Intern. 
Ass. Hydrogeol. London. 

KNBS and SID (2013). Exploring Kenya‟s inequality: Puling a part or 
pulling together? 

Macdonald A, Davies J, Calow R, Chilton J (2005). Developing 
Groundwater: A Guide for Rural Water Supply. ITDG Publishing, 
Warwickshire.  

Marshall S (2011). The water crisis in Kenya: Causes, effects and 
solutions. Global Majority E-Journ. 2(1):31-45. 

Mngoli M (2014). Land use change, water availability and adaptation 
strategies in changing and variable climate in Kajiado North District, 
Kenya. Unpublished M.Sc. Thesis. Faculty of Agriculture, University 
of Nairobi, Nairobi, Kenya.  

Mumma A, Lane M, Kairu E, Tuinhof A, and Hirji R (2011). Kenya 
Groundwater Governance: Case Study. 

Nyarko A A (2008). Assessment of Groundwater Quality and Urban 
Water Provision : A Case of Taifa Township in the Ga-East District of 
the Greater Accra Region. Unpublished M.Sc. Thesis. Kwame 
Nkrumah University of Science and Technology, Kumasi. 

Philip S, Stevens L (2013). Multiple benefits of improved groundwater 
for low-income urban communities in Kisumu, Kenya. In 36th WEDC 
International Conference, Nakuru, Kenya. (pp. 1–6).  

Shah T, Burke J, Villholth K, Angelica M, Custodio E, Daibes F, and 
Wang J (2007). Groundwater: A Global Assessment of Scale and 
Significance. 

Singh U (2009). The health-related microbial quality of drinking water 
from ground tanks, standpipes and community tankers at source and 
point-of-use in eThekwini Municipality: Implications of storage 
containers, household demographics, socio-economic issues, 
hygiene and. University of KwaZulu-Natal, Durban. 

United Nations Millennium Development Goals Report (2014).  
Wafula Paul (2010). “Lack of Investment in Water Sector Leaves 

Kenyan Towns Parched”, Business Daily (Nairobi, Kenya: Nation 
Media Group), p. 2. Available at: http://www.businessdailyafrica.com/-
/539546/958756/-/item/1/-/wo5d3ez/-/index.html. Accessed on 18th 
May, 2015 at 16:00. 

World Bank (2015). World Development Indicators (Washington, DC: 
The World Bank); as posted on the World Bank website. Accessed 
on May 18, 2015. 

 
 



 

 

 
Vol. 9(6), pp. 531-544, June 2015  

DOI: 10.5897/AJEST2014.1780 

Article Number: 03BE1D353822 

ISSN 1996-0786  

Copyright © 2015 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJEST  

African Journal of Environmental Science and 
Technology 

 
 
 

Full Length Research Paper 
 

Comparative evaluation of the concentrations of lead, 
cadmium and zinc in surficial sediments from two 

shallow tectonic freshwater lake basins, Kenya 
 

Job Mwamburi 
 

Kenya Marine and Fisheries Research Institute, P. O. Box 1881-40100, Kisumu, Kenya.  
 

Received 22 August, 2014; Accepted 4 June, 2015 
 

Sources of metals in the environment are widespread and data on typical concentrations in the various 
media and environmental settings exits worldwide. Distribution and comparative concentrations of 
some selected metals in surface sediments of two shallow tectonic freshwater basins were assessed, as 
useful indicators of the level or magnitude of anthropogenic influences, as well as other aquatic 
processes, considering the increasing challenges in management of waste disposal. Concentrations of 
Pb, Cd and Zn in the sediments were detectable in all sites, albeit there were relatively lower levels 
reported in the column of alkaline waters. In dry weight basis, and in increasing order, the levels were 
Cd<Pb<Zn in both basins. Cd, Pb and Zn elements are all chalcophiles. However, using a student t-test, 
the concentrations of Cd and Pb in the sediments showed significant differences (p<0.05) between the 
two basins. Using freshwater sediment quality guidelines (ISQG) values, all the three metal mean 
contents in L. Baringo were above these values. Average levels of Zn and Cd were also above the ISQG 
values. However, all the mean concentrations of Zn, Cd and Pb in surficial sediments were found to be 
below the probable effect level, and above normal concentrations ranges found in sedimentary and 
igneous formations. Concentrations of Pb and Zn found are comparable to other relatively large basins, 
with extensive drainage basins and urban influences. Cadmium sediment levels are a concern, as the 
evaluation shows increasing accumulation in sediments, with possible future exposure risks to aquatic 
organisms. Surface runoff, waste discharges and particulate deposition is thought to be significant in 
these basins, and to understand overall impacts from anthropogenic deposition, it is important that 
background metal levels are determined together with supporting chemical partitioning to reveal more 
information on available metal contents. 
 
Key words: Tectonic lake basins, surface sediments, concentrations, lead, zinc, cadmium. 

 
 
INTRODUCTION 
 
Sediments receive both autochthonous and allochthonous 
inputs in a lake ecosystem and contain records of 
contaminants over time. Urban storm waters, eroded 

soils and runoff waters, floodwaters, untreated domestic 
wastewaters and leachates from uncontrolled solid waste 
dumpsites and landfills, mining operations, and use 
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of petroleum products are activities which accelerate the 
loading of various inorganic and organic contaminant 
substances in surface water and sediments of lakes and 
rivers. 

Lead (Pb) and cadmium (Cd) and their compounds 
together with zinc (Zn) compounds are characterized as 
hazardous constituents under the international list of 
hazardous substances or OECD Environment Directorate 
and UNEP international register of potentially toxic 
chemicals (Suzanne, 1993). However, Zn, Cu, Fe, Mo, 
Co and Mn are essential elements and form important 
metalloenzymes. Differences in chemical properties of 
elements and their transformations within the aquatic 
environment determine their retention, bioavailability and 
toxicity. At low natural levels, metals are easily 
immobilized in natural environments and eliminated from 
tissues of organisms, depending on the influence of other 
regulating factors. The water compartment contains 
heterogenous polyligands (fluvic, humic and tannic acids, 
armophous metaloxyhydroxides of Mn, Al and Fe, clay, 
bacterial surfaces and associated exocopolymers, 
suspended particles and macro molecules (poly-
sacchariseds, proteins, etc) (Tesseir et al., 1979; Luoma 
and Bryan, 1981; Greenland and Hayes, 1978), which 
can demobilize the dissolved metal fraction. In 
sediments, inherent sediment and overlying water charac-
teristics such as redox conditions, pH, temperature, 
organic matter, sediment composition and degree of 
hydrolysis, adsorption, complexation, and precipitation 
processes may in combination determine exposure 
concentrations and availability of metals for uptake. The 
ability to distinguish background and anthropogenic 
influences on metal concentrations can also be attained 
through use of selective extractants for the various 
geochemically defined phases or fractions, with the aim 
of simulating various environmental conditions to which 
the sediments can be subjected to. Kamau et al. (2008, 
2007), Mutia et al. (2012), Ochieng et al. (2007), Dharani 
et al. (2010, 2007), Tarits et al. (2006), Campbell et al. 
(2003), Hakan Tarras-Wahlberg et al. (2002), Bonzongo 
et al. (1996) and Njenga et al. (2009), provided very 
useful information on detectable levels of several metals 
in the rift valley lakes water, sediment and aquatic 
organisms, and soils of surrounding areas. Increased 
cobalt, nickel and copper concentrations in sediments of 
the remote Lake Baringo were among the first few 
documented results on heavy metals in the rift valley lake 
sediments (Ochieng et al., 2007). High levels of Cd and 
Zn in soils and Acacia xanthophloea Berth., were also 
reported in polluted sites around L. Nakuru, another 
closed basin saline rift valley lake (Dharani et al., 2010, 
2007). Therefore, both surficial and core sediments 
provide better understanding of water related risks of 
accumulated potential toxicants among water users and 
managers, also will encourage a better sustainable 
management  of  water  resources  and  maintenance   of 

 
 
 
 
ecosystem integrity. Information on metal concentrations 
in bottom sediments of L. Baringo is lacking, yet 
catchment degradation, increasing lake water turbidity 
and changing lake water levels are environmental threats 
of concern in this area. Recently, temporal and spatial 
changes in the physical and temporal conditions showed 
that a general variation of physical and chemical 
parameters observed in the south-north transect was due 
to the effect of the affluent rivers and streams (Omondi et 
al., 2014). This study presents total concentrations of 
some of the priority metals, which were monitored in 
surficial sediments of two shallow freshwater lake basins 
to understand possible associated anthropogenic 
influences and processes. 
 
 
MATERIALS AND METHODS 

 
Study areas 
 
Lakes Baringo and Naivasha (Figures 1 and 2) are both shallow 
freshwater lakes located in Kenya, within the Eastern arm of the 
Great Rift Valley (Figure 3). They are internationally recognized as 
Ramsar sites and the surrounding communities depend on them for 
relatively small-scale fishery. Lake Naivasha (Figure 2) is important 
for flower production (export), geothermal electricity generation, 
tourism and conservation (Harper et al., 1990). Lake Baringo is 
important for agriculture, with water diverted from the lake for 
irrigation (Hickley et al., 2004). A feature of both lakes are 
fluctuating water levels, resulting from periods of low rainfall, with 
this accentuated in recent years by the increased agricultural use of 
water (Harper and Mavuti, 2004). 

Lakes Naivasha and Baringo are important water bodies with a 
thriving commercial fishery based on introduced species (Muchiri 
and Hickley, 1991; Hickley et al., 2008; Ojuok et al., 2007), with the 
common carp Cyprinus carpio L. and the marbled lungfish 
Protopterus aethiopicus (Heckel, 1851) dominating the catches 
respectively. Whilst the role of habitat degradation in impeding 
stock recovery remains unclear, it is apparent the species now 
dominating catches in Naivasha (C. carpio) and Baringo (P. 
aethiopicus) both have wide environmental tolerances when 
compared with the other exploited species (Britton et al., 2005). 
Persistence of the water hyacinth in lake Naivasha has added 

another challenge to the water resource managers and other 
stakeholders relying on the lakes water sources and livelihood. 
Effects of the water hyacinth on lake water quality and ecology 
(Mironga et al., 2012) and impacts of environmental degradation 
(Onywere et al. 2012) are signs of the threats from a wide range of 
human activities. 
 
 
Lake Baringo basin 

 
Lake Baringo is located between longitude 036° 00’ and 036° 10’E 
and latitude 00° 30’ and 00 34’N, at 975 m. a. s. l (Figure 1), in a 
semi-arid area north of Lake Naivasha within the same arm of the 
valley, and they both lie at relatively lower ground of the rift floor. 
The relatively shallow lake basins are therefore receptors of eroded 
materials from relatively high gradient catchment areas. Perkerra 
and Molo rivers flow into the lake from the southern edge. The lake 

and Perkerra catchment areas are about 6820 and 1207 km
2
, 

respectively. Most of the surrounding lower zones are semi-arid 
grasslands with sparse vegetation, providing grazing lands. 
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Figure 1. Map of Lake Baringo showing sampling sites. 

 
 
 
However, in the upland corresponding to the high altitude river 
source areas, important farming and settlement areas develop. 
 
 
The general geology and soils of Lake Baringo basin 
 
Late Holocene to modern sedimentation in Lake Baringo is 

dominated by fine grained siliciclastics (Renaut et al., 2000). Most 
of the lake floor is covered by detrital muds and felspathic silts 
which reflect the very high soil erosion rates in the catchment (Aloo, 

2002; Snelder and Bryan, 1995; Oostwoud and Brayan, 2001). In 
their upper reaches, the rivers mainly drain thick series of basalts, 
phonolites and trachytes of Mio-Pliocene age, while downstream 
they flow across Pleistocene trachphonolites, pyroclastic deposits 
and siliciclastic fluvial and alluvial sediments. The eastern part of 
Baringo watershed, drained by the rivers Mukutan and Orabel, is 
formed by a succession of basalts and phonolites of Miocene age, 

several hundred meters thick, which form the Laikipia fault 
escarpment. The geology of the area is mainly undifferentiated 
volcanic rocks, while the soils are of clay type (Odada et al., 2006). 
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Figure 2. Map of Lake Naivasha showing the sampling sites. 

 
 
 

 
 

Figure 3. Hydrographic map showing lakes of the Kenyan Rift Valley (adopted from 
Gichuki et al., 2005). 
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Although detrital sediment is washed into the lake throughout the 
year, the maximum influx occurs in August following the heavy 
rains. Winds then mix the loose sediments on the shallow lake floor, 

generating very high turbidity (Oduor et al., 2003). A gradual 
increase in salinity and pH have been reported (Barton et al., 1987; 
Aloo, 2002; Oduor et al., 2003), coincident with shrinking of the lake. 

The lake depth reduced from 8 m in 1972 to 2.5 m in 2003 due to 
siltation resulting from high erosion rates in the catchment 
(Onyando et al., 2005). The lake lies in a highly faulted rift and 
geothermally active area, with hotsprings, north of the saline Lake 
Bogoria. The steep gradient and loose soil makes the area highly 
vulnerable to surface erosion during heavy precipitation. Using a 
universal soil loss equation (USLE) (Wischmeier and Smith 1978), 
with geographic information system (GIS) and intergrated land and 
water information system (ILWIS), the estimated potential soil 
erosion from the catchment was 1.73 million tons per year 
(Onyando et al., 2005). Other assessments have provided 
information on environmental threats that lake's biodiversity and 
livelihoods are facing (Odada et al., 2006). Therefore, changing 
hydrological regime and siltation in such a shallow closed basin 

coupled by evaporative concentration effects are factors thought to 
influence the aquatic environment and may undermine its 
ecological health. This is reflected in the lake waters which are 
characterized by low water transparency and a relatively lower 
fishery production.  

 
 
Lake Naivasha basin 

 
Lake Naivasha has a surface area of between 120 to 150 km

2 
and a 

mean depth of 4 – 6 m without a physical outlet. Lake Naivasha is 
mainly recharged by perennial rivers and ephemeral streams during 
the rainy season, and an underground outflow from the lake has 
been proposed (Darling et al., 1990; Bretch et al., 2005). Its 
freshness is mainly maintained by the inflows, biogeochemical 
sedimentation and the underground seepage (Gaudet and Melack, 
1981). Transects made along a south-western direction also traces 

the gentle sloping of the Lake Naivasha basin (Gaudet and Melack 
1981), excluding the deep sheltered waters at Crescent Island 
basin lake. 

 
 
The general geology and soils of Lake Naivasha basin 
 
Lake Naivasha basin is formed of volcanic rocks (Thompson and 
Dodson, 1963; Noble and Ojiambo, 1976) consisting of tephrites, 

basalts, trachytes, phonolites, ashes, tuffs, agglomerates and acid 
lavas (rhyolite, comendite and obsidian). Craters, fumaroles, hot 
springs and steam vents are found in several places in the south-
eastern and south-western regions. The lake beds are mainly 
composed of reworked volcanic material or subaqueously 
deposited pyroclastics and organic matter produced locally. The 
distribution of the soil types and the underlying rocks in and around 
L. Naivasha is complex as a consequence of past influences: 
intensive variation in climatic condition, volcanic activities 
(Sombroek et al., 1980). Ongweny (1973) described the soils 
occupying the floor of the rift valley from L. Naivasha to L. Baringo 
as light grey or brown to pinkish non-calcareous soils. In the high 
areas of the catchment, there are non-calcareous black or grey 
soils overlying yellow brown compact subsoils with iron concretions.  

The lake was found to support a diversity of activities such as 
intensive agriculture under irrigation. This is one of the main foreign 
exchange earners and employs more than 300,000 people 

(Mageria et al., 2006). The lake catchments are situated in fertile 
and productive Western Aberdare’s ranges and Kinangop plateau. 
The  high  human  population  density   and   forest   clearing   from  
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settlement has resulted in extensive catchments degradation and 
changes in land use. Paleoclamatic studies have revealed historical 
fluctuations from a deep lake discharging to the south through 

Njorowa gorge to a complete desiccated lake (Richardson and 
Richardson, 1972; Washbourne, 1967). Water levels in the Lake 
fluctuate due to rainfall, high surface evaporation rate, underground 
drainage and water use. 

Most of the lake edges are lined with littoral macrophytes, which 
are dominated by Cyperus papyrus L., and occasionally extended 
by attached floating water hyacinth mats, providing suitable fish 
breeding and nursery areas. 

Crescent Island basin is a deeper and sheltered part of the main 
lake with a maximum depth of 14 m. Oloidien is a smaller saline 
crater lake, with a depth of 5 m, separated from the main freshwater 
lake at the southwestern edge, a home for flamingos and hippos 
and hence an important touristic feature. Rivers Malewa and Gilgil 
are the main permanent inflowing rivers, forming the main sources 
of water input into the lake, besides direct precipitation and other 
seasonal inflows from smaller ephemeral streams and surface 
runoff. The rivers thus form major transport channels of particulate 

matter into the lake. 

 
 
Sampling 

 
Representative sampling sites were selected and marked using 
GPS global positioning system, and covering areas with high 
potential of external influences. Sampling was conducted during the 
wet season in April 2007. 

The physical and chemical parameters were determined in situ, 
using appropriate meters. The water pH, water temperature, 
dissolved oxygen (D.O), turbidity, conductivity, were determined 
using a multi-parameter water quality meter (YSI-610DM) environ-
mental monitoring system. Other field analyses of the bottom and 
surface water were characterized according to recommended 
standard methods of analysis (APHA, 1985). Water transparency 
was determined using a standard 25 cm diameter disk. A Van Dorn 

water sampler was used to collect sub-surface water samples for 
total alkalinity and hardness, and total dissolved solids and total 
suspended soilds, according to standard methods (APHA, 1985) 

In L. Baringo, a total of 9 sampling sites were sampled in the 
southern (S1, S2, S3), central (C1, C2, C3) and northern zones 
(N1, N2, N3) of the lake. The sites were marked from left to right 
side of the lake water surface. The southern zone represents the 
permanent river mouth areas and is also close to the Perkerra 
irrigation scheme and Marigat town area. The central zone consists 

of the main islands, and the northern end has more rocky bays and 
shores with lesser littoral vegetation. Surrounding areas from the 
central to the northern zone are surrounded by eroded rocky 
grounds with scattered vegetation. 

In L. Naivasha, 8 sampling stations were selected to represent 
the different land influenced zones of the shallow lake, including:  
the deeper crescent Island (station 1), the area receiving town 
waste discharges (station 2) and an area off the R. Malewa mouth 

(station 3). Station 4 is a mid-area of the main lake, with the rest of 
the sites located near shore clockwise from off Sher agencies 
(station 5), off Oserian bay (station 6), off Hippo point (station 7) 
and off Korongo area (station 8). 

 
 
Sample digestion and analysis 
 
The bottom sediments were collected using a pre-cleaned stainless 

steel Ekman grab sampler at each sampling site. The inner most 
portion of sediment not in contact with equipment was scooped with 
a  stainless  steel  spoon  and  transferred   into   pre-cleaned   PET 
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containers and stored under refrigeration in the field. In the 
laboratory, samples were dried in an oven at 105°C, crushed into 
powder and sieved (to less than 0.063 mm grain size), before 

digestion using high purity analytical grade acids (AR) and 
reagents.  

The sediments were characterized by determination of the 
percentage of water, organic matter and carbonate contents. The 
water content was determined by oven drying about 5.0 g of the wet 
sediment at 105°C for 6 h and to a constant weight. About 1.0 g of 
the dry sediment was used to determine the carbonate and organic 
matter contents, using excess acid titration reaction of Walkey and 
Black (Nelson and Sommers 1982). The percentage loss on ignition 
(%L.O.I) was also determined by heating about 1.0 g of the dry 
sediment at 550°C (Hakanson et al., 1983), in a furnace and 
determining the weight loss. 

About 1.0 g of the dry sediment samples were digested using 3:1 
v/v Aqua regia, a concentrated mixture of hydrochloric acid (35.4% 
w/w A.R) and nitric acid (70% w/w A.R), using a digestion block. 
Digest of the sediment samples were cooled and filtered (using 
Whatman filter papers no. 542), and solutions made to volume in a 

volumetric flask. The solutions were then analyzed for Cd, Pb and 
Zn using an atomic absorption spectrophotometer equipment (Varia 
Techtron AA-10, AAS, Varian Techtron PTY Ltd. Varian Associates 
Inc.) according to the instrument operating procedures. Samples 
were analyzed in triplicates, using appropriate metal calibration 
standards and acid blank digests, ensuring no external 
contamination of samples occurred during the whole analytical 
process. All reagents used were of analytical grade to check for 
possible contamination.  

Where appropriate, data analysis and statistical parameters were 
determined using SPSS and excel packages. 
 

 
RESULTS AND DISCUSSION 
 
The physico-chemical characteristics 
 
The water physical and chemical measurements were 
made between 09.00 and 15.00 h. Lakes Naivasha and 
Baringo, are of shallow, with a relatively low 
transparency. The sampled lake water depths were 
similar and ranged from 2 to 4 and 2.5 to 4 m in L. 
Naivasha and L. Baringo, respectively. The commonly 
known deep zone in L. Naivasha recorded a total depth 
of 14 m.  

Water temperatures of waters of L. Naivasha ranged 
from 21.4 to 24.8°C (surface) and 20.5 to 24.4°C (bottom 
water). Relatively higher surface water temperatures 
were found in L. Baringo (26.2 to 28.3°C). Lower bottom 
water temperatures recorded for both basins were lower 
than the surface waters. A narrow pH range was 
recorded between surface and bottom waters in both 
lakes. In lake Naivasha, the water was relatively less 
alkaline with pH ranging from 7.2 to 7.7 (surface waters) 
and 7.3 to 7.7 (bottom waters) as compared to L. Baringo 
(pH 7.9 to 8.5). Overall turbidity was low in L. Naivasha 
(2.0 N.T.U. to 14.0 N.T.U.) as compared to the more 
turbid waters of L. Baringo (510 to 561 N.T.U.). More 
turbid waters were found at site 2 and the clear waters 
were at the deeper Crescent area, where a deep 
underwater  light  transparency  of  130 cm was recorded,  

 
 
 
 
with a mean lake water transparency of 56 ±11.4 cm. In 
L. Baringo, most parameters showed little variations 
spatially, although values is distinctly different from 
measurements from L. Naivasha. The water transparency 
in L. Baringo remained low (8 ±0.7 to 9 ±1.4 cm), but the 
conductivity was higher and ranged from 662 to 808 
µScm

-1
 as compared to values for L. Naivasha water (236 

to 322 µScm
-1

). Riverine and overland surface erosion 
cause influx of high volumes of suspended particles in 
surface lake waters which contributes to the reduced 
under-water light penetration. Winds mix the loose 
sediments on the shallow lake floor, generating very high 
turbidity (Oduor et al., 2003). 

The water characteristics of Lake Baringo are shown in 
Figure 4a-c. The lake was sampled during a relatively low 
water level and the water depth was less than 4.0 m. 
Lake waters are weakly alkaline and the total alkalinity 
and hardness of the waters ranged from 58±0.0 to 
101±61 mg CaCO3l

-1
 to 50±0.0 to 57±10 mg CaCO3l

-1
 . In 

L. Naivasha, more uniform values for total alkalinity were 
recorded (22 mg to 36 mg CaCO3l

-1
) with a mean value of 

29±1.4 mg CaCO3l
-1

. Relatively low D.O levels were 
recorded in both lakes with 4.2 to 6.9 mgl

-1
 in surface and 

2.0 to 4.7 mgl
-1

 in bottom waters of L. Naivasha. In the 
deeper site of Crescent island, surface water D.O. was 
the highest (7.2 mgl

-1
) as compared to a low level at the 

bottom (2.0 to 2.7 mgl
-1

); the  Mean D.O. concentrations 
varied from 5.0±1.5 to 5.9±2.1 mgl

-1
, in surface water and 

2.8±1.1 to 3.7±1.5 mgl
-1

 in bottom water of L. Baringo.  
Influences of river water and high evaporation on water 

solute composition in these basins has been described 
by several authors. Among the standing waters in the 
Naivasha basin, Na and HCO3 predominate (Gaudet and 
Melack, 1981). Lake Baringo waters are described as of 
a Na-Ca-HCO3 composition, with variable and relatively 
high TDS. Oduor et al. (2003) reported threefold 
increases in Na

+
 and Cl

-
 and a fourfold increase in SO4

2-
 

between 1965 and 2000. The southern area of the lake is 
weakly influenced by evaporation and is characterized by 
low TDS, whereas in the central and northern parts of the 
lake, evaporation increases the salinity up to 8 times that 
of the dilute flow (Tarits et al., 2006). The Ol Kokwe 
thermal springs (TDS> 2800 mg/l) are also enriched in 
SiO2, HCO3

-
, F, Na and poor in Cl, Ca and SO4

2-
. Similar 

high and less variable water conductivity values were 
reported in lake waters and this may reflect the different 
time period of sampling.  
 
 

Sediment metal concentrations  
 

Sediment mean carbonate (CaCO3%) ranged from 
2.3±0.9 to 8.9±0.4 in L. Baringo, whereas the contents in 
L. Naivasha ranged from 2.1±1.5 to 6.7±0.6, with a 
relatively high and less variable organic matter content. 
This may be a reflection of the similar volcanic lithology of 
these shallow basins, a relatively small surface area and 
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Figure 4a. Mean (±SD) pH and temperature of surface and bottom water of Lake 

Baringo. 

 
 
 

 
 
Figure 4b. Mean (±SD) conductivity and dissolved oxygen in surface and bottom water of L. 

Baringo. 
 
 
 

 
 
Figure 4c. Mean (±SD) turbidity and water transparency in Lake Baringo. 
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Figure 5. Mean (± s.d) zinc concentration (µgg

-1
) in lake sediments of both lakes. 

 
 
 

 
 
Figure 6. Mean (± s.d) lead concentration (µgg

-1
) in lake sediments of both lakes. 

 
 

 

arid climate, with the river mouth areas as the only sites 
which show a distinctly different sediment texture (more 
sandy). 

The mean concentrations of metals in the surface lake 
sediments (n= 27 for L. Baringo and n= 24 for L. 
Naivasha) are shown in Figures 5, 6 and 7. The results 
reveal highly variable concentrations of Pb and Cd. Zinc 
concentrations are high in both lakes but show a small 
range of variation as compared to the other two metals. 
The highest and minimum single concentrations of Zn 
were 168 and and 93 µgg

-1
 in L. Naivasha and 168 to 59 

µgg
-1

 in L. Baringo, respectively. Most of the mean (±s.d) 
concentrations in each site were above 100 µgg

-1
. Single 

lead concentrations ranged from 4.6 to 67.1 µgg
-1

 and 
15.1 to 101.1 µgg

-1
 in L. Naivasha and Baringo, 

respectively. The highest and minimum single 
concentrations of Cd were 1.0 and 3.0 µgg

-1
 in L. 

Naivasha and 1.5 to 6.5 µgg
-1

 in L. Baringo, respectively. 
In most cases, Cd concentrations are lower than the Zn 
and Pb concentrations and the trend in metal 
concentrations were as follows: Zn>Pb>Cd. Sampling 
sites which showed the highest mean Zn, Pb and Cd 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



 

 

Mwamburi        539 
 
 
 

 
 

Figure 7. Mean (± s.d) cadmium concentration (µgg
-1

) in lake sediments of both lakes. 

 
 
 
concentrations in L. Baringo were C_2, N_1, N_2 (Zn), 
C_2, C_3, N_1 (Pb), and S_1, S_2, S_3, C_1 (Cd). In L. 
Naivasha, the highest mean concentrations of the Zn, Pb, 
and Cd were in sites NL_7, NL_1, NL_2, NL_5 (Zn), 
NL_4, NL_7, NL_8 (Pb) and NL-1, NL_7 NL_4 (Cd). 

Cadmium and Pb are some of the toxic non-essential 
metals normally found in trace concentrations in the lake 
waters. Much lower concentrations are encountered in 
uncontaminated waters, representing natural 
concentrations. However, detectable dissolved and total 
concentrations reported in waters of the rift valley lakes 
(Ochieng et al., 2007; Mutia et al., 2012; Tarits et al., 
2006) are signs of increasing concentrations. In the five 
rift valley lakes (two freshwater lakes L. Baringo and 
Naivasha and three saline lakes Nakuru, Elementaita and 
Bogoria), dissolved Pb, Zn and Cd ranged from 7- 93.6, 
25 - 219.5 µgl

-1
 and nd – 8 µgl

-1
 respectively. Weathering 

of volcanic rock minerals, leaching from soils and related 
ore bodies, waste discharges, fuel emissions and diverse 
aerial sources are potentially important contributors of 
these metals into the lake ecosystems. Vehicle emissions 
are sources of accumulated lead from gasoline additives, 
where leaded fuel was previously used. The relative 
contribution of dry and wet depositions to overall lead 
removal varies from one location to another and depends 
on local climatic conditions and the type of terrain (UNEP, 
2008). External sources are therefore continuously 
modifying natural background concentrations, and 
increasing the secondary sources from sediments, with 

potential pore water - sediment exchange, 
bioaccumulation and retention in tissues of aquatic 
organisms. Cadmium is produced mainly as a by-product 
of mining, smelting and refining of zinc and, to a lesser 
degree, as a by-product of lead and copper production 
(UNEP, 2010). Measurements of cadmium concentration 
in ice cores, freshwater sediments and peat bogs 
demonstrate an essential increase of airborne cadmium 
depositions as compared to the pre-industrial period 
(UNEP, 2010). Table 1 shows average contents of Pb, 
Cd and Zn in lake sediments, water, fish and soils. 
Average (range values) contents of Pb, Zn and Cd in 
soils are 20 (2-200) µgg

-1
, 50 (10-400) µgg

-1
 and 1 µgg

-1 

(Taylor, 1964, 1966). Hazardous waste disposal sites are 
a large source of Cd concentrations found in soil (about 4 
ngg

-1
) and in water (about 5 ngg

-1
) (ATSDR, 1993). Soil 

formation around another saline Kenyan rift lake were 
found to contain significant amounts of Cd, Pb and Zn 
(Dharani et al., 2007, 2010), with significant correlations 
between soil Cd and Zn with terrestrial plant. Soil Zn, Pb 
and Cd concentrations in µgg

-1
 ranged from 157±5.0 to 

178±11.4 (Zn), 16.0±1.3 to 43.4±4.2 (Pb) and 9.6±1.0 to 
12.2±2.2 (Cd) (Dharani et al., 2007, 2010). Similarly, soils 
outside the rift show relatively high levels of Cd, Pb and 
Zn of 14.0±1.1 to 14.8 ±0.1 

1
, 7.4±2.1 to 38.5±3.4 and 

42.7±4.1 to 78.9±16.6 µgg
-1 

(Florence et al., 2011), 
respectively. Increased sediment losses into rift basins 
are alarming especially from the arid areas of the L. 
Baringo catchment (Odada et al., 2006; Onyanda et al., 
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Table 1. Mean ±(s.d) range concentrations of Pb, Zn and Cd concentrations recorded in water, sediments, soils and 
fish species. 
 

Metal  Water (µgl
_1

) Sediments (mgkg
-1
) (dwt.) Fish (mgkg

-1
) (wwt.) Soils (mgkg

-1
) (wwt.) 

Pb 

16.56±(9.55)
&
 32.71±(16.49)

&
 1.7±0.91

&
 25.69±(10.62)

&
 

nd
$
 1.67-16.7

$
 nd

$
 - 

25.0-563.0
&&

 10.92-38.98
&&

 - - 

<100.00-179.83
##

 17.11-53.07
##

 5.12-58.11
##

 - 

- 84.0-134.71
#
 - - 

- <0.3-7* - - 

- 19.2 (±12.1)-49.9(±22.9) - - 

     

Cd 

12.69±(9.54)
&
 1.65±(0.96)

&
 0.33±(0.3)

&
 2.56±(1.40)

&
 

nd
$
 nd-9.3

$
 0.28-1.6

$
 - 

2.0-43.0
&&

 0.05-1.18
&&

 - - 

<10.00-10.06
##

 1.18-5.58
##

 1.06-1.73
##

-<0.17-7* - 

- <0.17-7* - - 

- 19.2(±12.1)-49.9(±22.9) - - 

     

Zn 

1340±(480)
&
 42.39±(17.95)

&
 0.33±(0.3)

&
 53.28±(19.41)

&
 

770±(50)-1570±(200)
$
 9-54

$
 2.1-2.22

$
 - 

29.0-235.0
&&

 96.2-229.6
&&

 - - 

- 205.4-287.1
#
 - - 

- 127(±20)-135(±18) - - 
 

## = Mutia et al. (2012); # = Kamau et al. (2007); * = Hakan Tarras-Wahlberg et al. (2002); & = Njogu et al. (2011); $ = 

dissolved values, LNRP (2002); && = dissolved mean range values for rift lakes Naivasha, Nakuru, Baringo, Bogoria and 
Elementeita, Ochieng et al. (2007); nd = not detected; dwt. and wwt.= dry and wet weight.  

 
 
 
2003). Estimated sediment yield for Lake Baringo basin 
extrapolated from erosion studies of Perkerra catchment 
is 10.38 million tonnes/year (Onyando, 2003; Onyando et 
al., 2005). Therefore, as an impurity of phosphate 
fertilizers, accumulated soil Cd may also be an important 
source during erosion of agricultural soils into lake 
basins. Wind induced mixing of the shallow lake surficial 
sediments could expose them to different redox conditions 
and cause increased remobilization of sediment bound 
metals into the water column. In L. Naivasha, significant 
levels of metals were found associated with river 
sediments (Hakan et al., 2002). This source could 
become more important in L. Baringo as compared to L. 
Naivasha, and may be a reflection of the much higher 
contents in those sediments. Cd and Pb are elements 
found in several industrial products, where they may 
become sources to the whole environment after disposal.  

Total metal contents in sediments are normally much 
higher than dissolved or particulate forms in the water 
column. However, total Cd contents, bioavailability and 
mobility within aquatic systems are highly influenced by 
speciation or physico-chemical forms (Laxen, 1984). As 
shown above, the lake waters are neutral to alkaline. At 
neutral to alkaline pH in oxidizing environments, metals 
often adsorb onto surfaces of insoluble iron hydroxides 

and Mn oxides particles, especially when phosphate is 
present to act as bridging ion (Levinson, 1974). 
Adsorption onto natural substrates (e.g. hydroxides of Fe 
and Mn, clays) provide one mechanism whereby the 
speciation can be significantly altered. Although, Cd and 
Zn are geochemically associated in most occurrences 
(Levinson, 1974), Zn mobility may be reduced in alkaline 
conditions and precipitated in conditions of high 
abundance of carbonate and phosphates in water. In 
hydrothermal zones, Cd may become enriched relative to 
Zn in secondary environments. Cadmium mobility in 
aquatic environments is enhanced by low pH, low 
hardness, low suspended matter levels, high redox 
potential and low salinity (Government of Canada, 1994). 
The complexation of cadmium with chloride in seawater 
has been shown to greatly influence its bioavailability and 
hence toxicity to marine organisms. It is most probable 
that chloride complexation is responsible for the reduced 
cadmium accumulation and toxicity in a variety of 
organisms observed with increasing salinities (IPCS, 
1992). In natural water bioavailability of cadmium is 
reduced through sorption on suspended particles so that 
biological responses occur at higher cadmium levels 
(ECB, 2005). Variable concentrations of Cd are found in 
alkaline  lake  waters (Table 1), and therefore most of the 



 

 

 
 
 
 
high sediment Cd may provide considerable secondary 
sources, and the contents may pose a high risk if it is 
bound to the bottom sediments in the more bioavailable 
fractions. 

The water hardness, pH and salinity is known to 
influences lead speciation and toxicity (UNEP, 2008). 
Adsorption decreases with water hardness (SRC, 1999). 
Lake waters are weakly alkaline with relatively low 
hardness and alkalinity. Increasing alkalinity and salinity 
due to high evaporation in these lakes may mean more 
complexed forms of these metals and increased 
particulate amounts into bottom sediments. Lead sorption 
to suspended or bed sediments or suspended organic 
matter typically increases with increasing pH, increasing 
amounts of iron or manganese; and with the polarity of 
particulate matter (e.g., clays) (UNEP, 2008). At higher 
pH, lead precipitates as Pb(OH)

+
 and PbHCO3

+
 into bed 

sediments (Weber, 1993). According to Tarits et al. 
(2006), authigenic clay minerals and calcite may be 
precipitating from the more concentrated fluids in the 
northern zone of L. Baringo. Changes in water chemistry 
(e.g., reduced pH or ionic composition) can cause 
sediment lead to become re-mobilized and potentially 
bioavailable to aquatic organisms (Weber, 1993). Methyla-
tion may result in re-mobilization and reintroduction of 
lead into the aqueous environment compartment and its 
subsequent release into the atmosphere (SRC, 1999). 

Increasing anthropogenic influence on surficial conta-
minants is a concern as some of these elements may 
become geochemically available. Zn and Cd were 
significantly correlated (p<0.05) with a person correlation 
coefficient of 0.679 in L. Naivasha sediments. Relatively 
high organic matter, clay (Kamau et al., 2007) and 
carbonates were reported in sediments, which promote 
metal accumulation in lake sediments, although low and 
insignificant (at p=0.01 significance level) correlations 
between metals and sediment water content, organic 
matter and carbonate contents were also observed in L. 
Baringo. Using a student T-test, the sediment with only 
Cd and Pb contents in L. Naivasha showed a significant 
difference (p<0.05) between the two basin sediments. 
There could be differences in extent of some of the above 
geochemical barriers mentioned and particulate sources.  

Influence of urban areas on metal contents was 
reported in urban wetland areas soil as compared to rural 
control sites. Analysis of heavy metals by atomic 
absorption spectrophotometry (AAS) yielded higher mean 
total Cd, Pb and Zn concentrations in urban wetland soil 
than rural arable control sites where values ranged from 
1.452 ± 0.415, 47.54 ± 6.08 and 151.54 ± 9.22 (urban 
wetland soil) to 0.741 ± 0.447, 12.47 ± 3.66, 7.50 ± 1.62 
mgkg

-1
,
 
respectively, indicative of relative heavy metal 

pollution in the suburban drainage (Mbabazi et al., 2010). 
All the cocoyam and sugarcane samples drawn from the 
urban wetland drainage system in this study were 
relatively  polluted  with  cadmium  and lead, although the 

Mwamburi        541 
 
 
 
two crops were found to differ in their abilities of uptake 
and accumulation of the heavy metal pollutants. Other 
wetland sediments (Henry and Semili, 2005) along L. 
Victoria (Mwanza region) recorded similar high Cd 
contents (0.2 to 3.33 mgkg

-1
).  

In this study the overall mean (±s.d) contents of Zn, Pb 
and Cd were 135±18, 19.2±12.1, 2.0±0.5 and 127±20, 
49.9±22.9, 3.5±1.6 µgg

-1
 in L. Naivasha and Baringo, 

respectively. Similar high Cd contents (1.18 – 5.58 µgg
-1

) 
were reported by Mutia et al. (2012) in L. Naivasha 
sediments. The concentration of Pb and Zn fall within the 
range of values reported for the 5 rift valley lakes 
(Ochieng et al., 2007) except Cd levels which are above 
the reported range of nd to 1.78 µgg

-1
. In L. Naivasha, 

similar high Pb and Zn contents were found by Kamau et 
al. (2007). Cadmium in volcanic and sedimentary rocks 
ranges from 0.1 to <1 µgg

-1
 (Taylor, 1964, 1966) with a 

mean value of 0.2 µgg
-1

. The ranges of Pb and Zn in the 
same rock formations are 5 to 20 and 25 – 1000 µgg

-1 

(Taylor, 1964, 1966), respectively.  
In addition to sediment metal concentrations, several 

approaches such as sediment bioassays using sensitive 
organisms and ratio of metal binding by acid volatile 
sulphides to simultaneously extracted metals (especially 
Cd, Zn and Pb) in anaerobic conditions, are used to 
evaluate potential sediment toxicity. According to the 
interpretive protocol of DiToro et al. (1990) and Allen et 
al. (1993), a surplus of AVS on a molar basis relative to 
SEM extracted divalent ions is predictive of metals sulfur 
binding, corresponding metals insolubility and a lack of 
toxicity in sediment. However, the converse, a surplus of 
SEM relative to AVS, cannot be inferred to be unbound 
and bioavailable and is not necessarily predictive of 
toxicity (DiToro et al., 1992; Ankley et al., 1993; Fu et al., 
1992; Zhuang et al., 1994). Such information is lacking in 
this study but could provide more insight on bioavailability 
of these metals where strongly reducing conditions in 
sediment pore waters prevail.  

MOE (1993) and Persuad et al. (1993) provided a set 
of numerical guidelines for protection of aquatic biota (the 
no-effect level, NEL, the lowest effect level, LEL and 
severe effect level, SEL) in marine and freshwater 
sediments. The NEL indicates a concentration of a 
chemical in the sediment that does not affect fish or 
sediment-dwelling organisms. At this level, negligible 
transfer of chemicals through the food chain and no effect 
on water quality is expected. Sediment meeting the NEL 
are considered clean. The lowest effect level (LEL) 
indicates a level of contamination that can be tolerated by 
the majority of sediment-dwelling organisms. Sediments 
meeting the LEL are considered clean to marginally 
polluted. The severe effect level (SEL) indicates a level of 
contamination that is expected to be detrimental to the 
majority of sediment-dwelling organisms. Sediments 
exceeding the SEL are considered heavily contaminated. 
When the provincial sediment quality guidelines (PSQGs) 
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are exceeded, additional biological assessments, such as 
sediment toxicity tests and other biological effects (e.g. 
benthic community and biomagnification potential), are 
evaluated. 

When compared with sediment quality standards for 
freshwaters (MOE, 1993; Persuad et al., 1993), the three 
elements appear elevated. Traditionally, sediment 
contamination was determined by assessing the bulk 
chemical concentrations of individual compounds and 
often comparing them with background or reference 
values (Burton, 2002). Although some SQGs have been 
found to be relatively good predictors of significant site 
contamination, they also have several limitations (Burton, 
2002). Some of these guidelines have been adopted by 
various regulatory agencies in several countries and are 
being used as cleanup goals in remediation activities and 
to identify priority polluted sites (Burton, 2002). Similarly, 
to identify potential concern of toxic metals in the lake 
sediments, the results were compared with sediment 
quality guidelines established by the MacDonald and 
Ingersoll (2000). These guidelines provide concentrations 
of metals that have no effect on the majority of sediment-
dwelling organisms, designated as "threshold effect 
concentration" (TEC), and concentrations that indicate 
polluted sediment and are likely to affect organism health, 
designated as "probable effect concentration" (PEC). The 
midpoint effect concentration (MEC) is a concentration 
midway between the TEC and PEC concentrations. 
Above sediment metal contents were all below PEC 
guideline values. 
 
 
Conclusions 
 
The sediments deposited in the two lakes are undergoing 
contamination from diverse sources, as indicated by the 
relatively high Cd, Zn and Pb levels. The sediment Cd 
and Pb concentrations showed significant differences 
between the two basins. Using freshwater sediments 
interim sediment quality guidelines (ISQG) values, all the 
three metal mean contents in L. Baringo were above 
these values. Average levels of Zn and Cd were also 
above the ISQG values. However, all the mean 
concentrations of Zn, Cd and Pb in surfical sediments 
were found to be below the probable effect level, and 
above normal concentrations ranges found in sedimentary 
and igneous formations. Concentrations of Pb and Zn 
found are comparable to other relatively large basins, 
with extensive drainage basins and urban influences. 
Cadmium sediment levels are a concern, as the 
evaluation shows increasing accumulation in sediments, 
with possible future exposure risks to aquatic organisms. 
Surface runoff, waste discharges and particulate 
deposition is thought to be significant in these basins, 
and to understand overall impacts from anthropogenic 
deposition, it is important  that  background  metal  levels 

 
 
 
 
are determined together with supporting chemical 
partitioning to reveal more information on available metal 
contents. 

Scarce blue water resources (lakes, rivers and 
groundwater aquifers) are sometimes at the centre of 
conflicting demands and are impacted mostly by 
increasing demands for agricultural production, industrial 
developments and lack of suitable waste management 
technologies, besides the natural influences in the long-
term. To ensure its protection and safe use, to maintain 
ecosystems, biodiversity fisheries and livelihoods, we 
must continue to monitor the more vulnerable freshwaters 
using all suitable indicators. 
 

 

Conflict of interest 
 

The author(s) did not declare any conflict of interest. 
 

 

ACKNOWLEDGEMENTS 
 

The research expeditions, data collection and analysis 
were funded by the Kenya Marine and Fisheries 
Research Institute, KMFRI. The author therefore wishes 
to extend his appreciation to the Director, KMFRI for the 
support and the support received from the technicians 
and the external analytical laboratories who conducted 
the instrumental analysis.  
 

 
REFERENCES 
 

Allen HE, Fu G, Deng B (1993). Analysis of acid-volatile sulfide (AVS) 
and simultaneously extracted metals (SEM) for the estimation of 
potential toxicity in aquatic sediments. Environ. Toxicol. Chem. 

12:1441-1453. 
Aloo PA (2002). Effects of climate change and human activities on the 

ecosystem of Lake Baringo, Kenya. (p335-347). In: Odada E, Olago 

D (eds.) East African Great Lakes: Limnology, paleolimnology and 
biodiversity, Kluwer Dordrecht. 

Ankley GT, Mattson VR, Leonard EN, West CW, Bennett JL (1993). 

Predicting the acute toxicity of copper in freshwater sediments: 
evaluation of the role of acid - volatile sulfide. Environ. Toxicol. 
Chem. 12: 315 – 320. 

APHA (1985). Standard methods for the examination of water and 
wastewater. 16

th
 Edition. American Public Health Association (APHA) 

American Water works Association, (AWWA) Water Pollution Control 

Facility. (WPCF), USA. 
ATSDR (1993). Toxicological profile for cadmium. Rpt TP 92/06. 

Atlanta, GA; Agency for toxic substances and disease registry. 

Barton CE, Solomon DK, Bowman JR, Cerling TE, Sayer MD (1987). 
Chloride budgets in transient lakes: Lakes Baringo, Naivasha and 
Turkana. Limnol. Oceanogr. 32: 745-751. 

Bernier J, Brousseau P, Krzystyniak K, Tryphonas H, Fournier M 
(1995). Immunotoxicity of heavy metals in relation to great lakes. 
Environ. Health Perspect. 103 (9): 23 – 34. 

Britton JR, Ng’eno J, Lugonzo J, Harper DM (2005). Can an introduced, 
non-indigenous species save the fisheries of Lakes Baringo and 
Naivasha, Kenya? (p568-572) In: Proceedings of the 11

th
 World 

Lakes Conference Nairobi, Kenya. 31
st
 October to 4

th
 November 

2005, Volume II, Ministry of Water and Irrigation, International Lakes  
Environment Committee, ILEC., (eds. Odada EO, Olago DO, Ochola 

W, Ntiba M, Wandiga S, Gichuki N, Oyieke H) 



 

 

 
 
 
 
Burton GAJr (2002). Sediment quality criteria in use around the world. 

Limnol. 3: 65–75. 
Campbell LM, Osano O, Hecky RE, Dixon DG (2003). Mercury in fish 

from three rift valley lakes (Turkana, Naivasha and Baringo) Kenya, 
East Africa. Environ. Pollut. 125 (2): 281-286. 

Darling WG, Allen DJ, Armannsson H (1990). Indirect detection of 

subsurface outflow from a rift valley lake. J. Hydrol. 13 (1-4): 297-
306.  

Dharani N, Onyari JM, Kinyamario JI, Maina DM, Mavuti KM (2010). 
Distribution of Cd and Zn levels in soils and Acacia xanthophloea, 

Benth., from Lake Nakuru national Park Kenya. Bull. Environ. 
Contam. Toxicol. 85 (3): 318 – 323.  

Dharani N, Onyari JM, Kinyamario JI, Maina DM, Mavuti KM (2007). 
Distribution of Cu and Pb levels in soils and Acacia xanthophloea, 

Benth. from Lake Nakuru national Park Kenya. Bull. Environ. 

Contam. Toxicol. 79 (2): 172 – 177.  
DiToro DM, Mahony JD, Hanson DJ, Scott KJ, Hicks MB, Mayr SM, 

Redmond MS (1990). Toxicity of cadmium in sediments: the role of 

acid volatile sulfide. Environ. Toxicol. Chem. 9: 1487-1502. 
DiToro DM, Mahony JD, Hanson DJ, Scott KJ, Carlson AR, Ankley GT 

(1992). Acid volatile sulfide predicts the acute toxicity of cadmium 
and nickel in sediments. Environ. Sci. Technol. 26: 96 – 101.  

ECB (2005). Risk assessment: Cadmium metal / cadmium oxide. Final, 
but not adopted version of December 2005. European Chemicals 
Bureau, Ispra, Italy. 

Fu G, Allen HE, Cao Y (1992). The importance of humic acids to proton 
and cadmium binding in sediments. Environ. Toxicol. Chem. 11: 1363 
– 1372.  

Gaudet JJ, Melack JM (1981). Major ion chemistry in a tropical African 
lake basin. Freshw. Biol. 11 (40): 309 – 333. 

Government of Canada (1994). Cadmium and its compounds. Priority 

substances list assessment report. Government of Canada, 
Environment Canada and Health Canada ISBN 0-662-22046-3. 

Gichuki NN, Oyieke HA, Terer T (2005). Status and root causes of 

biodiversity loss in the eastern Rift Valley lakes, Kenya. (p511 – 517) 
In: Proceedings of the 11

th
 World Lakes Conference Nairobi, Kenya. 

31
st
 October to 4

th
 November 2005, Volume II, Ministry of Water and 

Irrigation, International Lakes Environment Committee, ILEC., (eds. 
Odada EO, Olago DO, Ochola W, Ntiba M, Wandiga S, Gichuki N, 
Oyieke H) 

Greenland DJ, Hayes MHB (1978). The chemistry of soil constituents. 
John Wiley and Sons. 

Hakan TW, Everard M, Harper DM (2002). Geochemical and physical 

characteristics of river and lake sediments at Naivasha lake, Kenya. 
Hydrobiol. 488 (1/3): 27–41. DOI:10.1023/A:1023301808624. 

Hakanson L, Jansson M (1983). Principles of lake sedimentology. 

Springer Verlag, Berlin 1983. 
Harper D, Mavuti K (2004). Lake Naivasha, Kenya: Ecohydrology to 

guide the management of a tropical protected area. Ecohydrol. 

Hydrobiol. 4: 287-305. 
Harper DM, Mavuti K.M, Muchiri SM (1990). Ecology and management 

of Lake Naivasha, Kenya, in relation to climatic change, alien species 

introductions and agricultural development. Environ. Conserv. 
17:328-336. 

Henry L, Semili P (2005). Levels of metal pollutants in water and 

sediments in Simiyu wetland of Lake Victoria basin (Tanzania) (p549 
– 553) In: Proceedings of the 11

th
 World Lakes Conference Nairobi, 

Kenya. 31
st
 October to 4

th
 November 2005, Volume II, Ministry of 

Water and Irrigation, International Lakes Environment Committee, 
ILEC., (eds. Odada EO, Olago DO, Ochola W, Ntiba M, Wandiga S, 
Gichuki N, Oyieke H) 

Hickley P, Muchiri M, Britton R, Rosalind B (2008). Economic gain 
versus ecological damage from the introduction of non-native 
freshwater fish: case studies from Kenya. The Open Fish J. 1: 36 - 

46. 
Hickley P, Muchiri M, Boar RR, Britton R, Adams C, Gichuru N, Harper 

DM (2004). Habitat degradation and subsequent fishery collapse in 

Lakes Naivasha and Baringo, Kenya. Ecohydrol. Hydrobiol. 4(4):503 
-517. 

IPCS (1992). Cadmium - environmental aspects. Environmental health 

Mwamburi        543 
 
 
 
criteria 135. International programme on chemical Safety (IPCS), A joint 

venture of the United Nations Environment Programme, the 
International Labour Organisation, and the World Health 

Organization, Geneva, Switzerland. 
Kamau JN, Gachanja A, Ngila C, Kazungu JM, Zhai M (2008). 

Anthropogenic and seasonal influences on the dynamics of selected 

heavy metals in Lake Naivsaha, Kenya. Lakes Reserv. Res. Manage. 
13 (2): 145 -154. 

Kamau JN, Gachanja A, Ngila C, Kazungu JM, Gatagwu J (2007). The 

seasonal and spatial variations of labile copper, iron manganese, 
lead and zinc sediment fractions in Lake Naivasha Kenya. Lakes 
Reserv. Res. Manage. 12: 303-313. 

Laxen DPH (1984). Cadmium in freshwater: concentrations and 
chemistry. Freshwater Biology 14: 587- 595. 

Levinson AA (1974). Introduction to exploration geochemistry 2
nd

 Edition 

Applied Publishing 924p. 
LNRP (2002). Lake Naivasha research project (LNRP) report. Kenya 

Marine & Fisheries Research Institute (KMFRI) Mombasa. 

Luoma SN, Bryan GW (1981). A statistical assessment of the form of 
trace metals in oxidized estuarine sediments employing chemical 
extractants. Sci. Tot. Environ. 17:165–196. 

MacDonald DD, Ingersoll CG (2000). Development and evaluation of 

consensus based sediment quality guidelines for freshwater 
ecosystems. Arch. Environ. Contam. Toxicol. 39:20-31.  

Mageria C, Bosma R, Roem A (2006). Aquaculture development 

potential in and around Lake Naivasha, Kenya. Aquaculture and 
Fisheries group, August 2006. Report of a study sponsored by AWF 
& Nutreco (17p.) 

Mbabazi J, Bakyayita G, Wasswa J, Muwanga A, Twinomuhwezi H, 
Kwetegyeka J (2010). Variations in the contents of heavy metals in 
arable soils of a major urban wetland inlet drainage system of Lake 
Victoria, Uganda. Lakes Reserv. Res. Manage. 15: 89–99. 

MOE (1993). Ministry of Environment, Guidelines for the protection and 
management of aquatic sediments quality, Ontario, Canada. 

Mironga JM, Mathooko JM, Onywere SM (2011). The Effect of Water 
Hyacinth (Eichhornia Crassipes) Infestation on Phytoplankton 

Productivity in Lake Naivasha and the Status of Control, Journal of 

Environmental Science and Engineering, October 2011, 5(10): 1252-
1260, David Publishing. www.davidpublishing.com. 

Muchiri SM, Hickley P (1991). The fishery of Lake Naivasha, Kenya. 

(p.382-392) In: Catch Effort sampling strategies: their application in 
freshwater fisheries management (ed. Cowx IG), Fishing News 
Books, Blackwell scientific Publications, Oxford. 

Mutia GM, Virani MZ, Moturi WN, Muyela B, Mavura JW, Lalah JO 
(2012). Copper, lead and cadmium concentrations in surface water, 
sediment and fish, C. Carpio samples from Lake Naivasha, Kenya: 

effect of recent anthropogenic activities. Environ. Earth Sci. 67(4): 
1121-1130.  

Nelson DW, Sommers LE (1982). Total carbon, organic carbon and 

organic matter. In: A.L. page, Miller RH, Keeney DR (eds.) Methods 
of soil analysis, Part 2. Agronomy 9: 539-579. 

Noble J, Ojiambo SB (1976). Geothermal exploration in Kenya. In: 

Proceedings of the second United National Symposium on 
Development and use of geothermal resources. (p 189-204), US 
government printing Office, Washington. 

Njenga JW, Ramanathan AL, Subramania V (2009). Partitioning of 
heavy metal in the sediment of Lake Naivasha, Kenya. Chem. 
Speciation Bioavailab. 21 (10):41-48. 

Njogu PM, Keriko JM, Wanjau RN, Kitetu JJ (2011). Distribution of 
heavy metals in various lake matrices; water, soil and sediments: A 
case study of the Lake Naivasha basin, Kenya. J. Aquat. Sci. 

Technol. 13(1):  
Ochieng EZ, Lalah JO, Wandiga SO (2007). Analysis of heavy metals in 

water and surface sediments in five rift valley lakes in Kenya for 

assessment of recent increase in anthropogenic activities. Bull. 
Environ. Contam. Toxicol. 79 (5):570-576.  

Odada EO, Onyando JO, Obudho PA (2006). Lake Baringo: Addressing 

threatened biodiversity and livelihoods. Lakes Reserv. Res. Manage. 
11 (4):287-299. 

Oduor SO, Schagerl M, Mathooko JM (2003). On the limnology of Lake 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6C-4876D4N-4P&_user=10&_coverDate=02%2F28%2F1990&_alid=1019921344&_rdoc=1&_fmt=high&_orig=search&_cdi=5811&_sort=r&_docanchor=&view=c&_ct=10&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f1d3930145a2eb0f29638393c05d3bd5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6C-4876D4N-4P&_user=10&_coverDate=02%2F28%2F1990&_alid=1019921344&_rdoc=1&_fmt=high&_orig=search&_cdi=5811&_sort=r&_docanchor=&view=c&_ct=10&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f1d3930145a2eb0f29638393c05d3bd5
http://www.davidpublishing.com/


 

 

544       Afr. J. Environ. Sci. Technol. 
 
 
 
Baringo (Kenya): I temporal physico-chemical dynamics. Hydrobiologia. 

506–509:121-127. 
Omondi R, Kembenya E, Nyamweya C, Ouma H, Machua SK, Ogari Z 

(2014). Recent limnological changes and their implication on fisheries 
in Lake Baringo, Kenya. J. Ecol. Nat. Environ. 6(5):154-163. 

Ongweny G (1973). The significance of the geographic and geologic 

factors in the variation of groundwater chemistry in Kenya. MSc. 
Thesis, University of Nairobi. 

Onyando, J. O. (2003) Soil Erosion hazard assessment of River 

Perkerra Catchment. 36 Consultancy report submitted to UNOPS. 
Onyando JO, Kisoyan P, Chemelil MC (2005). Estimation of potential 

soil erosion for river Perkerra catchment in Kenya. Water Resour. 

Manage. 19 (2): 133-143. 
Onywere SM, Mironga JM, Simiyu I (2012). Use of remote sensing data 

in evaluating the extent of anthropogenic activities and their impact 

on Lake Naivasha Kenya. The Open Environ. Engineer. J. 5: 9 - 18. 
Oostwoud WDJ, Brayan R (2001). Gully - head erosion processes on a 

semi-arid valley floor in Kenya: a case study into temporal variation 

and sediment budgeting. Earth surfaces Processes Landforms, 26: 
911-933.  

Ojuok J, Njiru M, Mugo J, Morara G, Wakwabi E (2007). Increase 
dominance of common carp, Cyprinus carpio L.: the boon or the bane 

of Lake Naivasha fisheries? Afr. J. Ecol. 46 (3):445-448.  
Persuad D, Jaagumagi R, Hayton A (1993). Guidelines for the 

protection and management of sediment quality in Ontario, ministry of 

Environment and Energy ISBN 0-7729-9248-7, August 1993. 
Renaut RW, Tiercelin JJ, Owen RB (2000). Lake Baringo, Kenya rift 

valley and its Pleistocene precursors. In: Lake basins through space 

and time, Gierlowski-Kordesch EH, Kelts KR (eds.) AAPG Studies in 
Geology series, no. 46. American Association of Petroleum 
Geologits: Tulsa; 561-568. 

Richardson JL, Richardson AE (1972). History of an African rift lake and 
its climatic history. In: Ecolog. Monogr. 42(4):499-533.  

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 

 
 
 
 
Snelder DJ, Bryan RB (1995). The use of rainfall simulation tests to 

assess the influence of vegetation density on soils loss on degraded 
rangelands in the Baringo district, Kenya. Catena 25:105-116. 

 Sombroek WG, Braun HMH, Van der Pouw BJA (1982). Soil Map of 
Kenya. Ministry of Agriculture, Government of Kenya, Nairobi.  

Suzanne L (1993). Methods for the analysis of harzadous wastes: 

Review. J. Chromatogr. 642:65-74.  
Taylor SR (1964). Abundance of chemical elements in the continental 

crust: a new table. Geochim. Cosmochim. Acta. 28: 1273 – 1284.  

Taylor SR (1965). The application of trace elements data to problems in 
petrology. Physics and Chemistry of the Earth, 6:133-213.  

Tarits C, Renaut RW, Tiercelin JJ, Herissse AL, Cotton J, Cabon JY 

(2006). Geochemical evidence of hydrothermal recharge in L. 
Baringo, central Kenya rift valley. Hydrol. Processes 20:2027-2055.  

Tesseir A, Campbell PG, Bisson M (1979). Sequential extraction 

procedure for the speciation of particulate trace metal. Anal. Chem. 
51:844-851. 

Thompson AO, Dodson RG (1963). Geology of the Naivasha 

area.Report no. 55Geological Survey of Kenya. Goverment of Kenya. 
UNEP (2008). United Nations Environment programme, Chemicals 

branch, DTIE, Draft final review of scientific information on lead 
(November 2008). 

UNEP (2010). United Nations Environment programme 
DTIE/Chemicals, Final Review of scientific information on cadmium, 
December 2010. 

Wischmeier W, Smith D (1978). Predicting rainfall erosion losses: a 
Guide to conservation planning. Department of Agriculture 
Handbook, No.537, USDA, Washington. 



 

 
Vol. 9(6), pp. 545-556, June 2015  

DOI: 10.5897/AJEST2014.1831 

Article Number: 3009A4F53824 

ISSN 1996-0786  

Copyright © 2015 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJEST  

African Journal of Environmental Science and 
Technology 

 
 
 

Full Length Research Paper 
 

Patterns and correlates of solid waste disposal 
practices in Dar es Salaam city, Tanzania 

 

Peter John Binyaruka1,2 
 

1
Ifakara Health Institute, Tanzania. 

2
University of Bergen, Norway.  

 
Received 22 November, 2014; Accepted 3 May, 2015 

 

This study examines the patterns and correlations of solid waste disposal practices among households 
in urbanized and populated Dar es Salaam city in Tanzania. The Tanzanian Household Budget Survey 
(HBS) data covering many households' characteristics was used. Multinomial Logit (MNL) model was 
applied to examine the underlying correlates of choosing ways to dispose garbage. About 35% of the 
households used rubbish bin, and approximately 24% used throwing out option. MNL estimation 
suggest that distance, home ownership, household expenditure proxy for income, age, proportions of 
family members and education were statistically significant in influencing the choice of ways to dispose 
garbage in the city. This study suggest to policy makers to rely much on policies that will reduce 
poverty and raise households’ income. And the city to increase the supply of waste containers on 
streets, the number of municipal vehicles for garbage collection and to ensure there is regular 
collection.  
 
Key words: Solid waste, garbage, waste disposal, waste management, Multinomial Logit model. 

 
 
INTRODUCTION 
 
Urbanization introduces society to a new, modern way of 
life, an improved level of awareness, new skills and 
learning process. However, when the rate of urbanization 
gets out of control, it poses a big challenge to 
governance, and institutional capabilities become 
inadequate and ineffective. In the context of solid waste 
management (SWM), urbanization plays part in 
increasing the rate of waste generation (Amuda et al., 
2014). Further, it can be taken as a problem especially 
when the governing bodies fail to cope with the amount of 
waste generated. Globally, it is not only urbanisation but 
also rapid population growth, which can lead to an 

enormous increase of solid waste generation per unit 
area. The increase in population, the rapid economic 
growth and the rise in community living standards 
accelerate municipal solid waste (MSW) generation in 
developing cities (Minghua et al., 2009). The population 
growth rate is contributed by factors like increasing birth 
rates, immigration and transient population. While the 
world‟s urban population grew very rapidly (from 220 
million to 2.8 billion) over the 20th century, the next few 
decades will see an unprecedented scale of urban growth 
in the developing world. This will be particularly notable in 
Africa and Asia where the urban population will double 

  
E-mail: pbinyaruka@ihi.or.tz or peter.binyaruka@student.uib.no. Tel: +255655363361 or +4797391912. 
 
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 
International License 

 

 

 

http://www.academicjournals.org/AJEST
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 
546        Afr. J. Environ. Sci. Technol. 
 
 
 

between 2000 and 2030, that is, the accumulated urban 
growth of these two regions during the whole span of 
history will be duplicated in a single generation. By 2030, 
the towns and cities of the developing world will make up 
80% of urban humanity (UNFPA, 2007). Specifically, Dar 
es Salaam and other cities like Kampala, Nairobi, 
Antananarivo and Addis Ababa already rank among the 
31 fastest growing cities and urban areas in the world; of 
which, Dar es Salaam is the ninth city (Dubbeling and 
Pasquini, 2010). 

According to United Nations Centre for Human 
Settlements (UNCHS, 1991), management of solid waste 
and other environmental infrastructures is a major 
problem facing developing countries. The health and 
environmental implications associated with SWM are 
mounting in urgency, particularly in the context of 
developing countries (Marshall and Farahbakhsh, 2013). 
For a country that has paid little attention to the issue of 
SWM, it becomes imperative to recognize the extent of 
the problem and its growth magnitude (Goel, 2008). It 
should be noted that the problem of managing solid 
waste is caused by poor waste collection, storage and 
disposal leading to subsequent pollution and environ-
mental degradation (Ramachandra and Bachamanda, 
2007; Thomas-Hope, 1998). The treatment and disposal 
of MSW is a worldwide concern especially in highly 
urbanized cities (Lu, 1996). And these problems or 
concerns are more in developing countries and have 
remained a challenge due to changing economic trends 
and rapid urbanization. 

Likely, the practice have changed nowadays, but in 
1994 for example, around 30-50% of residents in most 
cities in developing countries did not get proper SWM 
services and most of the time, their disposal practices 
were unsafe (Cointreau-Lavine, 1994). While the govern-
ment authorities in many countries are major stake-
holders who actually provide the SWM services, UN-
Habitat report in 2006 shows that SWM in developing 
countries consumes 20-40% of municipal revenue and 
less than 20% of urban solid waste is collected and 
disposed of properly (UN-HABITAT, 2006). In Dar es 
Salaam for example, there were increased solid waste 
generation and only less than 50% of that amount is 
collected and disposed of at the dumpsite (WHO, 2004; 
World Bank, 2012). Failure by the local authorities to 
collect waste, results in urban dwellers dumping it at 
open sites as well as peri-urban areas which are health 
hazards and cause pollution (Gonzenbach and Coad, 
2007). In fact, the uncollected solid waste have been left 
to household‟s decision, which are likely to be dumped in 
open spaces, valleys, roadsides, drainage channels or 
can be buried, burnt and the like. The uncollected 
wastes, which are dumped inappropriately, in turn can 
either produce insects, parasites and bacteria that spread 
diseases such as cholera and dysentery, or block the 
drainage  channels  as  well as pollute  the  surface  and 

 
 
 
 
groundwater. Both inadequate collection and unmanaged 
disposal, therefore, bears several adverse consequences 
on human health and environment.  

Globally, a number of studies have assessed the 
factors associated with solid waste generation (Abel, 
2007; Afroz et al., 2010, 2011; Ajani, 2008; Jadoon et al., 
2014; Sivakumar and Sugirtharan, 2010; Sridhar et al., 
1985), also in Tanzania in particular (Kaseva and Gupta, 
1996; Kaseva and Mbuligwe, 2005; Oberlin, 2013). But 
few studies (Abebaw, 2008; Oguntayo and Obayelu, 
2013; Tadesse et al., 2008; Tadesse, 2009) have 
assessed the factors associated with solid waste disposal 
practices in Africa. In Dar es Salaam city, however, there 
is no empirical work examining the households' correlates 
in choosing ways to dispose garbage. This study 
therefore attempts to fill this gap and expand the scope of 
knowledge on solid waste disposal in Dar es Salaam city. 
Specifically, the study identifies the most used solid 
waste disposal practices in the city and explores the 
underlying correlates of residential choice on solid waste 
disposal alternatives.  
 
 

METHODOLOGY 
 

Data type and source 
 

The study used household budget survey (HBS) data, which was 
collected by the Tanzania National Bureau of Statistics (NBS). The 
data collection began on January 2007 in all 21 regions of mainland 
Tanzania. The fieldwork continued for 12 months and was 
completed by December 2007. The nature of the data enables 
household level analysis. The data set is the latest of its kind in 
Tanzania. The sample was based on a revised national master 

sample developed out of the 2002 national census data. The HBS 
data for year 2007 had a sample of 447 clusters (villages) and 
10,466 households; of which 152 clusters and 3,541 households 
are from Dar es Salaam. Basically, three main areas were 
considered separately: Dar es Salaam, other urban areas and rural 
areas. This study used specifically the Dar es Salaam information, 
given the nature of the study. The HBS collected information on a 
range of individual and household characteristics. One main 

household questionnaire, together with a diary recording household 
consumption, expenditure, and income over a calendar month were 
used.  
 
 

Theory and model specification 
 

Theoretical framework  
 

In consumer theory, consumers consume goods or services in 

order to optimize the utility they gain from such consumption. 
However, consumers cannot have everything they wish or want to 
have but their choices are constrained by various factors like 
income. A particular household as a consumer is faced with a 
different consumption bundles. It is assumed not only that the 
household has preferences on those consumption bundles, but also 
the household associates some level of utility with the choice to 
participate in any of the available alternative choices. Furthermore, 

it is assumed there is no ordering regarding the given alternative 
choices. 

The  households, in this study, are assumed to derive  some indi- 



 

 

 
 
 
 
rect (unobserved) utility in choosing ways to dispose their garbage. 
The assumption of not ordering the alternatives makes the random 
utility model to be applicable under this scenario, in which the utility 

obtained from each alternative is a linear function of the observed 
characteristics plus an error term (Verbeek, 2004). The true utilities 
of the alternatives are taken as random variables, thus the 
probability that the alternative is chosen is defined as the probability 
that it has the greatest utility among the available alternatives. The 
household is assumed to choose an alternative with the highest 
level of utility.  

From the decision maker‟s perspective, the best alternative is 

simply the one that maximizes net private benefit at the margin. In 
other words, household "i" will choose solid waste disposal method j 

if and only if  > , for k ≠ j. The utility derived from the choice 
of a waste disposal alternative is expressed as a function of socio-
economic, environmental and demographic factors plus a random 

component. Let  denote the utility derived by the household “i” 
by choosing alternative “j” to dispose his garbage:  

 

                                                                  (1) 
 

Where,  is the parameter for alternative j,  is the observed 

variables influencing the choice of alternatives to derive utility,  
is the random error term reflecting basically random choice 
behavior, unobserved characteristics, and measurement or 

specification error and  is the deterministic or observed portion 
of the utility.  
 
 

Multinomial logit (MNL) model 
 

In describing the behavior of consumers when they have a variety 
of goods with a common objective of consumption, the multinomial 
model seems to be used in many literatures (Abebaw, 2008; Chuen 
and Jamal, 2009; Tadesse et al., 2008; Tadesse, 2009). The choice 
of the model was based on its ability to perform better in discrete 
choice studies with alternatives which cannot be ranked (Judge et 
al., 1985; McFadden, 1974). It is widely used in decision study 
involving multiple choices. The main limitation of the MNL is the 
independence of irrelevant alternatives (IIA) property; which states 
that the ratio of the probabilities of choosing any two alternatives is 

independent of the attributes of any other alternative in the choice 
set (Hausman and McFadden, 1984). The IIA test was done and 
the test suggested that the IIA assumption hold for the data in this 
study.  

The nature of dependent variable is qualitative „Y‟ taking more 
than two options, Yi = j, j = 0, 1… m. In this study, the values of “Y” 
represent the alternative ways to dispose garbage. Furthermore, 
assuming that the errors (µ‟s) from Equation 1 are identically and 
independently distributed, there is probability that a household 
chooses alternative “j” can be explained by MNL model (Greene, 
2003). The MNL is actually an extension of the Binary Logit Model. 

Let Pj (for j = 0, 1, 2...) be the probabilities of alternative choices. 

The probability that a household chooses one type of disposing 
garbage is restricted to lie between zero and one. The probability of 
an individual “i” to choose the alternative “j”, also taking j=0 as a 
base category, will be:  
 

                  (1) 
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Where, P (Yi= j) is the probability of choosing the alternatives to 
dispose garbage; j is the number of ways to dispose garbage in a 

choice set (j= 0,1,...j); ij is a vector of the explanatory variables of 

 household in choosing alternative j; βj is a vector of the 

estimated parameters associated to the alternative j. Simply by 
writing in odds ratio will be:  

 

                                                      (3) 
 
By applying natural logarithm both sides plus the error term, the 
equation can now to be used to estimate the coefficients as: 

 

                                                        (4) 
 
The estimates from Equation 4 are presented in Table 3. These 

estimates are simply the natural logarithm of relative odds/odd 

ratios. The sign of the estimated coefficients βj shows the direction 

of households‟ choice. A positive estimated coefficient implies an 
increase in the likelihood (probability) that a household chooses the 
alternative to dispose garbage and vice-versa. Furthermore, 

marginal effects  as partial derivatives, were computed from 
Equation 4 for easy interpretation. For instance, the partial 

derivative with respect to predictor is presented as: 

 

                                (5) 
 
The estimates from Equation 5 are presented in Table 2. Ideally, 

Equation 5 shows the variation of the probability of household “i” to 
choose alternative “j”, when one of the explanatory variable, that is, 
“k” changes keeping other variables constant. The signs of the 
marginal effects (Table 2) and respective coefficient estimate (Table 
3) may be different, as the former depend on the sign and 
magnitude of all other coefficients.   

There are number of variables affecting the random utility 
maximization choice directly and indirectly. On literatures, the 

choice of an alternative way to dispose garbage is influenced by 
socio-economic, demographic and structural factors. Household 
behaviors are critical to the successful attainment of desired targets 
for MSW management practice (Chen, 2010). In this study, the 
MNL model is written in such way that the dependent variable is the 
alternative ways to dispose garbage, with different explanatory 
variables such as socio-economic, demographic and structural 
factors (Table 1).   
 

 

RESULTS AND DISCUSSION 
 

Descriptive statistics 
 

This study uses disposal as a dependent variable in 
categorical form. The variable captures the various ways 
employed by Dar es Salaam residents in disposing their 
garbage. Specifically, it includes the rubbish pit inside 
compound, rubbish pit outside compound, rubbish bin, 
throwing out and other options. As long as the main focus

 =  +  

Pij = P (Yi= j) = 
exp (𝛽𝑗𝑥𝑖𝑗 )

 exp(𝛽𝑗𝑥𝑖𝑗 )
𝑗
𝑗=0

 = 
exp (𝛽𝑗𝑥𝑖𝑗 )

1+ exp(𝛽𝑗𝑥𝑖𝑗 )
𝑗
𝑗=1

   ............. (2) 
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 = 𝑒𝑥𝑝 (𝛽𝑗𝑋𝑖𝑗 )................... (3) 
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Table 1. Summary statistics of all variables. 

  

Variable Description Mean SD. Min. Max. 

disposal Waste disposal alternatives 2.909 1.152 1 5 

exp_adeq  Monthly expenditure per adult equiv. (TZS) 52,989 41236 1,440 607,135 

gender =1 male, 0 female (household head) 0.767 0.423 0 1 

agehead  Age of the household head (years) 40.07 12.59 18 97 

distmins  Walking distance to main road/ transport (mins) 10.09 17.36 0 630 

pr1  Proportion of family members with (<15years) 0.247 0.227 0 1 

pr2 Proportion of family members with (15-30years) 0.338 0.318 0 1 

pr3 Proportion of family members with (30-65years) 0.333 0.306 0 1.3 

pr4 Proportion of family members with (>65years) 0.019 0.094 0 1 

hhsize  Household size 3.750 2.398 1 22 

occup1  =1 if household head is paid employee,  0.444 0.497 0 1 

occup2 =1 if household head is self -employed 0.437 0.496 0 1 

occup3 =1 if household head is in agricultural works 0.060 0.237 0 1 

pmale  Proportion of males at the household 0.525 0.295 0 1.5 

pfemale  Proportion of females at the household 0.477 0.296 0 1.7 

educ0 =1 if household head has no education 0.058 0.234 0 1 

educ1 =1 if household head has primary schooling 0.610 0.488 0 1 

educ2 =1 if household head has secondary schooling 0.189 0.392 0 1 

educ3 =1 if household head has post-secondary 0.108 0.311 0 1 

educ4 =1 if household head has a university degree 0.035 0.183 0 1 

tenure  =1 if household own a home, 0 otherwise 0.375 0.484 0 1 

kinondoni  =1 if is Kinondoni municipal, 0 otherwise 0.408 0.492 0 1 

ilala  =1 if is Ilala municipal, 0 otherwise 0.251 0.434 0 1 

temeke  =1 if is Temeke municipal, 0 otherwise 0.341 0.474 0 1 
 
 
 

of this study is to do household level analysis, the 
household related features are of major concern. Table 1 
summarizes the descriptive statistics of the variables 
used in the analysis. 

In Table 1, about 3,541 households were interviewed in 
Dar es Salaam city. Out of that, about 77% were male-
headed household, with mean monthly expenditure per 
adult equivalent of Tanzanian Shillings (TZS) 52,988.45 
(44.16 USD), and average household size of 3.7 
members. The average age of the household head was 
40 years. Only 37.5% out of households in the city own 
their homes which show that many household heads in 
the city does not own their homes. Furthermore, many 
households have family members aged between 15 and 
65 years, which implies that majority are in the working 
age category. The average proportion of family members 
who are males was 0.53; whereas, on occupation, the 
majority are paid employees (44%) and self-employed 
(44%). Table 1 also shows that majority (61%) of the 
household heads can read and write, as they have 
attained primary school education; while, 6% only who 
cannot read and write have not been to school. Relatively 
small percent (4%) have attained a university education. 

The walking distance to access public transport (in terms 
of time) was 10 min on average. And among the three 
municipalities in Dar es Salaam city, about 41%, 34% 
and 25% of the households are from Kinondoni, Temeke 
and Ilala municipality, respectively.  

As mentioned earlier, there are five alternatives or 
ways of disposing garbage employed by the study. 
Specifically, the “other alternative" includes options like 
thrown inside compound, informal waste pickers and 
burning, which in most cases are environmentally 
unfriendly. The five alternatives used in this study were 
basically taken as presented in the structure or design of 
the 2007 Tanzanian HBS questionnaire. In terms of 
proportion, Figure 1 presents a clear distribution of the 
five ways to dispose garbage in Dar es Salaam city.    
 
 

Patterns on SWD practices 
 

Figure 1 clearly shows the majority of the households in 
Dar es Salaam city use rubbish bin as their most 
preferred way to dispose waste, with about 35% of the 
households. The less preferred alternative with almost 
6% of the households was the use of other category to
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Figure 1. Ways of disposing garbage graphically. 

 
 
 

dispose waste apart from the four recognized in the study. 
study. And the proportions for the rest ranged between 
35% and 6%. As far as SWM is concern, those 
households who cannot afford to buy the rubbish bins 
were ideally supposed to use the rubbish pit rather than 
throwing or unrecognized alternative. In this case, the 
likely reason for not using the rubbish pit might be the 
shortage of land since the city is almost congested with 
unplanned settlements in most parts. This is evident in 
the Tanzania population census for 2002, which reveals 
about 356,286 people were living in Dar es Salaam in 
1967 and it was estimated to be 2.5 million with a 4.3% 
annual growth rate in 2002. In the latest 2012 Census, 
Dar es Salaam was found to have a population of 4.4 
million accounting for 10% of the total Tanzania Mainland 
population (Tanzania Census, 2013). The population 
density again, in 2002 and 2012 was 1,793 and 3,133 
persons per square kilometre, respectively, in Dar es 
Salaam. This limits the land availability for rubbish pit 
establishment.  
 
 

MNL and marginal effects estimation  
 

Both the MNL model and marginal effects were estimated 
to identify the determinants of households‟ choice on 
solid waste disposal practices in Dar es Salaam city. The 
marginal effects basically describe the marginal impact of 
a certain individual or household characteristics on solid 
waste disposal choice, and are evaluated at the mean of 
each characteristic. They also indicate the change in 
probability of falling in a particular alternative of disposing 
garbage over a unit change in the given explanatory 
variable at the mean values, keeping all other explana-
tory variables constant. All these estimations were done 
through econometrics software -STATA version 13. The 

marginal effects are presented in Table 2, and it was 
found that some of the variables do not have any 
significant marginal effect on ways to dispose garbage, 
although their coefficients were significant in the general 
MNL estimation (Table 3).  

The results show that, the household expenditure 
positively and negatively influence the choice of rubbish 
bin and rubbish pit outside compound, respectively, as 
ways of disposing garbage in Dar es Salaam city. The 
significant influence, however, is small in margin terms 
almost negligible as it shows that a unit increase (1 USD) 
in household expenditure increases the likelihood of 
using rubbish bin and reduces the likelihood of using 
rubbish pit outside compound for solid waste disposal by 
less than 1% in both alternatives, respectively (Table 2). 
With expenditure as a proxy for household income, those 
households with higher income are likely to buy the 
rubbish bins for proper waste disposal. The influence of 
income on waste management in this study is consistent 
with other studies, for example Chen (2010), Tadesse et 
al. (2008) and Tadesse (2009).  

The age of the household head had significant marginal 
effect only in using rubbish bin (p<0.05). So, one-year 
increase in the age of the household head increases the 
probability of choosing rubbish bin by 0.4% (Table 2). 
Therefore, as the age of the household head increases, 
the likelihood of using rubbish bin also increases. 
Consistently, the other findings (Abebaw, 2008; 
Oguntayo and Obayelu, 2013) show a significant effect of 
age on waste management. Whereas, the marginal 
effects of distance on choosing rubbish pit both inside 
and outside compound were found to be positive and 
statistically significant (p<0.05). Both inside and outside 
rubbish pit were more likely to be chosen by households 
staying far from the main road. However, the expectation  
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Table 2. The marginal effects after MNL estimation. 
 

Variable Description  
Rubbish pit inside 

compound 
Rubbish pit 

outside compound 
Rubbish bin 

Throwing outside 
compound 

Other 
alternatives 

exp_adeq Monthly expenditure per adult equivalent (TZS) 0.00000006 -0.0000007* 0.0000009* -0.0000002 0.00000004 

gender =1 male, 0 female (household head) 0.013 0.029 -0.013 -0.028 -0.002 

agehead Age of the household head (years) -0.001 -0.001 0.004** -0.002 -0.000 

distmins Walking distance to main road/ transport (minutes) 0.003** 0.003** -0.005 -0.001 0.001 

pr1 Proportion of family members with (<15years) -0.075 0.039 -0.121 -0.044 0.049 

pr2 Proportion of family members with (15-30years) -0.035 0.002 0.069 -0.044 0.008 

pr3 Proportion of family members with (30-65years) 0.026 -0.040 0.03 -0.038 0.022 

pr4 Proportion of family members with (>65years) 0.103 0.121 -0.356** 0.119 0.013 

hhsize Household size -0.002 -0.001 0.002 -0.000 0.001 

occup1 =1 if household head is paid employee,  -0.013 0.074* -0.044 -0.008 -0.009 

occup2 =1 if household head is self -employed 0.006 0.044 0.008 -0.041 -0.017 

pfemale Proportion of females at the household 0.005 -0.013 0.065 -0.083* 0.026 

educ1 =1 if household head has primary schooling -0.029 0.043 -0.004 -0.034 0.025 

educ2 =1 if household head has secondary schooling -0.041 0.078 0.016 -0.069 0.017 

educ3 =1 if household head has post-secondary -0.031 0.091 0.053 -0.121*** 0.007 

educ4 =1 if household head has a university degree 0.094 -0.064 0.131 -0.153*** -0.008 

tenure =1 if household own a home, 0 otherwise 0.131*** 0.002 -0.107*** -0.026 -0.001 

kinondoni =1 if household is in Kinondoni municipal, 0 otherwise -0.035 -0.153*** -0.039 0.093 0.134*** 

ilala =1 if household is in Ilala municipal, 0 otherwise 0.026 -0.095* -0.098 0.149** 0.069* 
 

*Significant at 10%; **significant at 5%; ***significant at 1%; predicted probabilities for each outcome: rubbish pit inside = 16.9%, rubbish pit outside = 21.1%, rubbish bin = 32.7%, thrown outside = 
21.9% and other = 7.3%. Also, 1 USD = 1200 TZS in 2007/2008.  

 
 
 

was, as distance increase a particular household 
decides to throw garbage outside, considering 
that the households is "interior" in terms of 
accessibility which hinders the vehicle to pass and 
collect garbage. This expectation is supported by 
other authors (Oguntayo and Obayelu, 2013; 
Tadesse et al., 2008; Tadesse, 2009). However, 
the significant margin term is small, since the 
probability of choosing rubbish pits both inside 
and outside compound increases by 0.3% for a 
unit increase in walking distance, that is, one 
minute (Table 2).  

Looking on the education variable however, it 
seems to be consistent with a priori anticipation. 
Post-secondary schooling and university 
education negatively affected the alternative of 
throwing garbage outside, and very significant 
(p<0.01). Meaning that, as compared to no 
education, those with university education and 
post-secondary education are less likely to throw 
outside their garbage, but insignificant for lower 
education level. In margin terms, those with 
university education were less likely to throw 
garbage outside by 15% as compared to those 

with no education. Similarly, being in post-
secondary schooling category reduced the 
likelihood of throwing garbage by 12% (Table 2). It 
means that as household head become educated, 
they tend to choose better ways of disposing 
waste, also those household head with high level 
of education like university education are likely to 
have higher income, and therefore can decide to 
live in more organized places and opt for better 
solid waste disposal practices. Consequently, the 
significant effect of education level on proper 
waste disposal was also observed in previous



 
Binyaruka        551 

 
 
 
Table 3. Multinomial logistic estimation. 
 

 Variable Description  

Rubbish pit inside 
compound 

 Rubbish pit outside 
compound 

 
Rubbish bin 

 
Other alternatives 

Coeff. (SE)  Coeff. (SE)  Coeff. (SE)  Coeff. (SE) 

exp_adeq Monthly expenditure per adult equivalent (TZS) 0.000 0.000  0.000 0.000  0.000 0.000  0.000 0.000 

gender =1 male, 0 female (household head) 0.202 0.218  0.264 0.220  0.082 0.200  0.099 0.276 

agehead Age of the household head (years) 0.003 0.009  0.007 0.011  0.021** 0.009  0.006 0.012 

distmins Walking distance to main road/ transport (minutes) 0.023** 0.011  0.021** 0.010  -0.008 0.017  0.013 0.011 

pr1 Proportion of family members with (<15years) 0.646 0.627  0.390 0.619  -0.168 0.520  0.881 0.803 

pr2 Proportion of family members with (15-30years) -0.009 0.483  0.211 0.481  0.409 0.445  0.313 0.682 

pr3 Proportion of family members with (30-65years) 0.326 0.471  -0.015 0.452  0.267 0.398  0.474 0.735 

pr4 Proportion of family members with (>65years) 0.066 1.267  0.029 0.942  -1.629 0.904  -0.367 1.558 

hhsize Household size -0.012 0.044  -0.005 0.051  0.006 0.040  0.019 0.070 

occup1 =1 if household head is paid employee,  -0.042 0.278  0.374 0.280  -0.099 0.263  -0.091 0.391 

occup2 =1 if household head is self -employed 0.229 0.263  0.397 0.275  0.215 0.216  -0.041 0.409 

pfemale Proportion of females at the household 0.409 0.352  0.319 0.302  0.580** 0.279  0.742* 0.402 

educ1 =1 if household head has primary schooling -0.013 0.280  0.363 0.389  0.142 0.402  0.504 0.384 

educ2 =1 if household head has secondary schooling 0.090 0.338  0.689 0.444  0.407 0.467  0.573 0.529 

educ3 =1 if household head has post-secondary education 0.522 0.437  1.091** 0.450  0.872* 0.501  0.817 0.571 

educ4 =1 if household head has a university degree 1.567** 0.647  0.762 0.687  1.461** 0.668  1.003 0.791 

tenure =1 if a household own a home, 0 otherwise 0.897*** 0.197  0.129 0.232  -0.210 0.195  0.111 0.243 

kinondoni =1 if a household is in Kinondoni municipal, 0 otherwise -0.639 0.429  -1.234*** 0.384  -0.543 0.420  1.033** 0.471 

ilala =1 if a household is in Ilala municipal, 0 otherwise -0.769 0.534  -1.112*** 0.419  -0.933* 0.486  0.195 0.468 

_cons Intercept  -1.500 0.797  -1.083 0.668  -0.902 0.763  -3.602 1.201 

Number of obs. = 3451; F(76, 76) = 3.26; Prob>F   = 0.0000            
 

SE is linearized standard error; Reference category is the throwing out option; ***, ** and * indicate significance at 1, 5 and 10% levels of significance, respectively. Also, 1USD = 1200 TZS in 

2007/2008.  
 
 
 

papers in Africa (Abebaw, 2008; Oguntayo and 
Obayelu, 2013; Tadesse, 2009).  

The effect of household occupation was positive 
and statistically significant for only the paid 
employee category (p<0.10) on choosing rubbish 
pit outside compound as a major means of solid 
waste disposal. It implies that paid employees are 
more likely to use the rubbish pit outside 
compound as compared to those who are 
engaged in crop farming and other agricultural 

activities. Being a paid employee increases the 
likelihood of adopting rubbish pit outside 
compound by 7.4% (Table 2). Oguntayo and 
Obayelu (2013) supports the finding on occupa-
tion level affecting proper waste disposal. This 
can be due to the fact that most of the employed 
people have attained education and acquired 
knowledge. Therefore, awareness of the negative 
environmental impacts can be realized through 
that knowledge; also through the earnings from, 

they can employ better ways of disposing garbage 
like the use of pit and bin. 

Among the four proportions of family members 
according to age, it is only proportion of family 
members aged above 65 years that have statis-
tically significant marginal effect in using rubbish 
bin (p<0.05). Suggesting that, a unit increase in 
proportion of family members aged above 65 
years reduces the probability of using rubbish bin 
by almost 36% (Table 2). In other way, house-
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holds with many younger members than elders prefer to 
dispose garbage properly. And perhaps because the old 
people other way, households with many younger 
members than elders prefer to dispose garbage properly. 
And perhaps because the old people are likely to be of 
less concern with environment as compared to the youths 
since the youths are still depending on the environment 
for some years to come. However, it has been observed 
earlier that the old household head contrarily prefers 
rubbish bin relative to the rest of the options. Similarly, 
the marginal effect of proportion of females at the 
household was statistically significant against throwing 
(p<0.10). In margin term, as the proportion of females at 
home increases, the likelihood of throwing out garbage 
decreases by 8.3% (Table 2). It is consistent with prior 
expectation as long as females are "traditionally" more 
sensitive with the surrounding environment at home as 
compared to males. The household size in this study was 
not significant as compared to other studies for example 
(Abebaw, 2008). 

Furthermore, the marginal effect for home ownership 
variable was positive and statistically significant in using 
rubbish pit inside compound (p<0.01), while negative and 
statistically significant in using rubbish bin (p<0.01). 
Those who own a home were more likely to use rubbish 
pit inside compound than using rubbish bin as compared 
to those who does not own their home. In marginal 
impact, those who own their homes are 13% more likely 
to use rubbish pit inside compound, while reducing the 
likelihood of using rubbish bin by 10.7% (Table 2). The 
finding on home ownership was consistent with other 
studies, for example Oguntayo and Obayelu (2013) on 
SWM in Nigeria. As expected, those who own their 
homes are very conscious with the surrounding environ-
ment, which makes them to adopt better ways of 
disposing garbage. The use of a rubbish pit inside 
compound, also, might be attributed to the space 
availability at home place. On municipalities, as com-
pared to Temeke municipality, the marginal effects on 
Kinondoni and Ilala gives a similar pattern in choosing 
rubbish pit outside compound and other alternative. As 
compared to Temeke municipality, the households in 
Kinondoni and Ilala are less likely to use the rubbish pit 
outside compound, but more likely to use other 
alternative. Also, households in Ilala are likely to throw 
their garbage as compared to household in Temeke.  
 
 

Predicted probabilities  
 

This section present and discuss the various figures for 
predicted probabilities across three explanatory variables. 
In particular, the explanatory variables include: age of the 
household head, distance to access public transport and 
the monthly expenditure per adult equivalent. The 
predicted probabilities were computed at different values 
of  explanatory variable by  keeping all other variables  at  

 
 
 
 
their mean values. 
 

 

Age of the household head 
 

Figure 2 shows that the predicted probabilities for rubbish  
bin increase with the age of the household head. It starts 
to increase at small rate and later from the age of 40 
years and above increases at a high rate. This 
demonstrates a clear positive relationship with age as 
age increases household head tend to use rubbish bin, 
consistently with findings in Table 2. While the predicted 
probabilities for throwing garbage outside seems to move 
against that for rubbish bin. It starts by decreasing at 
lower rate and then after 40 years, starts to fall sharply 
with age. This negative relationship between age and 
predicated probabilities for throwing means that as age 
increases, the predicted probabilities for throwing tend to 
decrease. Again, the predicted probabilities for using 
rubbish pit and other option decreases as the age of the 
household head increases, however, it is at a decreasing 
rate. It suggests that age of the household head has little 
effect or does not explain significantly the above 
alternatives as compared to the use of rubbish bin and 
throwing out option.  
 
 

Distance to access public transport 
 

Predicted probabilities for distance in Figure 3 has two 
sides in terms of direction that are clearly observed. 
These directions shows that the probabilities for some of 
the alternatives are increasing with distance in one 
pattern and the rest are decreasing in the second pattern. 
The probabilities of using rubbish pit in both ways are 
increasing with distance. These patterns support the 
earlier results in Table 2. In the figure however, the 
probabilities of using rubbish pit inside compound 
increases continuously as time to access public transport 
increases, while that for rubbish pit outside compound 
increases but later starts to fall down slowly as distance 
increases. Other pattern is for the probabilities of using 
rubbish bin, throwing and other which are decreasing with 
distance and was not significant in Table 2. These 
predicted probabilities are falling down sharply especially 
from 200 min onwards. But, the area before 100 min has 
predicted probabilities that are coming across 0.2 for 
almost all alternatives (Figure 3). This suggests that 
when the distance is short from the household to the 
main road, the probability of choosing ways to dispose 
garbage does not differ significantly. 
 
 

Monthly expenditure per adult equivalent  
 

In Figure 4, clearly there is a unique pattern, since it is 
only predicted probabilities for rubbish bin which 
increases with monthly expenditure per adult equivalent, 
but the rest seems to fall slowly approaching zero
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Figure 2. Predicted probabilities across various age levels. 

 
 

 

 
 
Figure 3. Predicted probabilities against distance to access public transport.  

 

 
 
 
 

 
 

Figure 4. Predicted probabilities against monthly household expenditure.  
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predicted probabilities. In earlier results (Table 2), the 
expenditure variable was positively significant in using 
rubbish bin (p<0.10) and negatively significant in using 
rubbish pit outside compound (p<0.10). The predicted 
probabilities of using rubbish bin increases at a high rate 
towards one, while that for using rubbish pit inside 
compound, pit outside compound, throwing and other, 
stays below the predicted probability of 0.2. Among 
these, which are below 0.2, at least the curve for rubbish, 
pit outside compound falls down with significant rate 
before TZS 300,000 (250 USD). The trend of using 
rubbish bin is increasing with expenditure, since those 
with high income are likely and capable to buy rubbish 
bin instead of adopting other ways. Also, the household 
heads with high education level are likely to have high 
earnings (high expenditure), which make them to adopt 
better ways to dispose their garbage.  
 
 
Conclusion and recommendations  
 

The aim of the study was to analyse the pattern and 
correlates of choosing ways for solid waste disposal in 
Dar es Salaam city. This was done through ranking the 
given five ways to dispose garbage according to the 
usage frequency and to identify the influential factors in 
choosing ways to dispose garbage. By ranking the 
alternatives of solid waste disposal, the study found the 
rubbish bin to be used most, followed by the option of 
throwing garbage outside, the use of rubbish pit outside 
compound, rubbish pit inside compound and others.  

This study went further to employ the MNL model given 
the nature of the dependent variable, which is in 
categorical form. In this case, the MNL has to capture the 
correlates of solid waste disposal practices. The 
proposed correlates were taken as explanatory variables 
during estimation, and the actual correlates were 
determined by statistical significance in marginal effects. 
The estimation results show that distance to access 
public transport and tenure increases the likelihood of 
using the rubbish pit inside compound. It was further 
identified that the probabilities of using the rubbish pit 
outside compound increases with variables like distance 
and occupation, while it decrease with the household 
expenditure and in Kinondoni or Ilala municipal. Again, 
the chances of using rubbish bin as a way for disposal 
was found to increase with the household expenditure 
and age of the household head, while it decreases with 
the proportion of family members above 65 years and 
tenure. Throwing garbage, however, was not chosen by 
the household heads with high level of education (like 
post–secondary and university education), also families 
with high proportion of females. Generally, the findings in 
this study are consistently with other studies on SWM 
practices (Abebaw, 2008; Chen, 2010; Oguntayo and 
Obayelu, 2013; Tadesse et al., 2008; Tadesse, 2009).  

 
 
 
 

Given the findings summarized above, the study 
showed some suggestions that could be useful in one 
way or another to responsible authorities in improving the 
SWM in Dar es Salaam city. First of all, there is a need to  
improve policies that are designed to reduce poverty in 
general, since poor people who are living in urban areas 
(in informal settlements/squatters specifically) practices 
unsafe SWM. Also, there is a need to improve the 
schooling enrolments together with the completion rate. 
Alternatively, education can be offered through mass 
education, environmental seminars and several media 
advertisements on how to manage waste. Ideally, 
education can open up the residents' mind and change 
their attitude towards unsafe waste disposal. Further-
more, with the home ownership being significant 
determinant, government should create some incentives, 
which will attract households to build their houses instead 
of renting. Also, mortgage could be the best way to 
adopt, especially if the government could provide 
environment, which would encourage financial institution 
to venture into home financing. About congestion and 
unplanned settlements, the city authority through regional 
and urban planning department should take this into 
consideration, especially in new settlements where 
people are currently building their homes at high rate. 
This might reduce not only unsafe solid waste disposal, 
but also help the municipal vehicles to collect garbage 
properly. Finally, this study recommends the city to 
supply enough municipal waste containers on streets to 
increase the number of municipal vehicles for garbage 
collection and to ensure the regular collection. And more 
broadly, for sustainable SWM in urban areas, 
participation of the government, private sector and 
residents is required (Ezebilo and Animasaun, 2011).  
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Appendix 1. Scaled map of Africa, Tanzania and Dar es Salaam city. 
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The aim of the present study was to evalute the protective role effect of lycopene and vitamin E on 
oxidative stress in Oreochromis niloticus exposed to diazinon (DZN). Adult fish were exposed to two 
sublethal concentrations (0.76 and 2.3 mg/l) of DZN against the ameliorative effect of lycopene (10 
mg/kg) and vitamin E (50 mg/kg) for 14 and 28 days. DZN significantly led to a decline in total 
antioxidant capacity (TAO). However, lipid peroxidation (LPO), DNA fragmentation percentage, super 
oxide dismutase (SOD) and catalase (CAT) were significantly increased in gills, liver and kidney from 
the control values. Also, gills showed the highest accumulated DZN residues. Lycopene (LYC) and 
Vitamin E (VE) supplementation play an appositive role in detoxification of DZN toxicity. The results 
suggest that DZN can have effect on the antioxidant and oxidative stress biomarkers of fish negatively. 
Administration of lycopene and vitamin E could not decrease DZN residues in different tissues, but 
decreases the toxic effect of diazinon, as well as the decrease of LPO and DNA fragmentation near the 
control values. Also, TAO, CAT and SOD were better than the groups treated with only DZN.  
 
Key words: Fish, residues carotenoide, insecticides, antioxidant, oxidative stress. 

 
 
INTRODUCTION 
 
The aquatic and terrestrial ecosystems are continuously 
contaminated with chemical pollutants from industrial, 
agricultural and domestic activities. Insticides are a major 
category of toxicants, which have serious toxic impacts 
on aquatic life and still constitute a significant risk due to 
their toxicity on non-target organisms including fishes 
(Ghazala et al., 2014; Soloneski and Larramendy, 2012).  

Diazinon (DNZ), [O,O-diethyl O-[6-m ethyl-2-(1-
methylethyl)- 4-pyrimidinyl] phosphorothioate], an organo-
phosphate insecticides is widely used in agriculture and 
public health (US, 2006). Few investigations reported the 

toxic potential effects of diazinon on certain fish (Banaee 
et al., 2011, 2013; Ibrahim and Banaee, 2014). But its 
impact on the specific antioxidant and oxidative 
stress biomarkers is less explored.  

It is known that many xenobiotics like insecticides may 
cause oxidative stress by generating reactive oxygen 
species (ROS) and alterations in ROS scavenging enzymes 
(Ibrahim and Harabawy, 2014, Milatovic et al., 2006). 
Like other organisms, fish have antioxidant defense 
mechanisms, such as antioxidant enzymes superoxide 
dismutase  (SOD), catalase (CAT), and glutathione  pero-
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xidase (GPX) and non-enzyme antioxidants (ascorbic  
acid, thiols,  alpha tocopherol) to  protect  their cells from 
oxidative damages (Banaee et al., 2013). Superoxide 
dismutase converts the superoxide radical to peroxide 
and oxygen (Fridovich, 1978). Catalase targets hydrogen 
peroxide and quickly converts it to water and oxygen. 

Non-enzymatic antioxidants such as vitamins E and 
Lycopene can act to overcome oxidative stress, as a part 
of the antioxidant system. Vitamin E, a constituent of 
plasma membrane, is an effective antioxidant and, as it is 
present at the site of free radical generation, it may 
neutralize the toxic effects of ROS (John et al., 2001).  

Carotenoids are common highly efficient scavengers of 
singlet-oxygen and other excited oxygen species. During 
singlet-oxygen quenching, energy is transferred from 
single-oxygen to the lycopene molecule, which converts 
lycopene to the energy-rich triplet state. In contrast, the 
trapping of other ROS, such as hydroxyl, nitric oxide or 
peroxynitrite leads to oxidative breakdown of the 
lycopene molecule. Thus, lycopene may protect against 
the in vivo oxidation of lipids, proteins and DNA (Stahl 
and Sies, 2003; Wertz et al., 2004). Recently, lycopene 
has become a focus of interest because of its highly 
efficient antioxidant scavenging activity against singlet-
oxygen and free radicals. Thus, lycopene may prevent 
oxidative damage, toxicity, and disease. Lycopene is one 
of the most effective antioxidants in the carotenoid family 
(Yonar, 2012; Yonar and Sakin, 2011). 

The Nile tilapia Oreochromis niloticus is a widely 
distributed freshwater fish that can persist in a highly 
polluted habitat and can be used as a potential bio-
indicator for aquatic environmental contaminants 
including pesticides. The activities and expression levels 
of antioxidant enzymes and metabolite were used as 
biomarkers to evaluate the influence of pollution on the 
biochemical pathway and enzymatic function in fish 
(Correia et al., 2007; Sun et al., 2006) and for monitoring 
unacceptable levels of environmental contamination. 
Therefore, this study was designed to evaluate the time 
and concentration dependent changes in the activity of 
antioxidant enzymes (SOD, CAT and Total antioxidant 
(TAO) activities as well as the concentration of 
malonaldehyde MDA as a bio-product of lipid 
peroxidation and DNA fragmentation and diazinon 
accumulation in gills, kidney and liver of Oreochromis 
niloticus following diazinon exposure at two sublethal 
concentrations for 14 and 28 days. Also, this study was 
designed to evaluate the ability of two antioxidants 
(Vitamin E and lycopene) to quench diazinon toxicity and 
accumulation.  
 
 

MATERIALS AND METHODS  
 

Sample collection and chemicals 

 

One hundred and twenty (120) healthy fish of the Nile tilapia, 
Oreochromis  niloticus  (157   ±  21.4 g  in   weight,  22  ±  1.72  cm  in  

 
 
 
 
length), were caught from the fish farm of faculty of Agriculture, 
Assiut University, Egypt. The fish were immediately transported to 
the fish laboratory in the Department of Zoology, Faculty of 

Science, Assiut University. The experimental fishes were reared in 
aerated glass tanks (160 L capacity) and acclimatized for two weeks 
before being used in the experimental study. The experimental fish 
fed pellets at a rate of 3% of fish body weight twice daily. Faeces 
and residual food were aspirated regularly. The water temperature, 
pH and dissolved oxygen concentrations (DO) were measured daily 
(22.2 ± 1.5°C, 6.9 ± 0.2 pH and 6.5 ± 1.03 mg/1 DO). Light cycle 
was 12 h light and 12 h dark. 

The insecticide Diazinon 9.0% was supplied by Bayer Company 
for Intermediate Chemicals, Egypt. Lycopene ((EC) No 1272/2008) 
was purchased from Sigma-Aldrich Chemical (St Louis, MO, USA) 
and DL-α-tocopherol (VE) acetate were obtained from Merck 
(Germany). 
 
 
Experimental design 
 

The fish were weighed, measured and classified randomly into 12 
groups (10 fish per each tank) according to doses of DZN, 
lycopene, vitamin E and their combinations. The diets (maize and 
soy bean 34% protein, 15 g/kg fish) were pellet after addition of 
vitamin E and lycopene doses for the treated groups and the 
addition of suitable amounts of molasses and water. The diets were 
dried at room temperature and stored in small bags for fish feeding. 

Stock solution (1,000 ppm) of Diazinon (DZN) (0, 0-diethyl-0-[2–
isopropyl-6-methyl-4 –pyrimidinyl] phosphorothioate) was prepared 

and stored in clean glass bottles and diluted to concentrations of 
0.76 and 2.3 mg/l in water. Such low sublethal DZN concentrations 
(1/10 and 3/10 of 96 h LC50) were chosen according to levels 
monitored by Soyingbe et al. (2012). Diazinon doses were prepared 
and added constantly to the aquarium for four weeks. The test 
water was replaced daily with the required amount of stock solution 
to prevent deterioration of water quality and replenish diazinon 
levels. Lycopene was added to the diet in concentration (10 mg/kg 
BW). Dose response of lycopene was described previously by Ural 
(2013). Also, vitamin E (a-tocopherol) was supplemented in 50 
mg/kg BW. Such vitamin E concentration was chosen according to 
levels monitored by Ortunõ et al. (2001) (Table 1). 
 
 
Enzyme activity assay 
 
Immediately after the blood samples were collected, the liver, 

kidney and gill were carefully removed, washed with physiological 
saline (0.9% NaCl) and stored at -78°C until the biochemical 
assays. The tissue was homogenized in teflon-glass homogenizer 
in buffer containing 1.15% KCl at a 1:10 (w/v) ratio to the whole 

homogenate. The homogenate was centrifuged at 18000 g at 4⁰C 
for 30 min before the determination of MDA level and the SOD, 
CAT and TOA activity.   
 

 
Lipid peroxidation and total protein 

 
Measurements Total protein contents were determined according to 
the Biuret method (Gornall et al., 1949) using bovine serum albumin 
(E. Merck-Darmstadt, Germany) as a standard. Lipid peroxidation 
(LPO) was determined by the procedure of Utley et al. (1967). The 
absorbance of each aliquot was measured at 535 nm. The rate of 
lipid peroxidation was expressed as nmol of thiobarbituric acid 

reactive substance (TBARS) formed per hour per milligram of 
protein using a molar extinction coefficient of 1.56 M

-1
 cm

-1
 (Buege 

and Aust, 1978).  
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Table 1. The fish groups exposed to diazinon (DZN1=0.76, DZN2=2.3 mg/l), lycopene (LYC=10 mg/Kg) and vitamin E (50 mg/kg body 
weight) and their combinations. 
 

Treatment 

Group 

Control LYC VE 
LYC 

+VE 
DZN1 

DZN1+ 

LYC 

DZN1 

+VE 

DZN1+ 

LYC+VE 
DZN2 

DZN2+ 

LYC 

DZN2 

+VE 

DZN2+ 

LYC+VE 

Diazinon (mg/L) 0 0 0 0 0.76 0.76 0.76 0.76 2.3 2.3 2.3 2.3 

Lycopene (mg/kg) 0 10 0 10 0 10 0 10 0 10 0 10 

Vitamin E (mg/kg) 0 0 50 50 0 0 50 50 0 0 50 50 
 

C: Control, LYC: lycopene, VE: Vitamin E, DZN1; low diazinon dose and DZN2: high diazinon dose.  
 
 
 

DNA fragmentation measurement 

 
DNA Fragmentation was determined by the procedure of Kurita-
Ochiai et al. (1999) using spectrophotometer (Micro lab 200 vital 
scientific Dieren, The Netherlands) at 575 or 600 nm against 
reagent blank. The percentage of fragmented DNA was estimated 
by the following formula: % of fragmented DNA = fragmented DNA / 
(fragmented + intact DNA) × 100. 

 
 
Total antioxidant (TAO) 

 
The TAO was measured using a colorimetric assay (Randox 
Laboratories, Crumlin, U.K.). The chromogen ABTS® (2,2´-Azino-

di[3-ethylbenzthiazoline sulphonate]) is incubated with a peroxidase 
and hydrogen peroxide to produce the ABTS radical action. The 
ABTS radical is detectable due to  its blue-green colour that is 
measured at 600 nm at 37°C. Antioxidants in the sample suppress 
the formation of the radical action to a degree that is proportional to 
their concentration. Values are expressed as mmol/L. 
 
 
Superoxide dismutase (SOD) activity assay 

 
Cellular total SOD activity was measured as described by McCord 
and Fridovich (1969) with minor modifications. The activity was 
measured by monitoring the SOD-induced inhibition of cytochrome 
c reduction by the superoxide radical generated in a xanthine/ 
xanthine oxidase system. Briefly, the cell pellets were resuspended 
in cold 50 mM potassium phosphate buffer (pH 7.5) and sonicated 
as described above. After protein concentration assay, 30 µg of 

total protein were added to an assay mixture containing 50 mM 
potassium phosphate buffer (pH 7.5), 0.1 mM EDTA, 0.01 mM 
cytochrome c, 0.1 mM xanthine and 0.003 units of xanthine oxidase 
in a final volume of 1 ml. The rate of increase in absorbance was 
continuously recorded spectrophotometrically at 550 nm at 25°C for 
7 min.  
 
 
Catalase (CAT) activity assay 
 
Catalase activity was measured as described by Aebi (1984). 
Briefly, the cell pellets were resuspended in cold 100 mM potassium 
phosphate buffer (pH 7.0) and sonicated with the same procedures 
as above. After centrifugation, 30 µg of total protein were added to 
an assay mixture containing 100 mM potassium phosphate buffer 
(pH 7.0) and 10 mM H2O2 in a final volume of 0.5 ml. The 
decomposition of H2O2 was followed directly by a decrease in 
absorbance at 240 nm by spectrophotometer (Micro Lab 200 Vital 
Scientific). The activity was calculated using the molar extinction 
coefficient of 0.0436 (mmol

-1
) 

-1
 cm

-1
. 

Residues analysis 
 

Determination of pesticide residues in water and the fish 
tissues 
 

Fish tissue and water sampling: Fish samples (0.5-30 g) were 

taken to determine the residues concentration for tested pesticide in 
gills, liver and kidney that were immediately removed from the 
sacrificed fish in each treatment. Water samples (100 ml) were 
taken to evaluate the persistence of tested pesticide in water. 
 

Extraction and clean up of tested pesticide: Extraction and clean 
up of diazinon residues from water and fish tissues were carried out 
according to pesticide analytical manual (Ezemonye et al., 2008). 
 
Determination of diazinon residues by HPLC: The obtained 

samples were cleaned up and then dissolved in 1 ml methanol, 
HPLC grade and determined using HPLC instrument with the 
following condition: a) UV detector, b) C18 column, c) mobile phase 
was 90% methanol 10% acetonitryl, d) flow rate was 1 ml/min and 
detection line was 0.005 µg/kg. Duplicate injection (2 µl) of 
calibration solution and each sample was injected and integrated 
areas for each peak were recorded and standard peak under ideal 

condition for diazinon. 
 
 
Statistical analysis 
 

The results are expressed as the mean ± standard error. The 
patterns of variation due to diazinon, lycopen and vitamin E doses 
and their combinations were tested by using two-way, three-way 
and four-way ANOVA which determined the effects of diazinon, 

lycopen and vitamin E supplementation as the factors 
simultaneously tested. The differences between means were done 
by using The Tukey-HSD test. Range test was used as a post-hoc 
test to compare between means at P ≤ 0.05 using the SPSS 10.0 
computer program (SPSS. 1998). P-Values <0.05 were considered 
statistically significant. 

 
 
RESULTS 
 
Fish showed abnormal behavior during the experimental 
period. At the start of the exposure, fish were alert, lost 
swimming coordination and buoyancy control with eleva-
tion of opercula beat rate, which increased with time. 
Sometimes, they tried to avoid the toxic water by fast 
swimming and jumping. In tanks with DZN concen-
trations, the fish swam unsteadily with jerky move-
ments and hyperactive excitability. No fish morta -
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Table 2. Changes in the level of lipid peroxidation (nmol/mg protein) in kidney, liver and gills of Oreochromis niloticus (n=5) 
treated with different doses of diazinon, vitamin E, lycopene and their combinations for 14 and 28 days. 
 

Treatment 

 Tissue  

Kidney Liver Gills 

14 days 28 days 14 days 28 days 14 days 28 days 

Control 0.176±0.023
A
 0.440±0.064

B
 0.148±0.023

B
 0.334±0.041

B
 2.101±0.933

B
 1.735±0.069

C
 

LYC 0.153±0.011
B
 0.304±0.017

B
 0.129±0.013

B
 0.233±0.008

B
 1.873±1.435

AB
 0.923±0.113

B
 

VE 0.148±0.019
B
 0.371±0.054

B
 0.064±0.004

A
 0.061±0.002

A
 1.309±0.961

A
 0.733±0.090

B
 

VE+LYC 0.072±0.003
A
 0.076±0.005

A
 0.060±0.004

A
 0.058±0.002

A
 1.233±1.064

A
 0.460±0.006

A
 

DZN 1.541±0.087
E
 2.858±0.191

E
 1.450±0.065

D
 2.285±0.243

E
 2.529±0.681

C
 5.010±0.534

G
 

DZN+LYC 0.914±0.059
ED

 1.718±0.066
D
 0.766±0.068

C
 1.318±0.035

C
 2.767±0.601

C
 3.641±0.096

E
 

DZN+VE 1.308±0.055
E
 2.268±0.136

E
 1.094±0.072

D
 1.736±0.065

D
 2.399±0.159

BC
 3.805±0.142

E
 

DZN+VE+LYC 0.507±0.038
D
 1.004±0.056

C
 0.680±0.068

C
 1.228±0.042

C
 2.330±0.607

BC
 2.889±0.076

D
 

DZN2 3.969±0.122
G
 6.873±0.683

H
 4.299±0.329

F
 7.122±0.258

G
 6.272±1.766

F
 12.480±0.935

J
 

DZN2+LYC 2.213±0.112
F
 3.990±0.234

G
 1.892±0.101

D
 2.989±0.224

E
 4.005±0.179

E
 6.313±0.673

H
 

DZN2+VE 2.263±0.070
F
 3.918±0.389

G
 3.103±0.166

E
 4.903±0.367

F
 4.656±1.405

E
 9.413±0.705

I
 

DZN2+VE+LYC 1.736±0.043
E
 3.002±0.392

F
 1.259±0.068

D
 1.966±0.146

D
 3.023±0.200

D
 4.795±0.179

F
 

 

Data are expressed as means± Std. Err. Different letters show significant differences from the corresponding control group, P < 0.05. 

 
 
 

Table 3. Changes in the percentage of DNA fragmentation(%) in kidney, liver and gills of Oreochromis niloticus (n=5) treated with 
different doses of diazinon, vitamin E, lycopene and their combinations for 14 and 28 days.  

 

Treatment 

Tissue 

Kidney Liver Gills 

14 days 28 days 14 days 28 days 14 days 28 days 

Control 10.781±0.812
C
 11.546±0.984

B
 9.068±1.213

B
 13.661±1.470

B
 10.115±0.652

A
 11.477±1.537

AB
 

LYC 4.476±0.246
A
 6.827±0.298

A
 4.180±0.230

A
 6.377±0.278

A
 11.682±1.015

A
 9.511±1.123

A
 

VE 10.009±0.982
C
 11.218±0.807

B
 5.174±0.528

A
 5.462±0.279

A
 14.346±0.812

B
 12.609±0.898

B
 

VE+LYC 5.245±0.535
B
 5.538±0.283

A
 4.899±0.500

A
 5.172±0.265

A
 8.450±1.068

A
 7.490±0.434

A
 

DZN 37.474±2.009
F
 57.709±2.562

F
 21.887±1.432

C
 30.942±1.177

D
 33.418±1.330

D
 48.678±1.472

E
 

DZN+LYC 20.371±0.931
D
 33.162±1.619

C
 19.026±0.870

BC
 25.974±1.512

D
 25.144±0.815

D
 39.347±1.921

D
 

DZN+VE 16.562±0.757
C
 26.961±1.316

C
 15.469±0.707

B
 17.182±1.229

B
 24.742±0.802

C
 38.717±1.890

D
 

DZN+VE+LYC 15.217±0.995
C
 21.512±0.819

C
 14.213±0.930

B
 20.092±0.765

C
 21.046±0.804

C
 30.947±1.356

C
 

DZN2 42.868±2.124
G
 76.937±3.171

G
 53.692±2.672

E
 84.956±3.954

G
 83.024±3.260

G
 120.875±5.203

H
 

DZN2+LYC 38.024±2.132
F
 56.543±2.477

F
 49.895±2.797

E
 75.507±3.250

F
 62.620±2.459

F
 91.169±3.924

G
 

DZN2+VE 23.434±1.533
D
 33.129±1.261

C
 22.786±0.863

C
 33.037±1.274

D
 39.391±1.114

DE
 53.817±2.627

F
 

DZN2+VE+LYC 32.569±1.826
E
 49.287±2.122

E
 30.419±1.706

D
 46.034±1.982

E
 39.501±1.849

E
 53.762±2.046

F
 

 

Data are expressed as means ± Std. Err. Different letters show significant differences from the corresponding control group, P < 0.05. 
 
 
 

li ty was recorded in aquaria with high dose of  
DZN. 
 

 

Lipid peroxidation measurement (malonaldehyde 
level) 
 

Lipid peroxidation (LPO) results are presented in Table 2. 
The LPO level was significantly increased in the liver, 
kidney and gills samples of the DZN groups. The main 
effects of DZN, LYC, VE and their interactions were 
significant (P>0.05) in the two periods.  

Similarly, the time of exposure main effect was 
significant (P>0.05), and gills main effect was significant 
too (P>0.05). The level of LPO was significantly (P>0.01) 
decreased in liver, kidney and gills of DZN-exposed 
fishes fed with diets supplemented with vitamin E and/or 
lycopene. 
 
 

DNA Fragmentation measurement 
 
The percentages of DNA fragmentation results are presen-
ted in Table 3. The main effects of DZN, LYC, VE and their
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Table 4. Changes in the activitie of Total antioxidant (μmol/mg protein) in kidney, liver and gills of Oreochromis niloticus (n=5) 
treated with different doses of diazinon, vitamin E, lycopene and their combinations for 14 and 28 days.  
 

Treatment 

Tissue 

Kidney Liver Gills 

14 days 28 days 14 days 28 days 14 days 28 days 

Control 0.172±0.004
B
 0.192±0.007

A
 0.159±0.012

BC
 0.164±0.006

B
 0.314±0.023

BC
 0.260±0.013

B
 

LYC 0.186±0.018
B
 0.242±0.022

B
 0.160±0.007

B
 0.300±0.023

A
 0.380±0.009

B
 0.288±0.039

B
 

VE 0.204±0.011
A
 0.269±0.021

B
 0.181±0.016

B
 0.195±0.008

B
 0.348±0.031

B
 0.237±0.029

C
 

VE+LYC 0.203±0.012
A
 0.275±0.022

B
 0.237±0.042

A
 0.162±0.006

B
 0.400±0.041

A
 0.408±0.021

A
 

DZN 0.085±0.008
F
 0.051±0.008

F
 0.068±0.006

E
 0.041±0.006

F
 0.177±0.015

E
 0.147±0.016

E
 

DZN+LYC 0.138±0.012
C
 0.089±0.010

D
 0.138±0.003

C
 0.078±0.004

D
 0.223±0.019

DZN
 0.110±0.019

F
 

DZN+VE 0.142±0.010
C
 0.113±0.005

C
 0.111±0.010

D
 0.071±0.008

D
 0.263±0.019

C
 0.191±0.012

D
 

DZN+VE+LYC 0.120±0.009
D
 0.095±0.004

D
 0.145±0.003

BC
 0.125±0.005

C
 0.276±0.020

C
 0.208±0.014

C
 

DZN2 0.038±0.003
G
 0.030±0.001

G
 0.030±0.002

F
 0.024±0.001

G
 0.149±0.014

F
 0.087±0.015

G
 

DZN2+LYC 0.101±0.009
E
 0.069±0.006

E
 0.081±0.007

DE
 0.055±0.005

E
 0.249±0.018

DZN
 0.116±0.012

F
 

DZN2+VE 0.125±0.009
D
 0.098±0.005

D
 0.100±0.007

D
 0.090±0.004

DZN
 0.187±0.018

E
 0.165±0.011

E
 

DZN2+VE+LYC 0.124±0.009
D
 0.098±0.004

D
 0.114±0.008

D
 0.117±0.013

C
 0.219±0.016

D
 0.190±0.011

D
 

 

Data are expressed as means± Std. Err. Different letters show significant differences from the corresponding control group, P < 0.05. 
 
 
 

Table 5. Changes in the activitie of Catalase (U/mg protein) in kidney, liver and gills of Oreochromis niloticus (n=5) treated with different 

doses of diazinon, vitamin E, lycopene and their combinations for 14 and 28 days. 

 

Treatment 

Tissue 

Kidney Liver Gills 

14 days 28 days 14 days 28 days 14 days 28 days 

Control 232.02±5.90
B
 243.71±7.66

B
 193.49±6.06

B
 194.96±6.12

B
 134.52±26.75

A
 138.57±16.92

A
 

LYC 91.12±9.09
A
 162.91±8.22

A
 76.58±9.51

A
 130.33±6.58

A
 197.22±21.36

B
 214.09±36.86

B
 

VE 254.11±19.73
B
 387.65±14.09

C
 204.33±6.40

B
 205.88±6.47

B
 153.36±16.63

A
 204.85±29.25

B
 

VE+LYC 300.80±23.36
C
 458.87±16.68

D
 252.40±25.83

B
 367.09±13.34

C
 189.75±23.20

B
 239.71±57.51

B
 

DZN 781.69±65.68
E
 1589.28±121.03

G
 470.04±46.96

E
 1126.95±131.49

FG
 1030.57±102.96

D
 2470.71±288.29

E
 

DZN+LYC 445.97±34.35
D
 1105.83±117.27

F
 374.19±38.06

C
 884.63±93.81

EF
 820.40±83.45

C
 1939.52±205.68

D
 

DZN+VE 346.17±41.29
C
 697.80±43.25

E
 291.35±41.77

BC
 558.24±34.60

D
 804.86±115.38

C
 1542.09±95.59

DZN
 

DZN+VE+LYC 300.92±30.03
C
 537.98±27.15

D
 404.27±50.22

C
 687.97±34.72

E
 638.79±91.57

B
 1223.97±75.87

C
 

DZN2 1312.30±99.72
G
 3278.99±367.23

I
 1817.20±203.16

H
 3755.29±317.21

I
 2620.42±263.90

F
 6243.60±699.25

H
 

DZN2+LYC 748.15±56.86
E
 1869.45±209.37

H
 1029.55±103.68

G
 2453.11±274.73

H
 1976.37±199.04

E
 4709.21±527.40

G
 

DZN2+VE 910.83±78.46
F
 2004.64±174.27

H
 627.68±63.21

F
 1495.56±167.49

G
 1298.44±129.72

D
 3113.00±363.24

F
 

DZN2+VE+LYC 560.29±42.12
D
 1408.66±164.36

F
 529.79±43.44

E
 1090.66±109.22

F
 1033.68±105.15

D
 2443.76±259.16

E
 

 

Data are expressed as means± Std. Err. Different letters show significant differences from the corresponding control group, P < 0.05. 
 
 
 

interactions were highly significant (P>0.01) in 14 and 28 
days. The time of exposure main effect was significant 
(P>0.05), while tissues main effect was not significant 
(P<0.05). Diet supplementation with lycopene and/or 
vitamin E decreased significantly (P>0.01) the level of 
DNA fragmentation in different tissues of DZN-exposed 
fishes. 
 
 

Total antioxidant (TAO) measurement 
 

The TAO was significantly decreased in the liver, kidney 
and gills samples of the groups that were exposed to 
DZN alone. The main effects of DZN, LYC, VE and their 

interactions were highly significant (P>0.0001) in 14 and 
28 days. The time of exposure main effect was significant 
(P>0.05), and gills main effect was significant too 
(P<0.05). Diet supplementation with lycopene and/or 
vitamin E increased significantly (P>0.01) the level TAO 
in different tissues of DZN-exposed fishes (Table 4). 
 
 

CAT activity 
 

The tissues' CAT activities showed a statistically 
significant increase in the groups that were exposed to 
DZN when compared to the control group tissues (Table 
5). The  main effects of  DZN, LYC, VE and their  interac-
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Table 6. Changes in the activitie of Super oxide dismutase (U/mg protein) in kidney, liver and gills of Oreochromis niloticus (n=5) treated with 
different doses of diazinon, vitamin E, lycopene and their combinations for 14 and 28 days. 
 

Treatment 

Tissue 

Kidney Liver Gills 

14 days 28 days 14 days 28 days 14 days 28 days 

Control 0.892±0.023
A
 0.953±0.045

A
 0.744±0.023

A
 0.734±0.047

A
 2.055±0.065

A
 2.028±0.131

A
 

LYC 0.867±0.075
A
 2.054±0.197

B
 0.728±0.081

A
 1.568±0.112

B
 5.353±0.674

B
 10.886±0.422

BC
 

VE 1.947±0.198
B
 4.350±0.268

C
 0.786±0.025

A
 0.775±0.050

A
 4.248±0.535

B
 8.640±0.335

B
 

VE+LYC 2.305±0.234
BC

 5.150±0.317
C
 1.938±0.244

B
 3.941±0.153

C
 6.364±0.710

B
 13.710±0.982

C
 

DZN 8.627±0.841
F
 26.323±3.354

G
 11.890±1.450

G
 32.872±3.392

G
 22.826±2.784

F
 63.105±6.511

G
 

DZN+LYC 5.045±0.500
E
 15.115±1.892

E
 4.240±0.524

D
 11.509±1.162

DE
 9.297±1.148

C
 25.234±2.547

E
 

DZN+VE 3.848±0.302
D
 9.436±1.092

D
 3.229±0.333

C
 7.190±0.657

D
 8.920±0.920

C
 19.862±1.815

D
 

DZN+VE+LYC 2.862±0.249
C
 6.784±0.652

C
 3.842±0.429

C
 8.276±0.593

D
 7.080±0.730

BC
 15.764±1.440

C
 

DZN2 15.132±1.475
H
 46.171±5.882

H
 19.098±2.266

H
 47.493±4.299

H
 30.264±3.691

G
 83.667±8.633

H
 

DZN2+LYC 6.558±0.631
EF

 20.290±2.618
F
 5.157±0.580

E
 13.403±1.310

E
 11.714±1.446

D
 31.795±3.210

E
 

DZN2+VE 9.643±0.913
G

 26.705±3.101
G

 7.249±0.884
F
 20.041±2.068

F
 15.221±1.838

E
 42.669±4.473

F
 

DZN2+VE+LYC 7.709±0.740
F
 20.552±2.199

F
 5.510±0.665

E
 15.446±1.619

E
 12.081±1.459

D
 33.865±3.550

E
 

 

Data are expressed as means± Std. Err. Different letters show significant differences from the corresponding control group, P < 0.05. 
 
 
 

Table 7. Concentrations residues in gills, liver and kidney (mg/kg body weight) of Oreochromis niloticus (n=5) exposed to 0.67 and 2.3 

mg/L of diazinon, respectively for 14 and 28 days. 
 

Treatment 

Tissue 

Kidney Liver Gills 

14 days 28 days 14 days 28 days 14 days 28 days 

Control ND ND ND ND ND ND 

VE ND ND ND ND ND ND 

Lycopene ND ND ND ND ND ND 

VE+LYC ND ND ND ND ND ND 

DZN 1.02±0.10
A
 1.77±0.03

A
 0.32±0.05

A
 0.69±0.01

A
 0.62±0.10

A
 0.80±0.21

A
 

DZN+VE 1.01±0.01
A
 1.68±0.03

A
 0.31±0.02

A
 0.66±0.03

A
 0.60±0.07

A
 0.82±0.05

A
 

DZN+LYC 0.93±0.03
A
 1.69±0.02

A
 0.32±0.01

A
 0.69±0.06

A
 0.59±0.12

A
 0.75±0.01

A
 

DZN+VE+LYC 0.96±0.07
A
 1.65±0.08

A
 0.29±0.04

A
 0.67±0.02

A
 0.59±0.08

A
 0.78±0.12

A
 

DZN2 2.40±0.14
B
 4.10±0.13

B
 1.41±0.13

B
 1.94±0.01

B
 1.64±0.03

B
 2.59±0.14

B
 

DZN2+VE 2.53±0.33
B
 4.06±0.16

B
 1.39±0.22

B
 1.88±0.03

B
 1.58±0.06

B
 2.30±0.04

B
 

 

ND: Not detected under the limit of detection 5 ng. Data are expressed as means± Std. Err. Different letters show significant differences from the 
corresponding control group, P < 0.05. 

 
 
 

tions were significant (P>0.05) in the two periods. 
Similarly, the time of exposure main effect was significant 
(P>0.05), kidney and liver main effects were significant 
too (P>0.05). The level of CAT was significantly (P>0.01) 
decreased in liver, kidney and gills of DZN-exposed 
fishes fed with diets supplemented with vitamin E and/or 
lycopene.   
 
 

SOD activity 
 

Results are presented in Table 6. The SOD activity was 
significantly increased in the liver, kidney and gills of the 
groups exposed to DZN. The main effects of DZN, LYC, 

VE and their interactions were significant (P>0.05) in the 
two periods. Similarly, the time of exposure main effect 
was significant (P>0.05), gills main effect was significant 
too (P>0.05). The level of SOD was significantly (P>0.01) 
decreased in liver, kidney and gills of DZN-exposed 
fishes fed diets. 
 

 

Diazinon residues 
 
The accumulation pattern of DZN was gills> kidney> liver. 
DZN residues results are presented in Table 7. The main 
effects of DZN were highly significant (P>0.01) in 14 and 
28 days.  The main effects  of LYC, VE and their  interac- 



 

 
 
 
 
tions were insignificant (P>0.05) in the two periods. The 
time of exposure main effect was significant (P>0.01), 
and tissues main effect was significant (P<0.05). Diet 
supplementation with lycopene and/or vitamin E could  
not decrease the accumulation of DZN in different 
tissues. 
 

 

DISCUSSION 
 

In the present work, more or less nervous manifestation 
of DZN-treated fish in the form of jerky uncoordinated 
movement, fins stretching and scale loss symptoms was 
recorded. Changes in color and loss of appetite were also 
observed for some fishes.  Similar behavioral responses 
determined in this study have been observed with the 
guppy exposed to  pyrethroids (Viran et al., 2003), fresh-
water catfish, Heteropneustes fossilis exposed to 
cypermethrin (Saha and Kaviraj, 2003) and young mirror 
carp, Cyprinus carpio exposed to deltamethrin (Calta and 
Ural, 2004). Diet supplementation with LYC and/or VE for 
14 and 28 days showed improvement in behavioral 
changes and the fishes were noticed in better conditions. 
Similar results for vitamin E and lycopene were observed 
by Ohaida (2005), Mekkawy et al. (2011, 2013), Soltan et 
al. (2011) and Ural (2013). 

Diazinon insecticides induce oxidative stress leading to 
generation of free radicals and alteration in antioxidant 
enzymes or oxygen free radicals scavenging enzyme (El-
Shenawy et al., 2010). Lipid peroxidation, an auto-
catalytic process caused by free radicals, is considered to 
be a valuable indicator of oxidative damage in cellular 
components (Banaee et al., 2014). The present study 
showed that DZN at both dosages promoted MDA 
increase in different tissues. This increase in MDA can 
most likely be ascribed to an excessive production of 
ROS, which could be related to antioxidant enzyme 
leakage. Also, the increase in intracellular levels of ROS 
may lead to lipid peroxidation resulting in an increased 
permeability of gills, kidney and liver membranes 
(Banaee et al., 2011). In the present investigation, due to 
the free radical scavenging properties, significantly 
increased MDA level partially returned near to the control 
levels by VE and/or LYC. The level of lipid peroxidation 
was significantly decreased in different tissues of DZN-
exposed fishes fed diets supplemented with vitamin E 
and/or lycopene. Similar results for vitamin E were 
observed in different fish (Abdel-Monem et al., 2012; 
Soltan et al., 2011).  

Free radicals that are generated following pesticide 
exposure may lead to extensive DNA damage (Hatjian et 
al., 2000). In the present study, administration of DZN 
resulted in DNA damage of animals exposed for 14 and 
28 days. The significantly increased DNA fragmentation 
percentage was partially returned near to the control 
levels by VE and/or LYC. Diets with vitamin E and 
lycopene  have a protective effect on  DZN-induced  DNA  
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and prevent genotoxicity induced by DZN. Yassa et al. 
(2011) showed that vitamin E had a protective effect 
against DZN-induced DNA damage and protective effect 
of vitamin E against genotoxicity of DZN has been 
reported (Ibrahim and Banaee, 2014). Another possible 
mechanism of vitamin E might involve selective removal 
of cells with DNA damage by apoptosis (Singh et al., 
2008). Vitamin E allows free radicals to reduce a 
hydrogen atom from the antioxidant molecule rather than 
from polyunsaturated fatty acids thus breaking the chain 
of free radical reactions (Pascoe et al., 1987).  

The first line of defense against oxidative stress 
consists of the antioxidant enzymes TAO, SOD and CAT, 
which convert superoxide radicals into hydrogen peroxide 
and then into water and molecular oxygen. A decrease in 
the activity of these enzymes changes the redox status of 
the cells. Thus, it is possible that an increase in the 
activity of these enzymes contributes to the elimination of 
the ROS induced by pesticide exposure from the cell 
(Stara et al., 2012). The present study showed a 
significant decrease in total antioxidant in tissues under 
investigation after exposure to DZN which could be 
related to the production of superoxide radicals or to the 
direct action of pesticides on enzyme synthesis (Bainy et 
al., 1996). However, Vitamin E and/ or lycopene adminis-
tration increased the TAO tissues activity of the DZN-
treated fish. The present results showed that lycopene 
enhanced antioxidant capacity, thus protecting tissues 
against the DZN-induced damages, as shown by the 
maintenance of the TAO activity. These results suggest 
that vitamin E and lycopene have a protective effect on 
ROS as described in other studies (Mekkawy et al., 2011, 
2013). 

SOD is a group of metallo-enzymes that plays a crucial 
antioxidant role and constitutes the primary defense 
against the toxic effects of superoxide radicals in aerobic 
organisms. SOD catalysis the transformation of 
superoxide radicals to H2O2 and O2 and is the first 
enzyme to cope with oxygen radicals (Kohen and Nyska, 
2002). The significant increase in the tissue SOD 
activities that was observed in this study may be meant to 
scavenge the overproduction of superoxide anions under 
the oxidative stress induced by DZN. A similar result of 
increased SOD activity has been reported in 
Oreochromis niloticus that were exposed to chlorpyrifos 
(CPF) (Oruç, 2010). Similarly, Yonar et al. (2012) 
reported that a significant increase in the SOD enzyme 
activity occurred in carp tissues following CPF exposure. 
However, the simultaneous treatments with vitamin E 
and/or lycopene resulted in a significant decrease in the 
tissue SOD activities. This decrease in SOD activity can 
be attributed to the inhibition of superoxide radical 
formation or the potential free radical scavenging activity 
of vitamin E and/or lycopene (Ural, 2013). 

CAT is an enzyme that is located in the peroxisomes 
and facilitates the removal of hydrogen peroxide, which is  
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metabolized to molecular oxygen and water (Van der 
Oost et al., 2003). The present study showed that CAT 
activity was significantly increased in gills, kidney and 
liver tissues of Oreochromis niloticus that were exposed 
to both DZN concentrations. This elevation due to the 
adaptive response to the generated free radicals, 
indicating the failure of the total antioxidant defense 
mechanism to protect the tissues from mechanical 
damage caused by pesticides, as evidenced by lipid 
peroxidation. Thus, the superoxide ion generated is dealt 
with by the enhanced SOD and is converted to H2O2 by 
CAT. In the present study, the administration of vitamin E 
and LYC were somewhat effective in restoring the 
activities of SOD and CAT, which might be due to its 
ability to scavenge the accumulated free radicals. Total 
antioxidant, CAT and SOD differed significantly and the 
effect did not normalize the values, being significance 
between the control and DZN plus VE and/ or LYC 
groups.  

The present study showed a significant accumulation of 
DZN in different tissues under investigation. The 
accumulation pattern of DZN was gills> kidney> liver. 
Similar results were obtained by Yassa et al. (2011), who 
found that DZN residues level in gills were higher when 
comparing to DZN concentration among liver, kidney and 
muscle tissues. Administration of vitamin E and/or 
lycopene with DZN insignificantly reduces the residue 
values in the examined tissues. The increased residual 
levels in the kidney compared with the liver confirm that 
the DZN residue was much greater in kidney than that in 
other organs (Altuntas et al., 2004). The relative high 
concentration of DZN residue in kidney and gills indicates 
that these organs play an essential role in the excretion 
of DZN.  
 
 

Conclusions 
 

Diazinon toxicity in different tissues could be attributed to 
the oxidative stress on cells, which was increased leading 
to the depletion of the antioxidant enzymes that scavenge 
the toxic superoxide and hydrogen peroxide radicals, 
leading to an increase of LPO. Nonetheless, lycopene 
and vitamin E treatments could be useful to decrease 
DZN toxicity by quenching oxidative stress imposed by 
DZN. It can be concluded that vitamin E and lycopene, as 
antioxidants, have protective effects against DZN 
adverse effects by inactivating (scavenging) free radicals 
generated following pesticides exposure. 
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Industrial effluents are generally discharged into receiving water bodies or disposed on land. These 
effluents are often used by the communities around for domestic activities like farming. Sometimes 
effluents gain access into wells or streams within the community. Analyses aimed to determine the 
strength of effluents of three different industries in Jos metropolis: industry A (a food industry), 
industry B (a pharmaceutical outfit) and Industry C (a water treatment plant) using parameters such as 
physicochemical, chemical and microbiological tests. Analyses revealed that National Environmental 
Standards and Regulations Enforcement Agency (NESREA) limits for pH, chloride, oil and grease, zinc, 
copper and sodium were met by the industries. Industries A and B passed the test for BOD5 but industry 
C failed. Only industry C passed the test for COD. All the industries failed the tests for sulphide, iron 
and lead while only Industry A failed the test for free chlorine and nitrates. The most probable number 
per 100 mL maximum limit was met by industry C alone. High concentrations of microbiological, 
chemical and physicochemical pollutants being discharged into the environment can be checked by 
continual monitoring and surveillance by regulatory authorities and education of communities to ensure 
a healthy environment. 
 
Key words: Chemical, microbiological and physicochemical tests, industrial effluents, NESREA limits.  

 
 
INTRODUCTION 
 
Industrial effluents referred to as wastewaters are dis-
charges from industries. Wastewaters generally comprise 
of a mixture of domestic sewage (wastes from household 

toilets, sinks and washing machines), industrial effluents, 
occasional run-off of surface water and ground water 
infiltrated into sewers. Wastewater is estimated to be 

made up of greater than 95% water, with a small amount 
of dissolved or suspended solid matter (USEPA, 2006). 
Effluents describe discharge of pollutants partially or 
completely treated or in its natural stage into the 
environment.  

Generally the term is used with reference to discharges 
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into waters (Kent, 1992). Sewage may drain directly into 
major watersheds with minimal or no treatment. When 
untreated, sewage can have serious impacts on the 
quality of an environment and on the health of people. 
Pathogens can cause a variety of illnesses. Some 
chemicals pose risks even at very low concentrations and 
can remain a threat for long periods of time because of 
bioaccumulation in animal or human tissue (Ritter et al., 
1995). Pipes and Zmuda (1997) noted that the presence 
of microorganisms in wastewaters makes it unsuitable for 
discharge to receiving water. They also noted that the 
absence of pathogens which can cause waterborne 
disease is an important measure of the effectiveness of 
wastewater treatment. 

The quality of wastewater has been proven to be 
responsible for the degradation of the receiving water 
bodies. Parameters of concern are their physicochemical 
properties such as nitrates and sulphide along with BOD, 
COD, TSS, presence of metals etc. Eutrophication of 
water sources may result in the proliferation of toxin 
producing cyanobacteria (Akpor and Muchie, 2011). 
Diseases caused by bacteria, viruses and protozoa are 
the most common health hazards frequently reported. 

Industrial pollution stands out as a major problem 
facing the Nigerian society. Several efforts are being put 
in place by regulating bodies such as the National 
Environmental Standards and Regulations Enforcement 
Agency (NESREA) in Nigeria to ensure that industries all 
around the country comply with the standards set up by 
World Health Organization (WHO). These efforts are 
geared towards having a disease-free environment and 
the improvement of health standards for the populace. 
Effluents generated by industries remains a major source 
of industrial pollution. It has been reported that 
contaminated air, soil and water by effluents from 
industries are associated with heavy disease burden and 
this may be a significant reason for the shorter life 
expectancy in the country when compared to what is 
obtainable in the developed world (WHO, 2002; WHO, 
2003; Yusuf and Sonibare, 2004).  
 
 
MATERIALS AND METHODS 
 

Sample collection  
 

Samples were collected using different types of sterile containers 

depending on the nature of the test to be carried out. Sterile conical 
flasks and bottles were used for most tests while 250 mL glass 
bottles with glass stoppers were used for dissolved oxygen and 
biochemical oxygen demand. All samples were collected with the 
containers turned against the flow of the effluent.  

 
 
Physical tests 

 
The temperature, conductivity and pH of the samples were obtained 
using the thermometer, H12300 microprocessor  conductivity  meter 
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and H183099 cod and multiparameter photometer respectively. The 
temperature and pH of the samples were determined at the site of 
collection by dipping the thermometer and the glass electrode of the 

pH meter into the sample collected while the conductivity was 
measured after the standard was used to adjust the conductivity 
meter and then the value of the sample read after it was placed in 
the cuvette. The total suspended solids (TSS) was determined 
using membrane filters of 0.45 µm that were dried at 103°C for one 
hour after

 
which they were weighed and placed in a desiccator until 

they were ready for use. Samples were collected in sterile 
containers and mixed thoroughly by inverting the bottles several 
times to obtain a uniform mix. 100 mL of sample was poured into 
the membrane filter assembly holding the previously weighed 
membrane filter and attached to a suction pump and then filtered. 
This was repeated for all the samples. The filter papers were then 
dried at 103°C and re-weighed. Total suspended solids (TSS) in 
mg/L were determined appropriately. 
 
 
Chemical tests 

 
Dissolved oxygen (DO) was determined by using the azide method 
973.45 AOAC (2000). The incubation method 973.44 AOAC (2000) 
was adopted for the determination of biochemical oxygen demand 
(BOD). The titrimetric method 973.46 AOAC (2000) was adopted for 
the determination of chemical oxygen demand (COD).  
 
 
Determination of metal ion content 

 
The atomic absorption spectrophotometer (AAS) (Shimadzu Jenway 
Spectrophotometer 6400) was used to determine the quantities of 
some metals present in the effluent samples. Standard stock 
solutions for this determination were prepared using soluble salts of 
the highest purity and analytical grade of individual elements. Other 
concentrations were prepared using distilled water. These solutions 
were then used to prepare calibration standards for the 
determination of the various cations. 
 
 
Physicochemical tests 
 
Reactive phosphorus, free chorine, chloride, nitrate, oil and grease 
and sulphide were all determined using Standard Methods for the 
Examination of Water and Wastewater 18

th
 edition (APHA, 2012). 

 

 
Determination of total plate count 
 
Nutrient agar plates were prepared appropriately after sterilization. 
One mL of an appropriately diluted sample from each of the 
effluents was plated into the nutrient agar. One plate was left 
uninoculated and served as the control. Each plate was 
appropriately labelled and then incubated at 37°C for 24 h. After 

incubation, the numbers of colony forming units per mL (cfu/mL) 
were determined for each sample.  

 
 
Determination of presumptive coliform count  

 
At least 100 mL samples were collected in sterile containers. 
Sample containers were not filled completely. An air space of at 
least one-fourth of the total volume was maintained. Samples that 

were not immediately analysed were stored on ice and analysed 
within six hours. Sterile sample containers were filled below the



 

 

568        Afr. J. Environ. Sci. Technol. 
 
 
 

Table 1. Permissible limits in industrial effluents.  
 
 

 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sourced from NESREA; MPLA, maximum permissible limit for industry A; MPLB, maximum 
permissible limit for industry B; MPLC, maximum permissible limit for industry C; *Not more than 
3°C increase in temperature of the receiving water body. **Minimum value in effluent-Limits not 

indicated for by NESREA standards.  
 
 
 

Table 2. Physical properties of effluent samples. 
 

Effluent pH Conductivity Temperature Odour 

Industry A 8.3 ± 1.7 157.0 35.0 ± 5.0°C Not objectionable 

Industry B 7.7 ± 0.4 74.0 29.0 ± 9.0°C Not objectionable 

Industry C 7.2 ± 0.5 33.0 20.0 ± 2.0°C Odourless 
 
 
 

surface of water using a sweeping motion with the open end of the 

container in the direction of the sweep. Five 10 mL double strength 
(DS) and ten 5 ml single strength (SS) MacConkey broth were 
prepared in tubes according to manufacturer’s specifications for 
each sample. Each tube had an inverted Durham tube. Ten mL of 
the sample was added into the DS medium while 1 ml and 0.1 mL 
were added into five SS broth each. These were then incubated at 
37°C and observed after 24 ± 2 h. Tubes that produced gas and 
acid as indicated by a change of colour from purple to yellow were 
recorded as positive.  

 
 
RESULTS 
 

Physical properties  
 

The industries investigated had effluents with pH values 
within the range of 6-9 specified by NESREA (Table 1). 
The details of the physical properties of  effluent  samples 

from the various industries are shown in Table 2. 
 
 
Chemical properties 
 

The chemical properties of all the industries were 
generally within the acceptable limits set by NESREA 
(Table 1) although the standards for total suspended 
solids were exceeded by all the industries. The summary 
of the results of the chemical properties are shown in 
Table 3. 
 
 

Physicochemical properties and elemental analysis 
 

The physicochemical properties of the industries 
evaluated were also generally found to be within limits 
although they failed in some of the parameters. Most of

Parameter Unit Mmmm MPLA Mmmmm MPLB MMMMPLC 

Total coliforms MPN per 100 mL 400.00 10.00 - 

TSS mg/L 35 10 0.75 

Temperature  °C 40.00 *<3.00 - 

pH - 6.00-9.00 6.00-9.00 6.50-8.50 

COD mg/L 60.00 40.00 30.00 

BOD5 mg/L 30.00 20.00 6.00 

DO mg/L - - **4.00 

Nitrate
 

mg/L 10.00 - 40.00 

Phosphate
 

mg/L - - 3.50 

Sulphate
 

mg/L 250.00 100.00 500.00 

Chloride
 

mg/L 250.00 100.00 350.00 

Sulphide
 

mg/L 0.20 0.20 - 

Sodium mg/L 200.00 200.00 120.00 

Iron mg/L - 2.00 0.50 

Copper mg/L 0.50 1.00 0.01 

Zinc mg/L 2.00 5.00 0.20 

Lead mg/L 0.05 0.10 0.10 

Free chlorine mg/L 0.50 0.50 - 

Oil and grease mg/L 10.00 10.00 0.10 

Total Phosphorus mg/L 2.00 - - 
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Table 3. Chemical properties of the effluents. 
 

Effluent DO (mg/L) BOD5 (mg/L) COD (mg/L) TSS (mg/L) 

Industry A 2.5 ± 1.5 13.1 ± 16.9 75.6 169.0 ± 31.1 

Industry B 2.4 ± 2.3 13.1 ± 14.9 - 244.5 ± 17.5 

Industry C 1.1 ± 0.5 10.6 ± 13.7 19.0 ± 6.2 14.0 ± 8.0 
 

DO, Dissolved oxygen; BOD5, biochemical oxygen demand after 5 days at 20 ± 1°C; COD, chemical oxygen demand and 

TSS, total suspended solids. 
 
 

 
Table 4. Physicochemical properties of the effluents in mg/L. 
 

Parameter Industry A Industry B Industry C 

Free chlorine 1.7 ± 2.4 0.0 ± 0.0 0.2 ± 0.6 

Chloride  185.1 ± 47.5 68.0 ± 58.3 113.8 ± 148.3 

Nitrate as N  18.1 ± 4.0 1.1 ± 0.4 6.8 ± 8.6 

Oil and grease 1.2 ± 0.5 1.6 ± 2.1 0.6 ± 0.6 

Reactive phosphorus 3.2 ± 2.1 2.0 ± 2.5 1.0 ± 0.3 

Sulphide  30.1 ± 42.3 20.1 ± 28.2 18.0 ± 25.4 

Sodium (Na)  6.60 ± 0.80 6.70 ± 2.70 - 

Iron (Fe) 44.70 ± 61.10 20.80 ± 26.00 15.80 ± 21.00 

Copper (Cu) 0.00 0.00 0.00 

Zinc (Zn) 0.20 ± 0.20 0.10 ± 0.10 0.00 

Lead (Pb) 0.50 ± 0.30 0.60 ± 0.30 0.40 ± 0.30 

 
 
 

Table 5. Aerobic bacteria levels and presumptive coliform levels. 
 

Parameter Industry A Industry B Industry C 

TABC (cfu/mL) minimum  0.04×10
6 

0.10×10
5 

0.00×10
1 

TABC (cfu/mL) maximum 1.20×10
6 

3.50×10
5 

5.00×10
1
 

 MPN/100 mL 1800.00
+ 

900.00 0.00 
 

TABC, Total aerobic bacterial count; cfu/mL, colony forming units per milliliter 
(aerobic bacterial count); MPN/100 mL, most probable number of coliforms in 
100 mL (presumptive coliform levels); minimum - minimum value obtained 

during sampling; maximum - maximum value obtained during sampling. 

 
 
 
the elements evaluated were found to be present in the 
industries except for industry C in which sodium was not 
detected. The details of these physicochemical properties 
and the elemental analysis are shown in Table 4.  
 
 

Microbiological properties 
 

The microbiological results of total aerobic bacteria count 
and presumptive coliform counts are shown in Table 5. 
The values ranged from 0.00 to 1.20×10

6
 cfu/mL for total 

aerobic bacterial count and 0.00 to 1800.00
+
 for the 

presumptive count. 

Table 6 indicates that the industries had one or more 
microorganisms present in all the agar plates used 
except in cetrimide agar and mannitol salt agar. 
 
 

DISCUSSION 
 

With regards to the strength of the effluents, it was 
observed that the effluents met certain standards but 
failed in others. Chemical oxygen demand was noted to 
be less than the maximum permissible limits for industry 
C but industry A had higher levels which implied that the 
effluents being discharged into the environment had
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Table 6. Types of colonies in different media. 
 

Effluent MCA BA CA CHA SDA MSA 

Industry A 2 2 - 2 1 - 

Industry B 2 2 - 2 2 - 

Industry C 1 1 - 1 1 - 
 

MCA, Maconkey agar; BA, blood agar; CA, cetrimide agar; CHA, chocolate agar; SDA, Sabouraud dextrose agar; MSA, mannitol 

salt agar. 

 
 
 
chemical properties that would have minimal effect on the 
oxygen level of the environment into which they are being 
discharged in the case of Industry C. These chemical 
properties are majorly that of organic matter that can be 
oxidized by the oxidizing agent utilized (Sharma, 2004). 
The DO levels were also observed to be low which 
indicates that oxidation may have been used during the 
treatment process or living organisms are present in the 
effluent which led to the decline of the dissolved oxygen 
levels (USEPA, 2012). The BOD5 of the effluents which 
were derived from the DO values were below the 
permissible limits for Industry A and B but higher for 
industry C. These results reveal that the organic matter in 
the effluents of industries A and B had minimal demand 
for oxygen. It also signified that bacteria could thrive 
within the effluents because aerobic bacteria must take 
up energy from the process of decomposing organic 
matter in the presence of oxygen (Sharma, 2004). The 
BOD5 value (Table 3) also showed that when the results 
were compared with the official limits, the pollution 
potential of each of these effluents was not very high 
(Dara, 2004).  

The TSS values of the effluents were above the 
maximum permissible limits for the three industries 
evaluated. TSS serves as an indicator of the turbidity of 
the waste water. These high values revealed that the 
treatment of these wastewaters did not effectively take 
care of these suspended solids. High concentrations of 
suspended solids may settle out onto a streambed or 
lake bottom and cover aquatic organisms, eggs, or 
macro-invertebrate larva. This coating can prevent 
sufficient oxygen transfer and result in the death of buried 
organisms. Many organic and inorganic pollutants sorb 
(take up and hold by either adsorption or absorption) to 
soils, so that the pollutant concentrations on the solids 
are high. Thus, sorbed pollutants (and solids) can be 
transported elsewhere in river and lake systems, resulting 
in the exposure of organisms to pollutants away from the 
point source (Whitman, 2014).

 

The results obtained agree with that of Kanu et al. 
(2011) and Kumara et al. (2010) who also reported high 
levels of BOD, COD and TSS being discharged into 
receiving waters. Kumara et al. (2010) also reported low 
levels of DO which agrees with what was observed in this 

evaluation. The microbiological state was assessed using 
the presumptive coliform count (MPN/100 mL) and total 
aerobic bacterial count (cfu/mL) which revealed excessive 
levels of microbial contamination. These microbial 
contaminants were also observed to be varied in nature 
indicating the presence of more than one type of 
organism. Since most of the tests done pointed towards 
the presence of Enterobacteriaceae family, it is important 
to state that these effluents can be a source of infection 
to the communities into which they are channeled where 
they may seep into water bodies like streams and wells 
or where residents collect such waters and use them for 
laundry and irrigation farming (Akpor and Muchie, 2011; 
Adewoye et al., 2010).

 

The elemental and physicochemical properties of the 
effluents evaluated showed the presence of excessive 
free chlorine and nitrate in one of the samples- Industry 
A- which poses a source of concern. One of the 
disadvantages of water chlorination process is the 
disinfection by-products formation, the most prominent of 
which are trihalomethanes (ТHМ): chloroform, dichloro-
brommethane, dibromochlormethane and bromoform. 
The trihalomethanes are formed from variety of organic 
precursors in chlorination-disinfection process. The THM 
formation reactions are some of the slowest reactions. 
The THM formation occurs over several hours, and the 
amount increases after 24 h. The kinetics of THM 
formation depends on many factors such as pH and 
residual chlorine concentration. Therefore, the application 
of sodium or calcium hypochlorite for water disinfection 
as alternative to molecular chlorine does not reduce but 
considerably increases probability of THM formation. The 
most rational way for reduction of chlorination by-
products formation is the reduction of precursor’s 
concentration prior to disinfection stage (Bakhir, 2014). 
THM are environmental pollutants and many are 
considered to be carcinogenic. Nitrates play a major role 
in the promotion of growth of aquatic plants and algae. 
Nitrates may also cause methemoglobinemia if ingested 
from vegetables or contaminated water (Addiscott and 
Benjamin, 2004). The sulphide level was observed to 
have exceeded the maximum permissible limits in all the 
effluents analysed. Sulphides are known to have similar 
poisonous effect when inhaled which are similar to that of 



 

 

 
 
 
 
cynanide and carbon monoxide which prevent the taking 
up of oxygen (Simonton and Spears, 2007). Oil and 
grease (OG) levels were exceeded by Industry C. OG in 
water can cause surface films and shoreline deposits 
leading to environmental degradation, and can induce 
human health risks when discharged in surface or ground 
waters. Additionally, OG may interfere with aerobic and 
anaerobic biological processes (Pisal, 2009). The 
elemental analysis revealed that only lead and iron 
exceeded their maximum limits. This result does not 
agree with that of Ghafoor et al. (1994) who noted that 
levels of iron, and lead were well below the maximum 
limits but agrees with the low levels of copper and zinc 
observed in this evaluation. Such differences may have 
occurred as a result of the treatment method used by the 
industries or the nature of their effluents since they 
produced different products. Persons with blood lead 
level below 5 µg/dL can lead to decreased academic 
achievement, decreased IQ, and decreases in specific 
cognitive measures, increased incidence of attention-
related behaviours and problem behaviours in children 
and decreased kidney function. Maternal blood lead is 
associated with reduced fetal growth in adults while blood 
lead levels below 10 µg/dL can bring about delayed 
puberty, reduced postnatal growth, decreased IQ and 
decreased hearing in children and increased blood 
pressure, increased risk of hypertension, and increased 
incidence of essential tremor in adults. Chronic lead 
exposure in adults can result in increased blood 
pressure, decreased fertility, cataracts, nerve disorders, 
muscle and joint pain and memory or concentration 
problems. Children under the age of six years old are at 
an increased risk for lead exposure, due to their rapid 
rate of growth and their tendency to place toys and other 
objects in their mouths that could contain lead or leaded 
dust. This is particularly true of children living below the 
poverty line in older housing (Cohen et al., 1981). Iron 
typically damages cells in the heart, liver and elsewhere, 
which can cause significant adverse effects, including 
coma, metabolic acidosis, shock, liver failure, coagulopathy, 
adult respiratory distress syndrome, long-term organ 
damage, and even death (Cheney et al., 1995). Humans 
experience iron toxicity above 20 milligrams of iron for 
every kilogram of mass, and 60 milligrams per kilogram is 
considered a lethal dose (Spanierman, 2013).

 

In terms of compliance to standards, it was observed 
that though some of the industries met up with the 
required standards for some of the parameters such as 
BOD, COD and pH, they all failed in meeting others such 
as sulphide, iron and lead. These findings are pointers to 
the fact that environmental protection agencies need to 
improve on their monitoring and evaluation strategies and 
enforce compliance to the already laid down standards.  

Such adherence will result in the protection of the 
environment and enhance the living conditions of humans, 
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animals and plants within such communities.

 

With these in mind, communities must rise up to take 
charge of their environment rather than await government 
alone to do this. Advocacy cries should be raised by 
promoting health education which would encompass 
health promotion and disease prevention to improve the 
health of the populace through the improvement of their 
environment.  
 
 

Conclusion 
 

The discharge of wastewater or industrial effluents into 
the receiving environment invariably results in high 
concentrations of microbiological, chemical and physico-
chemical pollutants. This was observed with the presence 
of high numbers of most probable number per 100 mL in 
Industry A and B, high COD and BOD levels found in 
Industry A, and high levels of TSS, sulphide, iron and 
lead observed in all the industries. These pollutants also 
have negative impact on these environments where they 
may harm crops, animals and humans in various ways. It 
is therefore recommended that industries should take it 
up as a responsibility to ensure they do not dispose their 
wastes indiscriminately that is without adequate 
treatment. Regulatory bodies should also ensure that 
standards are adhered to by continual monitoring and 
surveillance. More so communities should take their 
health in their hands and ensure healthy environments. 
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Cooking with wood and wood charcoal is done by over 90% of Africa’s population; it has two major 
challenges: deforestation and indoor air pollution from cooking smoke, the latter being the top risk 
factor for disease in Tanzania. Microgasification stoves (top lit up draft [TLUD]) that burn pellets 
produced from agricultural waste have potential to address both of these issues. We examined the 
relative efficiency and cost of the major urban cooking fuels - charcoal and liquefied natural gas (LNG) 
– and compared them to cooking with waste biomass-based pellet fuels; we also compared the 
performance of three models of natural draft (ND) TLUD stove (Troika, Jiko Bomba, St. John’s) and one 
forced air (fan) stove (Philips). The Philips and averaged ND stoves used 83 and 133% more pellets by 
weight respectively to cook beans than charcoal, costing 47 and 93% more at 2013 charcoal and pellet 
prices. Cooking with LNG costs 387 to 647% more than cooking with charcoal, depending on gas flow 
rate. The high cost of LNG and LNG stoves will be barriers to the great majority of Tanzanians to move 
to this improved cookstove technologies (ICTs). Biochar production averaged 59 and 29% of total fuel 
in the ND and Philips, respectively. Interviews of 30 ND TLUD stove users showed that 60% abandoned 
use within one month, 80% stating that they produce too much smoke and 40% stating that controlling 
the air vent is too much trouble. Seventy five percent said that the TLUD cooks significantly faster than 
charcoal. Due to the continued 33-99% annual increase in charcoal prices in Tanzania, work on 
introducing TLUD stoves is justified. 
 
Key words: Microgasification stoves, TLUD, improved cooking technologies, deforestation, pellet fuels. 

 
 

INTRODUCTION 
 

Cooking with wood and wood charcoal, done by 90% 
Tanzanians (Peter and Sander 2009) and 70% of Africa‟s 
population (Taylor and Nakai, 2012), presents two major 
challenges that require action: deforestation, and indoor 
air pollution from cooking smoke. Annual consumption of 
charcoal in Tanzania, nearly all for cooking, averages a 

drastically unsustainable 2 million metric tons, consuming 
the equivalent of 327,190 ha of forest/woodland per year 
(Kaale, 2014). Continued rapid population growth - 
Tanzania‟s population will double from its 2010 level by 
the year 2050 to 90 million (Rweyemamu, 2013), 
intensifies this issue. Indoor air pollution from cooking 
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smoke has been found to substantially increase rates of 
acute respiratory infections, chronic obstructive pulmonary 
disease, lung cancer, tuberculosis, and asthma (Smith, 
2000). Indoor air pollution from cooking smoke is the top 
risk factor for disease in Tanzania and is the third highest 
cause of premature death after HIV/AIDS and malaria 
(Horton, 2012). Programs are needed in the transition of 
households to improve cookstove technologies (ICTs) 
and in transition to more sustainable sources of cooking 
fuel such as waste biomass. A widespread grassroots 
transition to these alternatives will depend heavily on the 
cost of the ICT. Our research at St. John‟s University in 
Central Tanzania addresses both of these problems, 
fuels and stoves. In this paper, we examined the relative 
efficiency and cost of the major cooking fuels compared 
to waste biomass-based pellet fuels, as well as the 
performance of three models of biomass gasification 
cookstove, a class of stove with potential to replace 
unsustainable and unhealthy traditional cooking 

techniques. 
There are three main groups of cooking fuels in 

Tanzania and much of Africa: 1) firewood, 2) charcoal, 
and 3) fossil natural gas and kerosene. Livestock 
manure, biogas, and biomass waste account for insigni-
ficant proportions in Tanzania (National Bureau of 
Statistics, Tanzania, 2013)

1
. Gas cooking is limited to the 

upper 0.5% of society (National Bureau of Statistics 
2013) and is nearly all by liquefied natural gas (LNG) via 
portable gas tank. With 90% of rural households cooking 
with firewood, wood will for the foreseeable future be the 
primary fuel in rural areas, nearly all by 3-stone fire. ICTs 
that are specifically designed for firewood such as the 
Rocket Stove (Raman, 2013), which has a mouth on the 
side for progressively pushing in long pieces of wood and 
a combustion chamber that uses secondary air to 
efficiently burn emitted gases, can increase firewood 
efficiency and reduce smoke by 50% or more (MacCarty, 
2010).  

Charcoal is the primary fuel in urban and peri-urban 
Tanzania, used by 70% of households, and this sector is 
the focus of this paper. Charcoal cooking, done in simple 
perforated clay bowls, does not emit nearly the amount of 
smoke as 3-stone firewood cooking, generating less than 
10% of the smoke (PM2.5) as an equivalent 3-stone fire 
(Taylor and Nakai, 2012). Thus, our efforts to replace 
charcoal cooking with ICTs are driven primarily by the 
need to reduce deforestation. 

A number of ICT introduction projects have been 
implemented in Tanzania, although there is no compre-
hensive recording or listing of ICT (or other types of) 
projects. Such projects can be locally active but unknown 
outside of the locale. It appears that most ICT 
introduction efforts address more efficient firewood 
cooking, such as the Maasai Stoves program 
(bioenergylists.org 2014) or the Tanzania Stoves Project  

                                                        
1 Statistics in the next two paragraphs are based on (National Bureau 

of Statistics, Tanzania, 2013) unless otherwise cited. 

 
 
 
 
of the Anglican Church (Emmanuel International UK 
2014). Others have introduced more efficient charcoal 
stoves such as the EnviroFit stove, sold countrywide and 
tested in this research. At least two projects have 
introduced pellet-burning microgasification stoves along 
with pellet production – stove engineer Bjarne Laustsen‟s 
project introducing the Jiko Bomba stove (Roth, 2014), 
tested here; and a project based in Arusha run by TREE 
Ltd. (Treetanz, 2014). Other East African projects 
introducing microgasification stoves are: Inyenyeri Inc. in 
Rwanda, a ground-breaking social enterprise that makes 
available fan-driven stoves to its customers (Inyenyeri, 
2014). In Zambia, the Swedish company Vagga till Vagga 
(Vaggatillvagga 2014) produces pellets from the massive 
amounts of sawdust generated from lumber production 
from tree plantations and offers microgasification pellet 
stoves to its customers. Awamu Biomass Energy in 
Kampala Uganda (Awamu Biomass Energy, 2014) 
makes available the Troika stove tested in this research.  

The objective of this research was to evaluate the cost 
of cooking using various commonly used and potentially 
useful fuels in urban and peri-urban environments. These 
fuels consist: traditional (charcoal), fossil (LPG), and 
sustainable (pelletized waste biomass). Additionally we 
evaluated microgasification stoves designed for burning 
biomass pellet fuels, as well as an improved charcoal 
stove. If ICTs such as pellet systems are to be counted 
on to reduce demand for charcoal it is imperative that the 
cost and performance of each cooking technology be 
assessed. In this research we begin this process with a 
limited assessment of each of the major cooking 
technologies used in urban and peri-urban areas. ICTs 
for rural areas were not assessed, as these areas are not 
the major sink for charcoal, using mostly firewood.  
 
 

Biomass densification for cooking fuels  
 
Waste biomass, particularly from agriculture, holds 
significant potential to replace unsustainably produced 
tree-based charcoal. The current practice in most of 
Tanzania for waste and crop residue that cannot be used 
for livestock is to burn it in the field or at the processing 
site (that is, rice hulls). Most waste biomass is of 
insufficient density to be transported and used as cooking 
fuel in typical households and needs to be either a) 
shredded and densified into discrete pieces of minimum 1 
cm

3
 that allow pore space and air flow, or b) used in 

stoves designed for low-density biomass such as 
sawdust, wood shavings, rice hulls, maize cobs, livestock 
manure and tree litter. Some programs suggest that rural 
households should use dry livestock manure as fuel, as is 
common in India. A systems analysis is needed on this, 
as the nitrogen, phosphorus, and microbes in manure, 
which are lost and become pollutants in combustion, are 
valuable soil amendments in the perpetually nutrient 
deficient African soils (AGRA 2013). Biogas systems 
harvest  both  the  energy and the nutrients from manure; 



 

 
 
 
 
the carbon (methane) is utilized for cooking and the 
nutrients and microbes retained in ejected slurry that can 
be used as fertilizer.  

Despite the cost of machine densification of waste 
biomass in terms of energy and capital investment 
compared to raw and hand processed fuels, this 
technology will likely play an important role in making 
profitable the transport and sale to urban areas of fuels 
made from waste biomass. Additionally, densification 
operations allow for the blending of sub-optimal with 
super-optimal biomass creating a relatively uniform fuel 
and achieving the optimal mix of components such as 
lignin and oil. Machine densification of shredded biomass 
is being done by two main technologies in Tanzania – 
pelletization and briquetting. We found that densification 
via hand-powered lever press (Hands on Engineering 
2014) of a slurry of shredded biomass and paper 
produced a briquette of insufficient density for use in 
microgasification stoves, but which would be useful in 
Rocket stove types. Machine densification creates 
pressure and heat to melt lignin which acts as glue and 
gives a pellet or briquette that is approximately twice the 
density of hardwood (Roth 2014). Not all biomass 
contains sufficient lignin; therefore some feedstocks need 
a binder such as molasses to be added.  

Pelleting technology uses a roller to press shredded 
biomass through a die plate with 100+ holes, creating the 
required pressure. Friction and steam from the moisture 
content of the feedstock creates the heat and pressure. 
Two problems with pelleting machines have been 
encountered in Tanzanian projects:  
 

1) machines that were originally designed for pelleting 
feed grains were purchased for pelletizing woody and 
cellulosic biomass and failed to create sufficient pressure 
to make a dense pellet, and  
2) the biomass mix becomes stuck in the die holes and 
each of the hundred or so holes periodically needs to 
drilled out by hand.  
 
For this reason, at least one biomass densification project 
has transitioned to briquetting technology to produce 
stove fuels (Laustsen, 2014). All of the pelleting and 
briquetting machines are currently imported to East 
Africa. Hammer mills for shredding biomass are made in 
East Africa, and hand-driven shredder machine designs 
are available for local manufacture (Armstrong, 2007). 
The energy density of biomass pellets has been shown to 
be approximately: 27% of petroleum oil, 35% of mineral 
coal, 38% of ethanol, 146% of hardwood, 213% of 
softwood, 270% of wood chips, and 375% of sawdust (at 
moisture content of 4.5%, 10%, 15% for petroleum, 
pellets, and other biomass respectively) (Roth, 2014). 

Obtaining cheap or free biomass for pellet production is 
important for keeping fuel costs low. The availability of 
waste biomass varies by region, and pellet production is 
best done in areas where agricultural and forestry 
productivity  is  high  due  to  optimal  rainfall.  Best  is   to  
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locate production near to where large amounts of pre-
shredded waste biomass, such as sawdust, are 
generated. The Vagga till Vagga project does this in the  
copper region of Zambia. In Rwanda an innovative 
biomass sourcing model that has been developed by 
Inyenyeri Inc. is to incentivize rural households to deliver 
biomass to company hubs, where they receive credit for 
buying pellets and stoves. Our project in central 
Tanzania, a semi-arid, low-productivity region, is 
assessing the cost of using local biomass waste for pellet 
fuel vs. purchasing pellets from areas up to 500 km away 
where waste biomass is more readily available and 
pellets are inexpensive. 

 
 
Microgasification stoves  

 
Biomass gasification is a process of separating the heat-
generated gases from the solid biomass for the purpose 
of controlling the burning of the gases (a fire wood is the 
burning of unseparated gases given off by the heated 
wood). Portable metal biomass microgasification stoves 
have been developed for the purpose of cooking in 
developing countries (Figures 2, 3, 4, 5) as well as for 
recreational use (Roth, 2014).  

There are four stages in the microgasification stove 
combustion process after initial lighting of the biomass 
with a small amount of starter fuel such as kerosene:  

 
1) biomass drying, in which water vapour is given off;  
2) pyrolysis, in which temperatures over 300°C and 
limited oxygen from the primary air flow (Figure 1) 
generate energy-rich gases, leaving solid black carbon 
(char, also known as biochar); 
3) Migration of the gases (also known as wood gases) 
upward to the second combustion zone which when 
mixed with oxygen (secondary air flow), combusts; and  
4) char combustion and conversion to ash. This last 
stage can be interrupted and the char conserved as 
biochar for its soil amendment value.  

 
Many biomass stove programs do not attempt to have 
their users stop char combustion for saving biochar due 
to the extra work and attention it takes. Biochar in the last 
ten years has emerged as a valuable soil amendment 
that enhances fertility and plant health (Reddy et al. 
2013), particularly in tropical soils. Currently (2014) in 
Tanzania char of particle size below about 5 mm 
diameter, such as collects around charcoal sale sites, 
has no market value due to lack of awareness of its 
agricultural value.  

Microgasification stoves control the flow of primary air 
to the solid fuel combustion area (Figure 1) such that 
pyrolysis and off-gassing occurs at an optimal rate; and 
then further control the secondary air input into the gas 
combustion zone such that all of the gases are burned 
and  the  cooking  flame  is  clean  as  described  in  Roth 
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Figure 1. Elements of a TLUD (top lit up draft) 
microgasification stove. The pyrolysis front is shown 
here nearly midway through its migration downward 

through unburned fuel (From Roth 2014). 
 
 

 

 
 
Figure 2. Troika (left) and Jiko Bomba TLUD stoves. 

Primary air vent can be seen at bottom of both. 
 
 

 

 
 
Figure 3. St. John‟s (SJUT) 
stove. 

 
 
 
 

 
 

Figure 4. Philips fan stove as advertised in Rwanda by Inyenyeri 
Inc. 

Credit: Inyenyeri: A Rwandan Social Benefit Company 
 
 

 

 
 
Figure 5. Charcoal stoves. Improved stove, left (Ecofit), traditional 

stove, right. Ecofit diameter is 31 cm. 
 
 

 

(2014). As the combustion of pellets progresses, the 
pyrolytic zone migrates downward until all of the fuel has 
been converted to char. At this stage, the flame 
disappears and glowing char is seen and can be either 
emptied or extinguished in order to preserve the char as 
biochar, or it can be allowed to continue burning and 
producing heat for cooking. 

The most common type of microgasification stove 
being developed worldwide and targeted for use in 
developing countries is the top-lit-up-draft (TLUD) stove, 
in which the top surface of the biomass fuel is lit and 
gases move upward from the pyrolytic zone. Dozens of 
models of TLUD stove exist. Some are simply designs for 
householders to build a stove from local materials such 
as discarded metal containers (also called tincanium 
stoves), others are designed for mass manufacture by 
local metal crafters, while others are sold as 
prefabricated assembly kits or are fully assembled and 
ready to use.  
Fan-driven forced air (FA) versus natural  draft  (ND) appears 



 

 
 
 
 
to be the most important categorical divider of 
microgasification stoves. The fan and its power source 
drive up the cost of stoves and make these more 
challenging to introduce to low-income communities. 
However, the improved performance of well-designed fan 
stoves has been reason for at least one large scale 
biomass fuel enterprise in Africa to feature them as their 
primary cookstove (Inyenyeri, 2014). Thermo-electric 
generators built into stoves for charging the fan battery 
using the stove heat are increasingly common and 
overcome the problem of lack of electricity. However, 
households that lack electricity are less likely to be able 
to bear the increased cost of these technology-laden 
stoves.  

International Organization for Standardization (ISO) 
standards are being developed for ICTs that will influence 
stove development and dissemination (Global Alliance for 
Clean Cookstoves, 2013). A tier system from 0 (3-stone 
fire) to 4 (satisfies strict health and environmental criteria) 
is currently being put in place (Partnership for Clean 
Outdoor Air 2012).  
 
 
Socio-economics of cooking  
 
Challenges, limited success, and outright failure have 
beset the hundreds of projects worldwide that have 
attempted to introduce improved cookstove technologies 
to the nearly half of the world‟s population who cook with 
solid fuels such as firewood and charcoal (Lewis and 
Pattanayak, 2012; Urmee and Gyamfi, 2014). Successful 
adoption of ICTs has been positively correlated with 
income, education, and urban location, a limited 
demographic worldwide. However, the development of 
“game-changing” conditions such as the rapidly 
increasing cost of traditional unsustainable fuels, the 
implementation of micro-credit programs, and a new 
generation of ICTs (such as TLUD technology) make for 
more optimism in the arena of implementing ICTs in the 
developing world (Lewis and Pattanyak, 2012). All three 
of these game-changing conditions currently exist or are 
developing in Dodoma and much of Tanzania. 

At least one of Lewis and Pattanayak‟s (2012) criteria 
for successful ICT adoption, urban location, has 
significant potential in Tanzania, as nearly one third of the 
population of Tanzania is urban, with that proportion 
growing at 5% per year (National Bureau of Statistics, 
Tanzania, 2013). However, working against potential ICT 
adoption success is that the level of income and 
education of the vast majority of this population is low. 
The skyrocketing cost of charcoal along with foreseeable 
government enforcement of existing laws against tree 
cutting may drive change. 

Charcoal is produced in rural areas from trees. The 
felled trees are cut into pieces, placed into a pit, ignited, 
and buried. Just enough air enters the pit to maintain 
combustion.  This  hypoxic  combustion  causes pyrolysis 
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and off-gassing of non-carbon constituents such as 
water, nitrogen etc., leaving pure carbon (charcoal). The 
charcoal is put into 40-50 kg nylon/plastic bags and 
brought into cities and towns by truck and bicycle in an 
informal and often illegal system of trade. Cooking is 
generally done on a simple perforated clay bowl-shaped 
stove (Figure 5) that costs under US$5.  

Tanzania has some of the world‟s largest reserves of 
natural gas, expected to reach over 5 trillion cubic 
meters, and investments in LNG development are 
substantial and growing (Daly, 2014). Whether this will 
translate to large-scale subsidised programs to transition 
Tanzanians to LNG-based cooking is unknown, since the 
LNG development is for export. It is our view that the gap 
between a future of widespread grassroots LNG-based 
cooking and the current solid fuel-based cooking is likely 
to persist for at least another decade, and that the 
introduction of sustainable biomass-based ICT is 
necessary to fill this gap. 
 
 
Research location  
 
Dodoma urban district is situated in the central (Dodoma) 
region of Tanzania and is the country capital. The region 
is semi-arid, with an annual rainfall averaging 570 mm. 
The biome was originally Miombo woodland savannah, 
characterized by Acacia, Brachystegia, and baobab 
trees. Most of the former two genera have been cut for 
firewood and charcoal, while the latter tree survives due 
mostly to its low wood value, difficulty to cut, and famine 
food value.  

The regional population of nearly a half million is 
predominantly of the Gogo tribe, with a large minority of 
people from the many other tribal groups from all over 
Tanzania. The Gogo people have traditionally practiced a 
mix of pastoralism (cattle, goats, sheep) and crop 
production (maize and the indigenous millets and 
sorghum).  

Cooking is done by the women of the extended family, 
in rural areas on a 3-stone fire in a cooking room/kitchen 
that is part of a long U-shaped mud-clay house that 
surrounds a courtyard. Ventilation is generally via a 
doorway. The nearly constant wind in this highland region 
(1,120 m elevation) generally necessitates cooking 
indoors. The urban district of Dodoma is made up of a 
higher proportion of non-Gogo people, and houses are 
generally of a design inherited from colonial times – 
rectangular and made of clay-cement brick. The cooking 
area is at the back of the house where the portable stove 
can be situated either indoors or out, depending on 
weather conditions. Charcoal is the predominant fuel and 
can be cooked with more readily outdoors in windy 
conditions than can the 3-stone fire or TLUD stove. 

In order to gain a picture of the potential for the 
implementation of ICT and renewable biomass cooking in 
the  Dodoma  urban  and  peri-urban  area we designed a 
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basic set of stove and fuel test criteria that were 
consistent with our research resources and capabilities. 
We developed a cooking test that simulates typical 
household cooking conditions and compares the common 
fuels, charcoal and LNG, with biomass pellets; and 
compares the performance of three TLUD stoves with 
each other and with charcoal and gas stoves. The 
objectives were to 1) compare the cost of cooking with 
different fuels, and 2) compare the performance of a 
selection of ICTs, traditional charcoal stoves, and an LNG 
stove. We also carried out interviews of TLUD stove 
users to find out their views of the new technology. 
 
 

MATERIALS AND METHODS 
 

Cooking test  
 

The cooking test was done using a common food, dry beans 
(Phaseolus vulgaris). Beans were selected as a cooking test over 
standard water boiling tests, as we desired to test the cooking 
performance of stoves, not only the time to boil. Sustained boiling 
can occur at a low boil or at a vigorous boil, giving different times to 
cook a food like beans. The very limited laboratory resources at our 
disposal simply did not allow the precise measurement of such 
things as combustion efficiency and particulate emissions. 
 In a covered aluminum pot, 5 L water of temperature 22°C was 
brought to a boil and 250 ml dry red beans was added. The same 
type of beans was used for each test. Beans were considered 

cooked when they were easily mashed with a fork. Time to boil and 
time to cook was recorded. This was done 5-6 times for each stove. 
Following cooking the amount of soot on the bottom of the pot was 
recorded on a scale of 1-10; with 1 clean and 10 completely soot 
covered that included tar. All stoves were managed as the average 
African household would manage them, therefore performance 
results may differ substantially from results from stove developers 
and laboratories. 
 

 

Fuel 
 

Biomass for pellet fuel consisted of fallen leaves and stems of 
Eucalyptus tree species, rice hulls from the local rice mill, prunings 
from the many shrubs and trees on the university campus, waste 
from the harvest and threshing of sunflower, and maize cobs. The 
latter two are seasonal, from May to August. Biomass was first 
pulverized a hammer mill (Yulong SG40 hammer mill, Yulong 

Machine Co, Zhangqiu,China) with 3mm diameter sieve holes, 
resulting in shredded biomass of 1-3 mm diameter particles. 
Shredded biomass was blended to approximately one third each of 
Eucalyptus, rice hulls, and post-harvest sunflower field waste 
(stalks, inflorescences, leaves) and fed into the pellet mill (Yulong 
SJK-200 flat die, 6mm die diameter) along with approximately 250 
ml water per 20L bucket of biomass. We found it best to add water 
simultaneously with the biomass. Extruded pellets were sun dried 
and stored in bags. Occasional plugging of the die holes, especially 
with new die plates, was a problem. These had to be individually 
drilled out. Higher oil content of the biomass stock helps to lubricate 
but also can result in a more smoky fuel. The same batch of pellets 
was used for each test. 

The price for pellets was set by assessing the cost of production 
and sourcing of biomass. Our price of $0.21 kg

-1
 is also a 

convenient 350 TZ shillings (TZs) per kg or 3 kg for TZs 1,000 
($0.63). We found that this price was independently very close to 

other pellet projects in Tanzania and close to that of Inyenyeri in 
Rwanda. 

Charcoal  was  locally  sourced  from  charcoal  vendors and was  

 
 
 
 
made from common tree species from Miombo woodland such as 
Brachystegia and Acacia, as well as numerous shrub species. LNG 
was obtained in portable tanks from Mihan Gas Inc., Dar es 
Salaam. 

 
 
Stoves  

 
Jiko Bomba Stove (Figure 2) (Bjarne Laustsen, Karatu, Tanzania, 
www.kiwlau.com, $15). According to Roth (2014) The Jiko Bomba 
is “double-walled, locally produced TLUD-ND [natural draft] made of 
mild steel, optimised for pellets composed of mixtures of agricultural 
residues as a fuel. Diameter is 23 cm, height 37 cm. The stove is 

composed of two vertically stacked assemblies: the bottom part is 
the stove unit comprising a fuel reactor and a primary air regulator. 
The top part comprises a mixing chamber, an internal chimney 
space and pot-rests. Its perforated bottom plate enhances pre-
mixing of wood-gas and oxygen before ignition in order to achieve 
clean combustion. Both assemblies have handles and pot-rests.” 
Metal thickness is approximately 20 gauge (0.9 mm). 

Troika Stove (Figure 2) (Awamu Biomass Energy Ltd., Kampala, 

Uganda. Designed by Dr. Paul Anderson, www.drtlud.com, $16). 
From Roth (2014): “The Troika model is the 2013 addition to the 
„Champion Family‟ of TLUD cooking stoves that include Champion 
(2009), Mwoto (2010), and Quad (2012). All four stoves have the 
same basic dimensions and performance, but with distinct 
constructions. The Troika can be either ND (Natural Draft) or FA 
(Forced Air). The portable Awamu Troika TLUD is based on pre-cut 
parts with tabs and slots for easy local assembly without rivets and 
cheaper shipping as flat pack pieces. It has a metallic body with 
four wooden handles that allow for safe handling and also serve as 
legs to provide stability. Flatpacked parts weigh 4 kg; dimensions of 
assembled stove: 30 x 30 x 50 cm. The Troika can be made as a 
TChar variation to continue cooking with char.” Metal thickness: 24 
gauge (0.6 mm). 

St. John‟s Stove (SJUT) (Figure 3). The St. John‟s Stove was 
constructed by our project and consists of two concentric cylinders 
with perforations in the bottom plate for primary air as well as 

perforations at the lower end of the inner wall. The SJUT stove has 
no primary air vent. The SJUT2 has additional air vents at the top of 
the outer cylinder. The pot stand is inserted on top when initial 
lighting is complete and channels secondary air to the gases rising 
from the pellets. 

Philips Fan Stove HD4012 (Figure 4) (African Clean Energy, 
Maseru, Lesotho. www.africancleanenergy.com, $72. From The 
description in Roth (2014): The Philips stove is: “a high efficiency 
TLUD gasifier stove with forced air, stainless-steel construction; the 

inner combustion chamber is ceramic. The stove is virtually 
smokeless due to a good air-gas mixture for complete combustion 
that is created by the fan at the bottom of the combustion chamber. 
The battery can be charged either from the grid, if available, or 
using a solar charger.” A knob allows the fan to be adjusted from 4 
to 12 V. The fan provides both primary and secondary air flow to 
the fuel. The Philips stove is designed primarily for the use of 
pellets but can also burn found fuels and small pieces of wood. The 
battery is said to drive the fan for 40-60 h, or 2-3 h per day for three 
weeks. 

Traditional charcoal stove (Figure 5). This is generally an open 
bowl design of approximately 30 cm diameter with metal casing and 
1-2 cm clay liner; the bottom is perforated with 1 cm holes. A 
closable air vent allows a small measure of turn-down. Improved 
charcoal stove (Figure 5) Envirofit CH2300 (www. arti-africa.org, 
$33): Is an insulated open bowl (15x31x23 cm HxWxD) charcoal 
stove with adjustable air inlet.  

Gas stove with a LNG/LPG gas burner (Hangzhou Tianlong Steel 
Cylinder Co., Zhejiang China) was used. The steel/chromium frame 
fastens directly to LNG tank.  
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Table 1. Summary of factors in choice of cooking system in Dodoma Tanzania 2013-14. Cost of cooking was done using consolidated data from Tables 2 and 3.  
 

1 2 3 4 5 6 7 8 9 

Fuel type 
Weight of fuel 
to cook beans 

(kg) 

Fuel cost 
US$/kg 

Estimated cost 
to cook beans 

(US$) 

Cooking 
system (stove) 

cost 
Soot on pot Smoke 

Time from lighting 
to begin cooking 

(min) 

Time to 
boil 5 L 
water 

Natural Draft (ND) Pellet
1 

1.4
 

$0.21 $0.29 $20 High High 3 33 

Forced Air (FA) Pellet
2
 1.1 $0.21 $0.22 $75 Very low Low 1 18 

Charcoal
3
 0.6 $0.26 $0.15 $4 Med Med 30 55 

Liquefied natural gas (LNG) 0.28 – 0.47 $2.06 $0.64-$1.01 $70
5
 None None 0 19-51

6
 

 
1
Average of Troika, Jiko Bomba, SJUT2. Does not include SJUT1 due to performance problems of that stove, 

2
Philips stove, 

3
Average of traditional and improved charcoal stoves 

4
Average of six tests at two different flow rates as described in Materials and Methods, 

5
Cost includes 15 kg capacity gas tank (US$40) and basic 2-burner counter-top stove (US$30. 

 
 
 
Cooking procedures  
 

Solid fuels  
 

Pellets were placed in the fuel chamber and ignited with 
approximately 30 ml of kerosene. The initial amount of 
pellets was 1 kg except the Philips, whose capacity was 
600 g. The primary air vent in the Jiko Bomba and Troika 
stoves was open fully, and when the flame was strong the 
top part of the stoves was put in place and the primary air 
vent closed in increments. The St. John‟s stove lacks a 

primary air vent. The stove top serves to channel 
secondary air to the upward-moving gases in the ND 
stoves, as well serving to support the pot. When the flame 
gave the appearance of burning mostly gas cleanly (gas 
plus secondary air), the primary air in the Jiko Bomba and 
Troika was adjusted to approximately ¼ open and the pot 
with water was then placed on the stove. For the Philips, 

stove ignition was without fan for the first 30 s followed by 
medium fan power to get the flame going, and finally high 
power for the remainder of the cooking. The charcoal 
stoves had an initial ignition period of about 30 min before 
pot placement; this is one of the main disadvantages of 
charcoal. 

All of the solid fuel stoves needed to be refilled when the 
fuel was depleted and reignited to finish bean cooking 
beans. When pellets were burned down to char (no flame, 
only glowing coals) the char was emptied and extinguished 
with sand and the fuel chamber refilled and reignited and 
time recording resumed. When the beans were fully 
cooked, this second batch of partially burned fuel was 
emptied, the char separated from unburned pellets, and 

the total weight of fuel used calculated by subtracting the 
unburned fuel from the total loaded. The char was weighed 
and quantified as a percent of total fuel used. With the 
charcoal the coals were extinguished with sand and 

weighed to assess total fuel used. 
 
 

Gas  
 

Weighing the amount of gas to cook each pot of beans was 
not possible; therefore we did the following in order to 
account for the fact that most people cook beans initially at 
high gas flame, then turn it down to different simmering 
rates:  

A full tank of LNG was lit, set to medium-high flame, and 
the time recording started. Three lots of beans were 
cooked at medium-high flame and the time for each was 
recorded. The time to totally deplete the tank of gas, the 
entire time at the same medium-high flame, was recorded 
and the weight of gas used per minute calculated. The 
weight of gas per lot of beans was calculated as weight of 
gas used per minute times the time to cook the beans (gm 
gas min

-1
 x min). 

A second full tank was lit, set to low flame, time 

recording started, and three batches of beans cooked at 
constant low (simmer) flame. The same method was used 
to calculate the time to cook the beans at low flame.  
 
 

Stove introduction and interviews 

  
The Jiko Bomba stove was promoted and sold at 

a subsidized trial price to the local community, as 
this stove was the only one available in sufficient 
quantity. Careful instructions on using the stove, 
particularly the air vent, were given. The first 30 
purchasers of the Jiko Bomba stove were 

interviewed for their experience with the stoves. 
Interviews were conducted in Swahili language, 
the language of the respondents, by a Tanzanian 
post-Master‟s degree worker with experience in 
conducting interviews. The same questionnaire 
was used for all of the respondents. 
 
 
RESULTS AND DISCUSSION  
 
Evidence for the continued preference for 
charcoal-based cooking in Tanzania can be seen 
in Table 1. With charcoal, both cooking cost and 
stove cost are substantially lower than natural 
draft and forced air pellet systems and LNG, while 
pot soot (a proxy for smoke) is moderate. For the 
Philips fan stove and natural draft stoves 
respectively 83 and 133% more pellets by weight 
(column 2) were needed to cook beans than 
charcoal, costing 47 and 93% more than charcoal 
at 2013 charcoal prices. This cost difference will 
make it difficult to introduce pellet stoves. For
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successful adoption of such new technologies, the cost 
advantage must be substantial. 

While this cost advantage for charcoal has devastating 
effects on the environment due to the continued 
drastically unsustainable cutting of trees, householders 
are likely to continue to ignore new types of ICT until the 
fuel cost is substantially lower than charcoal and the 
stove cost is not too high. However, given the steady 
price increase of charcoal, the transition to a situation in 
which cooking with charcoal costs substantially more 
than with pellets is inevitable. In Dodoma, charcoal prices 
are more than doubled from 2011 to 2014. According to 
the World Bank (Peter and Sander 2009), the price in Dar 
es Salaam for a 40-50 kg bag of charcoal rose from 
$3.50 to $13.30 between 2003 and 2007. Currently (end 
of 2014) that price is around $40. Another report (Energy 
and Environment Partnership 2013) shows charcoal 
prices increasing from US$0.09 to US$0.82 per kg from 
2003-2012, an average annual increase of 99%. These 
figures indicate a 33%-90% annual increase in price, with 
the higher end being in the main city, Dar es Salaam. For 
this reason we continue to work on pellet-fueled systems 
despite current low rates of sustained adoption.  

Smoke and soot from the natural draft stoves were a 
problem (Table 1). A thick layer of shiny tar-laden soot 
often coated the bottom of the pot after cooking. In 
laboratories and workshops microgasification stove 
developers are able to operate many of these stoves (i.e. 
Troika, Quad) with minimal smoke and soot, commonly 
attaining ISO Tier 3 (very little smoke) in the PM 2.5 
(smoke) emission category and even attaining the much 
sought after and difficult to attain completely clean Tier 4 
(Anderson, 2014). However, transferring the ability to 
attain even Tier 3 performance to African householders is 
going to be a challenge. Householders use different types 
of fuels and pellets made from different biomass stocks 
whose components frequently fall outside the parameter 
range that the stove is tuned for. Stove owners often 
hand off the stove to a maid with minimal instructions and 
walk away. The stove program workers who carried out 
the tests on the TLUD stoves for this research tended to 
have more knowledge than the average householder 
about using the stoves properly, that is, the primary air 
vent; but they were unable to use the natural draft stoves 
on biomass pellets without creating excessive smoke.  

The Philips fan stove was clearly superior to the natural 
draft stoves in the smoke and soot category, as well as in 
time to boil, over 50% faster than the natural draft stoves 
(Table 1). While only one was available to use, the 
Philips stove having not been introduced to Tanzania, 
users who tried it were unanimous that it is superior. The 
375% higher price for the Philips stove (Table 1) is a 
barrier however, as well as the requirement to charge the 
fan battery, needed for every two to three weeks of 
normal cooking. Since many Tanzanians who lack electricity 
in their homes are accustomed to charging devices like 
cell phones in neighbouring small shops, households that 

 
 
 
 
desire to incorporate the Philips stove into their cooking 
can use this method. A detachable battery would be 
useful in this case. The Philips stove ability to turn-down 
to a satisfactorily low simmer was a minor problem. 
According to the manufacturer this problem has been 
corrected with a new rheostat mechanism. Additionally, 
the stove producer, African Clean Energy, sells a solar 
panel charger for $17 (5W PET frameless panel with 
regulated 7V output to charge the 6V battery). 

The 325 to 570% higher cost of cooking with LNG 
(depending on gas flow rate) (Table 1) compared to 
charcoal plus the high cost of gas stoves will be barriers 
to the great majority of Tanzanians to move to this ICT. 
Use of LNG for cooking will likely remain in the upper 
echelons of society until gas prices decrease and/or 
programs to subsidize equipment purchase are imple-
mented. Targeting these LNG-cooking price barriers and 
the implementation of clean cooking should be a 
government priority given the astronomical costs to 
Tanzanian society of respiratory-related ill-health due to 
indoor air pollution from cooking smoke as well as 
deforestation for charcoal production. 

The potential for reducing the cost of solid fuel cooking 
via subsidies from carbon credits (Global Alliance for 
Clean Cookstoves, undated) may make TLUD stoves and 
agricultural waste based fuels more competitive with 
other systems, particularly in combination with price 
increases of charcoal. Biochar produced by TLUD stove 
users and used as soil amendment may in the future be 
an additional source of carbon credit funds via carbon 
sequestration in soil (Figure 6) (Whitman et al., 2010; 
Interreg IVB project Biochar, 2013). 

Biochar production of just under 60% of total fuel 
weight for the natural draft stoves (Table 2) is 
comparable to the percentage in at least one other study 
using microgasification stoves in East Africa (Whitman et 
al., 2011). The Philips forced air stove production of one 
third (29.8%) of that of the natural draft stoves reflects the 
more efficient use of fan-driven primary air reducing 
pyrolysis. This stove was not developed to produce 
biochar. 

Of the 30 people interviewed who bought the Jiko 
Bomba TLUD stove, 18 (60%) were not using the stove 
after one month, stating that they were dissatisfied with 
the stove performance and had returned to using 
charcoal. Another three had stopped because pellets 
were difficult to obtain, only being available at the SJUT 
Stove Project site, which for some is a distance. Over 
80% (25 of 30 respondents), said that the stoves produce 
too much smoke and blacken pots. However, 75% said 
that the pellet stoves heat better and cook faster than 
their charcoal stoves, as is evident in Table 2 cook times. 
Forty percent of users mentioned that controlling the air 
vent, which is the most important factor for controlling 
smoke, is too much trouble, and that with charcoal they 
can put the pot on and leave it for an hour. It was clear 
from the interviews that most of the stove users
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Table 2. Performance comparison of two types of charcoal stove with two types of waste biomass pellet fuelled microgasification stove, forced air (FA) and natural draft (ND). Means and 
95% confidence intervals are provided. 

 

1 2 3 4 5 6 7 8 

Stove Fuel type Stove type N Biochar Percent Weight fuel used (g) Time to boil (min) Time to cook beans
2
 (min) 

Phillips Pellet FA 6 29.8a (18.9-40.7) 1088bd (918-1258) 18.5a (15.9-21.0) 105a (87-123) 

Troika Pellet ND 6 50.8ab (37.8-63.9) 1494c (1294-1694) 26.3b (19.3-33.3) 102.5ab (89-115) 

JikoBomba Pellet ND 6 56.8b (49.4-64.2) 1653c (1363-1943) 42.5c (34.0-51.0) 134ab (121-148) 

SJUT1
1
 Pellet ND 6 61.5ab (48.9-74.0) 728ab (453-1002) 64.2c (37.4-90.9) 165ab (135-195) 

SJUT2 Pellet ND 6 51.8ab (37.1-66.6) 1302cd (1079-1525) 63.8c (51.5-76.2) 180b (156-205) 

CharTrad Charcoal Trad. 5 - 621a (503-739) 54.2c (30.2-78.2) 150ab (138 -163) 

CharImpr Charcoal Improved 4 - 514a (320-514) 55.0c (29.8-80.2) 155ab (112-197) 
 
1
The SJUT1 stoves were experimental and the SJUT1 stove gave problems staying lit. We have decided to include it in the data. 

2
Includes time to boil. 

 
 

 

   
 
Figure 6. Typical soot with tar on pot bottom after 

cooking on natural draft TLUD stove with pellets. 
 
 
 

had not learned the importance of adjusting the air 
vent, despite careful instructions at initial 
disbursement and a follow-up visit. This appears 
to be a major reason for the excessive smoke 
problem. The oil content of the pellets may play a 
role in smoke production; however, when the 
same pellets that produced smoke in the ND 
stoves were used in the Philips fan stove, smoke 
was not a problem. The 30 min ignition time for 
charcoal  reduces  its  advantages,  along with the 

longer cooking times. 
The St. John‟s stoves (SJUT 1 and 2), while 

being the least expensive to produce due to their 
lack of a vent door, extinguished regularly after 
about 30 min, probably due to lack of a primary air 
intake vent. Fuel efficiency is high in the SJUT1 
stove (Table 2, column 6) due to a different air 
configuration, but this does not overcome the 
problem of lack of sustained combustion. There 
might be potential for this stove to be used for 
short cooking times such as making tea and 
cooking corn meal (ugali) the most commonly 
cooked foods in Tanzania, which takes about 25 
min. 

The cost of biomass densification into pellets 
will need to decrease substantially relative to 
charcoal to become competitive. The small-scale 
imported machinery that we used gave problems 
with the die holes plugging up with the friction-
heated biomass mix, slowing production and 
increasing its cost, as each of the approximately 
100 die holes need to be drilled out. This has 
been a problem with other pellet-making groups in 
Tanzania. Wear and tear on the machinery 
necessitated the expensive replacement of 
imported parts such as the die and rollers, as well 

as the 3-phase electric motor. These problems 
increased the cost of production beyond the price 
to compete with charcoal in 2014. We chose to 
test these lower-end technologies because these 
are what local entrepreneurs generally buy. To be 
economically viable, biomass-based pellet produc-
tion will likely need to be developed on a larger 
scale with higher quality machinery that is more 
resistant to wear and tear and that has a 
production volume high enough to support a 
maintenance and parts replacement program. 
Therefore the concept of local pellet-making using 
locally sourced biomass may not be viable based 
on our experience. Likely to be more viable will be 
large-scale plants that can supply the urban 
population of an entire region, located near 
production and processing operations that generate 
large amounts of waste biomass such as lumber 
mills and rice mills. The need to engineer a blend 
of different biomass stocks that meets the needs 
of pellet-making, such as blending eucalyptus 
prunings with rice hulls or sawdust, can be fulfilled 
by transporting the needed biomass. Hammer 
mills for reducing the volume of the transported 
biomass can be located at the local level since 
hammer mills generally give far fewer problems
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Table 3. Cost of cooking with gas at low and high gas flow rates. 
 

Gas flow 
rate 

Total 
weight gas 
in tank (kg) 

Total gas 
cost

1
 

Gas cost 
US$/kg 

Total time to 
use all gas in 

tank 

Flow 
rate 

g/min 

Time to boil 5 L 
(min) 

Average bean 
cook time

2 

(min) 

Total gas to 
cook beans 

(kg)
3
 

Cost US$ / 
hour 

Aveerage 
cost to 
cook 
beans 

Med-high 
flame 

6.0 $12.94 $2.16 1231 4.87 19 96.5 0.47 $0.63 $1.01 

Low flame 3.0 $6.76 $2.25 1479 2.03 51 140 0.283 $0.27 $0.64 
 
1
Doesn't include tank. 

2
Includes time to boil. Three tests done for each flow rate. 

3
Flow rate (g/min) times cook time (min). 

 
 
 

than pelletizing machinery. An additional consi-
deration is the cost of the microgasification stove. 
It appears that forced-air (FA) stoves will be the 
most viable option in the future; however these 
will likely be 5-10 times more expensive than 
natural draft (ND) stoves. While ND stoves are 
able to test nearly particulate free in laboratories, 
as discussed above, the everyday reality of 
keeping a ND stove tuned and vented properly 
may make the ND stoves non-viable for African 
households. FA stoves are more robust, the 
forced air causing consistently complete combustion 
of particulates with the simple turning of a 
rheostat. Such issues as damp pellets during the 
wet season are simply overridden by the 
combustion-facilitating power of forced air. 
Programs that subsidize or provide credit for the 
purchase of FA stoves would likely facilitate the 
transition to these ICTs once pellet fuels become 
available (Table 3). 
 
 

Conclusion 
 

Widespread adoption of solid fuel ICTs by the 
lower income 70% of urban and peri-urban African 
society will continue to be in a challenge if 
available ICTs do not substantially cut the cost of 
cooking while maintaining or improving customary 
cooking characteristics. Our results showed that 
the microgasification stoves used on the average 

twice the weight of pellets compared to charcoal 
(83% and 133% more by natural draft and forced 
air stoves, respectively). Therefore, until the price 
of pellets reaches somewhat less than half the 
cost of charcoal, there will be resistance to the 
adoption of the new stoves. However, relentless 
tree-based charcoal price increases will inevitably 
drive change, particularly as ICTs improve. The 
optimum configuration of ICT systems for Africa is 
still in need of shaking out and will likely involve 
numerous trials and failures.  

Although most of the stove testers said that the 
pellet stoves cooked food faster than using 
charcoal, over half ended up abandoning the use 
of the microgasification stoves because they 
emitted too much smoke or were too much trouble 
to adjust for low smoke. When biochar is even-
tually given cash value by the agriculture market, 
microgasification stoves will be a significant 
source of this important soil fertility enhancer, as 
over half of the weight of burned pellets was 
turned into biochar. This may be significant in 
driving adoption of the new stoves. 

Unless large-scale subsidization programs are 
developed for transitioning to gas cooking, the 
several-fold (387 - 570%) higher cost of cooking 
with gas will lock most of Tanzania‟s population 
into cooking with biomass for some years to 
come, despite the exploitation of massive natural 
gas reserves in the country. African governments 

would do well to assess the needs of the many 
entrepreneurial efforts to introduce ICTs and to 
help pave the way for them. Education campaigns, 
tax breaks, tariff reductions for ICT technologies 
as well as strict enforcement of existing tree-
cutting and charcoal selling laws can all facilitate 
the transition to ICTs. Justification of lax enforce-
ment of such laws stems from the desperation of 
rural populations whose crops frequently fail due 
to drought, and must fall back on charcoal 
production. The paradox is that deforestation is 
associated with a worsening of drought conditions. 
Additionally, promotional and education campaigns 
to reduce household smoke pollution via better 
ventilation should assist with this. 

It will be interesting to see how the cooking 
milieu and introduction of ICTs shakes out in the 
next 5 -10 years. Under trial in Eastern Africa are 
large-scale entrepreneurial pellet fuel production 
systems such as Inyenyeri in Rwanda, as well as 
smaller scale pellet and briquette making efforts. 
The production of “green charcoal” (Global 
Alliance for Clean Cookstoves, 2014) is being 
initiated in East Africa. Additionally, one must not 
underestimate the Chinese, who have developed 
clean biomass-based solid fuel cooking systems, 
particularly advanced pellet stoves, over the past 
25 years and have the capacity to come into 
Africa on a large scale with low-cost and well 
developed solid fuel production and cooking 
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