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Abstract 
A comparative analysis of household solid waste storage containers in three 

residential densities in Bauchi metropolis was carried out. The types of data 

collected for the study includes storage methods, types of solid waste storage 

containers, frequency of emptying and condition of solid waste storage container. 

The study employed cross sectional survey covering high, medium and low 

residential density areas and systematically sampled 150 households. The result 

from descriptive analysis indicated that there is no difference in method of solid 

waste storage but there are differences in types of storage containers in the high, 

medium and low residential density areas; The result from the Multivariate Test 

indicated that there was a significant mean difference of the conditions of solid 

waste container in the three residential density areas; V = 0.49, F (4, 294) = 23.69, 

p < .05. Condition of the solid waste containers were categorized into; poor, fair, 

and good. Poor condition of solid waste storage container is the one, that is 

leaking, no handle and does not equate the waste generated. Analysis from 

MANOVA, V = 0.46, F (4, 294) = 23.69, p < 0.05, also indicate that there was a 

significant mean difference in the frequency of empting the storage containers from 

households in the high, medium and low residential density 

areas. Recommendations were made on how to improve sustainable solid waste 

storage system and thus sustainable solid waste management. 
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Introduction 
Solid waste handling refers to activities 

associated with solid waste management 

from generation until they are placed in a 

storage container for onward collection. 

Solid waste storage is the holding of 

waste generated in a container or facility 

provided for it containment from the 

source of primary or secondary 

generation with the intension of retrieval 

(Oghenekokwo & Akporehwe, 2015). An 

efficient and proper system of storage is a 

very important procedure in solid waste 

management (Ibrahim et al., 2012). It 

determines to a large extent the efficiency 

and effectiveness of collection and in turn 

increase collection cost (Batagarawa, 

2011). Every society have their 

traditional ways of storing waste 

generated from residential, industrial and 

commercial activities. This obviously has 

resulted in the design of solid waste 

storage containers of various materials 

and capacity. A dustbin is to be used to 

collect the wastes generated in the house 

and it should be designed in such a way 

that it has easy to handle, leak- proof 

(galvanized or hard plastic), difficult for 

the stray animals to tamper with, should 

not breed flies and other vermin (with a 

tight fitting lid), easy for the waste 

handler to lift and empty into the refuse 

collection truck (Sridhar, 2013). 

 

Objectives of the Study 

1) To determine the solid waste storage 

method and types of storage 

containers used in the different 

residential density areas 

2) To determine mean difference of the 

condition of solid waste storage 

containers in the different residential 

density areas 

3) To determine significant mean 

difference in the frequency of 

empting the waste containers in the 

different residential density areas. 

 

LITERATURE REVIEW 

The choice of storage container depends 

on household size, income of the 

household, quantity of waste generated, 

the collection system, frequency of 

emptying and waste composition and 

density (Ibrahim et al., 2012; Singh et al., 

2014).  Standard waste storage containers 

are rarely available at household level in 

most parts of developing countries. In 

Nigeria particularly, many low and 

middle-income households use whatever 

container that is readily available, such as 

baskets, cans, broken buckets, open 

drums and sometimes black bin bags for 

waste storage (Ezeah, 2010). As a result 

of the high organic and moisture contents 

and high prevailing temperature, waste 

stored in such sub-standard storage 

containers decay rather rapidly giving 

rise to undesirable environmental 

consequences (Ibrahim et al., 2012). The 

stored wastes usually go through some 

biological and chemical reactions, which 

lead to the breeding and attracting of 

microorganism, insects and rodents, with 
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usual foul odor emanating from them (Ezeah, 2010).  

Even though, storage is an interim measure in solid waste management, every society 

has its own traditional way of waste storage (Ali’u et al., 2012). This has resulted in 

the designing of storage containers of various material and capacity ranging from, 

60litre metal bin, the 240litre wheel standard been, 200litre metal and plastic drum, 

old plastics and metal container, disposable plastic, paper bags, sags and stationary 

bigger containers for community service (Cowing et al., 2014; Singh et al., 2014).   

 

MATERIALS AND METHOD 

Bauchi metropolis is located between latitude 9000´and 9030” north of the equator 

and longitude 100 25” and 110 20” east of the Greenwich meridian. It is the capital of 

Bauchi state and Bauchi local government headquarters which is one of the 20 local 

government headquarters of the state.  Bauchi metropolis occupies a total land area of 

3, 6040 hectares. (Bauchi State in Brief, 2006). 

Bauchi metropolis is administratively divided into twelve wards of different residential 

densities (Fig. 1). Hardo Dan Iya, Dan Kade, Dan Amar, Dawaki, Makama, Old 

Government Reserved Area (GRA), New GRA, Yelwa, Fadaman mada, Nassarawa 

and Ibrahim Bako (BSUPDB, 2016) all make up the metropolis. 

 
Fig 1: Bauchi metropolis: The wards Source: Adopted from Bappah, 2016 
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Data for this study were obtained from the existing methods of solid waste storage, 

types of storage container, frequency of emptying storage container and condition of 

storage container.  Relevant literature on solid waste storage were reviewed. The data 

were obtained through questionnaire administration.  

 The wards and indeed the houses in the study area constitute the sampling frame. The 

metropolis was divided into residential densities namely high, medium and low density 

residential areas. The demarcation into wards was done with the aid of Urban Land 

use map of Bauchi urban development board. The metropolis is divided into 12 wards, 

out of which 6 wards are within the high density residential areas (HDRA), 3 are within 

medium density residential areas (MDRA) while 3 are within low density residential 

areas (LDRA). Two wards were randomly selected from HDRA and one ward from 

each of the MDRA and LDRA by tossing. A total of 4 wards were therefore, randomly 

selected. The wards selected are, Nassarawa and Dan amar, which are in HDRA. The 

other two are Fadaman mada and New government reserved areas (GRA) in MDRA 

and LDRA respectively. Similarly, systematic random sampling technique was also 

used to select houses for the administration of questionnaire to the household head or 

his representative and one out of every ten houses was selected. 50 questionnaires were 

administered in each residential density area. In all, a total of 150 copies of 

questionnaire were administered. 

Descriptive statistical analysis was used to indicate the methods of solid waste storage 

and the types of storage containers used in the study area. Two Way Independent 

Univariate Analysis of Variance (ANOVA) and Multivariate Analysis of Variance 

(MANOVA) were used to determine the significant difference in means of condition 

of solid waste storage containers and frequency of emptying storage container between 

the three residential density areas. MANOVA is used because of its ability to detect 

whether groups differ along a combination of variables (Residential density area). 

 

RESULTS AND DISCUSSIONS 

Solid Waste Storage Method 

This has to do with storage of waste after generation within houses.  As in Table 1, in 

all the residential densities majority of respondents tend to store generated wastes in 

some containers as indicated by a percentage of 45% in medium density to 81% in low 

density area.  Thus, simply burning or throwing waste anywhere is less than normal in 

the metropolis.  Indeed, as in Table 2 61% of the respondents use store wastes in 

containers in all the three residential densities 
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Table 1: Solid waste Method at household Level 

Storage Method at Household Level Residential densities 

High  Medium  

  

Low  

 

No. % No. % No. % 

In container   27 54 23 45 41 81 

Burning  11 22 21 43 9 19 

Indiscriminate space 12 24 6 12 - - 

Total  50 100 50 100 50 100 

Source:  Field Survey, 2016 

 

Dumping inside drainages is not practiced at all in the low residential density areas 

while the practice is higher in the high residential density areas. This may be the reason 

solid wastes are seen blocking drainages within the high residential areas. Burning is 

most practiced in the medium residential areas. 

 

Types of Waste Storage Containers 

After generation at household level, wastes are stored for a while before it is 

transported to a neighbourhood collection point. It is to this end that the study 

established how wastes are stored.  As in Table 2, while uncovered plastics and metal 

bins are commonly used in the high density (72%) and medium density (60%) areas, 

the use of drums are common in the low density areas (75%). 

 

Table 2: Types of Solid Waste Storage Container  

Storage system Residential densities 

High Medium Low 

No. % No. % No. % 

standard bin - - 1 2 3 5 

Drums &   Covered 2 4 10 20 37 75 

Plastic  or metal bins 

Uncovered 

36 72 30 60 5 10 

Bags  5 10 4 8 2 3 

Jerry can         7        14         5      10      3      7 

Total          

50 

           

100 

            

50 

     

100 

    

50 

     

100 

Source:  Field Survey, 2016 
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The fact that the plastic or metal bins are not always covered can lead to littering of 

wastes.  Therefore, the type of storage containers used across the residential densities 

may be the reason why solid waste containers in most houses are over flowing. 

 

Conditions of Solid Waste Containers in the Different Residential Density Areas 

(High, Medium and Low) 

This objective term to determine if the conditions of solid waste storage containers 

differs in the different residential density areas using multivariate analysis of variance 

(MANOVA). 

Using Pillai’s trace, a significant difference of conditions of waste containers was 

observed in the different residential density areas, V = 0.49, F (4, 294) = 23.69, p < 

.05.  Univariate ANOVA on the outcome variables was also carryout; in order to 

determine in which residential density area the solid waste containers differs and how, 

and also to confirm the MANOVA result. Table 3 shows univariate ANOVA result 

which revealed that there was a significant difference of the condition of waste 

containers in the different residential density areas; HDRA, F (2, 147) = 3.37, p < .05, 

partial n2= 0.20; MDRA, F(2 ,147), 3.84, p < 0.05, partial n2= 0.06: LDRA,  F(2, 147) 

= 70.75, p > .05, partial n2= 0.42.  

 

Table3 ANOVA result (Tests of Between-Subjects Effects) 

Source Sum of 

Squares 

df Mean 

Square 

F Sig. Partial 

Eta 

Squared 

Conditions of 

solid waste 

containers 

High 6.730 2 3.365 18.594 0.000 0.202 

Medium 7.686 2 3.843 4.496 0.013 0.058 

Low 141.489 2 70.745 65.607 0.000 0.472 

Error High 26.603 147 0.181       

Medium 125.647 147 0.855       

Low 158.511 147 1.078       

Source:  Field Survey, 2016 

Table 3 show Games-Howell’s Post Hoc Test which is use to break down groups 

significant differences of the conditions of waste containers in the different residential 

density area. The Post-Hoc test result revealed that poor (M=0.5152) and fair (M = 

0.4697), are the conditions of waste containers in the high density area (p >0.05). 

In the medium density area; the condition of waste storage container is fair 

(M=0.08485), p<0.05. That is majority of the waste containers in the medium density 

area are in fair condition. 
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In the low density area, the condition of storage containers is good (M=2.3529), 

p<0.05; which is significant. This indicate that majority of the waste conditions in the 

low density area are in good condition. 

 

Table 4: Multiple Comparisons (Games-Howell) 

Dependent 

Variable 

(I) 

Conditions 

(J) 

Conditions 

Mean Difference    

(I-J) 

Std. Error Sig. 

HIGH 

  

  

Poor  

  

Fair  0.0455 0.10788 0.907 

Good .4759* 0.09251 0 

Fair Good .4305* 0.06772 0 

MEDIUM 

  

  

Poor  

  

Fair  -0.0606 0.21184 0.956 

Good 0.4349 0.20364 0.092 

Fair Good .4955* 0.16327 0.008 

LOW 

  

  

Poor  

  

Fair  -0.0455 0.19071 0.969 

Good  -2.0802* 0.23172 0 

Fair Good -2.0348* 0.20875 0 

Based on observed means.   
The error term is Mean Square (Error) = 1.078. 

* The mean difference is significant at the .05 level.  
Frequency of Emptying the Storage Containers in the Different Residential 

Density Areas. 

Pillai’s trace test of multivariate analysis of variance (MANOVA), indicate that; there 

was a significant difference of frequency of empting the storage containers in the 

different residential density area, V = 0.46, F (4, 294) = 23.69, p < .05.  Univariate 

ANOVA on the outcome variables was equally carryout; in order to determine in 

which residential density area frequency of empting the storage containers differs, and 

also to confirm the MANOVA result. Table 5 shows univariate ANOVA result which 

revealed that there was a significant difference of frequency of empting the storage 

containers in the different residential density areas; HDRA, F (2, 147) = 2.112, p < 

.05, partial n2= 0.0.13; MDRA, F (2 ,147), 7.10, p < 0.05, partial n2= 0.11; LDRA,  

F(2, 147) = 69.57, p > .05, partial n2= 0.46.  

 

Table 5: ANOVA result (Tests of Between-Subjects Effects) 

Source Sum of Squares Df Mean Square F Sig. Partial Eta Squared 

Contrast High 4.225 2 2.112 10.667 0.000 0.127 

Medium 14.197 2 7.099 8.759 0.000 0.106 

Low 139.138 2 69.569 63.574 0.000 0.464 
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Error High 29.109 147 0.198       

Medium 119.136 147 0.810       

Low 160.862 147 1.094       

Source:  Field Survey, 2016 

Table 6 show Games-Howell’s Post Hoc Test which is used to determine groups 

significant differences of frequency of empting the storage containers in the different 

residential density area. The Post-Hoc test result revealed that daily (M= 0.4432) and 

weekly (M = 0.0851), p >0.05, are the frequency of empting the storage containers in 

the high density area; which is significant 

In the medium residential density area, daily (M= 0.8864), p<0.05, is frequency of 

empting the storage containers, which is significant.  

The result from Table 6 indicate that 2-3 Times Weekly (M= 0.4) and weekly 

(M=2.4255), p<0.05, are the frequencies of empting the storage containers in low 

density area; which is significant. Weekly is the most frequent in-term of empting the 

storage containers. 

 

Table 6: Multiple Comparisons (Games-Howell) 

Dependent Variables         (I)  

Conditions 

       (J) Conditions Mean Difference     (I-J) Std. Error Sig. 

High 

  

  

Daily Weekly .3581* 0.06730 0.000 

2-3 Times Weekly -0.0235 0.14358 0.985 

2-3 Times Weekly Weekly .3816* 0.13954 0.036 

Medium 

  

  

Daily Weekly .6736* 0.14004 0.000 

2-3 Times Weekly 0.0864 0.28270 0.950 

2-3 Times Weekly Weekly 0.5872 0.27720 0.115 

Low 

  

  

Daily Weekly -2.0846* 0.20177 0.000 

2-3 Times Weekly -0.0591 0.29104 0.978 

2-3 Times Weekly Weekly -2.0255* 0.32338 0.000 

Source:  Field Survey, 2016 

 

CONCLUSSION 

The study concludes that even though there is no difference in solid waste storage 

methods used in the three residential densities studied, the difference in types, 

frequency and condition of solid waste storage containers may have great influence on 

the sustainability of solid waste management system in Bauchi metropolis. However, 

the types of storage containers used may have been different if the containers were 

supplied from the same source because, the uncovered metal and plastic containers 
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mostly used in the high and medium density residential areas were observed to be 

unwanted plastics jerry can and buckets improvised by the respondents themselves 

while the drum and standard bins used in the low density residential areas are supplied 

by the private waste collectors who manage waste in the low density residential areas. 

Also, difference in frequency of emptying container does not indicate inefficiency in 

frequency of emptying solid waste storage containers in all the residential densities 

studied because while respondent in high density residential areas with smaller size 

containers empty their storage containers daily the respondents in the low density 

residential areas with bigger (drums) containers empty weekly. Thus the frequency 

could be said to be regular. In the same vain, the condition of solid waste storage 

containers could be as a result of the types of storage containers used.  

 

RECOMMENDATIONS 

1. The use of storage containers should be enforced on all households in the 

metropolis as well as awareness campaigns on the need of storing waste properly 

for improve health and hygiene through seminars and media. 

2. The current law in BASEPA Edict 2006 which allows the owner occupier or 

tenant of a house to provide a container for solid waste storage and transportation 

to primary collection sites should be reviewed by the Bauchi state house of 

assembly such that the types of containers used are monitored or standard good 

quality storage containers are supplied to all households. 

3. The role sanitary inspectors of Bauchi Local Government should be re-

emphasized such that households without solid waste storage containers, storage 

containers that over flows and those with poor condition of storage containers 

are penalised by mobile courts.  
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