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Abstract Article History 
The problem of municipal solid waste management has been worsened by the fast pace of urbanization in 

low and middle income countries due to lack of proper infrastructure development. Unsafe methods for the 

disposal of waste at home, such as open dumping or burning, have been identified to occur commonly in 

many households. They are known to pose major health and environmental risks. This study aimed at inves-

tigating the social and environmental determinants of unsafe household waste disposal in urban communities 

in North-Central Nigeria using a multilevel logistic regression analysis. A cross-sectional study was carried 

out involving 612 households from 18 communities. Data were obtained from the participants through the 

administration of structured questionnaires that sought their socio-demographic characteristics and availa-

bility of community waste services. Open dumping or burning was the outcome. Its prevalence rate was 

44.3%. There existed considerable heterogeneity across communities (ICC=16.3%). %). In the full model, 

tertiary education (AOR=0.48, 95% CI: 0.31–0.74), high income (AOR=0.54, 95% CI: 0.36–0.81), aware-

ness of sanitation regulations (AOR=0.63, 95% CI: 0.45–0.89), and household size (AOR=1.08, 95% CI: 

1.02–1.14) were significant predictors. In the community level, provision of municipal waste collection ser-

vice facilities was a protective factor against engaging in unsafe behaviors (adjusted odds ratio [AOR] = 

0.39; 95% confidence interval [CI]: 0.25–0.60), while being farther away from disposal facilities increased 

the risks (AOR = 1.72; 95% CI: 1.18–2.50). Unsafe disposal behaviors are thus determined not only by 

individual socioeconomic factors but also by community-level structural factors. 
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Introduction 
Urbanization has emerged as one of the prominent demo-

graphic trends in the contemporary era, especially among de-

veloping countries with fast-growing cities. While urbaniza-

tion may offer development prospects, it has also resulted in 

an increased strain on the natural resources through higher lev-

els of waste creation. Currently, more than two billion metric 

tons of municipal solid waste is created worldwide, and this 

number is expected to rise significantly without any changes 

in consumption behaviors (Kaza et al., 2018). The situation be-

comes even more worrying in Sub-Saharan Africa where in-

creasing amounts of waste production are accompanied by a 

limited capacity within institutions to manage and properly 

dispose of the waste. Consequently, individuals have no other 

option left except to resort to the informal process of dumping 

and burning their waste (Kaza et al., 2018; UN-Habitat, 2020). 

Dumping and burning of wastes are environmentally hazard-

ous and pose risks to human health. Indeed, the dumping of 

waste is one of the leading sources of soil and water contami-

nation and attracts disease-causing organisms, whereas the 

burning of waste leads to an unhealthy atmosphere due to par-

ticulate matter emissions (World Health Organization [WHO], 

2018). 

 

In many urban areas where there is inadequate formal waste 

management infrastructure, these practices cannot be at-

tributed to sheer neglect but rather as an adaptation strategy in 

light of such environmental challenges. This calls for an inte-

grative analysis framework that takes into consideration not 

only the individualistic aspect but also the environmental di-

mension of such behavior.The issue of improper solid waste 

disposal in Nigeria is exacerbated by the increasing rate of ur-

banization in the country. While formal waste collection infra-

structure exists in many cities, its efficacy is compromised by 

infrastructural inadequacy, economic challenges, and regula-

tory weaknesses (Ogundele et al., 2018). Consequently, many 

people have resorted to disposing of waste in inappropriate 

places such as dumping grounds, drainage channels, or burn-

ing within the household environment. The practice of such 

improper waste disposal behavior has been found to persist in 

various urban settings in Nigeria, with previous researchers at-
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tributing the phenomenon to socioeconomic factors like in-

come level, educational attainment, and household composi-

tion (Ogwueleka, 2009; Adejumo et al., 2014). Nevertheless, 

empirical evidence on this topic has mainly focused on de-

scriptive analyses with few attempts at applying analytical 

models.  

 

In terms of households, the social economic status is highly 

influential on how the disposal behavior is carried out within 

each home. For example, higher education has been associated 

with higher levels of environmental consciousness and adop-

tion of waste management techniques (Adejumo et al., 2014). 

Additionally, higher income increases one’s capability to pay 

for formal services or transport wastes in areas where there are 

not such services. Moreover, larger household sizes increase 

the amount of wastes disposed of by a household, increasing 

the use of non-conventional means for waste disposal. This 

idea supports the social determinants of health, in that social 

economic status determines one’s exposure to environmental 

hazards (Solar & Irwin, 2010). 

 

In addition to individual attributes like socio-economic back-

ground, community-level characteristics can be considered to 

have a significant impact on waste disposal behavior of the 

household members. According to the ecological model of 

health behavior, environment and structure exert a strong in-

fluence on the individual’s behavior within a community con-

text (McLeroy et al., 1988). With regard to waste disposal be-

havior, some environmental factors, such as municipal waste 

collection facilities, waste disposal facilities, and community 

attitudes, can be very influential. Communities having ade-

quate waste management facilities are expected to observe 

higher rates of safe waste disposal, while communities lacking 

necessary infrastructure tend to perpetuate unsafe waste dis-

posal patterns (UN-Habitat, 2020).  

 

It is important to note that families residing in the same com-

munity are exposed to similar environmental factors and face 

similar constraints in infrastructure, making them mutually de-

pendent. Traditional regression models based on a one-level 

approach presume independence of observations and thus tend 

to ignore contextual influences or yield biased results when 

dealing with clustered data. Multilevel modeling represents an 

appropriate methodological tool for analyzing hierarchical 

data sets, taking into consideration the simultaneous effects of 

the individual- and community-level variables and clustering 

(Snijders & Bosker, 2012). 

 

Although the significance of contextual variables affecting en-

vironmental health behaviors is increasingly acknowledged, 

there have been few studies that use multilevel approaches to 

explore household waste disposal behaviors in urban areas in 

Nigeria. The majority of previous studies considered individ-

ual households as the unit of observation, failing to recognize 

the effect of heterogeneity at the community level. This is a 

major omission, especially in developing urban areas where 

differences in infrastructure and service provision are evident. 

 

In light of this, the current paper explores the impact of socio-

economic and contextual variables on unsafe household waste 

disposal behaviors in an urban area in North-Central Nigeria 

through multilevel logistic regression modeling. The primary 

objectives include assessing the degree of between-community 

heterogeneity for unsafe household waste disposal behaviors, 

examining the effect of socioeconomic attributes of house-

holds, and analyzing the effect of contextual factors such as 

municipal waste services. 

Methodology 
This study utilized a community-based cross-sectional study 

design to investigate the socio-economic and contextual fac-

tors influencing unsafe waste disposal practices among house-

holds in Keffi, which is an urban setting in Nasarawa State, 

North-Central part of Nigeria. The target population involved 

all households living in the identified administrative commu-

nities (wards) of the study area. 

Study Design and Sampling Procedure 
Multistage sampling method was used. Communities were in-

itially selected using probability-proportional-to-size sampling 

method. Households within the selected communities were 

then systematically sampled using the random sampling 

method. Eligible participants were adults, either household 

head or their representative, aged 18 years and above, who had 

lived in the community for more than six months before data 

collection. 

Data Collection 
Data were collected using a structured interview questionnaire 

that captured socio-demographic information about house-

holds, waste management practices, knowledge about environ-

mental sanitation laws, and contextual information about mu-

nicipal solid waste collection and disposal services. The re-

search instrument underwent pre-testing in a nearby commu-

nity with similar socio-demographic characteristics. 

Variables and Measurements 
The key outcome variable was unsafe waste disposal, which 

was dichotomously coded. Households that practiced open 

dumping in unofficial dumping sites or burning of household 

waste within the household premises were coded as unsafe 

waste disposal behavior (code = 1), whereas households utiliz-

ing the official waste disposal channels were coded as safe 

waste disposal (code = 0). 

Variables at both the individual and aggregate levels were used 

in the analysis: 

• Household-level variables (Level 1): Age of house-

hold head (continuous), gender (male/female), high-

est level of education attained (no education, primary, 

secondary, tertiary), income per month (quartile), 

number of household members (continuous), and 

knowledge of environmental sanitation laws (yes/no). 

• Community-level variables (Level 2): Availability 

of municipal waste collection service (yes/no), mean 

distance to approved waste disposal site (kilometers), 

and availability of community-level enforcement 

mechanism for environmental sanitation law 

(yes/no). 

Statistical Analysis 
Considering the nature of the data, where the households are 

grouped into clusters (the communities), a multilevel model of 

binary logistic regression was used to deal with the clustering 
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effect, as well as to split the variance into household and com-

munity variances. Traditional simple regression models do not 

consider the dependence of observations, thereby leading to 

the generation of bias in estimation (Snijders & Bosker, 2012). 

The model was fitted in four steps. First, a null (or empty) 

model without any predictors was run to get a baseline com-

munity-level variance regarding the unsafe practices. The es-

timation of the variance allowed obtaining the intra-class cor-

relation coefficient (ICC), which indicated the proportion of 

the total variance accounted for the differences between the 

communities. 

𝐼𝐶𝐶 =
𝜎𝑢

2

𝜎𝑢
2 + 3.29

(1) 

Secondly, a model that included only the household-level pre-

dictors was run to evaluate the individual socioeconomic fac-

tors. Thirdly, the community-level predictors were considered 

only in another model to identify the contextual variables. Fi-

nally, a full model, including the household and community-

level predictors was estimated to get the adjusted values of the 

parameters. 

The general form of the two-level logistic regression model is 

expressed as follows: 

logit(𝑃𝑖𝑗) = 𝛽0 + ∑  𝛽𝑘𝑋𝑘𝑖𝑗 + ∑  𝛾𝑚𝑍𝑚𝑗 + 𝑢𝑗 (2) 

where 𝑃𝑖𝑗indicates the probability of household i in commu-

nity j disposing waste unsafely, 𝛽0 is the fixed intercept, 𝑋𝑘𝑖𝑗  

indicates household-specific covariates, 𝑍𝑚𝑗  represents com-

munity-specific variables, 𝛽𝑘 and 𝛾𝑚 are fixed effect parame-

ters, while 𝑢𝑗is the random intercept associated with commu-

nity j, and it is assumed to be normally distributed with a mean 

of zero and variance 𝜎𝑢
2. 

 

All fixed effects were reported in adjusted odds ratios with 

95% confidence intervals. Level of significance was taken at a 

p value of less than 0.05. The quality of model fit was evalu-

ated based on AIC and BIC criteria; smaller values indicated 

improved model fitness. All statistical analyses were carried 

out in R software (R Foundation for Statistical Computing, Vi-

enna, Austria) using the lme4 package for multilevel models. 

 

Results and Discussion 
There were 612 households nested in 18 communities used in 

this study. The general prevalence rate for unsafe waste man-

agement practices (through open dumping/burning) was found 

to be 44.3% (n = 271), whereas the other 55.7% households 

used official municipal services for disposal. 

 

Multilevel Analysis of Unsafe Waste Disposal 

From the results obtained from the null model, it was observed 

that there existed some variation in unsafe waste management 

practices among communities. The calculated variance be-

tween communities (σ²ᵤ) was found to be 0.64, which means 

that the intra-class correlation coefficient (ICC) was 16.3%, 

suggesting that the variability between communities contrib-

uted substantially to the observed variation in practices. There-

fore, multilevel modeling is recommended in such circum-

stances. 

 

In order to see the effect of individual level and community 

level predictors on the outcome of interest, a few factors re-

mained statistically significant, as listed in Table 1. 

 

Table 1. Multilevel Logistic Regression Analysis of Determi-

nants of Unsafe Household Waste Disposal 
Variable AOR 95% CI p-value 

Household-Level Variables 

Secondary education 0.71 0.50 – 1.01 0.056 
Tertiary education 0.48 0.31 – 0.74 0.001 

Highest income quartile 0.54 0.36 – 0.81 0.003 

Household size (per additional mem-
ber) 

1.08 1.02 – 1.14 0.009 

Awareness of sanitation regulations 0.63 0.45 – 0.89 0.008 

Male household head 1.19 0.86 – 1.66 0.289 
Community-Level Variables 

Availability of municipal collection 0.39 0.25 – 0.60 <0.001 

Distance to disposal site (>2 km) 1.72 1.18 – 2.50 0.004 
Active sanitation enforcement 0.58 0.37 – 0.91 0.018 

Random Effects (Full Model) 

 

Table 2. Model Fit Statistics for Multilevel Logistic Regres-

sion Models 
Model Description AIC BIC Log-

Likeli-

hood 

Model 0 Null Model (Random Inter-
cept Only) 

812.6 821.4 -403.3 

Model 1 Household-Level Variables 

Only 

768.4 801.2 -372.2 

Model 2 Community-Level Variables 

Only 

781.9 806.7 -383.0 

Model 3 Full Model (Household + 
Community Variables) 

742.8 789.5 -357.4 

 

The results from the model fit statistics presented in Table 2 

show progressively improving models as the hierarchical 

model levels proceed. Null models had the highest AIC and 

BIC, indicating that they had poor ability to explain the data 

without predictors. The introduction of household level varia-

bles in Model 1 resulted in better model fit, whereas Model 2 

showed an improvement albeit modest. This improvement was 

because only community level variables were introduced. The 

model with the best fit was the complete model where house-

hold and community variables were included. The AIC, BIC, 

and log-likelihood scores for the full model were the lowest 

and highest respectively. 

 

Household-Level Determinants 

Educational achievement turned out to be another important 

protective factor, since households with people educated up to 

tertiary level had considerably less risk of participating in haz-

ardous methods compared to uneducated ones (AOR = 0.48; 

95% CI: 0.31–0.74). This is in line with earlier research which 

shows that education increases awareness regarding environ-

mental protection (Adejumo et al., 2014; Ogwueleka, 2009). 

 

Also, families from high-income categories had lower proba-

bilities of unsafe disposal of their solid wastes (AOR = 0.54; 

95% CI: 0.36–0.81), which is explained by their possibility to 

access professional waste collection. The number of people in 

the household was also shown to positively correlate with the 

chances of unsafe solid waste disposal (OR = 1.08; 95% CI: 

1.02-1.14), which means that the more people there are in the 

family, the higher the amount of generated waste. 

Moreover, knowledge of the environmental regulations also 

decreased the risk of using unsafe disposal methods (AOR = 

0.63; 95% CI: 0.45–0.89). 
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Community-Level Determinants 

In terms of community-level variables, having access to mu-

nicipal waste collection was identified as a key protective fac-

tor. Those who came from households in communities where 

there is access to municipal waste collection services were less 

likely to dispose of their waste unsafely (AOR = 0.39; 95% CI: 

0.25–0.60). 

 

On the other hand, increased distance from authorized waste 

disposal areas increased the chances of unsafe disposal of 

wastes (AOR = 1.72; 95% CI: 1.18–2.50). Having systems for 

the active enforcement of sanitation was also shown to be a 

protective variable against unsafe waste disposal (AOR = 0.58; 

95% CI: 0.37–0.91). 

 

Graphical Representation of Model Estimates 

Moreover, the magnitude and nature of the relationships be-

tween predictors and unsafe waste disposal are shown more 

clearly in Figure 1. The figure reveals how increased educa-

tion, higher levels of income, and presence of municipal waste 

services act as significant protective factors while larger 

household size and greater distances to waste disposal areas 

increase the risk of unsafe disposal of waste materials. The 

graph is a visual depiction of what has been statistically re-

vealed in Table 1. 

 

 
Figure 1: Adjusted Odds Ratios from Final Multilevel Model 

 

Random Effects and Model Explanation 

For the adjusted model, it should be noted that the community 

level variance became 0.29, compared to 0.64 in the null 

model. This means that the variables used in the analysis ex-

plain about 55% of the variance among communities. 

The intra-class correlation coefficient (ICC) for the adjusted 

model became 8.1%, implying that while most of the variance 

among communities was explained by the selected variables, 

some remained. Thus, other contextual variables not included 

in the model, such as social factors and differing levels of law 

enforcement, may have an influence on people's behavior to-

wards waste management. 

 

Interpretation and Implications 

In conclusion, it is evident that unsafe practices associated 

with the disposal of household waste are determined by a com-

bination of factors. Although individual socioeconomic and 

structural elements like education level, income, and house-

hold size can determine individual choices regarding waste 

disposal, other community-based elements, particularly access 

to waste management facilities, have been found to play a cru-

cial role. 

 

The study findings underscore the need to realize that the un-

safe disposal of domestic waste cannot be attributed entirely to 

individual decisions and actions. Instead, there are other un-

derlying systemic barriers, such as lack of waste management 

facilities. Thus, any efforts aimed at improving the situation 

should include both behavioral and structural components. 

 

The results of the present research show that the safety of 

household waste disposal is impacted by both individual eco-

nomic characteristics of households and community-wide fac-

tors. Intra-Class Correlation Coefficient (ICC) of 16.3% found 

for the null model suggests that there is substantial clustering 

of household practices at the level of communities, implying 

that certain environmental and infrastructural conditions are 

important for the formation of such behaviors. In this context, 

the ecological model of health behavior developed by McLe-

roy et al. (1988) can be cited as evidence. 

 

Approximately 55% of variance between communities associ-

ated with risky behaviors in question has been accounted for 

in the adjusted model, as shown by the difference in ICC val-

ues from 0.64 to 0.29. Nevertheless, the fact that residual ICC 

remains equal to 8.1% implies that certain unobserved contex-

tual factors may also have an impact on behaviors in question, 

such as local sanitation habits, efficiency of law enforcement, 

and informal waste collecting. 

 

Education and increased income levels correlated with lower 

instances of unsafe waste management practices, in accord-

ance with earlier Nigerian research suggesting that education 

and income levels have a positive effect on improving envi-

ronmental awareness and providing better opportunities for 

safer methods of waste disposal (Adejumo et al., 2014; Og-

wueleka, 2009). Furthermore, access to waste management 

services provided by the municipality was significantly related 

to safer waste practices, as supported by UN-Habitat findings 

highlighting lack of proper waste management infrastructure 

in urbanizing regions 

 

Conclusion 
The above-mentioned findings suggest that the problem of un-

safe household waste disposal depends on socioeconomic and 

contextual factors, including educational level and household 

income as well as household size. In particular, the higher was 

education and household income level, the less chance there 

was to engage in such an unsafe practice. However, the higher 

was the number of household members, the higher was the risk 

of engaging in unsafe household waste disposal. 

 

The clustering of unsafe household practices in specific com-

munities suggests that there is a need to pay attention to struc-

tural and environmental characteristics because they may in-

fluence the decisions people make in their everyday life. 

 

Therefore, the strategy that is expected to be most beneficial 

in this situation is a combined one. It is necessary to conduct 

both behavioral and social intervention in order to ensure effi-

cient waste management. 
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