I0P Publishing

@ CrossMark

OPEN ACCESS

RECEIVED
7 October 2022

REVISED
4 January 2023

ACCEPTED FOR PUBLICATION
17 February 2023

PUBLISHED
7 March 2023

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOL.

Environ. Res.: Infrastruct. Sustain. 3 (2023) 011003 https://doi.org/10.1088/2634-4505/acbcec

ENVIRONMENTAL RESEARCH
INFRASTRUCTURE AND SUSTAINABILITY

LETTER

Determinants of household waste disposal practices and
implications for practical community interventions: lessons
from Lilongwe

Patrick Ken Kalonde">** (2, Alick Chisale Austin’, Treaser Mandevu’, Prince Justice Banda’,
Andsen Banda’, Michelle C Stanton* and Mengshi Zhou’

! Department of Geography and Planning, St Cloud State University, St Cloud State University, 720 4th Ave South, 56301 St Cloud,

MN, United States of America

Malawi-Liverpool Wellcome Trust, PO Box 30096, Blantyre 3, Malawi

Youth for Environmental Development (YED), Area 22 B, Lilongwe, Malawi

Department of Vector Biology, Liverpool School of Tropical Medicine, Liverpool, United Kingdom

Department of Mathematics and Statistics, St Cloud State University, St Cloud State University, 720 4th Ave South, 56301 St Cloud,
MN, United States of America

Author to whom any correspondence should be addressed.

[ ISV )

*
E-mail: pkalonde@mlw.mw

Keywords: waste disposal practices, Malawi, multinomial logistic regression, open dumping, community environmental planning,
waste management

Supplementary material for this article is available online

Abstract

Open waste disposal has a negative effect on local ecology, economy, and public health.
Understanding factors influencing waste disposal decisions is necessary for developing solutions to
curb open waste disposal. This paper discusses the associations between household’s social
demographic and spatial characteristics with preference for domestic waste disposal. The paper
also utilizes this knowledge practical community action. This was achieved by gathering and
examining a novel dataset of the waste disposal patterns of 200 randomly chosen households in
Malawi. We observed that households were likely to dispose of their waste openly when the
residential unit was closer to an existing open waste disposal site. A multinomial logistic regression
model showed that the likelihood of choosing waste disposal methods, such as private garbage
collection services, is higher when the household head is a woman, the housing unit is owned by
the occupants, or in situations where a fence is present around the housing unit. We presented
these findings to the neighborhood community development committee. A short-term community
waste management plan was created using a participatory community planning approach. The
plan included co-designing waste disposal solutions with landlords, setting up community waste
bylaws, and intensifying civic education activities. In conclusion, our study provides insights into
the factors that influence households’ disposal behavior. This unique case study highlights a
potential approach for developing waste management policies using a bottom-up approach.

1. Introduction

Proper waste management can significantly help to attain the sustainable development goals (SDGs). By
contrast, improper waste management, a practice characterized by open disposal of waste in the environment
is associated with unpleasant odor, pollution of water resources [1] and present serious threats to marine
ecosystems [2] is still pervasive in low-income nations. For example, 70% of the waste produced in
sub-Saharan Africa is openly disposed in the environment [3, 4].

The natural ecosystems eventually suffer damage from such practice. These characteristics remain to be
barriers to attaining the SDGs, including ensuring healthy lives and promoting well-being for all ages (SDG
3), building sustainable cities and communities (SDG 11), promoting responsible consumption and
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Figure 2. A map of the study community on the African continent.

Table 1. Description of variables and possible outcomes considered in the study.

Variables

Description

Outcome

Disposal method

Gender
Age

Size
Education
Ownership
Income
Fence

Responsibility

Distance

Most used waste disposal method

Gender of the household head

Age of household head

Household size

Highest education level of household
head

Whether the household owned the house
Household monthly income level

The presence of fence around the
compound

Perception of responsibility on waste
management

Distance to the nearest dump site

Improper options, dig waste pits or
incinerator burn, or private trash
collectors

Female or male

Age in years

Number of people

Primary education, secondary
education, or university or vocational
Yes or no

Below MWK 50 000 (USD 48.51), MWK
50 000-10 000 (USD 48.51-98.57), or
over MWK 100 000 (USD 98.57)

Yes or no

City council or household

Distance in meters

each variable are shown in table 1. Households in the study area were asked to choose the most used method
from the four options for waste disposal, namely, digging waste pits, private waste collection collectors,
incinerator burn, and other options. From a local perspective, private waste collection collectors, digging
waste pits, and incinerator burning are considered proper waste disposal methods. The incidence of
incinerator burn was too low in our data set (seven observations). Thus, we combined incinerator burn and
the digging waste pits into one category. Other options are considered improper waste disposal methods
(e.g. open dumping of waste) that threaten the environment natural ecosystems.

Additional demographic and socioeconomic data captured by the survey included gender of household
head, age of household head, the largest household size, household head level of education, ownership of
housing unit, household income level, presence of fence around the compound, and perception of
responsibility on waste management.

In addition to the variables collected through the questionnaire survey, geographical coordinates for each
household were collected and using QGIS, the Euclidian distances to the dumpsites in the community were
calculated, and the waste dumpsite with the minimum distance was considered as the nearest dumpsite to
the housing unit of the respondent.
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2.3. Statistical analysis
Household characteristics were summarized using median (interquartile range) for continuous variables and
frequencies (%) for categorical variables. Comparisons between groups were made using Wilcoxon signed
rank test and chi-square or Fisher exact test, as appropriate. Using a significant level of 0.05, we then
included those variables found to be significant by these comparison methods in a multivariable
multinomial logistic regression model [30], with waste disposal options as the response variable.

The resulting estimated associations were reported using odds ratios (ORs) and 95% confidence intervals
(ClIs), with improper waste disposal as the reference category. Statistical analyses were conducted using R
version 4.1.2.

2.4. Communicating the results with the local community

The results were shared with the local development committees and traditional leaders, and possible
practical actions were discussed. Here, a facilitator first presented all the research findings and allowed the
participants to ask questions in areas that were not clear. This was followed by a discussion based on specific
research findings. The participants suggested activities that can be done in the community and were asked to
agree on whether it is practical to implement the suggested activities. Activities that were not practical were
dropped, and the practical activities were organized into a six-month action plan.

3. Results and discussions

3.1. Description of the outcomes of the sampling process

A total of 1613 polygons were downloaded from OSM. A total of 292 polygons were excluded, and 1321
polygons were retained. All the retained buildings were assumed to be houses, and after applying a random
selection algorithm, 200 buildings were selected for data collection.

3.2. Descriptive statistics of household choice of waste disposal options
With regards to gender and age of the households’ heads, 52% are females with a median age of 43
(IQR = 19.00) years. Household head’s frequently reported that their highest educational level was
secondary education (97 [48.5%]) followed by primary education (59, [29.5%]). Only 31 (15.5%) of the
sampled household heads had a university or vocational degree. Most of the households (174 [87%]) earn
less than MWK 100 000 (USD 98.57) per month. The median household size was 5 (IQR = 2.00) persons per
household, and approximately 113 (56.5%) of the household owned their own house. Full descriptive
statistics for each of the captured variables are presented in table 2.

Data were not available for all individuals. 15 responses have a missing age; 13 responses have a missing
education; 1 response has a missing ownership; 27 responses have a missing income.

(a) Chi-square test was used to determine the p-value.
(b) Fisher exact test was used to determine the p-value.
(c) Wilcoxon signed rank test was used to determine the p-value.

More than half (105, [52%]) of the households had a fence around the compound. A total of 37%
(n = 74) of the households thought the city councils were responsible for managing/collecting waste to
designated locations. The median distance to the nearest dump site was 174 (IQR = 135) meters. Regarding
the waste disposal choices, 33 (16.5%) of the households used improper waste disposal methods, 106 (53%)
chose to dig a waste pit or burn the waste, whereas 61 (30.5%) chose to use private trash collectors (table 2).

3.3. Multiple factors are associated with household waste disposal choices in univariate analysis

The results of the univariate analysis are also presented in table 2. The households that dispose waste with
improper methods have a higher proportion of being male-headed households (63.6% for improper disposal
methods vs. 38.7% for digging a waste pit or incinerator burn vs. 55.7% for private trash collectors,

p = 0.015). Those households also tend to have a younger household head, although the differences are not
statistically significant (median = 38.50 years for improper disposal methods vs. 44.00 years for digging a
waste pit or incinerator burn vs. 43.50 years for private trash collectors, p = 0.362).

Compared to households who use private trash collectors, households that chose improper waste dump
methods have lower proportions of having a highly educated (university or vocational) head (9.7% vs.
32.7%, p = 0.001) and monthly income over MWK 100 000 (USD 98.57) (12.1% vs. 30.0%, p = 0.002). A
lower proportion of households who own their house chose improper waste disposal options as compared to
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Table 2. Household Characteristics Overall and by Waste disposal options.
No. (%) P-value
Characteristic Overall Improper Waste pit or Private trash
(N =200) (n=133) burn collectors
(n=106) (n=1=61)
Gender 0.015%
Female 104 (0.52) 12 (36.4) 65 (61.3) 27 (44.3)
Male 96 (0.48) 21 (63.6) 41 (38.7) 34 (55.7)
Age (median, IQR) 42.94 (19.00)  38.50 (17.75)  44.00 (19.50)  43.50 (16.75)  0.362¢
Household size (median, IQR)  5.00 (2.00) 5.00 (2.00) 5.00 (2.00) 5.00 (2.00) 0.843°
Education 0.001°
Primary education 59 (29.5) 10 (32.3) 41 (40.6) 8 (14.5)
Secondary education 97 (48.5) 18 (58.1) 50 (49.5) 29 (52.7)
Vocational or college 31 (15.5) 3(9.7) 10 (9.9) 18 (32.7)
Ownership 0.036°
No 86 (43.0) 19 (57.6) 48 (45.7) 19 (31.1)
Yes 113 (56.5) 14 (42.4) 57 (54.3) 42 (68.9)
Income 0.002"
Below MWK 50 000 92 (46.0) 13 (43.3) 60 (64.5) 19 (38.0)
MWK 50 000-10 000 55 (27.5) 13 (43.3) 26 (28.0) 16 (32.0)
Over MWK 100 000 26 (13.0) 4(12.1) 7(7.5) 15 (30.0)
Fence <0.001*
No 96 (48.0) 21 (63.6) 67 (63.2) 8 (13.1)
Yes 104 (52.0) 12 (36.4) 39 (36.8) 53 (86.9)
Responsibility 0.012°
Households 126 (63.0) 26 (78.8) 70 (66.0) 30 (49.2)
City council 74 (37.0) 7 (21.2) 36 (34.0) 31 (50.8)
Distance (median, IQR) 173.54 123.05 173.55 186.06 0.059°
(134.92) (124.88) (135.05) (128.05)

those who do not have the ownership of their house (42.4% vs. 52.3% vs. 68.9%, p = 0.03). We also found
that households that have a fence around the compound and indicate the city councils are responsible for
managing waste are less likely to use improper waste disposal options (p < 0.001 and = 0.012, respectively).

Households who dump waste using improper methods were closer to their nearest dumpsite in
comparison to those who used proper disposal methods (median = 123.05 m for improper disposal methods
vs. 173.55 m for digging a waste pit or incinerator burn vs. 186.06 m for private trash collectors, p = 0.059).

As these differences were borderline significant, we generated violin and boxplots of distance to the
nearest dumpsite in three waste disposal categories to explore the difference further. Figure 3 suggests
distances to the nearest dumpsite distributions are different among three waste disposal groups. For example,
for households that chose improper waste disposal options, the frequency of shorter distances to the nearest
dumpsite is higher in comparison to the other two categories (widening of the violin plots near value 0 for
improper methods in figure 3). We, therefore, include the distance to the nearest dumpsite in the final
model. No significant association was observed between the age of the household head and household size
with their waste disposal choices (p = 0.362 and 0.843, respectively). These variables were therefore excluded
from the multivariable model.

3.4. Determinants of household waste disposal choices in multivariable multinomial logistic regression
analysis

Table 3 presents the multinomial logistic regression estimation of the determinants of households’ choice of
waste disposal, with the improper waste disposal methods as the reference category.

After adjusting for other covariates, the gender and education level of a household’s head show
significant effects on waste disposal choices. Female-headed households were significantly associated with
increased odds of both digging a waste pit or incinerator burn (OR = 3.17, 95% CI = (1.19-8.40)) and using
private trash collectors (OR = 4.13, 95% CI = (1.26-13.56)). This finding is consistent with recent studies
conducted in Ghana, Indonesia, and Ethiopia [20, 31, 32]. Studies have indicated that women have modestly
stronger pro-environmental values than men [33-35]. In Korea, it was observed that pro-environmental
behaviors among females are affected by their lifestyles and social norms [36]. In some societies,
responsibilities for domestic waste management and sanitation are expected from women [21]. A similar
study in Zimbabwe found that gender was not associated with waste receptacles used by households [37]. It
might also be possible that in female headed households less waste is produced and such low quantities of

6
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Figure 3. The violin and boxplots of distance to the nearest dumpsite.

Table 3. Multivariable multinomial logistic regression model for waste disposal choices. Asterisks indicate statistical significance:

P <0.10%; p < 0.05**; p < 0.01***.

Waste disposal choice

Waste pit or burn

Private trash collectors

Factors OR (95% CI) P-value OR (95% CI) P-value
Gender (female vs male) 3.17 (1.19-8.40) 0.020** 4.13 (1.26-13.56) 0.019**
Education
Primary education 1 [Reference] NA 1 [Reference] NA
Secondary education 0.96 (0.33-2.81) 0.95 2.75 (0.63-12.09) 0.18
University or vocational 1.15 (0.18-7.34) 0.88 4.71 (0.60-37.34) 0.14
Ownership (yes vs no) 3.37 (1.23-9.24) 0.018** 4.07 (1.23-13.39) 0.021**
Monthly income
Below MWK 50 000 1 [Reference] NA 1 [Reference] NA
MWK 50 000 to MWK 100 000 0.39 (0.13-1.17) 0.09" 0.38 (0.10-1.41) 0.15
Over MWK 100 000 0.27 (0.040-1.65) 0.16 0.29 (0.046-1.83) 0.19
Fence (yes vs no) 1.48 (0.46—4.83) 0.51 17.34 (4.11-73.01) <0.001%**
Responsibility (city council vs 2.22 (0.72-6.81) 0.16 3.53 (1.00-12.52) 0.05**
households)
Distance (meters) 1.00 (1.00-1.01) 0.13 1.01 (1.003-1.02) 0.006"**

waste are easily managed through onsite waste management initiatives. However, it is not clear in literature
on whether indeed gender alone can be used as a proxy for possible quantities of waste that is produced by an
individual or household. Some studies have reported that females produce less food waste [38] while others
indicate the complete opposite with some studies reporting low quantities of waste from male household
heads [39, 40]. The associations between gender of the household head on quantity of waste produced and
subsequent waste disposal preference should be explored comprehensively.
The odds of using private trash collectors as opposed to improper methods increase with household

heads’ education level. The benefit of university or vocational education (OR = 4.71, 95%

CI = (0.60-37.34)) is greater than secondary education (OR = 2.75, 95% CI = (0.63-12.09)). The positive
but non-significant relationships between proper waste dumping were also reported in the previous studies
[20, 22, 24]. Education showed significant impacts on waste disposal decisions in studies with larger sample

sizes [23, 41]. The benefits of higher education levels shall be further investigated in future studies.

7
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Our study is the first to explore associations between the presence of a fence and household waste
disposal practice. 17-fold increased odds (OR = 17.34, 95% CI = (4.11-73.01)) of using private trash
collectors for a household with a fence around the compounds compared with those without a fence was
observed after adjusting for other characteristics. The presence of a fence was associated with nearly 50%
(OR = 1.48, 95% CI = (0.46—4.83)) increased odds of using a waste pit or incinerator burn, yet the
association was not statistically significant.

A possible explanation for this observation is that households with a fence around the compound have
enough income to pay for private waste collection services [42]. Indeed, our data suggest households with a
fence have higher income levels as compared to those without a fence (table S2; p < 0.001). We also found
that households with a fence tend to be headed by those with university or vocational degrees (table S2,

p < 0.001). The presence of a fence can be used to capture the households’ socioeconomic status in waste
disposal behavior studies when factors such as income and education level are unavailable. There may be
factors contributing to this association that were not measured. Future studies are needed to further evaluate
the associations between the presence of a fence and household waste disposal practice.

Owing the house was associated with an increased chance of choosing proper waste disposal options over
improper ones. The benefits of house units’ ownership on digging a waste pit or incinerator burn
(OR = 3.37,95% CI = (1.23-9.24)) and using private trash collectors (OR = 4.07, 95% CI = (1.23-13.39))
are similar. Homeowners have more control over the activities of a land parcel, and they can decide to
facilitate the digging of a waste disposal pit, which explains the increase in probabilities of using waste
disposal pit. It is worth noting that our observation differs from what was previously reported in Ghana [20].
Unlike Malawi, landlords in Ghana are mandated to register with formal waste collectors that are assigned to
the community [20]. This decreases the odds of subscribing to private waste collection services among
households staying in their own homes [20]. Therefore, people in Ghana who own their homes have a higher
probability of disposing domestic waste in open places [21].

The association between perception of responsibility for waste management and waste disposal choices is
another novel finding study. The increased odds were significant for choosing private trash collectors
(OR = 3.53, 95% CI = (1.00-12.52)), and non-significant for digging a pit or incinerator burn (OR = 2.22,
95% CI = (0.72-6.81)). No associations between waste disposal choices and monthly income level were
observed after adjusting for other factors. Those findings imply that the perception of waste management
responsibility does not excuse households from practicing open waste dumping. The perception of waste
management responsibility can support local councils to save resources for the management of waste.
However, as the city council has the legal mandate for the management of waste in Lilongwe, it is possible
that households are indicating the responsibility of the city council in planning and regulating waste
management practices on a broader scale.

Compared with households using improper waste dump methods, the distance to the nearest dump site
was associated with an increased odds of using a private trash collector. Specifically, 100 m increase in the
distance to the nearest dump site increase the odds of using private trash collectors by 100% (OR = 1.01,
95% CI = (1.003-1.02)). No associations between digging a waste pit or incinerator burn and distance to the
nearest dump site were observed. Studies in Yaoundé and Ethiopia have reported similar findings [22, 24]. A
possible explanation for the positive relationship between choosing private waste collectors and distance
from existing open waste dumping locations is convenience. Households that live closer to open dumping
locations will have to invest relatively low effort and time to dispose their waste at the open dumpsites.

3.4.1. A short-term community waste management plan

The results were shared with the local actors (local development committees and traditional leaders) to
influence localized interventions against improper dumping. This activity brought together key community
stakeholders to explore practical community actions. Figure 4 is a photo of the study team presenting the key
findings to a community development committee. On the blackboard, there is a template of a table for the
development of a short-term community waste management plan.

The stakeholders suggested that based on the findings, it is imperative to necessitate conversations
between landlords and local leaders on waste management, including the need to have a proper waste
management option for tenants. The committee also highlighted the importance of attracting men to waste
management programs in the community. It was also agreed that there is a need for environmental
awareness campaigns to discourage community members from disposing waste in open places.

All the suggested activities were tabulated into a short-term (6 months) community action plan. The plan
includes working with landlords in co-designing solutions that will minimize waste disposal in the
environment by their tenants or customers. In addition, the plan includes disseminating messages to



10P Publishing

Environ. Res.: Infrastruct. Sustain. 3 (2023) 011003 P Letters

Figure 4. Presentation of the key findings to a community development committee.

intensify civic environmental awareness. The messages will be disseminated on waste disposal in community
meetings and using public address systems. Targeting male household heads in community waste
management programs and setting up community waste bylaws are also part of the plan. The proposed
activities largely focus on educational campaigns and similar activities were proposed in a different study that
was conducted in a context of Europe [43].

The committee acknowledged that there was limited capacity to develop more ambitious plans such as
initiating community waste recycling programs and enforcement of regulations on waste disposal practices
because of its limited technical, financial, and legal constraints. This suggests that the involvement of other
stakeholders such as local government is indispensable.

3.4.2. Study strengths and limitations

This study identified key factors associated with household waste disposal practices and transformed the
findings into practical community actions. This is the first study in Malawi to explain household waste
disposal practices based on households’ socioeconomic attributes and spatial factors. Another strength of our
study is that we demonstrated that the findings could be used to guide the development of community waste
management plans.

Our study has several limitations. First, only 16.5% of the households were observed to practice open
waste dumping. The presence of a self-reporting bias may lead to the underestimation of the occurrence of
open waste dumping. In addition, we assume that open waste dumping is practiced only by households that
do not choose proper waste dumping methods. There is a possibility for households to choose multiple waste
disposal practices. Our assumption needs to be validated with empirical evidence on the effectiveness of
proper waste disposal practices. Related to the same, private waste collection is currently done with the
intention to dispose the waste in a landfill elsewhere. It is well known that waste disposal in a landfill is
associated with generation of leachate, methane in the pit is not necessarily proper.

Second, the 200 households were collected from a single community. Insights drawn from this study need
to be validated in different communities. It is therefore recommended that future studies should explore
determinants of waste disposal practices by exploring data from multiple and diverse communities in Malawi
or other low- and middle-income countries.

Furthermore, the distance between households and waste dumpsites has been computed using Euclidian
distance. The use of road distance may provide a more accurate estimate of the influence of distance on waste
disposal choice.

One potential limitation of our study is the presence of non-respondents, which raises concerns about
self-selection and the potential for bias in the sample. Despite our efforts to use a random sampling approach,
make multiple attempts to contact each household, and include a response rate calculation, it is possible that
some households may have been more or less likely to participate due to various factors such as their beliefs.
The potential threats posed by non-respondents include the possibility that they may differ from respondents
in ways that were not measured in this study, such as their attitudes on waste management, religions, or
characteristics. This could introduce self-selection bias into the sample, which could affect the accuracy and
generalizability of the results. Despite this limitation, the overall high response rate of 84% and the steps we
took to address the issue provide a strong basis for the validity and generalizability of our findings.

Finally, the community waste management plan developed during the study needs further investment.
The plan primarily focused on targeting stakeholders such as landlords and male household heads. However,

9
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