Environ Dev Sustain @ CrossMark
DOI 10.1007/s10668-017-9993-x

Determinants of households’ involvement in waste
separation and collection for recycling in South Africa

Abayomi Samuel Oyekale'

Received: 6 June 2016/ Accepted: 14 June 2017
© Springer Science+Business Media B.V. 2017

Abstract Urbanization and industrial development in many developing countries have
brought along significant problem of waste management and other environmental con-
cerns. Recycling is a veritable option already identified in the South Africa’s Waste Act of
2008 as a way of reducing negative externalities that are associated with waste accumu-
lation and its improper disposal. This study analysed the factors influencing households’
involvement in waste separation/collection for recycling in South Africa within the
modified framework of the Theory of Planned Behaviour. The data were the General
Household Survey of 2014, which were analysed with descriptive statistics and two-stage
probit regression. The results showed that waste bins that were provided by municipalities
were used for waste disposal by 43.36% of urban households as compared to 1.54% for
those from rural households. More than half of rural households had no means of storing
wastes, while payment for disposal was reported by 58.95% of urban households. Also,
8.13% of all households separated wastes for recycling, but urban households had higher
involvement with 11.18%. The main reasons for not recycling among urban and rural
households were disposal into available bins (68.50%) and notion that it is not important
(52.19%), respectively. The two-stage probit regression results showed that monthly
income, being married, race (white, Indian, coloured), paying and willing to pay for waste
disposal, existence of waste recycling programmes and facilities positively and statistical
significantly (p < 0.10) influenced recycling, while perception of financial benefits and
perception of the importance of recycling reduced it. It was concluded that initiatives to
resuscitate recycling behaviours should focus on creation of proper awareness, attitudinal
change and ensuring availability of recycling facilities, among others.
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1 Introduction

The African crusade for environmental safety and green economy started in 1970 (Zigegy
2015; Dunlap et al. 2000), given persistent environmental challenges among which inad-
equate waste management is notable (Brooks 2006; Comrade 1996). In 1992, several
world’s leaders in Rio de Janeiro accentuated to the notion of incongruous nexus of doom
and perpetual gloom between the goals of economic development and environmental
conservation. Similarly, after the Rio+20 ‘Earth Summit’ in 2012, African leaders reached
a consensus on the need to re-echo sustainable development as a pressing issue to be
emphasized in the quests for economic growth and development (Kimanuka 2015). The
dynamics of economic growth in many developing countries since the turn of twenty-first
century poses significant concerns for environmental conservation and safety in a rapidly
urbanized society (Tacoli 2012). Some estimates have shown that 60% of people in the
world would live in urban centres by 2030, and developing countries would account for
majority of this predicted growth (National Intelligence Council 2012). Similarly, pro-
jections have shown that urban transitions in many sub-Saharan Africa will persist in the
twenty-first century with urban population being more than double from 298 million in
2010 to 697 million in 2035 (ACP-EC Joint Parliamentary Assembly 2014). Therefore, in
many African countries, the worst may not have been witnessed in terms of rapid growth of
urban population with its associated environmental challenges.

Although widely reckoned as one of the important parameters of civilization, urban-
ization comes with a lot of environmental problems, which if not well managed would
ultimately result into complete erosion of benefits derived from economic development
programmes. This is emphatically pathetic given the prime relevance of ensuring sus-
tainable urban development as prescribed in the 6th and 11th Sustainable Development
Goals (SDGs) (United Nations Economic Commission for Africa et al. 2014; United
Nations 2015; International Council for Science (ICSU) and ISSC 2015). Presently,
inappropriate disposal of wastes is a fundamental development challenge of our time as the
quantities and spectrums of domestic and industrial wastes daily increase (Kamara 2006;
Lumby 2005).

In South Africa, waste management initiatives graduated from the basic approach that
emphasizes the need for a clean and safe environment through appropriate waste disposal
methods, to integrated waste management practice with enactment of the Waste Act of
2008 (Act No. 59 of 2008). With effective date of 1 July 2009, the Act compels estab-
lishment of National Waste Management Strategy (NWMS) in order to achieve the stated
objectives of promoting cleaner environment, reducing volume of generated waste, and
invoking culture of waste reuse, recycling and treatment, while disposal is considered only
as the option of last resort (South African Waste Information Centre (SAWIC 2014). The
policy statement recognizes the fact that defective waste management practices are
inimical to the goals of our collective harmonious co-existence. In the long-term period,
such practices would compromise our ultimate rights to healthy living.

However, situating South Africa’s waste management options within the global con-
textual practices unfolds some important facts. With the largest most industrialized
economy in Africa (Turok 2012), the country faces environmental challenges similar to
those of many developed countries. More precisely, Johannesburg is expected to grow to
the status of a mega city in 2030 (United Nations et al. 2014). This implies a higher
prospect for increase in environmental pollution. In terms of policy, South Africa sub-
scribes to internationally acceptable best practices which are duly promulgated into
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legislative laws from time to time. Similarly, initiatives for waste recycling are on ground
although their effective utilization is sometimes questionable. The idea of turning waste
into wealth is expected to induce involvement of public and private stakeholders in the
whole chains of waste management (Republic of South Africa 2012). This is also con-
sidered as opportunity for job creation and poverty alleviation.

However, understanding the nature of wastes generated within a society and their
quantity are foremost in the drive towards the design of appropriate waste disposal pro-
gramme (Afroz et al. 2011). A major challenge, however, is that in South Africa, accuracy
of waste data is contentious (Department of Environmental Affairs and Development
Planning (DEADP) 2011). Some studies have attempted to characterize wastes that are
generated in South Africa (Sibernagl 2011). Adoption of different approaches complicates
the feasibility of utilizing many of these studies for any reasonable comparison (Wise et al.
2011). Some other technical issues include sampling limitations, small sample size and
inability of evaluating relative accuracy of waste sorting procedures (Sol Plaatjie Local
Municipality (SPLM). 2010).

In addition, another fundamental problem of waste management in South Africa relates
to policy enforcement and monitoring effectiveness due to shortage of suitable waste
management experts, deficiency of logistics and standard practices (Mannie, undated).
Sustainable management of waste remains a fundamental subject of concern with periodic
re-evaluation for service delivery effectiveness and sustainability. Presently, some
municipalities are tasked with the responsibility of collecting wastes in some provinces,
while private involvements are encouraged for areas where payment for waste disposal is
mandatory. The prime efforts of the municipalities in providing conducive environment for
all citizens as fundamental human right now require that most of the South Africa’s solid
wastes would end up in landfills (CSIR 2011a, b). This raises the questions of environ-
mental safety in the long run given some associated health risks arising from possible
contamination of ground waters.

South Africa presently faces a sanitation challenge encoded by perennial service
breakdown and inadequacy, with not less than 3.2 million households at several envi-
ronmental risks (Republic of South Africa 2012). In addition, an estimated 1.4 million
households residing in the formal settlements are not having access to sanitation services,
while about 584,378 households in the informal settlements are making use of some
interim services which are very prone to sporadic service delivery failures (Republic of
South Africa 2012).

Although institutional frameworks for ensuring landmark achievements in environ-
mental safety are provided by government and other interested private stakeholders,
individuals are at the centre point in ensuring successful policy implementation. Adoption
of environmentally safe behaviour underscores perfect realization of policy objectives for
promoting environmental conservation. This is also systematically linked to households’
socio-economic and demographic characteristics, as well as their knowledge and percep-
tion of the importance of safe environment. This study therefore aims to determine the
factors influencing waste separation/recycling behaviour in South Africa. This will assist in
identifying policy interventions and programmes for promoting pro-environmental beha-
viour, which is a requisite for environmental conservation.
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2 Theoretical framework and literature

Social science literature is replete with theoretical frameworks for analysing human pro-
environmental behaviour. In many instances, boundaries within disciplines only exist for
providing some specific definitions that are aimed at demarcating the contextual applica-
tions of proposed theories (Morris 2012). Be that as it may, the Theory of Planned
Behaviour (TPB) has been extremely applied in empirical studies focusing on changes in
individual’s behaviour (Morris 2012). Proposed by Ajzen (1985), the theory underpins the
interactions of attitudes (believe about behavioural outcomes), subjective norms (moti-
vation to comply) and perceived behavioural control (believe about capability and control)
in explaining human behaviour towards some pressing social issues. Furthermore, the
theory places emphases on control beliefs, which focus on what a person feels about
presence of requisite skills and factors such as time and finances that may be required for
proper execution of some behavioural changes. Also, individual’s evaluation of the per-
ceived ease of carrying out specific behaviour was emphasized as the perceived beha-
vioural control (Ajzen 1991; Ajzen and Madden 1986), the idea of which was obtained
from concept of self-efficacy initially proposed by Bandura (1978,1982, 1986).

Armitage and Conner (2001) emphasized the efficacy of TPB judging from empirical
findings from a meta-analysis consisting of 185 studies that were published in 161 articles.
However, in some other studies, TPB had been criticized for placing more emphasis on intention
rather than belief (Sniehotta et al. 2014) and ignoring the issue of inclined abstainers who may
form the intention but fail to act (Orbell and Sheeran 1998). Among others, these criticisms have
underscored the need to modify the theory in some empirical studies. Specifically, Sniehotta
et al. (2014) noted that it is somehow difficult to defend the notion that TPB explicitly explains
all behaviours. It was noted that when the variables of TPB are controlled, some other variables
such are socio-economic characteristics of individuals, health status and some environmental
factors can objectively predict some human behaviours (Sniehotta et al. 2013).

Understanding the correlates of pro-environmental behaviour is of interest to policy
makers and researchers (Kollmuss and Agyeman 2002). Specifically, Department of
Environmental Affairs and Tourism (1997) emphasized the need for a mechanism whereby
every waste generator in South Africa is responsible for the associated environmental
costs. Such policy concern cannot be effectively pursued without having in place studies
that model the correlates of pro-environmental behaviours. However, many studies have
adopted the TPB in modelling waste recycling behaviours with some modifications given
the perceived importance of individuals’ socio-economic and demographic variables.
Hashim et al. (2015) proposed a modification to the TPB with inclusion of individuals’
personality variables. In addition, Nigbur et al. (2010) applied the TPB to predict kerbside
recycling behaviours but modified the model by including self-identity, individual norms,
neighbourhood identities and social norms variables.

Some previous studies on waste recycling have modified the TPB with inclusion of some
socio-economic and demographic variables. This became imperative as a result of inability of
some models with strict emphases on TPB variables to adequately explain significant pro-
portion of the variations in some pro-environmental behaviours. Some recent analyses have
therefore integrated some attitudinal and beliefs variables into environmental behaviour
modelling (Hoyos 2010; Spash et al. 2009) among the modifications proposed to the variables
in the TPB given some contextual situations and policy relevance.

Generation of solid wastes is a function of people’s economy and their income levels
(Grover and Singh 2014). According to Richardson and Havlicek (1974), the quantity of
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solid waste generated within a household depends so much on households’ size and
income. Therefore, it is expected that families with high socio-economic status would
generate more waste than those with low socio-economic status (Visvanathan and Trankler
2003). Some other studies have analysed the linkages between recycling behaviour and
households’ incomes and educational attainments. Callan and Thomas (1997) found that
based on some community-level data, the quantities of recycled wastes increased with
income and education. Similar findings had been reported by Duggal et al. (1991).
However, a study by Hong et al. (1993) found that although income was not significant
determinant of recycling, education was. Using individual-level data, Ferrara and Missios
(2005) found that income decreased involvement of households in recycling of newspaper
and plastics, while attainment of graduate education increased newspaper, aluminium and
glass recycling. Grover and Singh (2014) found that income was insignificantly correlated
with generation of plastic, food, paper and glass wastes among some households in
Dehradun City.

In some other previous studies, Oskamp et al. (1991) found that conservation knowl-
edge predicted recycling behaviour, although none of the demographic variables did.
Individuals with better information are likely able to participate in waste recycling, which
is in line with several findings in the literature (Gamba and Oskamp 1994; Vicente and
Reis 2008). In some other studies, demographic variable included in recycling models gave
some inconsistent and inconclusive results (Ebreo et al. 1999; Guerin et al. 2001).

However, Samdahl and Robertson (1989) found higher socio-economic status and
education to have significant influences on recycling behaviour. In some other studies,
contradictory findings were reported by McGuire (1984) and Oskamp et al. (1991). Vaske
et al. (2001) and Hunter et al. (2004) found positive environmental conservation attitudes
among female-headed and educated households. Other results have indicated better con-
servation attitudes among residents in urban areas (Mohai and Twight 1987; Arcury and
Christianson 1990) and some occupational status (Ebreo and Vining 2001), while there was
no conclusive result in relation to age of individuals (Tindall et al. 2003). However, some
studies have reported more conservation behaviour among younger people (Hong 2005;
Harris 2006; Hong and Xiao 2007). In some studies, conservation attitudes are related to
positive behaviour (Hong 2006; Gong and Lei 2007).

This study seeks to fill the major gap in application of TPB to assessment of waste
recycling—pro-environmental behaviour—in South Africa. The introduced modifications
similarly reflect relative flexibility of the theory and the fact that such additions may
unequivocally promote robustness of estimated econometric parameters. In addition,
understanding the nature of data that were used in the study confirms significant national
representativeness which many of the previous few studies lack. Therefore, induction of
policy mechanisms to address waste disposal in South Africa requires some empirical
evidences, which this study seeks to provide.

3 Methods
3.1 The study area
With total land area of 1,219,602 km square, South Africa is one the largest countries in

Africa. It lies between latitude 22°S to 35°S and longitude 17°E to 33°E. The country is
administratively divided into nine provinces, which alphabetically arranged are Eastern
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Cape, Free State, Gauteng, KwaZulu-Natal, Limpopo, Mpumalanga, Northern Cape, North
West and Western Cape. Statistics South Africa (2015a, b) indicated that Gauteng and
Kwazulu-Natal provinces are with highest population, while Northern Cape has the lowest
population. Ironically, the highest land area belongs to the Northern Cape, while Gauteng
has the lowest land area (Alexander, undated).

3.2 Data and sampling procedures

This paper used the dataset generated from the General Household Survey (GHS) for 2014.
The survey is annually conducted by Statistics South Africa in order to collect vital socio-
economic information that could inform some specific economic development policies in
South Africa. There are ten different sections into which the 2014 survey questionnaire was
divided. Waste disposal methods and other associated questions were in section five tagged
information and service delivery. The questionnaire probed into different issues relating to
waste disposal, including recycling, which is the focus of this paper. The survey’s detailed
sampling procedures have been explained by Statistics South Africa (2016). However, it
should be re-emphasized that the sampling was implemented with selection of the primary
sampling units (PSUs) and dwelling units (DUs) at the first and second stages, respectively.
The 2001 population census data were used for stratification of the provincial sample
allocation using some geographical and population attributes. Samples were selected based
on probability proportional to size and a total of 25,363 households completed the survey
using face-to-face interviews. Sample weights were also provided in the data. These made
it possible to compute parameters for both weighted and non-weighted data. Weighted
parameters were computed by including the sampling weight variable in the course of
carrying out the analyses. These weights were automatically used in the computation of the
weighted parameters by the software.

4 Estimated model

Two-stage probit model was used for estimating the parameters of variables in the spec-
ified models. This is a slight modification to the standard Probit model given that income
variable in the waste recycling model was suspected to be endogenous. The underlying
assumption of estimated parameters being best linear unbiased estimate (BLUE) would be
truncated if the standard probit model is used. However, the modelling procedures begin
with specification of a latent variable Y* depicting the likelihood of Y assuming the value
of 1. Following Moore (Undated), suppose

Y=o+ pX +e. (1)
1 Yy

Note that y is a particular threshold, and since we are unable to observe Y*, the error’s
distributional pattern is not known. In order to use maximum likelihood estimation (MLE),
some assumptions about the error term are made. This presupposes that the distribution
follows a standard normal distribution specified as:
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n
' (P) = > BiXa (3)
k=0
The model which was estimated can be specified as:

Y, = ZﬂkXik + @wl; + ¢;. (4)
k=0

The model was estimated with for the dependent variable being involvement in recy-
cling from wastes separated or collected. The dependent variable takes the value of 1 if
households separate or collects wastes for recycling based on responses to Question 535a
in the questionnaire, and zero (0) otherwise. Sensitivity of the results to inclusion of some
variables was tested in order to also deduce the robustness of the parameters across the
different analyses. It was noted that the results were robust given consistency in the signs
of the parameters and their levels of statistical significance (Mcfadden 1999). Based on
Heckman’s test that was described by Nagler (1999), households’ income variable (I;) was
the only variable that was found to be endogenous in the model among those suspected. X
are the other included exogenous variables presented in Table 1. Therefore, if standard
Probit model was used, the parameters would not be BLUE.

Two-stage probit model was suggested by Rivers and Vuong (1988) for endogenous
variable with continuous values and use of some instruments. However, the parameter
estimated through this two-step method will be inefficient though consistent (Adkins
2009). Newey (1987) proposed the Amemiya’s Generalized Least Squares (AGLS) esti-
mator to address endogeneity in limited dependent variable models. This approach was
followed in STATA 10.0 software and upward under the two-step method denoted as
probit regression with endogenous covariates (Adkins 2009).

In applied econometric analysis, implementation of two-stage probit regression requires
proper selection of instruments. This must also be guided by theories. Given that inability
to secure sufficient income to meet basic needs predisposes individuals to poverty, this
study lends its theoretical anchor on the structural theory of poverty. This theory
emphasizes the role of unemployment, low level of education and poor health (Elesh
1970). Conventionally, macro-economic proposition emphasizes the fact that persistent
rise in unemployment would reduce the bargaining power of labour through the fear of
redundancies (Glyn 2006). Therefore, in this study, the selected instrument for income was
looking for job variable. The software also provides Wald test of exogeneity statistics,
which, if found to be statistically significant (p < 0.10), implies that endogeneity problem
had been addressed by the selected instruments and standard probit regression modelling
would not be appropriate.

S Results and discussion

5.1 Demographic characteristics of respondents

Table 2 shows the racial distribution of the respondents. It reveals that 78.78% of all the
respondents were black Africans, 10.12% were coloured, 9.07% were white, and 2.03%

were of Indian/Asian origin. These results are in line with findings by Statistics South
Africa (2015a, 2015b) that the black population constitutes the majority of South African
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Table 1 Variables included in the model and the expected signs

Specification Expected

sign
Total monthly income Rands +ve/-ve
Gender of households head (male) Male = 1, 0 otherwise —ve
Household head age Years +ve
Household head married Married = 1, 0 otherwise +ve
Race of household head—white White = 1, 0 otherwise +ve
Race of household head—coloured Coloured = 1, 0 otherwise +ve
Race of household head—Indian Indian = 1, 0 otherwise +ve
Household head formally educated Formal education = 1, 0 otherwise +ve
Limpopo Province Limpopo = 1, 0 otherwise —ve
Eastern Cape Province Eastern Cape = 1, 0 otherwise —ve
Northern Cape Province Northern Cape = 1, 0 otherwise —ve
Free State Province Free State = 1, O otherwise —ve
KwaZulu-Natal Province KwaZulu-Natal = 1, 0 otherwise —ve
North West Province North West = 1, 0 otherwise —ve
Mpumalanga Province Mpumalanga = 1, 0 otherwise —ve
Household size Number of people +ve
Paying for waste disposal Paying = 1, O otherwise +ve
Willing to pay for waste disposal Willing to pay = 1, 0 otherwise +ve
Selling wastes Selling waste = 1, 0 otherwise +ve
Recycling is important Yes = 1, 0 otherwise +ve
Financial benefits from recycling Yes = 1, 0 otherwise +ve
Irregular waste removal as an environmental problem Yes = 1, 0 otherwise +ve
Littering as an environmental problem Yes = 1, 0 otherwise +ve
Water pollution as an environmental problem Yes = 1, 0 otherwise +ve
Air pollution as an environmental problem Yes = 1, 0 otherwise +ve
Land degradation as an environmental problem Yes = 1, 0 otherwise +ve
Noise pollution as an environmental problem Yes = 1, 0 otherwise +ve
Wastes not removed weekly Yes = 1, 0 otherwise +ve
Wastes removed by communal arrangements Yes = 1, 0 otherwise +ve
Existence of waste recycling programme Yes = 1, 0 otherwise +ve
Recycling services easily accessible Yes = 1, 0 otherwise +ve

population with about 80%. However, the table reveals that rural/tribal areas were largely
inhabited by the black people with 96.23%, as compared to 68.52% for urban areas. This
can be linked to previous deprivations suffered under the apartheid government (Potts
2012) during which majority of the black population were forcefully confined to reside in
homelands with less productive land. Residence in urban area is also motivated by pos-
session of some requisite skills which many black South Africans did not have before
abolition of apartheid. The table further reveals that majority of the respondents (62.98%)
were residing in urban areas (formal and informal), while 37.02% resided in tribal or rural
areas. These results go in line with the assertion of Prinsloo (2014) that South Africa is
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Table 2 Demographic characteristics of households’ heads in urban and rural South Africa. Source:
author’s computations from 2014 GHS data

Urban Rural All

Freq (mean) % (SD) Freq (mean) % (SD) Freq (mean) % (SD)

Gender

Male 9740 60.99 4478 47.70 14,218 56.07
Female 6230 39.01 4909 52.30 11,139 43.93
Race

African/black 10,942 68.52 9033 96.23 19,975 78.78
Coloured 2388 14.95 179 1.91 2567 10.12
Indian/Asian 506 3.17 8 0.09 514 2.03
White 2134 13.36 167 1.78 2301 9.07
Employment

Looking for job 1234 7.73 617 6.57 1851 7.30
Employed 9984 62.52 3685 39.26 13,669 53.91
Unemployed 1171 7.33 576 6.14 1747 6.89
Education

Literate 14,965 93.71 7053 75.14 22,018 86.83
Other socio-economic variables

Age (47.95) (15.04) (51.49) (17.32) (49.26) (16.01)
Household size (3.40) (2.15) (4.05) (2.78) (3.65) (2.43)
Income (9082.27) (9290.58)  (4078.02) (5234.94)  (7229.53) (8386.99)

about 63% urbanized. However, urbanization is one of the major drivers of environmental
problems in many developing countries due to increasing pressure on the limited land
resources and social services as rural-urban migration persists (Lumby 2005; Kamara
2006).

The results in Table 2 further show that 7.30% of all the respondents indicated to be
looking for job, while 6.89% was not employed. However, 62.52% of urban resident
indicated to be employed as against 39.26% for rural areas. The results further show that
86.83% of all the respondents indicated to be literate. In urban and rural areas, 95.31 and
75.15%, respectively, indicated to be literate. Education is critical for securing gainful
employment in the formal sector of South Africa (Statistics South Africa 2015a, b).
Unemployment is currently one of the major problems in South Africa (Malakwane 2012),
although recycling initiatives are expected to be driven towards job creation (Njoroge et al.
2013). Joblessness portends a situation of economic deprivation which affects attitudes of
the victims to environmental conservation. Although illiteracy is a major barrier to
embracing environmentally benign practices in the face of persistently growing environ-
mental problems, sometimes, it takes some efforts for individuals whether educated or not
to inculcate habits that promote sustainable environmental management (World Bank
1992).

The results further show that there were more male-headed households (56.07%) than
female-headed households (43.93%). In addition, 60.99 and 47.70% of the households in
urban and rural areas were headed by males, respectively. These results are in alignment
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with the assertion of the Department of Health et al. (2007) that almost half of South
African households is headed by women. It should be noted that persistence of rural-urban
migration of able bodied men in South Africa is redefining the demographic compositions
in rural and urban areas, with the former having more female-headed households (Posel
2001). It also underscores persistence of rural poverty and vulnerability to social exclusion,
which are often concentrated among female-headed households (O’Laughlin 1996).

The average age of all the respondents was 49.26 years with standard deviation of
16.01. This is quite higher than average age of 39.4 years that was reported by Mamady
(2016) for Guinea. However, respondents from rural areas were older with average age of
51.49 years and standard deviation of 17.32 as compared to their counterparts from urban
areas with average age of 47.95 years and standard deviation of 15.04. Similarly,
respondents from rural areas had higher average household size (4.05) as compared to 3.40
for urban dwellers. Average income was higher in urban areas with R 9082.27, while their
rural counterparts had average of R 4078.02. Anderson et al. (2013) noted that some aged
black South Africans were involved in waste collection for recycling during apartheid
government due to their precariously deplorable socio-economic status. Involvement in
recycling wastes might now be perceived as painful retention of the sad memories of
deprivation experiences under apartheid. This contradicts the expectation in some other
developed countries where aged people see recycling as performance of important social
responsibility (Anderson et al. 2013).

5.2 Households’ perception of environmental problems

Perception of environmental problems is a major step towards adoption of pro-environ-
mental behaviours (Eilam and Trop 2012). Some form of linear relationship was assumed
between individuals’ attitudes and pro-environmental behaviours in some earliest envi-
ronmental education models (Burgess et al. 1998; Kollmuss and Agyeman 2002; Eilam and
Trop 2012). Figure 1 shows the perceived environmental problems across rural and urban
South Africa. It reveals that the most perceived problems among urban dwellers were
littering (30.95%), land degradation (27.28%), outdoor/indoor air pollution (19.54%) and
irregular or no waste removal (19.29%). However, among rural dwellers, land degradation,
littering, irregular or no waste removal and outdoor/indoor pollution were indicated as
environmental problems perceived by 50.95, 35.44, 34.94 and 18.77% of the households,
respectively. In the combined data, land degradation (36.35%), littering (32.61%) and
irregular or no waste removal (25.09%) were the most reported environmental problems by
the households.

Littering and other forms of environmental pollution are critical externalities resulting
from households’ and firms’ consumption and production activities (Nahman et al. 2009).
Inability to properly direct the cost of cleaning environment or pollution resulting from
human activities incentivizes polluters to release pollution above the level that is socially
optimal (Randall 2008). The most pathetic issue in discharge of man’s environmental
stewardship role is inability to properly coordinate activities for bringing about restoration
of degraded natural resources. Specifically, persistence of erosion (wind and water),
overgrazing and low investment in soil management practices are among the fundamental
drivers of land degradation in South Africa (Kotze and Rose 2015). Water pollution
become inevitable where there is inadequate sanitation and irregular collection of accu-
mulate wastes from dump sites. Given that in South Africa, about 91% of the ecological
zones is classified and arid or semi-arid, desertification and soil degradation are further
aggravated by climate change (Gbetibouo and Ringler 2009).
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Fig. 1 Percentage distribution of perceived environmental problems in urban and rural South Africa
5.3 Solid waste storage, disposal methods and recycling

Figure 2 shows the different means of storing waste before disposal in urban and rural
South Africa. It reveals that waste bins provided by municipality were used by 43.36% of
urban households as compared to 1.54% by those from rural areas. The results point at the
tendency of municipalities to take waste collection in urban centres more seriously than
they would do for rural areas (CSIR 2011). However, plastic bags were used by 30.91 and
15.62% of urban and rural residents, respectively. Since government banned offering of
free plastic bags to buyers in order to reduce littering of the environment, plastic bags of
higher quality and durability are now sold in every shop. Therefore, these plastic bags are
used by many households for storing wastes for final disposal (Agen 2008) given that
consumers prefer to buy new bags every time they visit supermarket. However, more than
halve (56.50%) of respondents from rural areas indicated non-usage of any waste storage
containers or bag as against 3.43% in urban areas.

The means of disposing domestic solid wastes are presented in Table 3. The table shows
that 84.99% of urban households disposed of their waste through local authority/private
companies at least once a week against 5.88% by rural dwellers. However, 77.95% of rural
dwellers were dumping rubbish anywhere as compared to 4.19% in urban areas. The
proportion of the respondents that was paying for waste disposal among all the respondents
is 37.91%. However, urban residents constituted 58.95% as against 2.11% for rural
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Fig. 2 Percentage distribution of households’ means of storing wastes before disposal in urban and rural

South Africa

dwellers. These results underscore indiscriminate waste disposal attitudes of rural dwellers.
This can be explained from low socio-economic status of many of these households, which
could have made it difficult for them to afford paying for waste disposal through any

private arrangements.

Table 3 Means of solid waste disposal by households and paying in urban and rural South Africa. Source:

author’s computations from 2014 GHS data

Sector Urban Rural All

Frequency/percentage Freq % Freq % Freq %

Removed by local authority/private company at least 13,573 84.99 552 5.88 14,125 55.70
once a week

Removed by community members, contracted by the 560 3.51 47 0.50 607  2.39
municipality

Removed by community members, contracted by the 319 200 121 1.29 440 1.74
municipality

Removed by community members, contracted by the 32 020 43 046 75 030
municipality

Removed by community members at least once a week 11 0.07 31 033 42 0.17

Removed by community members less often than once a 12 0.08 8 0.09 20 0.08
week

Communal refuse dump/communal container 181 1.13 127  1.35 308 1.21

Own refuse dump 161 1.01 95 1.01 256  1.01

Dump or leave rubbish anywhere 669  4.19 7317 7795 7986 31.49

Other (specify) 194 121 404 430 598 236

Do not know 18 0.11 32 034 50 0.20

Unspecified 240 150 610  6.50 850 335

Paying and willing to pay

Paying for waste disposal 9414 5895 198  2.11 9612 37091

Willing to pay 1712 10.72 190  2.02 1902 7.50
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Table 4 shows that although 8.13% of all the respondents separated wastes for recy-
cling, participation in urban areas is higher with 11.18% as compared to 2.93% for rural
areas. However, out of the 11.18% who separated waste for recycling in urban areas,
3.87% were involved in collection of wastes from place to place for recycling. Similar
findings had been reported by CSIR (2013) indicating that given some constraints, the
target of ensuring that by 2016, all South African households would be separating their
wastes for recycling purposes is unachievable. It was noted that in some preliminary results
reported by CSIR, due to deficiency in creating public awareness as emphasized in the
Waste Act of 2008 (Republic of South Africa 2009), only 3.3% of urban residents recycled
their recyclable waste on a regular basis in 2010.

Items separated and collected for recycling by the households are presented in Fig. 3.
The figure shows that in urban areas, plastic bags/bottles and glass/glass bottles were with
highest percentages of 7.42 and 6.84, respectively. However, in rural areas, the highest
percentages were for aluminium cans and metals and glass/glass bottles with 1.70 and
1.32%, respectively. In the combined data, plastic bags/bottles and glass and glass bottles
are with highest percentages of 5.02 and 4.80, respectively. At households’ level, the
wastes that could be easily recycled are plastic bags and bottles.

Figure 4 further shows the nature of items collected by households for recycling. It
reveals that glass/glass bottles and plastic/plastic bags/plastic bottles were collected for
recycling by 2.33 and 2.09% of the households from urban areas. In rural areas, the highest
proportions of the households were recycling metal/aluminium cans (1.89%) and glass/-
glass bottles (1.03%). However, in the combined data, glass/glass bottles (1.85%) and
metal/aluminium cans (1.69%) were with highest percentages.

Plastic bags are essential items for carrying purchased items during shopping, while
plastic bottles and glass bottles could become households’ wastes through consumption of
alcohols, soft drinks, bottled water, medications, etc. Because some of these products
would take very long time to decompose, recycling becomes a reasonable option (CSIR
2013). Specifically, plastic bottle takes about 700 years to fully decompose (Anonymous,
no date). Aluminium and steels are recyclable materials that could save the economy
significant cost, energy and manpower. The fundamental advantage in recycling alu-
minium and steel is that they could be reused and re-recycled repeatedly (Anonymous, no
date). Sometimes, for those collecting wastes for sale, preferences are given to aluminium
and steel because they command more money.

Table 5 shows the reasons indicated by the households for getting involved in recycling.
Urban households were largely recycling in order to reduce wastes (6.88%), reduce litter
and pollution (5.37%), save energy and natural resources (4.20%) and save landfill spaces
(3.67%). However, in rural areas, the most common reasons for recycling were to sell
wastes (1.35%) and to reduce waste (1.00%). Couch et al. (1979) and Luyben and Bailey

Table 4 Separation of waste for recycling and type of wastes separated by households in urban and rural
South Africa. Source: author’s computations from 2014 GHS data

Sector Urban Rural All

Recycling Freq % Freq % Freq %
Separate wastes for recycling 1786 11.18 275 2.93 2061 8.13
Collect waste for recycling 618 3.87 232 2.47 850 3.35
Sell any collected waste 267 1.67 181 1.93 448 1.77
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Fig. 3 Percentage distribution of items separated for recycling in urban and rural South Africa
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Fig. 4 Percentage distribution of items collected for recycling in urban and rural South Africa

(1979) noted that motivating recycling behaviour among households had been emphasized
by some behavioural psychologists through creation of some monetary incentives, while
punishment is conceived as threat to people’s freedom (Geller 1989). DeYoung (1985-86)
found that monetary incentives are not primary determinants of decision to recycle. It was
further noted that intrinsic motivations and satisfactions are critical in explaining house-
holds recycling behaviour. In another study by Churchard (2007), it was highlighted that
two-thirds of respondents pointed as monetary rewards as important motivator for recy-
cling. In the combined data, reduction of wastes (4.70%), reduction of litter and pollution
(3.65%) and saving energy and natural resource (2.78%) were among the most common
reasons for recycling.

Omran et al. (2012) submitted that participation in recycling could be enhanced if policy
makers possess proper understanding of the reasons why households are reluctant to
recycle wastes. Therefore, Table 6 presents the reasons why households were not recycling
in urban and rural South Africa. It shows that in the combined data, 48.69% of the
households did not recycle wastes because they were thrown inside dust bins to be
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Table 5 Reasons why households separated wastes for recycling in urban and rural South Africa. Source:
author’s computations from 2014 GHS data

Sector Urban Rural All
Recycling Freq % Freq % Freq %
To reduce waste 1098  6.88 94 1.00 1192 4.70
To save energy/natural resources 670  4.20 35 0.37 705 2.78
To save landfill space 586  3.67 41 0.44 627 247
To reduce litter and pollution 857  5.37 69 0.74 926  3.65
Because a recycling service is easily accessible 509  3.19 26 0.28 535 2.11

To support a community/school recycling programme 499  3.12 46 0.49 545 2.15
To sell waste 222 1.39 127 1.35 349 1.38

collected by some designated people. Specifically, in urban and rural areas, 68.50 and
14.99% of the households were not recycling because of this reason. In addition, majority
of respondents from rural areas (52.19%) indicated that they were not recycling wastes
because they do not think it is important. This proportion can be compared with 29.12%
that gave the same reason in urban areas. However, in the combined data, 37.66% of the
respondents indicated non-participation in recycling as a result of not thinking that it is
important. The results are pointing to the submission of Perrin and Barton (2001) that
because of their fundamental role in recycling processes, households must be properly
carried along in understanding the importance of recycling programmes. Harland et al.
(2007) emphasized that households that held strong and positive notions on the benefits on
recycling were more involved in recycling.

Furthermore, inadequate facilities for recycling were indicated as reason for not recy-
cling by 31.78 and 38.44% of the respondents from urban and rural areas, respectively.
Also, in the combined data, 34.24% of the respondents indicated inadequate facilities as
reason for not recycling. Similarly, in urban and rural areas, 28.95 and 34.84% of the
respondents were not recycling due to availability of too few recyclables. In the combined
data, 31.13% of the respondents indicated this reason. It should be further noted that non-

Table 6 Reasons why households were not recycling wastes in urban and rural South Africa. Source:
author’s computations from 2014 GHS data

Sector Urban Rural Total

Reasons for not recycling Freq % Freq % Freq %
Throw out into dustbin for refuse collection 10,940 68.50 1407 1499 12,347 48.69
Do not think it is important 4651  29.12 4899  52.19 9550  37.66
Do not have adequate facilities 5075 31.78 3608 38.44 8683 34.24
Too few recyclables 4623  28.95 3270 34.84 7893  31.13
No/not enough financial benefit 4055 25.39 2805 29.88 6860  27.05
Takes too much time to separate 5268 3299 3211 3421 8479 33.44
No recycling services available 4529 2836 4771 50.83 9300 36.68
Recycling drop-off points not conveniently located 3984 2495 2513 26.77 6497  25.62
Community programme for recycling 2437  15.26 406 4.33 2843  11.21
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existence of recycling services was indicated as reason for not recycling by 50.83% of
respondents from rural areas, while 28.36% indicated same reason in urban areas. The
perception of households on effectiveness of recycling programmes was emphasized by
Nigbur et al. (2004). A study by Gamba and Oskamp (1994) found that positive perception
of recycling effectiveness was correlated with recycling behaviour in California.
Similarly, approximately one out of four respondents indicated that they were not
recycling because drop-off points for recycling were not located in convenient places.
Approximately one out of every three respondents indicated time-consuming nature of
waste separation for recycling as reason for not being involved in recycling exercises in
urban areas, rural areas and the combined data, while about one out of four complained
about inadequacy of the financial benefits. Such inconveniences would amount to nothing
if households hold some concerns for the state of the environment. Specifically, Gamba
and Oskamp (1994) and Meen-Chee and Narayanan (2006) noted that positive concerns for
environmental conservation are critical motivations for recycling. Therefore, recycling is
positively associated with higher concerns for the environment (Oskamp et al. 1991).

6 Determinants of waste separation and collection for recycling

Tables 7, 8 and 9 show the results of weighted and non-weighted parameters of the two-
stage probit regression for the estimated models of waste separation/collection for recy-
cling in the combined data, urban households and rural households, respectively. The
included variables in all the models were first subjected to multicollinearity test using the
variance inflation factor (VIF). The results that were initially obtained warranted removal
and reformulation of the proposed models, although some due considerations were given to
the need to guard against committing specification errors. The results as shown in the last
column of the tables reveal that multicollinearity was properly addressed in the model with
all variables having high tolerance levels and overall average VIFs were 1.42, 1.32 and
1.26 for combined data, urban and rural data, respectively. Also, estimation of income
through instrumentation was justified by statistical significance of the Wald statistics
(» < 0.10), except in weighted model for rural households (Table 9). This implies that
detected problem of endogeneity had been adequately addressed by the selected instru-
ment, and estimation of Eq. 4 using standard probit regression method would have pro-
duced parameters that would violate the BLUE assumptions.

The results in Table 7 show that probability of separating/collecting wastes for recy-
cling decreased significantly (p < 0.10) as the total monthly income increased in the
weighted and non-weighted parameters. In Table 8 (results for urban households), income
did not show statistical significance, while Table 9 (results for rural households) only
shows statistical significance (p < 0.05) for the non-weighted model. This implies that
among urban households, income was more or less irrelevant in the decision to be involved
in waste separation/recycling. It should also be noted that the magnitudes of impacts were
very small in all the models. These findings go contrary to the findings of Guerin et al.
(2001). Household heads’ incomes can influence recycling negatively through several
channels. Specifically, where involvement in recycling is primarily motivated by the
income gains, rich people would not participate. However, Jenkins et al. (2000) noted that
in some other context, households’ income may increase waste recycling because of likely
positive correlation between income and consumption of recyclable materials such as
newspapers. In some instances, recycling facilities and collection channels may be closer
to wealthier households, thereby enhancing their participation (Kamara 2006). The finding
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Table 7 Weighted and unweighted estimated parameters of waste recycling behaviour using two-stage
probit regression. Source: author’s computations from 2014 GHS data

Variables Recycling involvement Recycling involvement ~ Tolerance
Unweighted t-stat. Weighted t-stat.
coefficient coefficient
Socio-economic characteristics
Total monthly income —0.00,003* —1.68 —0.00004* —1.82  0.6213
Gender of households head (male) —0.06124 —1.43 —0.03259 —0.61 0.7355
Household head age 0.00136 1.02 0.00313* 1.81 0.7795
Household head married 0.25339%** 4.26 0.26760%** 3.42 0.6733
Race of household head—white 1.035297%#* 8.01 1.13082%%%* 8.35 0.6803
Race of household head—coloured 0.24086%** 4.55 0.30896%** 4.89 0.7709
Race of household head—Indian 0.92766%** 7.81 0.98739%** 7.65 0.8732
Household head formally educated —0.12785* —1.88 —0.15707* —1.93 0.8179
Limpopo Province —1.03339%** —-9.93 —1.00708***  —8.36  0.5429
Eastern Cape Province —0.98479%** —16.59 —0.90172*%**  —12.18 0.6383
Northern Cape Province —0.64748*** —8.40  —0.60052***  —6.28  0.8400
Free State Province —0.65103*** —9.00  —0.54311*** —5.60  0.7477
KwaZulu-Natal Province —0.52328%** —8.94  —046481*** 746  0.5940
North West Province —0.48755%** —7.95 —0.39907***  —5.55 0.7041
Mpumalanga Province —0.31140%** —4.69 —0.22085%**  —2.78 0.6204
Household size 0.01478 1.43 0.02069 1.60 0.8300
Urban 0.01155 0.20 —0.02081 —0.29  0.4243
Attitudes (believe about behavioural
outcomes)
Paying for waste disposal 0.566017%** 7.55 0.62801%** 6.85 0.4487
Willing to pay for waste disposal 0.35443%%% 5.25 0.36059%** 4.32 0.8082
Selling wastes 2.82888*** 20.87 3.00840%** 14.33 0.9649
Recycling is important —0.52749%** —12.77 —0.40187***  —8.07 0.8381
Financial benefits from recycling —1.52013%*** —24.66 —1.75668***  —16.71 0.7086
Subjective norms (motivation to
comply)
Irregular waste removal as an —0.07310 —1.49 —0.13423%%* —2.35 0.6643
environmental problem
Littering as an environmental problem —0.02014 —0.47 0.00907 0.17 0.6274
Water pollution as an environmental — —0.37465%** —6.68 —0.38817***  —5.69 0.6994
problem
Air pollution as an environmental 0.13424%%** 2.63 0.02939 0.46 0.6334
problem
Land degradation as an environmental ~0.18109%%*%* 4.35 0.17647%** 3.59 0.6777
problem
Noise pollution as an environmental ~ 0.02950 0.63 —0.03051 —0.56  0.8003
problem
Wastes not removed weekly 0.18467* 1.80 0.16187 1.25 0.9402
Wastes removed by communal —0.18729 —1.50 —0.23226 —1.51 0.9729
arrangements
Existence of waste recycling 0.833227%%%* 20.08 0.77067%** 14.98 0.9183
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Table 7 continued

Variables Recycling involvement Recycling involvement ~ Tolerance
Unweighted t-stat. Weighted t-stat.
coefficient coefficient

Perceived behavioural control
(capability and control)

Recycling services easily accessible ~ 0.12840%%%* 3.03 0.26703%** 4.74 0.7472
Constant —0.98669*** —7.70  —1.05813***  —6.08
Diagnostic indicators

Athrho 0.28005%* 2.46 0.35458** 241
Insigma 8.78688 1978.78  8.81839 1003.05
Rho 0.27296 0.34044 -
Sigma 6547.76100 6757.34200 -

Mean VIF 1.42 1.42

Number of observations 25347 25347

Log likelihood —262497.52 —162110.

Wald Chi-square 3746.90%#* 2655.54%%*

Wald test of exogeneity 6.03%** 5.83%*

(/athrho = 0):

* Significant at 10% level of significance; ** Significant at 5% level of significance; *** Significant at 1%
level of significance

from these results generally indicates low involvement of wealthy people in waste recy-
cling. This could have resulted from high likelihood of rich people having organized
arrangement for timely waste disposal.

The results further show that many of the parameters of gender and age in all the models
presented in Tables 7, 8 and 9 did not show statistical significance (p > 0.10). The only
exceptions were in the weighted results for the combined data (Table 7) where age was
significant (p < 0.10) and unweighted results for urban households (Table 8) where gender
showed statistical significance (p < 0.10). It should also be noted that while gender
parameters for urban households were with negative sign, those for rural households had
positive sign. The statistical significance of one gender parameter for urban households
implies that male-headed households in urban areas had significantly lower probability of
separating/recycling waste. More precisely, exploring gender factor in waste recycling
decision is of significant relevance to waste management policies and programme design
(Dube-Matutu 2017; Mohai 1992). Because women are primarily responsible for handling
wastes, their relevance in separation and recycling cannot be overemphasized. Specifically,
urban poor women may explore opportunities in wealth generation through involvement in
waste recycling activities.

Except in weighted parameter for rural households, being married variables showed
statistical significance (p < 0.05) in all the results in Tables 7, 8 and 9. These results imply
that households with married heads had higher probability of separating/collecting wastes
for recycling, other variables being held constant. Marital status is expected to be positively
associated with waste generation (Sankoh et al. 2014), thereby necessitating recycling. The
results of Al-Khatib et al. (2009) also pointed at the fact that marital status was one of the
variables with strong correlations with littering behaviour and some practices that are
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Table 8 Urban weighted and unweighted estimated parameters of waste recycling behaviour using two-
stage probit regression. Source: author’s computations from 2014 GHS data

Variables Recycling involvement Recycling involvement — Tolerance
Unweighted t-stat. Weighted t-stat.
coefficient coefficient
Socio-economic characteristics
Total monthly income —0.00001 —0.80 —0.00002 —1.18  0.6366
Gender of households head (male) —0.08176* —1.67 —0.05189 —0.84  0.7083
Household head age 0.00167 0.87 0.00330 1.32 0.7869
Household head married 0.22293%** 2.95 0.26914%%** 2.72 0.6162
Race of household head—white 0.93184%** 7.07 1.07254%%%* 7.50 0.6695
Race of household head—coloured 0.26765%** 4.71 0.34553%%%* 5.01 0.7866
Race of household head—Indian 0.80872%** 6.40 0.89144%** 6.41 0.829
Household head formally educated —0.07685 —0.83 —0.12157 —1.06 09018
Limpopo Province —1.17753%** —5.03 —1.16621*** 388  0.9475
Eastern Cape Province —1.08593#%*%* —14.73  —0.99607***  —11.37 0.8035
Northern Cape Province —0.62257**%* —7.52 —0.55947#**%  —-5.02  0.8755
Free State Province —0.68114%** —8.58 —0.53278***  —4.80  0.7738
KwaZulu-Natal Province —0.41362%** —6.22 —0.35837***  —5.06  0.7349
North West Province —0.48957%** —6.44 —0.45307***  —5.01  0.8737
Mpumalanga Province —0.46787*** —5.26 —0.36521#*%*  —-329  0.8069
Household size 0.01450 1.13 0.02311 1.39 0.8322
Urban - - - - -
Attitudes (believe about behavioural
outcomes)
Paying for waste disposal 0.51122%%%* 6.38 0.56205%** 5.64 0.5978
Willing to pay for waste disposal 0.385297%%#%* 5.06 0.35846%** 3.88 0.7988
Selling wastes 2.94820%#* 19.56 3.27811%** 13.32 0.957
Recycling is important —0.48943#** —10.86 —0.37027***  —6.58  0.8053
Financial benefits from recycling —1.84700%** —26.76  —2.09928***%  —17.21 0.6631
Subjective norms (motivation to
comply)
Irregular waste removal as an —0.07290 —1.18 —0.14716%* —2.04 0.6616
environmental problem
Littering as an environmental problem —0.06108 —1.18 —0.00638 —0.10  0.6053
Water pollution as an environmental ~— —0.36384%** —5.36 —0.39725%**  —485  0.6547
problem
Air pollution as an environmental 0.19005%%*%* 3.05 0.06587 0.86 0.6077
problem
Land degradation as an environmental ~0.18760%** 3.77 0.17679%** 2.95 0.6905
problem
Noise pollution as an environmental ~ —0.01698 —0.31 —0.08367 —1.34  0.8066
problem
Wastes not removed weekly 0.33310%** 3.02 0.26789* 1.88 0.8996
Wastes removed by communal —0.24478* —1.65 —0.42701** —2.56  0.9531
arrangements
Existence of waste recycling 0.85062%#%*%* 19.28 0.78301%** 13.73 0.9327
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Table 8 continued

Variables Recycling involvement Recycling involvement  Tolerance
Unweighted t-stat. Weighted t-stat.
coefficient coefficient

Perceived behavioural control
(capability and control)

Recycling services easily accessible 0.24865%** 5.11 0.38965%%*%* 5.95 0.7148
Constant —1.04730%** —6.66 —1.15009***  —5.24
Diagnostic indicators

Athrho 0.21757* 1.72 0.31345%* 1.90
Insigma 8.89964 1590.47  8.91192%%** 925.22
Rho 0.21420%* 1.77 0.30358%** 2.03
Sigma 7329.34 17871 7419.890***  103.82
Mean VIF 1.32 1.32

Number of observations 15969 15969

Log likelihood —167678.11 —112754.27

Wald Chi-square 2704.33%%* 2097.68%**

Wald test of exogeneity (athrho = 0):  2.95%%%* 3.61%**

* Significant at 10% level of significance; ** Significant at 5% level of significance; *** Significant at 1%
level of significance

potentially able to reduce littering among some households in Palestinian. In another study,
Mamady (2016) found that marital status influenced waste disposal decision in Guinea.

The parameter of race (white) in all the results in Tables 7, 8 and 9 (weighted or not)
showed statistical significance (p < 0.01). These indicate that white South Africans had
significantly higher probability of separating/collecting wastes for recycling when com-
pared to black South Africans (the reference group). In addition, the parameters of South
Africans of Indian origin and coloured citizens had positive and statistically significant
parameters in Tables 7 and 8. These imply that in the combined and urban models, Indian
and coloured people had higher probabilities of separating/collecting wastes for recycling.
These results are in line with that of Anderson et al. (2013) who noted that economic and
social deprivations that were suffered by majority of black South Africans under the
apartheid government may still reflect low involvement in waste recycling today.

The results in Tables 7 and 8 also show that for the combined data and urban households,
compared to Gauteng and Western Cape, residents from Limpopo, Eastern Cape, Northern
Cape, Free State, KwaZulu-Natal, North West and Mpumalanga had significantly lower
probability (p < 0.01) of separating/collecting waste for recycling. The results in Table 9,
however, reveal that in the weighted model, rural households from North West and Mpu-
malanga provinces had higher probabilities of separating/collecting wastes for recycling
(p < 0.01). Provincial differences are expected in terms of waste recycling in South Africa
due to differences in the degrees of urbanization. The findings can be buttressed from the
fact that Gauteng Province which is generating about 45% of all the municipal wastes in
South Africa and Cape Town which is contributing about 70% of all municipal wastes in the
Western Cape are facing some limitations in getting enough landfills (Brand South Africa
2013). Conventional wisdom therefore requires that these two provinces should engage
more in recycling activities. However, within rural areas, motivation for income generation
often dominates any environmental concerns in recycling behaviour.
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Table 9 Rural weighted and unweighted estimated parameters of waste recycling behaviour using two-
stage probit regression. Source: author’s computations from 2014 GHS data

Variables Recycling involvement Recycling involvement — Tolerance
Unweighted t-stat. Weighted t-stat.
coefficient coefficient

Socio-economic characteristics

Total monthly income —0.00009** —1.99 —0.00008 —1.46 0.7843
Gender of households head (male) 0.06436 0.78 0.11136 1.28 0.7974
Household head age 0.00257 1.10 0.00404 1.47 0.7674
Household head married 0.26713%%* 2.82 0.16584 1.38 0.7773
Race of household head—white 2.14690%** 4.39 1.79631%%* 2.86 0.8258
Race of household head—coloured 0.24835 1.03 0.09075 0.34 0.8979
Race of household head—Indian - - - - 0.9926
Household head formally educated —0.25179%** —2.36 —0.27797** —2.28 0.7919
Limpopo Province - - - - -
Eastern Cape Province —0.10721 -0.92 —0.02837 —-0.19 0.6377
Northern Cape Province —0.08165 -0.32 —0.12341 —0.49 0.8635
Free State Province 0.49582%%* 2.45 0.28285 1.22 0.8937
KwaZulu-Natal Province —0.14120 —1.01 —0.12161 —-0.78 0.6775
North West Province 0.30680%* 2.66 0.44104%** 3.18 0.7212
Mpumalanga Province 0.54731%** 4.70 0.57663%*** 4.64 0.6640
Household size 0.02720 1.32 0.02273 1.10 0.8358
Urban - - - - -
Attitudes (believe about behavioural
outcomes)
Paying for waste disposal 0.82352%%* 4.12 0.86550%** 3.59 0.9189
Willing to pay for waste disposal 0.59710%%** 3.54 0.62726%** 3.67 0.9126
Selling wastes 2.37478%%* 7.30 2.41126%** 7.35 0.9641
Recycling is important —0.74166%** —-5.92 —0.65108***  —558 0.8988
Financial benefits from recycling —0.46732%** —4.85 —0.52394***  —430 0.7756
Subjective norms (motivation to
comply)
Irregular waste removal as an —0.05397 —0.65 —0.04761 —-0.47 0.6591
environmental problem
Littering as an environmental problem 0.10133 1.24 0.11365 1.25 0.6496
Water pollution as an environmental —0.26522%* —2.65 —0.24558** —2.09 0.7419
problem
Air pollution as an environmental 0.12120 1.23 0.11022 0.86 0.6367
problem
Land degradation as an environmental 0.09144 1.14 0.07071 0.83 0.7278
problem
Noise pollution as an environmental 0.09771 0.96 0.09060 0.74 0.7603
problem
Wastes not removed weekly —0.74710 —1.34 —0.87880 —1.19 0.9633
Wastes removed by communal 0.19967 0.89 0.41777* 1.79 0.9520
arrangements
Existence of waste recycling 0.60617%** 4.90 0.57417%%* 5.04 0.9411
programme
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Table 9 continued

Variables Recycling involvement Recycling involvement — Tolerance
Unweighted t-stat. Weighted t-stat.
coefficient coefficient

Perceived behavioural control
(capability and control)

Recycling services easily accessible —0.53670%*** —4.23 —0.51225***  -3.65 0.8112
Constant —1.71841%** —5.63 —1.85586%**  —5.96
Diagnostic indicators

Athrho 0.47333* 1.76 0.37945 1.25
Insigma 8.43415 115520 8.43431 411.15
Rho 0.44089%* 2.03 0.36223 1.37
Sigma 4601.53000 136.97  4602.29000 48.75
Mean VIF 1.26 1.26

Number of observations 9380 9380

Log likelihood —93118.63 —48357.636

Wald Chi-square 809.04 839.50%#*

Wald test of exogeneity (/athrho = 0):  3.09* 1.57

* Significant at 10% level of significance; ** Significant at 5% level of significance; *** Significant at 1%
level of significance

Furthermore, in all the results in Tables 7, 8 and 9, education parameter had negative
sign but only showed statistical significance (p < 0.10) in the combined and rural models.
This implies that being literate reduces the probability of being involved in separating or
collecting wastes for recycling in the combined results for South Africa at large and among
rural households. This also underscores the fact poor people often take recycling as job.
Most of the times, such people belong to the most deprived group in the society. It should
be noted that education is expected to increase awareness about environmental safety.
However, development of positive attitude and compliance with environmentally benign
practices are different issues entirely, which in some other studies were found to be
strongly correlated with education (Kamara 2006)

Out of the variables included to capture attitude, paying for waste disposal had positive
and statistically significant parameters in all the models (p < 0.01). This implies that
probability of separating/collecting wastes for recycling increased among those who were
paying for waste disposal. Willingness to pay for waste disposal variable also had positive
and statistically significant parameters (p < 0.01). This implies that households that were
willing to pay for recycling had higher probabilities of separating/collecting wastes for
recycling. In addition, those who were selling wastes had significantly higher probability of
separating/collecting wastes for recycling (p < 0.01) in all the results. The other variables
on the perception of importance of recycling and the financial benefits accruing from it are
with negative sign and statistically significant (p < 0.01). This implies that having the
knowledge of importance of recycling and its associated financial benefits is not sufficient
for involvement in separating/collecting wastes for recycling.

In this study, paying and willing to pay for waste disposal and selling wastes are among
the variables taken as proxies for environmental attitudes. Paying for waste disposal can be
seen as a commitment to promote environmental safety since those wastes may otherwise
be disposed in a manner that would pose some environmental problems to the society.
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Similarly, involvement in selling waste materials relates directly to environmental con-
servation since such waste products may not otherwise have reached recycling points were
it not for the efforts of waste collectors. Jekria and Daud (2016) submitted that environ-
mental concern is very important for developing positive environmental attitude, while
such attitude would boost willingness to participate in waste recycling activities. Specif-
ically, literature emphasizes that possession of positive attitude would enhance pro-envi-
ronmental behaviour like recycling (Domina and Koch 2002; Torgler and Garcia-Valiias
2007). Tucker and Speirs (2002) noted that individuals that are showing acceptable social
behaviour can have the right attitude towards environmental conservation. More impor-
tantly, Blake (1999) noted that possession of environmental concerns often dilutes the
impacts of other conflicting attitudes such as being lazy to be involved in pro-environ-
mental behaviour. Such indulgence in laziness and inability to create the required time
could explain why households’ perceptions of the importance of recycling and associated
financial benefits were not promoting involvement in recycling.

Some variables were included to capture subjective norm which emphasizes some
motivations to comply as important factors in behaviour change. Contrary to expectation, in
the results in Tables 7 and 8, the parameters of perception of irregular waste removal as an
environmental problem had negative sign but statistically significant (p < 0.05) in the
weighted models. Therefore, households that perceived irregular waste removal as an
environmental problem had significantly lower probability of collecting waste for recycling.
Similarly, contrary to expectation, in all the models presented in Tables 7, 8 and 9,
parameters of perception of water pollution as environmental problem showed statistical
significance (p < 0.05). These results, however, imply that households that perceived waste
pollution as environmental problem had lower probability of separating/collecting wastes
for recycling. As expected, perception of air pollution increased the probabilities of sepa-
rating/collecting waste for recycling (p < 0.05) with the combined and urban households. In
Tables 7 and 8, households that perceived land degradation as environmental problem had
significantly higher probabilities of separating and collecting waste for recycling
(p < 0.01). In the results for urban households, the parameters of waste not removed weekly
showed statistical significance (p < 0.10). These imply that urban households that indicated
wastes not being removed weekly had higher probability of separating/collecting wastes for
recycling. However, urban households that removed wastes by communal arrangements had
significantly lower probability of separating/collecting wastes for recycling. It should be
noted that some of these results are contrary to expectations. They, however, indicate that
environmental consciousness may not be a sufficient factor for promoting pro-environment
behaviour in the form of waste recycling. Irregularity in waste removal also promotes
recycling behaviour, although communal arrangements reduce it.

The results in Table 7, 8 and 9 further show that the parameters of existence of waste
recycling programme in all the models are with positive sign and statistically significant
(p < 0.01). These results imply that households that were living in places where waste
recycling programmes exist have higher probabilities of separating/collecting wastes for
recycling. Similarly, in Tables 7 and 8, the probabilities of separating/collecting wastes for
recycling increased significantly among those who indicated that recycling services were
easily accessible. This result is in line with previous emphasis place of recycling facilities
and programmes by Nigbur et al. (2004), Gamba and Oskamp (1994). However, the
parameters of availability of recycling services are with negative sign for the model
estimated for rural households (Table 9). This is a reflection of the fact that recycling
facilities are mostly concentrated in urban areas.
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7 Conclusions

Addressing environmental degradation and other related problems associated with
urbanization is a fundamental prerequisite for realigning the economy towards achieve-
ment of Sustainable Development Goals (SDGs) of having sustainable cities and com-
munities. This paper focused on waste disposal issue by analysing the determinants of
involvement in waste separation and collection for recycling purposes in South Africa. The
results highlighted that although majority of the respondents were literate, recycling
behaviour did not increase with education. This emphasizes the need for integrating proper
education of environmental conservation and management within the framework of media
programmes and other activities at the different levels of governance in South Africa. This
would enhance awareness of individuals on critical environmental challenges in their
society.

Given that the results point at awareness of some environmental problem as significant
factors for waste separation and collection for recycling, such environmental awareness
programmes hold significant contribution to pro-environmental behaviour. In addition,
when properly channelled, they hold the potentials of assisting households to have positive
attitudes, substantial motivation to comply and behavioural control. These issues were
found to be important within the framework of TPB which was implemented in this study.

In addition, waste separation and collection for recycling behaviour was lower among
black South Africans when compared to other races. This underscores the fact that present
environmental concerns could be reflections of previous deprivations suffered by the black
South African population. Given the highest proportion of the black in South Africa, efforts
to address waste problem should earmark some specific interventions for ensuring com-
pliance with environmental policies and other development initiatives among the black
majority. This is critical given persistent increase in urbanization as a result of drift of
black South Africans to urban areas as government continues to emphasize equitable dis-
tribution of opportunities for education and employment.

Similarly, residents in Gauteng and Western Cape provinces have higher compliance
with waste separation and collection for recycling. This emphasizes the need for properly
evaluating distribution of waste recycling facilities across South Africa. It also underscores
the need for evaluating efficacy of waste recycling initiatives in terms of accessibility of
recycling bins, availability of trash for cash initiatives, among others. The result indicated
that waste collection was motivated by financial gains. Therefore, the notion of collecting
recyclable waste free of charge from households should be jettisoned in South Africa. This
is pertinent when households realize that their wastes would translate into significant
wealth for somebody.
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