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A B S T R A C T   

This study explored willingness of households to adopt a greywater treatment and reuse system using the theory 
of planned behaviour in its original form and an extended model including personal norms. The study was 
conducted among 478 household heads in the central region of Ghana. The results indicate the original theory of 
planned behaviour (TPB) model explained about 54% of the variance in respondents’ intentions to adopt this 
system and the extended model which includes personal norms explained 59% of the intentions. The extended 
model turned out to be the better model to predict willingness to adopt this household greywater and treatment 
system. The findings of this study shed more light on the role of personal norms in households’ willingness to 
adopt a greywater treatment and reuse system and may inform interventions aimed at promoting such systems.   

1. Introduction 

Most developing countries are facing huge challenges with pollution 
in freshwater bodies caused by domestic greywater discharges. This has 
been attributed to lack of treatment of the greywater before discharge, 
lack of sewer networks and non-enforced or non-existent greywater 
discharge guidelines. It has been estimated that in some developing 
countries as much as 89% of domestic water demand is converted into 
greywater (Hernandez Leal et al., 2010; Oteng-Peprah et al., 2018b) 
which is further discharged into either open drains or haphazardly 
without treatment. However, lightly polluted greywater can be easily 
treated and reused. Many studies have been conducted on greywater 
reuse strategies and all these studies point to the fact that this practice is 
not only worthwhile, it is also a sustainable way of managing water 
pollution and its effects on the environment (Alderlieste and Langeveld, 
2005; Chong, 2005; Dallas et al., 2004). However, issues of perceived 
health risks associated with greywater reuse remains a barrier to this 
practice. Greywater reuse can be best achieved if there is a central 
collection system for treatment (Hophmayer-Tokich, 2010); however, 
this collection system is non-existent in most developing countries 

which has hitherto aggravated the already complicated situation of 
greywater management. 

Another approach to achieve greywater reuse and further reduce the 
burden on water resources is to tackle it from the households’ point of 
view. Applicable systems such as membrane bioreactor, sequencing 
batch reactor, rotating biological contactors exist, however, these are 
mostly applied on large scale greywater reuse systems (Oteng-Peprah 
et al., 2018a). Household greywater treatment and reuse systems are 
largely non-existent in many developing countries largely be due to the 
poor dissemination of greywater reuse practices or lack of household 
treatment system. Encouraging household treatment and reuse schemes 
in individual households can improve the sanitation situation of 
participating households and further reduce contaminants that get dis
charged into the environment. 

The key objective for wastewater reuse is to achieve the appropriate 
quality for its intended use and its subsequent protection of public health 
and the environment. This intended use can be directly tied to the end 
application which prescribes the type of treatment required and this can 
include aesthetics or user specific requirements. Therefore, water reuse 
technologies are mostly tailored to a specific purpose so that the 
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treatment objectives can be appropriately set for application purpose, 
public health and environmental protection while being cost effective 
(Li et al., 2009; March et al., 2004). 

Public health concerns remain one of the key barriers to imple
menting greywater reuse practices. Many states in the United States, 
however, support the general idea of greywater reuse for non-potable 
purposes and this has led to implementation of numerous greywater 
reuse projects. These projects have demonstrated that use of properly 
treated reclaimed water is safe for human health and the environment as 
it has been reported that ‘to date, epidemiological analyses of adverse 
health effects likely to be associated with use of reclaimed water have 
not identified any patterns from water reuse projects in the United 
States’(NAS, 2012). Another report which investigated the health 
impact of reclaimed water on landscape irrigation conclusively states 
that ‘there have not been any confirmed cases of infectious disease that 
have been documented in the United States as having been caused by 
contact, ingestion or inhalation of pathogenic microorganisms at any 
landscape irrigation site subject to reclaimed water criteria”(USEPA, 
2012). The city of Windhoek in Namibia uses recycled water to augment 
water supplies for potable purposes and has also not reported any public 
health problems (Haarhoff and VanderMerwe, 1996; Menge, 2010; 
Onyango et al., 2014). All these points to the fact that once the necessary 
technology is put in place, reusing wastewater can be considered a safe 
and sustainable method of managing our water resources and also 
reduce the burden on water treatment plants. However, if household 
greywater treatment is to be implemented, there is the need to assess the 
willingness of households to practice and adopt such a treatment system. 

This study adopts a social cognitive model known as the theory of 
planned behaviour (TPB) in identifying beliefs of heads of households 
that lead to adoption of a greywater treatment and reuse system. It ex
tends the original TPB model to include personal norms. Personal norms 
have been demonstrated to be closely related with attitudes and sub
jective norms by Conner and Armitage (1998). Figs. 1 and 2, shows the 
default and extended TPB models respectively. Studies by Klockner 
(2013) have further revealed that personal norms not only contribute to 
a better explanation of intentions and behaviour, but also improves the 
predictability of attitudes. Various authors have further argued that 
especially people’s environmental attitude seems to be determined by 
personal norms (Arvola et al., 2008; Kaiser, 2006). The TPB model has 
been successfully applied to analyze different pro-environmental be
haviors in both its original state and extended forms (Botetzagias et al., 
2015; De Leeuw et al., 2015; Fielding et al., 2008; Ford et al., 2009; 
Harland et al., 1999; Peters et al., 2011; Quintal et al., 2010; Tonglet 
et al., 2004; Wauters et al., 2010). 

The inclusion of additional variables into the TPB model has been 
theoretically supported by many authors due to the improved explana
tory power it derives after the inclusion (Botetzagias et al., 2015; 
Christian et al., 2007; Thogersen and Olander, 2006). However, appli
cation of this model to pro-environmental behaviour in developing 
countries is very limited. Considering the hazard caused by discharging 
of untreated greywater into the environment in some developing 
countries such as Ghana, Uganda, Nepal, Mali and lack of treatment 

facilities as reported by (Alderlieste and Langeveld, 2005; Katukiza 
et al., 2014; Oteng-Peprah et al., 2018b; Shresta, 1999) it is prudent to 
explore greywater treatment and reuse at the household levels. There
fore, the purpose of this study is to investigate household’s willingness 
to adopt a greywater treatment and reuse system by first using the 
theory of planned behaviour in its original state and then extend this 
model to include personal norms. Knowledge of this will be a stepping 
stone on which interventions targeted at promoting greywater treatment 
and reuse at the household level in developing countries can be 
developed. 

2. Analysis of the framework 

2.1. The theory of planned behaviour 

This theory has shown that people’s behaviour in most situations can 
be explained and predicted by intentions, attitudes, subjective norms 
and behavioural control. Intention is defined by the theory as a cognitive 
representation of a person’s readiness to perform a given behaviour, and 
it is considered to be the immediate antecedent of behaviour (Ajzen, 
1991). Attitude according to the theory is defined as an individual’s 
positive or negative feeling associated with performing a specific 
behaviour. It further states that an individual will hold a favorable 
attitude toward a given behaviour if he/she believes that performing the 
behaviour will lead to mostly positive outcomes. Therefore, attitude 
toward a behaviour is a positive or negative evaluation of performing 
that behaviour. Subjective norm is defined by the theory as the 
perceived social pressure to engage or not to engage in a behaviour. It is 
the outcome of how important referent others approve or disapprove a 
behaviour or intention. Finally, perceived behavioural control refers to 
people’s perception of their ability to perform a given behaviour. 

Following the definition of the three main determinants of human 
planned behaviour (attitude, social pressure, perceived behavioural 
control), the attitude of the household can be defined as the degree to 
which the household head expects good or bad outcomes from adopting 
a household greywater treatment and reuse system. The household’s 
social pressure refers to the expectation of others to adopt or develop a 
greywater reuse and treatment system from important referent people. 
The household’s perceived control focuses on beliefs about how easy or 
difficulty it will be to adopt or develop a greywater treatment and reuse 
scheme. Personal norms is defined by Schwartz and Tessler (1972) as 
expectations that people hold for themselves. This translates into how 
the household head may perceive the personal norms on the household 
to contribute to making a change in the environment. 

2.2. Questionnaire 

The questionnaire used for this study consisted of two parts; one part 
included items from the TPB constructs while the other part included 
demographics. The measurement items were developed from an Fig. 1. Default TPB model.  

Fig. 2. Modified TPB model with personal norm.  
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elicitation study among 25 selected household heads. All the TPB con
structs were measured with a 7-point Likert scale. The intention to 
adopt/develop greywater treatment systems was measured with 2 items, 
attitude measured with 3 items, subjective norms measured with 3 
items, perceived behavioural control measured with 4 items and per
sonal norms measured with 3 items. With the exception of intentions 
and personal norms, belief measurements had corresponding outcome 
evaluations. 

3. Methodology 

The target group was restricted to the head of the household since 
they are responsible for making decisions on behalf of the family. About 
810 households were surveyed within the central region of Ghana using 
random sampling method and 521 household heads completed a self- 
report questionnaire representing a 64% response rate. Each respon
dent was introduced to the concept of greywater treatment and the 
treatment systems. This was done by defining greywater, and pointing to 
their sources, average per capita generation rates, physical and chemical 
characteristics and their mode of discharge into the environment. Since 
greywater is generated by each household, respondent easily identified 
with these descriptions. The researcher recruited research assistants 
who received training on how to assist individuals who may not be able 
to complete the questionnaire. The research cancelled questionnaires 
which had any items vacant and finally arrived at 478 responses which 
were used for the analysis. Statistical package for social scientists (SPSS) 
version 23 and Amos Version 23 were used for analysis. Structural 
equation modelling (SEM) was utilized to fit the data to the TPB model. 
SEM is a multivariate technique that combines aspects of regression and 
factor analysis to assess a series of dependent relationships simulta
neously which is not possible using other multivariate techniques (Hair 
et al., 2014). 

3.1. Descriptive analysis of variables 

The model is assessed by using sample size independent fit indices 
such as root mean square error of approximation (RMSEA), normed fit 
index (NFI), Tucker-Lewis index (TLI) and comparative fit index (CFI). 
The acceptable values of TLI and CFI have been pegged at 0.90 
while a value of 0.95 and above indicates an excellent fit; RMSEA 
values between 0.06–0.08 are classified as acceptable while values 
less than 0.06 can be classified as excellent fit and finally, the NFI 
ranges between 0–1 with 1 being a perfect fit (Cangur, 2015). 

4. Results and discussion 

4.1. Descriptive statistics 

Most of the respondents were male (63.2%) and had an average age 
of 45(�8.2) years. This is representative of the household heads in Africa 
and most of the developing countries. In these countries, the eldest adult 
male culturally is the head of the household and he makes decisions for 
the household. In terms of level of education, majority of the re
spondents (43.10%) had acquired some level of tertiary education hence 
an indication of comprehension of the questionnaire items. Participants 
reported moderate intentions (M ¼ 3.78, SD ¼ 1.31), a moderate 

positive attitude (M ¼ 8.13, SD ¼ 0.90), moderate social pressure 
(M ¼ 9.19, SD ¼ 10.44), low controllability (M ¼ 5.74, SD ¼ 3.39) and a 
slightly high personal norms (M ¼ 4.99, SD ¼ 0.93). The correlation 
matrix of the latent variables presented in Table 1 indicates that almost 
all the variables in the models are significantly associated with 
intentions. 

4.2. Testing the default model 

The structural model representing willingness of households to adopt 
a greywater treatment and reuse system is presented in Fig. 3. The model 
was able to explain 54% of the variance of intentions of households to 
adopt a greywater treatment system. From the structural model, it can 
be seen that attitude (β ¼ 0.58, SE ¼ 0.014, p ¼ 000), subjective norms, 
(β ¼ 0.46, SE ¼ 0.021, p ¼ 0.019) and perceived behavioural control 
(β ¼ 0.55, SE ¼ 0.016, p ¼ 0.000) all had moderate intentions by 
household heads to adopt a greywater treatment and reuse system which 
were all statistically significant. All items loaded above 0.60 on their 
assigned factors with the exception of water conservation (λ ¼ 0.53) and 
were significantly associated with their specified constructs. The stron
gest effect on intentions is attitude (β ¼ 0.58), behavioural control 
(β ¼ 0.55) and subjective norms (β ¼ 0.46). The fit indices indicate that 
the standard TPB model provides an excellent fit to the data for the 
default model (χ2 ¼ 110.82, df ¼ 48, p < 0.000, NFI ¼ 0.935, 
TLI ¼ 0.942, CFI ¼ 0.962, RMSEA ¼ 0.044). 

4.3. Testing the modified model 

The modified structural model with personal norms is presented in 
Fig. 4. This shows an improvement in prediction over the default model 
and explained 59% of the variance in the model. In the modified model, 
the strongest effect on intentions is personal norms (β ¼ 0.65) followed 
by attitude (β ¼ 0.58), behavioural control (β ¼ 0.55) and subjective 
norm (β ¼ 0.46). The modified model also shows an improvement in the 
fit indices over the default model (χ2 ¼ 184.18, df ¼ 80, p < 0.001, 
NFI ¼ 0.949, TLI ¼ 0.951, CFI ¼ 0.970, RMSEA ¼ 0.041) which is an 
excellent fit for the data. 

Table 1 presents the average scores on the determinants of willing
ness. The willingness is assumed to be based on the rational expectations 
of the household head, therefore data in Table 1 represent the household 
head’s expectations on adoption of a greywater treatment and reuse 
system at the household level. 

4.4. Effect of beliefs 

Comparing the three-path coefficient of the default model (Fig. 3), 
results showed that the impact of beliefs from attitude thus, environ
mental hazard, pollution prevention and water conservation were the 
most important factors that affect the intentions of households to adopt a 
greywater reuse and treatment system. Again, comparing the four-path 
coefficient of the modified model (Fig. 4), it can be seen that the impact 
of beliefs from personal norm thus, moral obligation, feeling of guilt and 
better feeling had the greatest impact on household’s willingness to 
adopt a greywater treatment and reuse system. 

Table 1   

Cronbach Alpha Mean S.D. 1 2 3 4 5 

1. Attitude1 0.77 8.13 0.90 1     
2. Subjective norm1 0.61 9.19 10.44 0.44** 1    
3. Perceived behavioural control1 0.65 5.74 3.39 0.24 0.23 1   
4. Intentions2 0.84 3.78 1.31 0.58** 0.46** 0.55** 1  
5. Personal Norm2 0.75 4.99 0.93 0.59** 0.50** 0.39** 0.65** 1 

Theoretical range (� 21 to 21)1 (1–7)2 **p < 0.01. 
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5. Discussion 

To better understand households’ intentions to adopt a greywater 
treatment and reuse system at the household level, two models were 
tested. The first was the original TPB model and the second an extended 
TPB model with personal norms. These personal norms are not part of 
the original TPB model. Greywater treatment and reuse systems are not 
common in the study area as it is the situation in many developing 
countries so in this hypothetical case, household heads cannot refer to 
their past habits and behaviour. Danner et al. (2008) suggested that 
when there is no past behaviour or habits, the future behaviour is guided 
by intentions. The inclusion of personal norms has been reported to 
improve the predictive ability of the model especially for 
pro-environmental behaviours (Arvola et al., 2008; Kaiser, 2006; 
Klockner, 2013). The results of the study support the main premise of the 
original TPB model which says that people who have positive attitude 

towards the behaviour, receive the support of people who are important 
to them and think they are able to participate in the behaviour in 
question will be more likely to carry out that behaviour (Ajzen, 1991). 
From Fig. 3 it can be seen that attitude, subjective norm and perceived 
behavioural control are all positively associated with behavioural in
tentions. The original TPB model explained 54% of the variance in 
household’s willingness to adopt the greywater treatment and reuse 
system. When the original model was extended to include personal 
norm, this increased to 59% of the variance being explained. The ob
tained results confirm similar research on pro-environmental behaviour 
where there was also an increase in the percentage variance explained 
when the TPB model was extended with personal norms (Harland et al., 
1999). The improvement in the model can be associated with better 
linkage of environmental attitudes with personal norms as suggested by 
Arvola et al. (2008). The household head’s attitude is considered to be a 
determining factor in adopting this system. The findings of this research 

Fig. 3. Default model.  

Fig. 4. Modified model.  
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further support that the households head perceived attitude has positive 
impact on the adoption of a treatment system as can be seen in Fig. 3. 
Generally, for a household to adopt this system it is perceived that it can 
reduce environmental hazard, prevent environmental pollution and 
provide economic relief in terms of bills paid for use of water. Social 
pressure has positive and significant impact on households’ intentions to 
adopt this treatment and reuse system. For example, increase in pressure 
from family members, friends and neighbours that the adoption of this 
system will reduce environmental hazard, reduce pollution and provide 
some financial relief will lead to a positive intention towards adopting 
this system. All four control beliefs: financial incentives, technology, 
quality assurance and human resource had significant effect on in
tentions to adopt the treatment and reuse system. For households to 
adopt this system, they must be able to overcome these factors such as 
financial commitment into obtaining this system, understand the 
appropriate technology, have the relevant human resource or expertise 
available and be assured of the quality assurance of the treated water. 

5.1. Limitations 

This study used the responses of the household heads and as such it 
might be possible the responses from the household head may not be the 
general consensus from members within the household. Again, actual 
behaviour could not be measured because household greywater treat
ment and reuse systems are not commonly available in most developing 
countries, therefore the association between consumers’ intention and 
actual behaviour could not be assessed. Also, most likely, most house
hold heads do not exactly know what a greywater treatment and reuse 
system might look like – even with the explanation offered in this study 
and this might also affect the responses to the questionnaire items. The 
research has only been conducted in the central region of Ghana which 
makes generalization of the results risky though the social dynamics in 
the central region can be compared to what prevails in most developing 
countries. Finally, this is a self-reported questionnaire and hence it 
might not reflect the true state of the issues as expounded in this ques
tionnaire items. 

6. Conclusions 

The results of this study can be applied by stakeholders and agencies 
that intend to promote greywater treatment and reuse at the household 
level in developing countries. In order to convince household heads to 
adopt household greywater treatment and reuse systems, specific drivers 
of intentions must be addressed in the campaign. Attitude, personal 
norms, subjective norm, and perceived behavioural control seemed to 
all contribute to intentions; however, attitude and personal norms seem 
to be the strongest determinants. From the viewpoint of attitudes, 
campaign messages on attitudes could focus on some environmental 
benefits of greywater treatment and reuse. For example, greywater 
treatment and reuse systems could prevent environmental hazards and 
pollution associated with untreated greywater releases and further 
contribute to conservation of water by adopting a treatment and reuse 
system. Including these messages in a campaign or intervention message 
could contribute to attitude change which could then result in actual 
behaviour. With respect to personal norms, household greywater treat
ment and reuse systems could be promoted by making it known to 
households that they could contribute to making a change and that 
adopting this system could be seen as a moral obligation. This can be 
done by appealing to households about the hazard associated with 
release of untreated greywater into the environment without treatment 
and how this could lead to pollution of freshwater resources and sub
sequently affect aquatic life and the fact that their adoption of this 
system can reduce or bring about a change in this environmental hazard. 
With respect to perceived behavioural control, the treatment system 
should have a certification of quality and it also should not also affect 
the finances of the households. In fact, a free system will be easily 

adopted since it provides no financial burden on households while 
reducing the volume of treated water that will be paid for. For social 
norm, household treatment and reuse schemes can be promoted when 
important others such as family, friends and neighbours have all 
embraced the concept and fully support this concept. 
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