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a b s t r a c t
Utilization of grey water as an alternative source of water is a recent useful option to serve environ-
mental sustainability, especially in water stressed and water scarce areas. Public acceptance is one 
of the key determinants of the success of grey water reuse. Surveys were conducted in the Turkish 
megacity Istanbul to investigate awareness and attitude of the public, and the impact of supplying 
information upon acceptance of grey water reuse. The major focus of the paper is placed on sources 
of grey water, possible final uses and economic considerations. The results revealed that the reuse 
of grey water as flush water was accepted the most with 79% which increased to 92%. The highest 
impact upon positive opinion was with acceptance on the reuse of grey water from washing machines 
with 93% change in approval after supplying information. The results reveal that informing public 
and awareness raising regarding grey water and its management are major factors for improving the 
level of acceptance.
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1. Introduction

Water is one of the critical elements that maintains and 
sustains the life of mankind. However, it faces the risk of pol-
lution and running out. Integrating wastewater into water 
management and reclamation can be utilized as a possible 
tool to combat with water stress and scarcity. Water quality 
and scarcity are considered as major issues of our time that 
is impacted by the dramatic increase of world population 
which is estimated to reach 9.0 billion by 2050 [1]. The increas-
ing concern about these issues obligates both academicians 
and the public sector to find alternative resources that could 
alleviate water scarcity and deterioration of quality.

Segregation of domestic wastewater at the source is 
one of the best options for recycling and reuse of valuable 
materials embedded in domestic wastewater. Grey water is 

the stream which will result from such segregation regard-
less of the type of separation used either two components 
or three components. Containing all but toilet wastewater, 
grey water will consist of wastewater from different wash-
ing functions in the households such as bath tubs, show-
ers, wash basins, laundries, kitchen sinks and dishwash-
ers. Grey water constitutes 75% by volume and can cover 
the entire flush water demand typically making up 25% of 
daily domestic water use, in addition to various other end 
uses. As it contains lesser amounts of pollutants, 3% nitro-
gen, 10% phosphorus and around 40% organic matter in 
conventional domestic wastewater, reclamation and reuse of 
this renewable alternative source presents an obvious bene-
fit [2]. Recycling greywater can help mitigate the increasing 
demand for pristine water from natural resources. Although 
different types of grey water may show a variability in terms 
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of constituents [3], non-potable reuse of greywater has been 
commonly recognized for various end uses including toi-
let flushing, municipal uses such as firefighting and street 
cleaning, landscaping, irrigation, etc. [4–12] in various loca-
tions of the world.

Although treating grey water for reuse as an alterna-
tive water source to almost any high-quality demanding 
end use is technically possible, positive public opinion and 
acceptance by consumers is one of the key elements in the 
success for full-scale practice [13]. Furthermore, positive 
opinion and acceptance necessitates awareness in the subject 
matter and must be based on sound information about grey 
water and its management.

Papers devoted to public acceptance surveys focusing 
wastewater reclamation and reuse were mainly conducted to 
assess opinion regarding the reuse of conventional domestic 
wastewater, however without stream segregation [14–16]. 
Although work upon technical and even economic aspects 
of grey water reclamation and reuse exist in appreciable 
numbers, papers devoted to upon public opinion are very 
limited [13,17].

This work was undertaken to investigate awareness and 
attitude of the public towards reusing grey water for vari-
ous end uses with specific emphasis on the impact of sup-
plying information upon acceptance. The paper will report 
the results of the survey conducted in the Turkish megacity 
Istanbul, focusing on present awareness and willingness of 
participants to use reclaimed grey water along with changes 
in their perception and level of acceptance after being 
informed about the subject matter. The major focus of the 
paper is placed on sources of grey water, possible final uses 
and economic considerations.

2. Materials and methods

This preliminary survey of 30 questions was run in 
Istanbul, Turkey, with 227 participants on a face to face 
basis to be able to supply information and to directly 
answer any questions that they may pose. The survey was 
directed toward assessing the opinion of participants about 
their present awareness regarding recycling/reuse of grey 
water, their willingness to install grey water separation 
systems and the acceptance of using treated grey water in 

their daily life. The major focus of the paper is placed on 
sources of grey water, possible final uses, and economic con-
siderations. In addition to the six questions of demographic 
nature, questions were directed towards their former aware-
ness regarding grey water and its management, their will-
ingness to pay extra for grey water separation systems, their 
acceptance toward sources of grey water from households 
and final end uses related to household use, agricultural 
irrigation of food stuff, industrial plants, and irrigation of 
green areas.

After finishing the entire questionnaire, participants 
were supplied with a standard piece of information on grey 
water about origin and contents of grey water, its impact on 
the environment and that in developed countries reclaimed 
grey water is used as a safe source of water which meets 
the health and safety standards. 17 of the questions were 
repeated for the second time to assess the effect of supply-
ing information. Meanwhile, questions from the participants 
were answered. 

The assessment was mainly based on counts and per-
centages of possible choices. Changes in attitudes were cal-
culated based on the difference between counts of selected 
choices as indicated in the first (before) and the second 
(after) runs.

3. Results and discussion

Table 1 summarizing the demographic data indicates 
that out of 227 participants, 46% was female and 54% was 
male. The majority of the survey sample was from young 
population with ages below 34 years with 76%. 91% of the 
participants were people who received a university degree 
or equivalent and about 3% who were still working to get a 
university degree. The highest ranked occupation was engi-
neering with 33%, followed by educational professionals, 
self-employed and administrative staff. Occupations with 
less than 5% were classified as other. Most of the participants 
with 93% live in urban areas, while only 7% live in rural 
areas and 46% of the entire participants have a connection to 
rural life. Hence the sample was mainly young people with 
high education levels living in urban areas.

To start with, participants were asked to rank their aware-
ness regarding the reuse of the wastewater on a scale from 

Table 1
Demographic data of the survey sample

Demographic data No. % Demographic data No. % Demographic data No. %

Gender Educational level Connection to rural area

Female 104 46 Less than high school 3 1 Yes 104 46
Male 123 54 High school 18 8 No 123 54
Occupation 2-years degree 11 5 Age
Engineering 75 33 Undergraduate 145 64 <18 11 5
Educational professional 43 19 Master 36 16 18–24 93 41
Owner/self-employed 30 13 PhD 14 6 25–34 68 30
Administrative work 22 10 Urban/rural 35–54 45 20
Other 57 25 Urban area 211 93 >55 10 4

Rural area 16 7
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1 to 5. 19% were not familiar at all to the reuse of wastewa-
ter, and the majority was moderately familiar with a typical 
scale of 3.

Fig. 1 presents awareness about water-related terms, 
which revealed that the participants were familiar with the 
terms potable water and wastewater by 88% and 90%, respec-
tively, however, recognized the term non-potable water with 
a smaller percentage. Regarding grey water, 47% never 
heard of this term before and 24% heard about it but they 
were not sure of the meaning indicating that there is a lack of 
knowledge about this segregated wastewater stream and its 
reuse as an alternative water source.

The results regarding acceptance towards using reclai-
med grey water are presented in Figs. 2–4 and the changes 
in attitude after being informed are shown in Table 2.

The participants were asked about their opinion regard-
ing segregation and reuse of grey water focusing upon the 
use of two simultaneous water supply streams (potable and 
non-potable water), possible benefits of reuse of grey water, 
and its impact upon the environment and water resources, 
both before and after sharing information. Fig. 2 shows 
that providing information improved public opinion by 
21%–28%. Table 2 shows further that providing information 
increased acceptances between 33% and 61%.

Fig. 1. Awareness regarding water-related terms.

Fig. 3. Willingness to pay for installing grey water separation systems.

Fig. 2. Opinion about grey water and reuse.
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Fig. 3 presents the willingness of participants regarding 
the installation of grey water separation systems at their 
homes. Before sharing information, 67% of the participants 
said they would like to install this system to protect the 
environment while about 50% of the participants said they 
would like to construct their new homes with a gray water 
separation system. The percentages increased to 86% and 
79% after supplying information. Fig. 3 shows further that 
economics is an important aspect in terms of acceptance, 
as the survey has shown that the percentage of agreement 

increased by almost two-fold, from 40% to 79%, if it was 
offered for free. Table 2 indicates acceptances increased up 
to 46%. It is also to be noted that since the installation free 
of charge originally received a high percentage, the increase 
in acceptance raised only by 17% although 210 out of 227 
indicated approvals.

Regarding acceptance towards different origins of grey 
water, at least one of the grey water sources was accepted by 
a large majority of participants to be reused in households 
with a range of 39%–65% and 73%–82% before and after 

Table 2
Acceptances and changes in attitudes of participants on the use of reclaimed grey water in their daily lives

Option Before 
information

After Information % increase

Opinion about grey 
water and reuse

Providing residential units with two water 
streams potable and non-potable is vital

150 199 32.7

I will obtain benefits from utilizing of treated 
grey water

147 198 34.7

Grey water treatment will help the environment 146 205 40.4
Reuse of treated grey water for non-potable 
domestic use is safe

105 169 61

The use of treated grey water will conserve 
drinking water resources

153 209 36.6

Willingness to pay 
for installing grey 
water separation 
systems

I am prepared to install a grey water separation 
system in my home, to protect environment and 
conserve water

152 195 28.3

I’d like to construct my new home with a grey 
water segregation

133 180 35.3

I am prepared to pay extra money to install grey 
water separation at home

90 131 45.6

I will install a grey water separation system in my 
house if it is free of charge

180 210 16.7

I will reuse grey water at home as flush water to 
reduce water bill

185 203 9.7

Sources of grey water 
for reuse in house-
hold

Kitchen sink 129 186 44.2
Hand wash basin 148 182 23
Shower/Bath 121 166 37.2
Washing machine 89 172 93.3
Dish washer 98 178 81.6

Fig. 4. Sources of greywater for reuse in households.
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sharing information respectively, as shown in Fig. 4. Table 2 
reveals that the highest impact of supplying information was 
observed in this group where the acceptance raised to 93% 
for reuse from washing machine and 83% for dish washers.
Where to reuse grey water is a critical matter, and it depends 
on the willingness and perception of the users. Figs. 5–8 
present acceptances of using treated grey water in household 
applications, agricultural and landscape irrigation, and for 
industrial plants/products, both before and after providing 
information and Table 3 summarizes the impact of supplying 
information. 

Toilet flushing ranked the highest before and after 
sharing information receiving the highest acceptance in 
all with 79% and 92% respectively among choices shown 
in Fig. 5, and washing cars ranked the second. Although 
Table 3 indicates that the increase in acceptance for toilet 
flushing was about 17%, it is to be noted that this practice 
was accepted even before supplying information by 179 
out of 227 participants and increased to 209 participants, 
which corresponds to 92%, after being informed. The reuse 
of grey water in swimming pools was the choice which was 
least accepted by 22% of the participants, and about 42% 

Fig. 6. Impact of supplying information on the acceptance of using treated grey water in agricultural irrigation.

Fig. 7. Impact of supplying information on the acceptance of using treated grey water in landscape irrigation

Fig. 5. Impact of supplying information on the acceptance of using treated grey water in household applications.
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not sure. The low percentage for swimming pools might be 
attributed to concerns to come in contact or ingest a treated 
wastewater stream, which was improved to 35% of all par-
ticipants after supplying information. This interpretation is 
in line with similar cases for using reclaimed conventional 
domestic wastewater [16,18,19].

Before sharing information, regarding using grey water 
for irrigational purposes, participants were more conserva-
tive to accept crops that will be consumed without receiving 
any treatment, such as uncooked vegetables with 25%. Fruits 
grown on soil and cooked vegetables received about 40%, 
while non-food crops were the preferred choice by 71%. After 
providing information, the percentages for all the choices 
improved and reached a range of 41%–86%.

In case of irrigating green areas with treated grey water, 
the percentages in the first run were in a range between 
63% and 75%, and in the second run, the acceptance level 
increased to 80%–90%. The participants’ preferences were the 

same in both of the first and second runs, indicating the home 
gardens as the first choice.

In terms of industrial plants, as shown in Fig. 8, 57% of 
the participants accepted to wear clothes produced from cot-
ton irrigated with treated grey water. This was much lower 
than the acceptance in an older survey where the acceptance 
was over 80% and considerably higher than food stuff [12]. 
It was highly rejected to drink juice or consume sugar pro-
duced from plants irrigated with treated grey water; how-
ever, total rejection decreased upon supplying information. It 
was observed in the face to face interviews that psychological 
concerns comprised a significant obstacle in terms of apply-
ing grey water in agricultural irrigation. 

Overall, the greatest acceptance as the final use before 
being informed was with toilet flushing 79% acceptance 
which still remained as the highest with 92% after sharing 
information. The lowest was uncooked vegetables with 25% 
which increased to 41% upon supplying information, Table 

Fig. 8. Using or consuming products irrigated with grey water.

Table 3
Acceptances and changes in attitudes of participants on final uses of grey water after supplying information

Final use Option Before informing After informing % Increase

Household use
Toilet flushing 179 209 17
Car washing 158 193 22
Swimming pools 50 81 62

Irrigation -  
agricultural

Cereals/grains 130 161 24
Nuts in shells 132 175 33
Fruits on soil 94 135 44
Fruits on trees 120 157 31
Cooked vegetables 95 116 22
Uncooked vegetables 57 93 63
Non-food crops 162 196 21

Irrigation -  
landscape

Home gardens 170 205 21
Picnic area 159 202 27
Landscape 162 197 22
Park 169 204 21
Stadium 143 183 28
Playground 166 196 18
School garden 153 184 20
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3 summarizes acceptances and the changes in attitudes of 
participants after being informed. Supplying information 
to the public increases their awareness and motivation in 
using treated grey water either directly or indirectly. The 
major responsibility lies with the government/public sec-
tor and local councils, as well as NGOs to increase public 
awareness and to support communities, economically and 
psychologically. 

All in all, for all questions in the survey there was an 
increase in public acceptance ranging from 17% to 93% show-
ing the positive impact of supplying information to the pub-
lic in terms of enhancing willingness to reuse grey water. This 
was specifically obvious for originally rejected items which 
received low acceptances.

4. Conclusion

Grey water is a renewable and reliable source of water 
and should be used as an alternative water source. However, 
successful implementation requires positive public opinion 
and acceptance. In this survey which was undertaken in 
Istanbul, it could be observed that awareness regarding grey 
water and its reuse was limited and supplying information 
to raise awareness in the subject matter helped appreciably 
in improving public opinion. The greatest acceptance as 
the final use was with toilet flushing with 79% acceptance 
to begin with, which increased to 92%. The lowest was 
uncooked vegetables with 25% and increased to 41% after 
sharing information. Economic considerations were observed 
to play an important role in public acceptance and partici-
pants said they would accept to pay for installation of grey 
water systems with 40% but would accept its installation for 
free with 79%, both of which have increased to 58% and 93%, 
respectively, after learning more about grey water manage-
ment. Grey water reuse is a viable and sustainable option for 
the future, especially for the regions of the world with water 
stress/scarcity; however, it is not widely recognized yet and 
awareness raising will be a critical factor for its widespread 
acceptance. 
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