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Abstract: In the last twenty years, house onsite wastewater management systems have been increasing
in the West Bank’s rural areas. The aim of this research was to reveal, in the context of providing
onsite Grey Water Treatment Plants (GWTPs) for wastewater management in the rural communities in
Palestine, the local population’s perceptions, in the sense of acceptance of and barriers towards such a
type of wastewater management, so as to figure out successes, failures and lessons. The data collection
tool was a questionnaire that targeted the households served with GWTPs. The findings show
that 13% of the total constructed treatment plants were not operative. The most important barrier
as mentioned by 66.5% is odor emission and insect infestation. Then, 25.1% of the implementing
agencies never monitor or check the treatment plants, and 59.3% of them monitor and check the plants
only during the first 2–3 months. The next barrier is inadequate beneficiary experience in operation
and maintenance. Health concerns regarding quality of crops irrigated by treated grey water were
another barrier. The results revealed that the reuse of treated grey water in irrigation was the main
incentive for GWTPs as stated by 88.0% of beneficiaries. The second incentive was the saving of
cesspit discharge frequency and its financial consequences, as stated by 71.3%. Finally, 72.5% of the
beneficiaries stated that they had a water shortage before implementing GWTPs, and the GWTPs
contributed to solving it. The highest percentage (82.6%) of beneficiaries accepted the treatment units
because of their willingness to reuse treated water for irrigation and agricultural purposes. Education
level has an impact on GWTP acceptance, with 73% of not educated beneficiaries being satisfied and
58.8% of educated people being satisfied. Islamic religion is considered a driver for accepting reuse of
treated grey water in irrigation, according to the majority of people (70%). Women play a major role
on GWTP management; 68.9% of the treatment systems are run by men side-by-side with women
(fathers and mothers), and 24% are run completely by women. The majority of GWTP beneficiaries
(70.4%) are satisfied with GWTPs. Little effort is required for operation and maintenance, with only
an average of 0.4 working hours per week. Therefore, house onsite grey water management systems
are acceptable in rural communities, but attention should be given to the reasons of acceptance and
barriers highlighted in this research.
Keywords: greywater treatment; house onsite; reuse; irrigation; acceptance; barriers
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1. Introduction
1.1. General Information
Palestinian territories face significant and growing shortfalls in the water supply available for
domestic use. The World Health Organization (WHO) considers 100 liters per capita per day (L/c.d)
as the benchmark minimum for domestic consumption to achieve full health and hygiene benefits.
In contrast, available water resources for domestic consumption in the West Bank are only 62 L/c.d [1].
The results of the Palestinian Central Bureau of Statistics [2] showed that 93% of the households
in the Palestinian Territory live in housing units connected to a water network [2]. During 2015,
data indicated that 53.9% of households in Palestine used wastewater networks to dispose their
wastewater, while 31.8% of households used porous cesspits [2]. The estimated quantity of wastewater
generated in the West Bank for the year 2015 was estimated at 65.82 million cubic meters (MCM) [3].
In the last twenty years, house onsite grey water management systems have been implemented
in the rural communities of the West Bank, justified by lack of adequate wastewater services and
driven by business opportunities for the implementing Non-Governmental Organizations (NGOs)
funded by donors. Some of those projects were not successful, but some others are still operating very
successfully. The reasons for acceptance and barriers of providing onsite grey water treatment plants
from the beneficiaries’ points of view have not yet been investigated.
A decentralized wastewater management system may consist of individual onsite systems and/or
cluster systems, either singly or in combination with more highly collectivized facilities [4]. The degree
of collectivization at any stage of the treatment and reuse or dispersal processes will be determined by a
variety of local circumstances, including topography, site and soil characteristics, development density,
type of development, community desires with regard to land use issues and sites of potential reuse
and/or sites where discharge would be allowable. Decentralized wastewater systems in particularly
arid regions promote wastewater uptake by plants [5].
The composition of grey water varies greatly and reflects the lifestyle of the residents and the
choice of household chemicals for washing up, laundry etc. [6]. Characteristic of grey water is that it
often contains high concentrations of easily degradable organic material, i.e., fat, oil and other organic
substances from cooking, as well as residues from soap and detergents [7–9].
The generated amount of grey water greatly varies as a function of the dynamics of the household.
It is influenced by factors such as existing water supply systems, number of household members,
age distribution, life style characteristics, typical water usage patterns, etc. Reuse of treated grey water
in irrigation can significantly contribute to reducing water bills and increasing food security [10–13],
at the same time leading to saving of drinking water for domestic consumption.
Grey water, in contrast to common perception, may be quite polluted, and thus may pose health
risks and negative aesthetics (i.e., offensive odor and color) and environmental effects [14–16].
Grey water contains pollutants and microorganisms stemming from household and personal
cleaning activities. Laundry and shower water are slightly polluted, but kitchen water is highly polluted
with organic matter from food wastes, and so requires special attention [17]. Indeed, grey water
contains by far fewer pathogens than total sewage [18]. Therefore, grey water should not be considered
as a waste, but a beneficial resource. It is increasingly agreed that grey water can alleviate water
shortages [19,20]. Grey water is a valuable water resource that can be utilized for irrigating home
gardens or agricultural land [10].
The willingness of households to adopt a grey water treatment and reuse system depends on
many factors such as sociocultural acceptance, public awareness, economic situation and institutional
capacity in the field of the onsite treatment [21]. The public perception of wastewater reuse is still
suspicious although generally grey wastewater reuse is more acceptable than black water reuse [22].
The aim of this research was to investigate the reasons of GWTPs’ acceptance by the beneficiaries
and the barriers of implementing these systems in the Palestinian rural communities.
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1.2. Grey Water Practices in Palestine

1.2. Grey Water Practices in Palestine
Great
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obstacles for the development of wastewater services. The Palestinian institutions promote
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implementation of house and community onsite treatments and agricultural reuse of treated
However, sociocultural acceptance and public awareness should be addressed, as well as the institutional
effluents. However, sociocultural acceptance and public awareness should be addressed, as well as
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to administer the decentralized wastewater management systems. Figure 1 shows an example
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Figure
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Qubeba-Jerusalem.

1.3. Description of House Onsite Grey Water Treatment Plant
The house wastewater piping systems are modified to separate the grey and black
wastewaters. The (black) toilet wastewater is disposed into an available cesspit. The grey
wastewater (wastewater sources except toilet wastewater) is transported to the household grey
water treatment plant (GWTP).
The onsite GWTP is comprised of a septic tank (first compartment) ahead of two up-flow
gravel filters (second and third compartments) as presented in Figure 1. Grease is tapped in the
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1.3. Description of House Onsite Grey Water Treatment Plant
The house wastewater piping systems are modified to separate the grey and black wastewaters.
The (black) toilet wastewater is disposed into an available cesspit. The grey wastewater (wastewater
sources except toilet wastewater) is transported to the household grey water treatment plant (GWTP).
The onsite GWTP is comprised of a septic tank (first compartment) ahead of two up-flow gravel
filters (second and third compartments) as presented in Figure 1. Grease is tapped in the septic tank
using an outlet T-shaped pipe as shown in Figure 3. The fourth compartment is a pumping wet
well tank where the anaerobically pre-treated wastewater is lifted to a multi-layer coal–sand filter.
Afterwards, the treated wastewater is stored in an irrigation tank connected to the garden irrigation
network.
More
Water 2020,
12, xdetails about the system can be found in Burnat and Shtayye [23].
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Figure3.3.Onsite
Onsite grey
grey water
plant
[23].
Figure
watertreatment
treatment
plant
[23].
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of the
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Bank: Ramallah, Jerusalem, Bethlehem, Hebron, Jenin, Tubas, Tulkarem, Nablus. The study area was
Ramallah, Jerusalem, Bethlehem, Hebron, Jenin, Tubas, Tulkarem, Nablus. The study area was selected
selected according to the availability of onsite GWTPs distributed mostly in all governorates of the West
according to the availability of onsite GWTPs distributed mostly in all governorates of the West Bank
Bank as illustrated in Figure 4.
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Figure
4.
In thisinstudy,
a survey
by questionnaire was conducted. A sample of 185 owner “beneficiaries” of
In thisGWTPs
study, at
a survey
by questionnaire
was conducted.
A sample
of 185 owner
“beneficiaries”
of
onsite
the household
level was randomly
selected and
the questionnaire
was distributed
at
onsite
at the
household
level
was
selected
and the questionnaire
distributed at
theGWTPs
household
level.
The recovery
rate
wasrandomly
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was
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the
sanitation
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aesthetic
concerns andof the
about family size, job, income, general information regarding the treatment plant, monitoring
the treatment plant’s impact, the impact of the sanitation system on health, reasons of acceptance and
treatment plant, satisfaction regarding the GWTP, current status of the sanitation system, aesthetic
barriers, social and managerial aspects, financial aspects, confidence in the applied systems, etc.
concerns and the treatment plant’s impact, the impact of the sanitation system on health, reasons of
The surveyors were educated about the GWTP, its operation and maintenance methods and
acceptance
and barriers,
social and
aspects,
aspects,
confidence
in the applied
the environmental,
economic
and managerial
agriculture values
thatfinancial
grey water
provides.
The questionnaire
systems,
etc.
also included inquiries regarding inspection of the treatment systems and testing of the quality of
treated water. The obtained data were analyzed using the Statistical Science Software Program
(SPSS) software version 20 [24]. Acceptance of providing onsite GWTPs was statistically tested
using logistic regression analysis.

Water 2020, 12, 1679
Water 2020, 12, x

5 of 14
6 of 15

Figure 4. Study area in eight governorates of the West
West Bank.
Bank.

The surveyors
were educated about the GWTP, its operation and maintenance methods and
3. Results
and Discussion
the environmental, economic and agriculture values that grey water provides. The questionnaire
also
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inspection of the treatment systems and testing of the quality of
3.1. General
Information
Households
treated water. The obtained data were analyzed using the Statistical Science Software Program (SPSS)
The version
survey 20
results
revealed that
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size was
in the
study area
wasusing
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software
[24]. Acceptance
of providing
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statistically
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logistic
which
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a
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the
average
family
size
in
the
West
Bank
is
5
persons
[25].
regression analysis.
Out of the total implemented GWTPs, 76.5% served one household, 14.2% served two households
and
9.2% served
three to four households. The average monthly income of the onsite GWTP owners
3.
Results
and Discussion
ranged from 280 up to 830 US$ as illustrated in Figure 5; the latest official Palestinian statistics
3.1.
General
onWest
Households
reveal
that Information
13.9% of the
Bank population is below the national poorness standard, as their
average
income
is
less
than
580
The survey results revealed US$
that [26].
the average family size in the study area was 9.3 people, which is
considered a large family size as the average family size in the West Bank is 5 persons [25]. Out of
the total implemented GWTPs, 76.5% served one household, 14.2% served two households and 9.2%
served three to four households. The average monthly income of the onsite GWTP owners ranged
from 280 up to 830 US$ as illustrated in Figure 5; the latest official Palestinian statistics reveal that
13.9% of the West Bank population is below the national poorness standard, as their average income is
less than 580 US$ [26].
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3.2. General Information on Onsite GWTPs
3.2. General Information on Onsite GWTPs
The treatment plants which are distributed in the rural communities have been constructed over
treatment
whichofare
distributed
in the
rural
communities
haveAll
been
constructed
the lastThe
twenty
years,plants
with 99.3%
them
constructed
over
the last
fifteen years.
of them
were
over the last twenty years, with 99.3% of them constructed over the last fifteen years. All of them
constructed by local or international NGOs supported by external donors.
were
constructed by local or international NGOs supported by external donors.
The findings of this study showed that 13% of the total implemented GWTPs do not currently
The
findings of this study showed that 13% of the total implemented GWTPs do not currently
operate. The reasons include: (1) production of strong odors and their impact on the owners and
operate. The reasons include: 1) production of strong odors and their impact on the owners and
neighbors; (2) not being effective in the treatment process, as stated by beneficiaries; (3) changing of the
neighbors; 2) not being effective in the treatment process, as stated by beneficiaries; 3) changing of
function of the plant to a rainwater harvesting cistern by some of the beneficiaries since construction;
the function of the plant to a rainwater harvesting cistern by some of the beneficiaries since
and (4) not being adequately trained on operation and maintenance.
construction; and 4) not being adequately trained on operation and maintenance.
The data revealed that 25.1% of the executing agencies had not ever monitored or checked the
The data revealed that 25.1% of the executing agencies had not ever monitored or checked the
treatment plants. Furthermore, 59.3% of these agencies had followed the plants only during the early
treatment plants. Furthermore, 59.3% of these agencies had followed the plants only during the
phase (2–3 months as per beneficiaries) after completion of construction; only 11.4% of them had
early phase (2–3 months as per beneficiaries) after completion of construction; only 11.4% of them
monitored and operated the plants through regular visits and giving support to ensure the performance
had monitored and operated the plants through regular visits and giving support to ensure the
of the plants. Similarly, Ahmad et al. [22] reported that most onsite GWTPs did not operate after the
performance of the plants. Similarly, Ahmad et al. [22] reported that most onsite GWTPs did not
funded projects had been terminated, a sequence of no identifications for ownership. No monitoring
operate after the funded projects had been terminated, a sequence of no identifications for
systems were available for the treatment plants, although those systems were used for irrigation.
ownership. No monitoring systems were available for the treatment plants, although those systems
Moreover, Sandec [10] found that the main system malfunctions resulted from improper operation
were used for irrigation. Moreover, Sandec [10] found that the main system malfunctions resulted
and maintenance attributable to the owners’ poor understanding of the systems. Consequently,
from improper operation and maintenance attributable to the owners’ poor understanding of the
beneficiaries should be trained in proper management of the system, and as such their involvement
systems. Consequently, beneficiaries should be trained in proper management of the system, and as
during the planning and implementation stages is decisive.
such their involvement during the planning and implementation stages is decisive.
The results showed that 61.7% of the implementing agencies had never inspected or monitored
The results showed that 61.7% of the implementing agencies had never inspected or monitored
the quality of treated water, 26.9% of them had monitored the quality and process performance of the
the quality of treated water, 26.9% of them had monitored the quality and process performance of
plants during the first period after implementation and only 7.2% had monitored the plants on a regular
the plants during the first period after implementation and only 7.2% had monitored the plants on a
basis ranging between 1–2 times per month. This reveals that there was no reliable or continuous
regular basis ranging between 1–2 times per month. This reveals that there was no reliable or
monitoring system of the plants by the implementing agencies. In fact, the monitoring tasks were
continuous monitoring system of the plants by the implementing agencies. In fact, the monitoring
shifted directly to the owners without adequate knowledge and experience of the system’s monitoring
tasks were shifted directly to the owners without adequate knowledge and experience of the
and evaluation. The results showed that 48.8% of the system owners were not satisfied with the
system’s monitoring and evaluation. The results showed that 48.8% of the system owners were not
implementing agencies’ behavior upon completion of the construction phase of the project. This high
satisfied with the implementing agencies’ behavior upon completion of the construction phase of
percentage of dissatisfaction shows the limited role and responsibility of the implementing agency
the project. This high percentage of dissatisfaction shows the limited role and responsibility of the
which negatively affected the sustainability of these onsite wastewater treatment systems.
implementing agency which negatively affected the sustainability of these onsite wastewater
The beneficiaries stated that the implementing agencies made many mistakes throughout the
treatment systems.
planning and construction phases of the projects. During the planning phase, mistakes included
The beneficiaries stated that the implementing agencies made many mistakes throughout the
inappropriate site selection of the treatment plant, improper technical design and capacity, lack of
planning and construction phases of the projects. During the planning phase, mistakes included
inappropriate site selection of the treatment plant, improper technical design and capacity, lack of
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consultation with community representatives such as community-based organizations (CBOs) and
not conducting feasibility studies for the projects. During the construction phase, mistakes included
leakage from the treatment plant, low quality of the main construction works and poor finish due to
poor monitoring and supervision of construction.
3.3. Water and Sanitation Household Conditions
Treatment plants require available space surrounding the home; 95% of the household respondents
had gardens. The average area of the gardens was between 100–500 m2 . Furthermore, 79% of the
houses had rainwater harvesting systems. Treatment plants affect irrigation and saving of fresh water,
as 51.5% of the interviewers used the fresh water from water network in irrigation before construction
of GWTP. However, this percent considerably decreased after construction of the treatment plants:
15% of the beneficiaries still used a network water source in irrigation after construction of an onsite
GWTP and 30% of them used a water network from time to time. Indeed, most of the investigated
rural communities face chronic water shortages, with 72.5% of the beneficiaries reporting that before
implementation of the treatment plants, they had a water shortage and the onsite GWTPs helped in
alleviating this problem. A total of 35.3% of beneficiaries stated that the GWTPs contributed to solving
the water shortage and 44.3% stated that GWTPs contribute partially to solving water shortages, since
as they used treated water for irrigation, consequently they save fresh water. The average household
planted area before and after establishment of a GWTP was 153 m2 , while the average planted area
after establishing a GWTP was 156 m2 . Though the difference in the planted area is not significant, the
agriculture practices became more efficient and productive. Likewise, Sandec [10] stated that treated
grey water reuse in irrigation might considerably influence in lessening water bills and contributing to
food security.
Findings revealed that there are two types of agriculture. The majority of the interviewees (77.8%)
stated that they use treated water in open agriculture and 15.6% of them use treated water in a green
house. The percentages of beneficiaries who use treated grey water in irrigating fruit trees, vegetables,
flowers and fodder are 71.9, 44.3, 4.8 and 1.2%, respectively. The fruits are mostly consumed by the
system owners’ families (77.4%); around 10% are gifted to relatives, neighbors and friends and 7.5%
are usually sold in the market. Therefore, the availability of a house onsite GWTP leads to utilizing
treated effluent in irrigation, contributing to food security. Acceptance of implementing GWTPs for
the purpose of treated effluent reuse in irrigation is varied according to the many reasons mentioned
in Table 1.
•

•

•

•

•

Governorate: From the results of Table 2, it appears that the percentages of acceptance have
close values between all governorates, which shows that onsite GWTPs in the West Bank are
acceptable for the purpose of reuse in irrigation. However, acceptance was not at the same level
in all governorates.
Family Size: From Figure 6 it is noticeable that the acceptance of a GWTP for reuse in irrigation is
influenced by the number of family members, where the percentage increases with increasing
family size.
Job: Acceptance of GWTPs was different for people with different jobs as per Table 3, where a
high percentage was found for workers and farmers (who have less income), while employees or
wholesalers have relatively less interest in GWTPs.
Education Level: 87.7% of less educated people accept GWTPs for reuse in agriculture, but a lower
percent (81.2%) of educated people accept GWTPs. This emphasizes that educated people have
more concerns regarding the quality of treated water.
Suffering from Water Shortage before Construction of GWTPs: 85.6% of people who were suffering
from water shortages accept construction of GWTPs for reuse in irrigation, while a lower percent
(75.6%) is found for people who had no problems with water shortages.
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•

Garden Availability: 86.1% of people who have a home garden would be willing to reuse treated
grey water in irrigation, however 22% of those who do not have a home garden were not able to
reuse for irrigation.
•
Frequency of Cesspit’s Emptying before Providing GWTP: Acceptance of reuse in irrigation
depends on discharge of cesspits per year: 76.2% of people who empty cesspits 1–3 times per year
accept reuse in agriculture, while 88.3% of people who discharge their cesspits more than 4 times
per year accept reuse in agriculture.
•WaterOwner’s
Satisfaction of Cesspits: 73.9% of people who are satisfied in applying cesspits accept
2020, 12, x
9 of 15
reuse in irrigation, while a larger percent (87.4%) of people who are not satisfied accept providing
onsite
GWTPs
purposeofofreuse
reuseininirrigation.
irrigation. However, acceptance was not at the same
acceptable
forfor
thethe
purpose

level in all governorates.
Table 1. Acceptance of providing GWTPs (grey water treatment plants) for reuse in irrigation.
Table 2. Acceptance of GWTPs for reuse in irrigation per governorate.
Acceptance of GWTPs
Independent
ValueNumber of respondents Acceptance of GWTPs (%)
Governorate
Asymp. Sig. (2-sided) Value *

Bethlehem
4
Age
Ramallah
55
Governorate
Number
of households
Jerusalem
7
Family
Hebronsize
38
Job
Nablus
6
Age of responsible person for managing GWTP
Tulkarem
Education level of those responsible of GWTP7
Jenin
39
Suffering of water shortage
before construction of GWTPs
frequency of cesspit’s emptying
GWTP
Tubas before providing 10

•

Level of noise
Garden availability
Size:
From
Figureof6 cesspit’s
it is noticeable
Owner’s
satisfaction

0.52683.3
0.00268.1
0.433 100
0.013585.7
0.00
100
0.501
85.7
0.00
0.00382.1
0.002 100
0.32
0.00
acceptance
of a GWTP
0.001

Status
Not significant
Significant
Not significant
Significant
Significant
Not significant
Significant
Significant
Significant
Not significant
Significant
reuse
in irrigation
Significant

Family
that the
for
is influenced by*: the
number
of
family
members,
where
the
percentage
increases
with increasing
Significant value, if Asymp. Sig. (2-sided) value is less than or equal 0.05.
family size.

Acceptance of GWTP (%)

120%
100%
80%
60%
40%
20%
0%
2-4

5-8

9-15

16-20

Family size (person)
Figure 6. Acceptance of GWTPs for reuse in irrigation vs. family size.
Figure 6. Acceptance of GWTPs for reuse in irrigation vs. family size.

•

Job: Acceptance of GWTPs was different for people with different jobs as per Table 3, where a
high percentage was found for workers and farmers (who have less income), while employees
or wholesalers have relatively less interest in GWTPs.
Table 3. Acceptance of GWTPs for reuse in irrigation versus job.
Job
Worker
Employee
Farmer

Acceptance of GWTPs (%)
85
78.6
90
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Table 2. Acceptance of GWTPs for reuse in irrigation per governorate.
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Governorate

•

•

•

•

Number of Respondents

Acceptance of GWTPs (%)

Suffering from
Water Shortage before 4Construction of GWTPs: 83.3
85.6% of people who were
Bethlehem
Ramallah
suffering from
water shortages accept 55
construction of GWTPs for68.1
reuse in irrigation, while a
Jerusalem
7 who had no problems with
100water shortages.
lower percent
(75.6%) is found for people
Hebron
Garden Availability:
86.1% of people 38
who have a home garden85.7
would be willing to reuse
Nablus
6
100
treated grey Tulkarem
water in irrigation, however
22%
of
those
who
do
not
have a home garden were
7
85.7
not able to reuse
for
irrigation.
Jenin
39
82.1
10 Providing GWTP: Acceptance
100
Frequency of Tubas
Cesspit’s Emptying before
of reuse in irrigation
depends on discharge of cesspits per year: 76.2% of people who empty cesspits 1–3 times per
3. Acceptance
of GWTPs
in irrigation
versus job.
year accept reuseTable
in agriculture,
while
88.3%for
ofreuse
people
who discharge
their cesspits more than
4 times per year accept reuse in agriculture.
Job
Acceptance of GWTPs (%)
Owner’s Satisfaction of Cesspits: 73.9% of people who are satisfied in applying cesspits accept
Worker
85
reuse in irrigation, while
a larger percent (87.4%) of people
who are not satisfied accept
Employee
78.6
providing onsite GWTPs Farmer
for the purpose of reuse in irrigation.
90
Wholesaler

80%

3.4. Reasons for Acceptance GWTPs

Percentage of acceptance (%)

3.4. Reasons
for Acceptance
GWTPsof GWTPs to replace the previous sanitation system “cesspits” were
The reasons
for acceptance
different
across many
aspects. The
highest to
percentage
(82.6%)
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3.5. The Barriers for Application of Onsite GWTPS
Many barriers were raised by interviewees for the application of GWTPs; the following barriers
are arranged by priority, as illustrated in Figure 8. The first and biggest barriers are odor emission and
insect infestation. This emphasizes the importance of further developing the systems to improve their
performance. The second barrier is the lack of implementing agency (NGOs) follow-up, especially
after the end of implementation. The NGOs do not implement evaluation and monitoring of
system performance after the projects have ended. Accordingly, the beneficiaries do not have the
required experience in operation and maintenance. Health risks and worries about water quality
are other barriers since people are not confident about the quality of treated grey water. A lower
percentage of beneficiaries stated other barriers such as operation and maintenance burden on the
householder, lack of experience in operation and maintenance and the financial burden of operation
and maintenance. Likewise, Ahmad et al. [22] reported that no monitoring systems were available for
the treatment plants, although those systems were used for irrigation. This emphasizes the importance
of considering the follow-up process and practical training in operation and maintenance as a part of
project implementation.
•

•

•

•

•

•

Replacement of GWTPs in Case of Providing Sewerage Networks: 52.1% of GWTPs owners would
not replace the treatment plant in the case of providing sewerage networks, while 37.7% of them
stated that they would replace the treatment plant in the case of providing sewerage networks.
The mentioned results refer to many aspects that interfere with the replacement of GWTPs in the
case of providing sewerage networks, as discussed below.
Water shortage: 56.6% of GWTP beneficiaries who accepted GWTPs because of water shortages
were not willing to replace the onsite GWTP in the case of providing sewerage network, while 43%
of GWTP beneficiaries who did not face water shortages preferred replacing the onsite GWTP in
the case of providing sewerage network. This result indicates that water shortage is a significant
reason to maintain the onsite GWTP.
Availability of Fund by External Donor: 66.6% of GWTP beneficiaries who accept GWTPs because
they are supported by external funds were not willing to replace the onsite GWTPs in the case
of providing sewerage network, while 52.1% of GWTP beneficiaries who accept GWTPs when
they are not supported by external funds were not willing to replace the onsite GWTPs in case of
providing sewerage network, which means that fund availability was not a significant reason for
replacing the onsite GWTPs.
Reduction of Cesspit Discharge Frequency: 53.9% of GWTP beneficiaries who accepted a GWTP
for the reduction of cesspit discharge frequency were not willing to replace the onsite GWTP in the
case of providing a sewerage network, while 37.4% of GWTP beneficiaries who accepted a GWTP
for not saving cesspit discharge were willing to replace the onsite GWTP in case of providing
sewerage network. From the mentioned results it is concluded that reduction of cesspit discharge
frequency is a major reason for preference of GWTPs.
Reuse in Irrigation: 54.4% of GWTP beneficiaries who accept a GWTP for the purpose of reuse
in irrigation were not willing to replace the onsite GWTP in the case of providing a sewerage
network, while 47.4% of GWTP beneficiaries who accept a GWTP not for reuse in irrigation
were willing to replace the onsite GWTP in the case of providing sewerage network. From the
mentioned results it is concluded that reuse in irrigation is an important reason for preference
of GWTPs.
Saving in Water Bill: 61.5% of GWTP beneficiaries who accept GWTPs for saving on their water
bill were not willing to replace the onsite GWTP in the case of providing a sewerage network,
while 40.0% of GWTP beneficiaries who accepted a GWTP not for saving on their water bill were
willing to replace the onsite GWTP. This means that saving on their water bill is a very important
reason for preference of GWTPs.
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Satisfaction of Applied System: 68.1% of GWTP beneficiaries who were satisfied with the unit’s
performance were not willing to replace the onsite GWTP in the case of providing a sewerage
network, while 71.3% of GWTP beneficiaries who were not satisfied with the unit’s performance
Water
12, x to replace the onsite GWTP. This indicates that the satisfaction of the
11 ofexisting
15
were2020,
willing
sanitation system is a significant issue regarding the replacement of it with another one.
3.5. The Barriers for Application of Onsite GWTPS
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4.1. Conclusions
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Replacement of GWTPs in Case of Providing Sewerage Networks: 52.1% of GWTPs owners
would not replace the treatment plant in the case of providing sewerage networks, while 37.7%

Reasons for acceptance of GWTPs. Reuse of treated grey water in irrigation was the main incentive
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•
Availability of Fund by External Donor: 66.6% of GWTP beneficiaries who accept GWTPs
side-by-side with women (fathers and mothers), and 24% is run completely by women. The aesthetic
because they are supported by external funds were not willing to replace the onsite GWTPs in
the case of providing sewerage network, while 52.1% of GWTP beneficiaries who accept
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impact of the system is very positive, as mentioned by 74.9% of beneficiaries. The majority of GWTP
beneficiaries (70.4%) are satisfied. Little effort is required for operation and maintenance, with only an
average 0.4 working hours per week.
Barriers for Onsite GWTPs. The first barrier as mentioned by 66.5% is odor emission and
insect infestation. A total of 59.3% stated that the systems lack follow-up and monitoring from the
implementing agency’s side. System failures were also caused by inadequate beneficiary experience in
operation and maintenance and lack of system understanding was stated by 34.1% of beneficiaries.
Health concerns and doubt surrounding the quality of crops irrigated by treated grey water was
another barrier raised by beneficiaries.
Success and Failure Lessons. Water shortage is a main driver for providing an onsite grey water
system, and farmers with experience in agriculture are more capable of managing the grey water
system and reuse schemes than others. Failure of GWTPs happened as a result of inappropriate
operation and maintenance and lack of system understanding, as well as lack of technical support
from the implementing agency. Sometimes failures happened as a result of improper utilization of
treated water and seepage of water into the surrounding area, lack of reuse schemes and agricultural
plans and finally beneficiaries’ limited experience in agricultural practices.
House onsite grey water management systems are acceptable in rural communities; therefore,
a more proper system is required to handle the wastewater and replace cesspits and their harmful
implications on environment, ground water and public health.
4.2. Recommendations
•
•
•

•
•

•

•
•

•

There is an essential need to improve the performance of the treatment plants, to increase treatment
efficiency and to introduce well-operated wastewater treatment facilities.
Ensure treated water quality complies with applied local and international standards and its
suitability for reuse purposes.
At the policy level, the government should encourage and be more aware of the potential
application of onsite GWTPs in rural communities, so the government should be more involved
in wastewater management in rural areas to replace cesspits.
The government should encourage the use of non-conventional water resources in agriculture,
especially treated grey water.
Implementing agencies should implement regular monitoring and maintenance of the onsite
GWTPs, especially after the end of implementation and consider this phase as a part of the
project implementation.
Implementation of GWTPs should be applied according to social and technical feasibility
studies, including involvement of people in the planning and implementation process to ensure
understanding of the whole system.
GWTP beneficiaries require the necessary training in operation and maintenance of the system
management to maintain sustainability and to handle the system successfully.
Development of public awareness programs, to better understand and improve public knowledge
of wastewater systems and perception toward reuse schemes, in parallel with field visits of local
people to other wastewater treatment and reuse facilities for sharing of knowledge and ideas.
A more proper system is required to handle the wastewater to replace cesspits and their implications
on the environment, ground water and health in rural communities.
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