CASE STUDY 4: GAZA STRIP
HOUSEHOLD GRAY WATER TREATMENT IN
RESTRICTED/BORDER AREAS OF THE GAZA STRIP
Country context and problem statement
The Gaza Strip is facing a challenging and precarious situation in regards to water, sanitation and
hygiene (WSH) conditions, posing significant health risks to 1.8 million residents and constraining the
socioeconomic development1. Groundwater from the coastal aquifer is the only water resource
available in the Gaza Strip. The abstraction from the aquifer reached four times of the recharge rate
with amount of 200 million m3/year and it is expected to be 260 million m3/year by 2020. In addition,
more than 96% of the abstracted water is polluted and not fit for the human consumption because of
the high salinity level resulted from the sea water intrusion due to the over-pumping, and high nitrate
level resulted from the excessive use of agrochemicals and the infiltration of wastewater. Water
supply in the Gaza Strip is estimated at 90 litres per capita per day (laced), below the acceptable water
quantity standards of 100 laced recommended by WHO. Furthermore, in the absence of adequate
wastewater treatment facilities, approximately 35 million m3/year of untreated/partially treated
wastewater is discharged into the sea along Gaza coast. 18.8% of the households in the Gaza Strip
(over 56000 households) are not connected to wastewater networks. In some localities especially
those close to the border, the percentage of the households without wastewater system reaches 85%.
The most critical situation is in Khan Younis governorate where 48.2% of the households are not
connected to wastewater network.
The project targeted Bani Suhaila, which is in Khan Younis governorate, suffered from lack of
conventional sewerage system, with only 15% of the 40,000 inhabitants having adequate sanitation
depending mainly on cesspits or septic tanks for wastewater disposal, as well as collection and
disposal of grey water. The volume of grey water is about 55% of the domestic daily consumption
according to the estimates. Over 2,500 Cesspits were in use Bani Suhaila at the start of the project.
This practice was also ridden problems as: (a) the cost of emptying cesspits being very high led to
disposals to the streets with adverse environmental, health and social consequences; (b) the household
cesspits being not well isolated in most of the cases enabled wastewater to infiltrate to the
groundwater; and (c) the poor condition of the households’ cesspits per se in some areas, mainly
where poor-WASH-affected households are. As a result, (see Photo 1):





part of the wastewater is left to percolate into groundwater table especially at the initial stage
of the cesspits use;
overflowing continuously caused pollution to the surrounding environment and enhancing the
appearance and spread of insects which carry certain viruses and bacteria that can cause
serious illnesses to the people; and
The residents also used untreated gray water to irrigate the trees, adding to the pollution and
spreading of spreading of mosquitoes.

Adverse health outcomes included the risks of renal and cystic calculi, enteric fever, viral hepatitis A,
and cholera. The areas of Al-Zana and Ermedda were at most risk. At the same time, there is a lack of
available water for irrigation in the target area, compounded by additional pressure as a result of
decreasing water table partly linked to climate change. The agricultural sector in the Gaza Strip
consumes about 90 million m3 of water, extracted from more than 6,000 wells. Both this demand and
the unregulated discharge of the untreated wastewater are likely to increase in the face of the growing
populaiton. Given the above, using of treated greaywater in agriculture for irrigation can reduce the

1 This section borrows heavily from the UNICEF/GVC/PHG (2016): “WASH Assessment at Household Level in the Gaza Strip”
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pressure on the aquifer, which suffers from a deficit as well as reduce environmentl pollution and
health risks.
Photo 1: Pre project situation

The project
Demand on conventional
water supplies and pressure on
sewage treatment systems is
reduced by the use of
greywater.
Re-using
greywater also reduces the
volume of sewage effluent
entering watercourses which
can be ecologically beneficial.
In times of drought, especially
in urban areas, greywater use
in gardens or toilet systems
helps to achieve some of the
goals
of
ecologically
sustainable development.

Photo 2: The Project

gray water treatment units

Graywater Quality Monitoring

The goal of the project is to
contribute to improved public
health, reduced environmental
Workhop on greywater treatment
Awreness raising durign home visits
pollution, preservation of the
levels of quality and quantity
of groundwater and increased agricultural productivity.2 The main objective of the project was to
contribute to the (1) collecttion and treatment of gray water in a proper, effective and safe manner in
areas suffering from a lack of adequate sanitation with a system of onsite small scale treatment units
and (2) using of the treated effluent for irrigation purpose. The following were the the specific
objectives of the project:
 providing an efficient alternative for 80 households for the collection, treatment of gray
water in Bani Suhaila area to prevent using household cesspits;
 using treated wastewater in agriculture irrigation to reduce the use of groundwater which
is under stress especially in the face of climate change;
 ensure monitoring of treated gray water, using the recommendations set by WHO and in
line with Palestinian Water Authority (PWA) standards for agriculture irrigation;
 promotion of good hygiene and health awareness on how to operate and maintain the
treatment system in target area through workshops and brochures; and
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Rephrasing by the author of the case study
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reduction of the intensive use of chemical fertilizers through the promotion of the use of
natural fertilizers (gray water containing the basic elements ofsoil fertility andplant
growth)

The activities of the project could be grouped in 3 components (see Photo 2):
 Component 1: Installing 80 household graywater treatment units (GWTUs). The most
important selection criteria were: the areas of most acute need in disposal and treatment
facility; large existing negative impacts from existing system; availability of appropriate
areas for the implementation of the project; and agreement and acceptable of the beneficiaries
 Component 2: workshops to illustrate O&M of the system; and
 Component 3: monitoring of effluent quality after the the implementation of project.

Methodology for the current case study
After the project completion the project partners had conducted interviews with 20 beneficiaries in
different areas, which represents about 15% of the total number of beneficiaries. A report was
prepared based on this which was used in drafting the current case study in addition to other project
documents, related in particular to the monitoring of water quality. Additionally, for this case study in
September 2016, interviews were conducted with 12 randomly selected beneficiaries out of 135 who
benefitted from household grey water treatment units in Bani Suhaila area "Alzenh", based on the
interview guide suggested by UNDP IRH.

Development result with links to the SDGs
Outcomes
Availability of treated greywater suitable for irrigation: 135 households (1350 people in Bani
Suhaila area, 169 man, 169 women and 1010 children) currently dispose gray water in a safe way and
treated gray water is being reused. Monitoring of the quality of treated greywater from 14 GWTUs
(10.3% of the total number of units) was conducted regularly to ensure the compliance with the
standards through laboratory tests. It was found that the treated graywater (a) complies with the
Palestinian Technical Guidelines for wastewater reuse (2012); Palestinian wastewater reuse standards,
set by the Ministry of environment (2000) as well as FAO guidelines for wastewater reuse for
agriculture; and (b) is suitable for the Palestinian standards for irrigation of olive, citrus and almond
trees, as well as fodder irrigation. 3The results (see Table 1) show also absence of fecal coliform and
total coliform (which indicates presence of human pollution; the project credits it to awareness raised
during the project whereby the need for separation between graywater and black water and
elimination of practices that may lead to the existence of human contamination in gray water were
highlighted and stressed.
Table 1: Wastewater quality indicators for treated greywater for each GWTU
Efficiency (% of removal)
total suspended solids (TSS)
biochemical oxygen demand (BOD)
chemical oxygen demand (COD)
Detergent
total Kjeldahl nitrogen(TKN)

1
81
73
65
57
20

2
57
59
56
57
37

3
62
57
47
52
37

4
64
53
56
57
26

Units
5
87
73
63
81
52

6
56
68
57
56
32

7
73
61
53
48
31

8
69
61
49
63
54

Source: Palestinian Hydrology Group (2016): “Monitoring of Gray Water Units in Bani Suhila- Final Analysis Testing Report”

This the project contributes to the SDG Target 6.3 “By 2030, improve water quality by reducing
pollution, eliminating dumping and minimizing release of hazardous chemicals and materials, halving
the proportion of untreated wastewater and substantially increasing recycling and safe reuse
globally”, captured by global Indicator 6.3.1 Percentage of wastewater safely treated.

3 Throughout December 2015 and March 2016, Birzeit University Testing Laboratories/Gaza (BZUTLG) has conducted the sampling and
testing samples as part of the assignment contracted between BZUTL and Palestinian Hydrology Group (PHG).
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The project helped to provide reduce the significantly the volumes of groundwater used for irrigation
by providing an alternative- using the treated grey water especially in Al-Zana and Ermedda areas,
which suffers from a significant lack of groundwater. The interviews with the beneficiaries for this
case study indicated that the use of groundwater for irrigation has decreased by around 80% after
using treated water for irrigation: the consumption of irrigation water was around 5 to 50 m3 per
beneficiary per month before the project, which reduced to 0-12 m3 per beneficiary per month after
the project. Thus the project contributes to SDG 2 Target 2.4 “By 2030, ensure sustainable food
production systems and implement resilient agricultural practices that increase productivity and
production, that help maintain ecosystems, that strengthen capacity for adaptation to climate change,
extreme weather, drought, flooding and other disasters and that progressively improve land and soil
quality” captured by global Indicator 2.4.3* Percentage of agricultural households using eco-friendly
fertilizers compared to all agricultural households using fertilizers
Improved awareness: 135 households improved their knowledge related to (a) the operation of the
grey water treatment systems including on such topics as handling and maintenance of the treatment
unit, Irrigation methodology with treated water, soil conditions and crop surveillance, control and
safety measures using the Grey Water Treatment Unit (GWTU) and the effects of grey water on soil,
crops and groundwater and (b) good hygiene practices) Thus the project contributed to SDG 13,
Target 13.3 “Improve education, awareness-raising and human and institutional capacity on climate
change mitigation, adaptation, impact reduction and early warning” (no relevant indicator identified
in the draft list)
Gender: The project estimates that the number of
beneficiaries empowered through direct and
Ages
18-28 yo
28-35 yo
More than 35 yo
indirect participation of the project activities is
women
500
681
1688
around 5230 with the gender division as described
Men
550
720
1093
in Table 2. While this level of precision is
unlikely, there is anecdotal evidence to illustrate that the project had important positive outcomes for
women, since often they carry large share of burden of various types related to the lack of sanitation.
In particular:
Table 2: Beneficiaries of the project



duration of time spent by women for clean-up of blockages in pipes and basins in the kitchens
decreased nearly by 75% after the implementation of the project.4 Before the project
households useed excessve amounts of deterrgents; this declinedl facilitated through the
conducted awareness workshops and field visits to remind and alert them about the damage
of detergents and the need to reduce their use to maintain the efficiency of the GWTUs and to
mitigate blockage- related problems;



less time spent on cesspit cleaning and cleaning up the consequences of cesspit overflows:
60% of women used to help their husbands in cleaning operations inside and outside the
kitchen before the project when cesspits flooded and emptying the cesspit manually when
flooding (especially when the emptying cars did not trun up on time).5

Thus the project has contributed to SDG 5, Target 5.3: “Recognize and value unpaid care and
domestic work through the provision of public services, infrastructure and social protection
policies and the promotion of shared responsibility within the household and the family as nationally
appropriate” captured by global Indicator 5.4.1 Percentage of time spent on unpaid domestic and
care work, by sex, age group and location
Partnerships and local ownership: With the project, partnerships were forged between the
Palestinian Hydrology Group (PHG), which initiated this project after several outreach campaigns in

4 Reduced from 1 -2 hours per month before the project to half an hour per two months
5 Additionally, men used to spend two hours of work per month for cleaning the vicinity of trees which were irrigated with untreated grey
water and reducing the amount of waste water in cesspit until municipality car for emptying the cesspits arrived before the project. After the
project half-hour every two months was spent for the benefit of the interest in the project and cleaning vicinity.
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the communities, Banisuhila municipality, Coastal Municipal Water Utility(CMWU) and water
specialists Thus the project contributed to
 SDG 17 Target 17.17 “Encourage and promote effective public, public-private and civil
society partnerships, building on the experience and resourcing strategies of partnerships”
(the global indicator of 17.17.1 Amount of US$ committed to public -private and civil society
partnerships, is not best suited here however)
 SDG 6, Target 6.b “Support and strengthen the participation of local communities in
improving water and sanitation management” captured by global Indicator 6.b.1 Percentage
of local administrative units with established and operational policies and procedures for
participation of local communities in water and sanitation management
Impact
Environmntal impact: The potential ecological benefits of greywater recycling include: reduced
freshwater extraction from aquifers; less impact from septic tank and treatment plant infrastructure;
reduced energy use and chemical pollution from treatment; groundwater recharge; reclamation of
nutrients; greater quality of surface and ground water when preserved by the natural purification in the
top layers of soil than generated water treatment processes, etc.
The pollution in target area from waste water has been signiificantly reduced. No longer the
population suffers from wastewater overflowing in the streets. Additionally, the project contributed to
(a) reduction of the pollution from the leakage of waste water to ground water (about 30%)and (b)
reduction of the pollution resulting from the excessive use of chemical fertilizers. Preservation of
quality and quantity of groundwater was promoted by:


An estimated saving of approximately 100m3 of water per agricultural land per year by not
abstracting from groundwater for domestic uses (irrigation and drinking: ground water being
the main source for these uses in Gaza Strip). Thus the project contributes to SDG 6 target
6.4. ”By 2030, substantially increase water-use efficiency across all sectors and ensure
sustainable withdrawals and supply of freshwater to address water scarcity and substantially
reduce the number of people suffering from water scarcity”, captured by global Indicator
6.4.1* Percentage of total available water resources used, taking environmental water
requirements into account (level of water stress)



Since salinity of the groudnwater is a big problem in these areas reaching in some areas 100%
(resulting mainly from the infiltration of wastewater, excessive chlorine doses, rusted pipes
and the rancidity of the intruded sea water)6, it is justified to clai taht the project contributes
to SDG 6 Target 6.6. ”By 2020, protect and restore water-related ecosystems, including
mountains, forests, wetlands, rivers, aquifers and lakes”, captured by global Indicator 6.6.1
Percentage of change in water-related ecosystems extent over time

Many empirical approaches can be used to value environmental benefits. One is to use shadow prices:
it can be claimed that this project contributed to reduced shadow prices i.e. increased avoided costs
resulting from removing pollutants during wastewater treatment. Table 3 shows estimated shadow
prices of five indicators: nitrogen (N); phosphorus (P), suspended solids (SS), biological oxygen
demand (BOD) and chemical oxygen demand (COD) from a pioneering work in Spain (HernándezSancho et al. (2010)7)
Table 3: Reference price of water treated (€/m3) and shadow prices for undesirable outputs (€/kg)
Effluent
destination

Reference
price of water
(€/m3)

Estimated shadow prices for undesirable outputs (€/kg)
Nitrogen
(N)

Phosphoru
s (P)

Suspended
solids (SS)

Biological oxygen
demand (BOD)

Chemical oxygen
demand (COD)

River

0.7

-16.3

-30.9

-0.005

-0.03

-0.10

6 UNICEF/GVC/PHG (2016): “WASH Assessment at Household Level in the Gaza Strip”
7 Hernández-Sancho, F., Molinos-Senante, M. and Sala-Garrido, R. (2010). Economic valuation of environmental benefits from wastewater
treatment processes: An empirical approach for Spain. Science of Total Environment, 408, pp. 953-57.
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Sea

0.1

-4.6

-7.5

-0.001

-0.005

-0.01

Wetlands

0.9

-65.21

-103.4

-0.01

-0.12

-0.12

-79.3

-0.01

-0.06

-0.14

Reuse
1.5
-26.2
Source: Hernández-Sancho et al. (2010)

Poverty: the impact on poverty comes in a number of ways, primarily by
 Reduced use- and hence reduced associated costs of groundwater for irrigation. According to
the interviews with the project beneficiaries for this case study, 80% reduction in the use of
groundwater translated into approximately $2 to $ 12 per a month saving depending on the
amount of trees planted at each beneficiary;8
 Reduced use – and hecne reduced association costs of fertilizers. According to the interviews
with the project beneficiaries for this case study around 75% reduction in the use of fertilizers
(from around 3 to 45 kg per beneficiary per month before the project to 0-16 kg after the
project) translated into approximately $ 5to $18 per a month of saving depending on the
number of trees planted at the gardens of the beneficiaries; 9
 Reduced costs associated with emptying of cesspits;
 Increased productivity of trees and crop, estimated at 30-40% within six months from the start
of the project: this was the main avenue for the increased incomes for some households since
more than 60% of the beneficiaries rely on the sale of the crop to meet their needs. According
to the interviews with the project beneficiaries for this case study, the productivity of olive
trees was increased by a 120 kilograms per beneficiary per year, for guava trees by 20
kilograms per year, and citrus trees- by approximately 25 kilograms per year10.
The above summary is based on the feedback form the interviews; some of the quotes are summarized
in Box 1. According to the assessments of the project team, the project has helped 50-60 households
(mostly the large ones, with more than 7 members) to overcome poverty. Thus the project
contributed to SDG 1 Target 1.2: “By 2030, reduce at least by half the proportion of men, women
and children of all ages living in poverty in all its dimensions according to national definitions”,
captured by 2 global Indicators: 1.2.1 Proportion of population living below national poverty line,
disaggregated by sex and age group and 1.2.2 Proportion of men, women and children of all ages
living in poverty in all its dimensions according to national definitions
Health: The project had a positive impact on the protection the health of the community members,
especially the children, and especially in the summer period when the water borne diseases spread and
increase because of the spread of mosquitoes, insects and worms that accumulate in untreated water.
In particular, the health benefits came from eliminating the practice of pumping untreated grey water
to the street during the flooding of cesspits causing health and environmental problems. In an
interview with health practitioners in the target project area for this case study some perceptions were
obtained describing how the contaminated water and untreated wastewater were causing health issues
like diarrhoea, heat rash and sometimes a bacterium in the blood. The feedback from the interviews
indicated that the estimated number of infected people or cases was between 10 and 15 people per
month and 4 to 7 people or cases per monthafter the project commenting that this is in particualr the
case for the smaller chlldren (reduction by around 50%). While this is not based on rigourous
assessment and needs to be treated with caution, some contribution is very much likely (10% in
(similar projects
Thus the project contributed to SDG 3, Target 3.9 “By 2030, substantially reduce the number of
deaths and illnesses from hazardous chemicals and air, water and soil pollution and contamination”,
8 (the price of a cubic meter of water is around $0.5
9 The price of a kilogram of organic fertilizer is around $0.5 and the price of a kilogram of chemical fertilizer is around $5.0
10 In addition, the project paid per family (50% of beneficiaries) between $12 to $20 to pay for irrigation water, fertilizers and emptying
cesspits
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captured by the global Indicator 3.9.2 Mortality rate attributed to hazardous chemicals, water and
soil pollution and contamination. There is however lack of clarity related to the presence of chemical
pollution in this case.
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Box 1: Extracts from the feedback from the interviewees
“… After installing greywater treatment unit five months ago, we save $21/month in the expenses on irrigation water and
fertilizers. Now I can use this on food, drinking water and clothes, especially important for him as my family has 7 members
and our financial situation is not good at all…”.
“I used to spend around $23 /a month on irrigation, fertilizers and emptying or suction cesspits and suffered from the
mosquito and insect problems and odour emitted from greywater. Now I spend much less, may be around $5 a month on
fertilizers…”
“…before I spent a lot of time to clean up basins of kitchen and pipes when blockages occurred. We did not have money to
lay for cesspit emptying so we spilled greywater around the trees (I have 40 trees). As a result of the project I save around
$18 per a month which I spend now on household items (on food, drinking water and clothes) …”.
“…The project helped me to save around $14.5 per month. It also saved my time in the kitchen I often had to stop and clean
the blockages. The productivity of crop and trees (lemon, guava olives and palm) increased approximately by 30% after
irrigating with treated greywater. The kids get diarrhoea much less often…”
“I used to lose 2 trees each year due to untreated greywater which damaged the trees. Now this problem is not there
anymore plus the productivity of the trees has increased by approximately 30%,”
“…My home garden before the project: was full of mosquitoes and insects; now it is a beautiful and the trees give more
harvest…”.
“…I have nearly 70 trees, which is a lot and so I had large expenses before…Now my expenses on water are less by 60%
and my expenses on fertilizers are down by 75%. … plus my trees produce more…”
“… I used to spend $8 per month on cesspit emptying because I have a large family; now I empty it once every 3 months. my
kids often got sick flooding of cesspits…”
“… I added a sandstone wall beside the unit to protect it from rain water and maintain it as long as possible… It saves me
around $25 in total (emptying cesspits $8, irrigation water cost of trees $7 and fertilizers around $8 per month) …Now I can
afford extra expenses to meet other needs, such as clothing and food…”.
“…I replaced the tank with a capacity of 250 litres to tank with capacity 1000 litres, to overcome the electricity cutting
problems, it is now pumping treated greywater every week: this allows me to cope better with power cuts happening daily
….”

Sustainability prospects

60

(%)

Figure 1: Priorities for sanitation pre and post 2014 in Gaza Strip
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The
UNICEF/GVC/PHG
(2016):
“WASH Assessment at Household Level
in the Gaza Strip” study confirms that
the project tackled one of the most acute
problems for the households (see Figure
1). The likelhood of the project
continuity is also supported by the
genuine interest and active involement of
the stakeholders during the project
execution,
including:
the
local
community, Khanyonis municipality,
Coastal
Municipal
Water Utility
(CMWU) and volunteers.

Conclusions and
Recommendations

Besides the fact that the project tackled a
very relevant problem for Gaza strip, it is
a welcome deviation from more attention
Source: WASH Assessment at Household level in the Gaza Strip, 2015.
directed often at black water and
desalination and drinking water projects there. The modality of the project was overall adequate,
namely in combining provision of GWTUs in combination with the training of the farmers in O&M as
well as hygiene, and in particular the importance of being able to distinguish grey water from
balckwater. The project’s internal evaluation revealed that there is a large gap in the knowledge of the
8

population regarding the latter point as well as on the ways to use of treated gray water through drip
irrigation.
The population in the Gaza Strip in general and in the project area in particular are suffering from the
power outages problem that beneficiaries need for electricity to running the pump which needed to
use the treated water for irrigation crops. While according to the project reports, the farmers have
been able to adapt to power shortage to operate the pump, in the case of replication, it is advisable to
have systems which will allow to run the pump by solar energy (a small solar cells). Similarly, it is
advisable to design various versions of the water treatment units so that the size of the tanks is
suitable with the number of members of each beneficiary household, proportional to the domestic
consumption of the water and production of gray water. Both of these ideas were expresses by the
households after the project completion.
Perhaps more importantly and fundamentally, wastewater interventions must be accompanied by
more compressive interventions, such as wetland treatment, condominium septic tanks, improvements
in solid waste management, etc.
More rigour in developing the questionnaires for the pre and post project household surveys would
have allowed to: (a) capture the claimed contributions to the Outcomes (e.g. related to health and
poverty); and (b) phrase the questions in line with SDG indicators (e.g. related to time savings for
women related to fetching water and related chores; in separating the concepts of access and use);
these indicators could have been included on the results framework
Since there is high demand for the replication of the project, lessons learnt must be widely circulated,
in particular made available to funding agencies so that if there is more funding, the future projects
addressed the points raised in this case study
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