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Abstract
The impact of high population density and limited water resources in
Gaza Strip, has become a problem of water forefront of environmental and
health problems, due to the deterioration of the quality and the deficit of the
quantity of the aquifer as the only source of water in Gaza Strip. To become
the inevitability of the use of non-conventional systems as part of the
application to mitigate the problem, treated wastewater reuse in agriculture
was the most important incentive to apply these systems. This study is aimed
to examine the physical and chemical characteristics of the greywater before
and after treatment by anaerobic septic tank and sand filter system, and to
study the effect of irrigation with treated greywater on soil characteristics.
The study was conducted on five sites cultivated with citrus and olives which
located in Beit Hanoun city in northern Gaza Strip. The study period was
from August, 2012 until January, 2014. The monitoring of these systems
(treatment plants) was done by analysis the grey water samples every three
months throughout one and half year. The study focused on the analysis of
the basic physical, chemical and biological indicators of greywater: BOD 5,
COD, TSS, TDS, TKN, TP, K, B, Cl, SAR, EC, pH, detergents and fecal
coliform. The results were compared with that of previous models in West
Bank and Jordan, and with Palestinian and Jordanian standers. Twenty
samples of soil from two different depths (0-30) cm and (30-60) cm were
taken before starting the irrigation process and the end of period for one and
a half year of irrigation, to study physical, chemical and biological indicators
of soil as affected from irrigation with treated greywater. The findings
showed high variation in most of grey water characteristics due to that,
different daily activities at the sites in every moment. Results showed that for
all the physical and chemical indicators except TDS and Cl in the treated
greywater were less than the recommended values by Jordanian standards,
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while the limits of the mean values: BOD5 (50-105) mg/ L, COD (211-342)
mg/ L in all locations are higher than the recommended limits in the
Palestinian standards, and less than the recommended in Jordanian standards.
As for the physical and chemical properties of the soil results showed that the
soil is moderately alkaline, and did not have any effect on the soil after
irrigation, while the soil affected by increased of electrical conductivity as an
indicator of soil salinity (0.2-0.9) dS/m, but it’s within the range of non-saline
soil. Based on the results of this research, the results of treated greywater
showed no negative impact on agricultural soil properties in the short term,
taking into account the soil leaching with fresh water between each period to
avoid the salt accumulation.
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الملخص
الكثافة السكانية العالية ومحدودية الموارد المائية في قطاع غزة ،اثرت على مصادر المياه و
اصبحت مشكلة المياه تتصدر المشاكل البيئية والصحية ،وذلك بتدهور الجودة وعجز الكمية للخزان
الجوفي باعتباره المصدر الوحيد للمياه في قطاع غزة ،لتصبح حتمية استخدام أنظمة غير تقليدية في
اطار التطبيق للتخفيف من حدة المشكلة ،اعادة استخدام المياه المعالجة في الري كان أهم حافز
لتطبيق هذه االنظمة.
جاءت هذه الدراسة لدراسة الخصائص الفيزيائية والكيميائية للمياه الرمادية قبل معالجتها وبعد
معالجته بنظام الترسيب الالهوائي والفلتر الرملي ،باإلضافة لدراسة الخصائص الفيزيائية والكيميائية
للتربة قبل وبعد الري بالمياه الرمادية المعالجة.
لقد اجريت هذه الدراسة على خمسة مواقع مزروعة بالحمضيات والزيتون في مدينة بيت حانون
شمال قطاع غزة خالل صيف أغسطس لعام  2012حتى شتاء يناير لعام  ،2014بمراقبة هذه
األنظمة (المحطات المعالجة) على مدار عام ونصف ،وذلك بفحص عينات كل ثالثة أشهر ،على
مدار سته مراحل من التحاليل.
ركزت الدراسة على تحاليل المؤشرات الفيزيائية والكيميائية األساسية للمياه الرمادية :األكسجين
المستهلك حيويا ،األكسجين المستهلك كيميائيا ،المواد العالقة الكلية ،المواد الذائبة الكلية ،النيتروجين
الكلي ،الفسفور الكلي ،البوتاسيوم ،البورون ،الكلور ،نسبة امتصاص الصوديوم ،التوصيلية الكهربائية
(الملوحة) ،الرقم الهيدروجيني ،نسبة مواد التنظيف والقولونية الب ارزيه .باإلضافة لمقارنة النتائج مع
نتائج دراسات سابقة للمياه الرمادية في الضفة الغربية واألردن ،باإلضافة لمقارنة وتفسير نتائج المياه
الرمادية المعالجة بالمقاييس الفلسطينية واألردنية وبدراسات سابقة .أما على صعيد التربة فقد تم أخذ
 20عينة من التربة على عمقين مختلفين ( )30-0سم و ( )60-30سم قبل البدء بعملية الري وبعد
سنه ونصف من الري بالمياه الرمادية المعالجة ،وتمت دراسة المؤشرات الفيزيائية للتربة ومدي تأثرها
بعد الري بالمياه الرمادية المعالجة.
اظهرت النتائج تفاوت كبير لمعظم الخصائص للعينات المياه الرمادية ليرجع السبب الختالف
النشاطات اليومية في المواقع من لحظة ألخرى .بينما بينت النتائج عند جميع المؤشرات الفيزيائية و
الكيميائية عدا المواد الكلية الذائبة والكلور في المياه الرمادية المعالجة بأنها أقل من القيم الموصى
بها من قبل المعايير األردنية ،بينما كانت حدود متوسطات قيم :األكسجين المستهلك حيويا (-50
V

 )105ميلي جرام /لتر ،األكسجين المستهلك كيميائيا ( )342-211ميلي جرام /لتر في جميع المواقع
أعلى من الحدود الموصى بها في المعايير الفلسطينية ،بينما كانت أقل من الحدود الموصى بها في
المعايير األردنية.
أما على صعيد الخصائص الفيزيائية والكيميائية للتربة أشارت النتائج بأن نوعية التربة قلوية،
ولم يظهر أي تأثير على التربة ،بينما تأثرت بالزيادة التوصيلية الكهربائية كمؤشر لملوحة التربة
( dS/m )0.9-0.2لكنها في حدود التربة الغير مالحة .استنادا لنتائج هذا البحث اتضح أن اعادة
استخدام المياه الرمادية المعالجة في الري سليمة وال تؤثر سلبا على خصائص التربة الزراعية على
المدى القريب مع مراعاة الري بالمياه العادية بين كل فترة وفترة لغسيل التربة من تراكم االمالح.
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Chapter One
Introduction
1.1 Background
Gaza Strip is located in the South-Eastern coast of the Mediterranean Sea,
between longitudes 34° 16” and 34° 32” East, and latitudes 31° 20” and 31° 36”
North within a semi-arid region Figure (1.1). Gaza Strip is the most densely
populated area with a population close to 1.76 million according to Palestinian
Center Bureau of Statistics (PCBS, 2015); living in an area of 365 km2.

Figure 1.1. Location map of Gaza Strip
The water demand is still increasing worldwide due to population growth and
higher standard of living. It is estimated that within the next 50 years, more than
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40% of the world’s population will live in countries facing water stress or water
scarcity (Hinrichsen, 1998). The shortage of freshwater resources is an ever
increasing concern worldwide, particularly in the Middle East and North Africa,
where the availability of water is reaching crisis levels and chronic water stress
(Jury & Vaux Jr., 2007).
The water resources in Gaza Strip are limited and the coastal aquifer is
considered as the only source of fresh water for the Palestinian people in Gaza
Strip. The coastal aquifer in Gaza Strip is mainly replenished by; annual rainfall,
return flows from irrigation water, domestic and wastewater network and few
quantities of the natural lateral flow. The people in Gaza Strip are getting their
water needs for all purposes (domestic, agricultural and industrial) from the
shallow coastal aquifer. The water balance of the Gaza coastal aquifer suffers from
a relatively large quantity water deficit. As a result of this water deficit, the ground
water has been deteriorated in terms of quantity and quality.

1.2 Problem statement
The amount of water needed for domestic consumption in developing
countries is around 100-180 liters per person per day, representing 30-70% of the
amount of water required in an urban area (Friedler, 2004). However, the average
water consumption in Gaza Strip is 70 to 90 liters per person per day (UN, 2012)
compared to 200 liters used by Israeli residents for domestic consumption (Seamac,
2015).
The aquifer resource in Gaza Strip is overdrawn and needs to be returned to
sustainable levels of extraction. The sole fresh water resource of Gaza is the coastal
2

aquifer, which also runs along the sea shore. In contrast to the West Bank situation,
Palestinian Gaza is “downstream” of the portion of the aquifer that underlies Israel,
with flows coming from Israel into the Gaza portion of the aquifer.
At its present rate of deterioration, the underlying portion of the coastal
aquifer on which Gaza Strip relies for all its water needs, will be unusable by next
few year in 2016, and irreversibly damaged by 2020 (UN, 2012).
The agriculture sector is actual the second major consumer of groundwater in
Gaza Strip. Irrigated agriculture plays a noticeable role in the sustainability of crop
production to feed the rapid increasing population in Gaza Strip.
The amount of fresh water allocated for agriculture will be reduced radically
to meet the increasing demand for the municipal purposes. The Agricultural sector
in Gaza Strip in average consumes around 85 million cubic meters of water
annually. The entire water comes from the groundwater wells. (PWA, 2013).
In light of this, it is important to underline the key premise of this study:
the use of treated grey water for small scale agriculture can make an important
contribution to the alleviation of short term water insecurity and aid in reducing the
long term gap between water supply and demand in Gaza Strip.
Grey water use in urban agriculture is potentially beneficial for a number of
reasons, including: (a) Reducing the demand for potable water use for irrigation;
(b) Environmental degradation, eutrophication and health hazards through pooling
of wastewater can be resolved; (c) Potentially wasted nutrients can be reclaimed;
(d) It contributes to poverty alleviation and food security; (e) Could encourage
people to use environmentally, friendly chemicals in their households (Salukazana
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et al., 2006). Thus although grey water reuse poses public health and environmental
concerns, with adequate guidelines and education, issues around water saving, food
shortage and malnutrition could be resolved (Salukazana et al., 2006).

1.3 Grey water description
Wastewater represents around 80% of total water consumption, whereas, grey
water is a part of wastewater generated from domestic activities such as shower,
kitchen, sinks and washing machine water.
Past studies were estimated the total amount of grey water corresponds to 5080% of the wastewater. WHO, (2006) estimated the total grey water represents over
2/3 of household wastewater. Al-Jayyousi, (2003) also calculated the total grey
water fraction has been estimated to account for about 75 volume % of the
combined residential sewage.
Grey water, defined slightly differently in different parts of the world. It refers
to untreated household wastewater that has not come into contact with sewage (or
“black water”) (WHO-ROEM, 2006), also it is defined as wastewater without any
input from toilets, which means that it corresponds to wastewater produced in
bathtubs, showers, hand basins, laundry machines and kitchen sinks, in households,
office buildings, schools, etc. (Al-Jayyousi, 2003).
Wastewater from kitchen sinks and automatic dishwashers tend to have high
concentrations of organic matter that encourage the growth of bacteria. This water
is sometimes referred to as “dark grey water.” Many regions lack clear regulations
or standards regarding grey water capture and reuse, but among regions that do
have regulations, many do not allow wastewater from the kitchen to be reused. The
4

Uniform Plumbing Code in the United States and grey water regulations in
Queensland, Australia, for example, do not allow the reuse of kitchen wastewater
(MPMSAA, 2008).
The percentage of household water that is grey water varies regionally and
between households, depending on the primary uses of water at home and how
efficiently water is used, but it is generally between 50% and 80%. In Palestine,
grey water makes up about 80% of household water, and projects have
demonstrated that at least 60% of this water can be captured and reused (Burnat
and Eshtayah 2010). In the United States, grey water comprises up to 50% of single
family household use (Sheikh 2010). A study on schools in rural Western Madyha
Pradesh, India found that grey water comprised about 50% of their total water use
(NEERI & UNICEF 2007). However, the total volume of indoor residential water
used in India (40-60 liters/capita/day) is much lower than that in the U.S.A (145
liters/capita/day).

1.4 The need for grey water reuse
Generally the water and sanitation in Gaza Strip is critical. Almost, with no
perennial streams and low rainfall, Gaza relies almost completely on the underlying
coastal aquifer. And only 25 % of Gaza’s wastewater is being treated and re
infiltrated for use in green areas and agriculture. Some 90,000 cubic meters of raw
or partially treated sewage is released daily into the sea and environs, creating
pollution, public health hazards, and problems for the fishing industry (UN, 2012).
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Therefore, to become very essential to create alternative water sources to reduce
the ground water discharge and the dumping of waste water load.
Treated wastewater could represent a new important source of water in the
agricultural sector in Palestine (Qaoud et al., 2007), and it can help to meet water
demand and allow the preservation of high quality water resources for drinking
water supplies. The use of wastewater and grey water in agriculture and aquaculture
can act as a low cost treatment method that increases food production to supply
growing urban and periurban populations. More use of wastewater and grey water
will occur in urban and periurban agriculture, because this is where the wastewater
is generated and available and where the demand for food is the highest (WHO,
2006).
Domestic grey water reuse for irrigation is becoming increasingly common
in both developed and developing countries to cope with the water scarcity. Due to
environmental and political limitations, an increase in domestic water demands is
likely to result in reducing amounts of fresh water available for water demand.
Source separation of household wastewater into streams of grey (washing) and
black (toilet) water is a strategy that has the potential to reduce the space and
investment required to achieve water reuse at the domestic level.

1.5 Scope and aims of the research
The main aims of this research work is to investigate:
1. The properties of treated grey water used for irrigation.
2. Effect of treated grey water reuse on soil properties.

6

1.6

Objectives of this study
1. To monitor quality of the treated grey water: chemical, physical and
biological characteristics.
2. To assess the properties of soil before and after irrigation with treated grey
water.
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Chapter Two
Literature Review
2.1

Introduction
In many parts of the world, water scarcity is one of the most significant

challenges to human health and environmental integrity. As the world’s population
grows and prosperity spreads, water demands increase and multiply without the
possibility for an increase in supply. Globally, over 70% of freshwater
consumption is devoted to agricultural activities (FAO, 2008).
Grey water is any household wastewater with the exception of wastewater
from toilets, which is known as black water. Around 50-80% of household
wastewater is grey water from kitchen sinks, dishwashers, bathroom sinks, tubs
and showers (Khallafalah, 2012). 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. Characteristic of grey water is often contains high
concentrations of easily degradable organic material, i.e. fat, oil and other organic
substances from cooking, residues from soap and detergents. Treated grey water
can thus be expected to have a much better hygiene quality than any kind of mixed
wastewater. Clogging from fats is a potential risk in grey water systems that must
always be considered, especially when the pipe system is enlarged and water cools
in the ground (Ridderstolpe, 2004).
The generated amount of grey water greatly varies as a function of the
dynamics of the household. Its influence by factors such as existing water supply
systems, and infrastructure, number of household members, age distribution, life
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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. Grey water reuse is especially recommended in areas facing water stress
such as the Middle East and Sub-Saharan Africa (Sandec, 2006).
Grey water contains impurities and microorganisms derived from household
and personal cleaning activities. Table (2.1) shows possible grey water
contaminants by grey water source. Bathroom and laundry water are relatively
benign whereas, kitchen water often deserves special attention since it is loaded
with organic matter from food wastes. Grey water is distinct from black water
(from the toilet or urinal) as there are fewer health and environmental risks
associated with black water use. If used wisely and appropriately, grey water
including its separation, containment and use can be a simple home based water
demand management strategy that has benefits at the household level as it can be
considered as an alternative water resource to optimize productivity (Redwood,
2007). Grey water may contain many of the same contaminants as raw sewage, but
generally in lower concentrations. For example, grey water can contain fecal
coliforms and nutrients including nitrogen and phosphorus (WHO-ROEM, 2006).
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Table 2.1. Possible grey water contaminants by grey water source
Grey water Source

Possible Contents

Automatic clothes washer Suspended solids (dirt, lint), organic material, oil
and grease, sodium, nitrates and phosphates (from
detergent), increased salinity and pH, bleach
Automatic dishwasher

Organic material and suspended solids (from food),
bacteria, increased salinity and pH, fat, oil and
grease, detergent

Bathtub and shower

Bacteria, hair, organic material and suspended solids
(skin, particles, lint), oil and grease, soap and
detergent residue

Sinks, including kitchen

Bacteria, organic matter and suspended solids (food
particles) fat, oil and grease, soap and detergent
residue

Source: WHO-ROEM 2006

Grey water can be considered as an alternative that provides non potable
water for household usage, and thus reduces the per capita water use by 50%. For
this reason it provides an attractive and sustainable low cost water source especially
in the arid and semiarid areas due to the water scarcity and fluctuation in the rainfall
patterns (Oschmann et al., 2005). It has also been increasingly identified as a
valuable source of water that if properly used for irrigation can reduce the
agricultural use of freshwater and increased food security as well as improves
public health (Al- Jayyousi, 2003).
One factor that makes the grey water of special interest is that it does not
include toilet waste, which is the major source of fecal contamination. Fecal
contamination in grey water should be minimal since activities like childcare,
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washing clothes having fecal contamination, and showering may add only minor
amounts of fecal contamination (Ottoson & Stenstrom, 2003).

2.2 Grey water composition
Grey water composition varies widely from household to household,
depending on the personal habits of residents and the products used in the home,
reflecting the lifestyle of the residents and the choice of household chemicals for
laundry, bathing, etc. The percentages of grey water and black water
(corresponding to water contaminated with feces and urine) from a household
wastewater production are presented in Figure (2.1).

Figure 2.1. Percentages of grey water and black water from wastewater
produce in a household (Friedler, 2004)

Grey water represents the largest potential source of water savings in
domestic residences, accounting for as much as 50–80% of the total water uses
(Christova-Boal et al. 1996; Al-Jayyousi et al., 2003; Boghos et al., 2004; Flowers
et al., 2004). In general, it contains often high concentrations of easily degradable
organic material, i.e. fat, oil and other organic substances, residues from soap,
11

detergents, cleaning agents, etc. And generally low concentrations of pathogens.
Grey water in general has low content of any metals or organic pollutants, but
depending on the building it can increase with the addition of environmentally
harmful substances. The content of metals or organic compounds greatly depends
on usage of substances like paints, solvents, etc. (Ridderstolpe 2004).
Figure (2.2) illustrates grey water composition, which also varies according
to source. The first source is: grey water from bathroom, water used in hand
washing and bathing generates around 50-60% of total grey water and is considered
to be the least contaminated type of grey water.

Figure 2.2. Percentages of grey water resources from household wastewater
(Friedler, 2004)
The common chemical contaminants include soap, shampoo, hair dye,
toothpaste and cleaning products. It also has some faecal contamination (and the
associated bacteria and viruses) through body washing. The second source is: grey
water from kitchen contributes about 10% of the total grey water volume. It is
contaminated with food particles, oils, fats and other wastes. It readily promotes
and supports the growth of microorganisms. Kitchen grey water also contains
12

chemical pollutants such as detergents and cleaning agents which are alkaline in
nature and contain various chemicals. Therefore kitchen wastewater may not be
well suited for reuse in all types of grey water systems. The third source is: grey
water from cloth washing. Water used in cloth washing generates around 25-35%
of total grey water. Wastewater from the cloth washing varies in quality from wash
water to rinse water to second rinse water. Grey water generated due to cloth
washing can contain, in addition to soap and detergent, a large amount of dyes and
can also have faecal contamination with the associated pathogens and parasites
such as bacteria.
The household’s activities varies according to socioeconomic status, cultural
practices, cooking habits, cleaning agents used, as well as demography. For
example, a household that uses phosphate free laundry detergent will produce a
grey water that is much lower in phosphate than one that does not. Grey water
usually contains surfactants which come from shampoos, detergent formulations,
etc. (Eriksson et al., 2002). Personal care products are usually found in bathroom
grey water while detergents are the main constituents of laundry grey water.
Several technologies have been developed for grey water treatment and reuse
in the literature (Winword et al., 2008) including natural treatment systems (Gross
et al.,2007), basic coarse filtration (Kim et al., 2007), chemical (Winword et al.,
2008) and biological processes (Merz et al., 2007).
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2.3 Grey water characteristics
Grey water treatment is a prerequisite for reuse; treatment requirements vary
based on biological and chemical characteristics and intended use of treated grey
water. The aim of treatment is to overcome on all problems, which are caused by
pathogenic microorganisms such as P.aeruginosa, E.coli and coliphage MS2,
chemical compounds such as organic matter (soluble and solid), nitrogen,
phosphorus, to meet reuse standards. The variation in chemical and microbial
quality of grey water depends on source types. The chemical characteristics of
typical grey water and bathroom grey water are presented in Table (2.2) Several
studies were studied grey water pollutants as COD have depending of the sources,
an anaerobic and aerobic biodegradability of respectively 72-74% (Elmitwalli and
Otterpohl, 2007; Zeeman et al., 2008) or 84±5% (Zeeman et al., 2008) or 33%
(Chaillou et al., 2011). Furthermore, 27-54% is dissolved, 16- 23% colloidal, and
28-50% suspended (Elmitwalli and Otterpohl, 2007; Zeeman et al., 2008). Grey
water can contain organic matter (Friedler et al., 2006; Hernandez et al., 2007). For
example anionic and cationic surfactants are slowly or non-biodegradable under
anaerobic conditions (Garcia et al., 1999; Matthew et al., 2000). This compares
with 2.2±0.6 for typical domestic sewage and 3–10 for final effluent and indicates
that grey water is likely to contain a higher non-biodegradable content than sewage
(Metcalf & Eddy, 1991). Storing grey water for 48 hours at 19 to 26 ºC deteriorates
its quality (Dixon et al., 1999). Biological degradation produces malodorous
compounds, causing an aesthetic problem (Kourik, 1991; van der Ryn, 1995;
Christova-Boal et al., 1995; Dixon et al., 1999), pathogen growth (Christova-Boal
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et al., 1995; Rose et al., 1991; Dixon et al., 1999) and mosquito breeding
(Christova-Boal et al., 1995), which are a health threat.

Table 2.2. Chemical characteristics of typical grey water compared with
bathroom grey water
(a)
Parameters Unit
Typical Grey water
Range

(b)

Bathroom Grey
water
Range
Mean

Mean

TSS

Mg/L

45-330

115

-

-

BOD5

Mg/L

9 – 290

160

NA

NA

COD

Mg/L

100 – 633

456.7

116-233

170

T.K.N

Mg/L

2.1-31.5

12

2.5-33

14

Total-P

Mg/L

0.6-87

8

-

0.27

pH

-

6.6-8.7

7.5

7.6-7.9

7.8

EC

dS/m

0.325-1.140

0.6

360-465

399

a

Based on Jeppersen and Solley (1994),

b

Based on Khalaphallah, et al. (2011) ; NA-Not Applicable

However, the most important facet of grey water with regard to
biodegradation is its nutrient imbalance. (C: N: P) ratio for the bath, shower and
hand basins sources were ranged at (100:1.77:0.05 - 100:2.91:0.06) (Jefferson, et
al., 2001). Grey water has a significantly lower concentration of inorganic nutrients
(N and P) which can limit biological treatment of this material. Comparison with
the literature suggest ratios between 100:20:1 (Metcalf & Eddy, 1991), 250:7:1
(Franta et al., 1994) and 100:10:1 with trace Sulphur (Beardsley and Coffey, 1985)
indicated that grey water is deficient in both nitrogen and phosphorus in roughly
equal proportions. The nitrogen and phosphorus deficiencies are to be expected as
the majority of nitrogen compounds are excreted into the toilet bowl during
15

urination and so not normally expected in grey water. Similarly most phosphorus
originates in detergents used in washing powders and so will only be present if the
laundry is included in the source waters. Turbidity profiles were similar to the
solids concentrations with suspended solids to turbidity ratios of 1.04, 0.96 and
0.93 which is much lower than normally observed for sewage or potable water
systems but is only slightly lower tertiary effluent (Metcalf and Eddy, 1991). Zinc
was also included as levels approaching or above the guideline values for irrigation
have been found in grey water (Christova-Boal, 1996). The very high concentration
sources are normally related to either clothes washing operations such as washing
machines or hand washing or kitchen sinks (Eriksson et al., 2002). Grey water
characteristics also vary according to source: each fixture contributing to the grey
water collection system will carry its own particular contaminant load. Friedler
(2004) recommends excluding fixtures like the kitchen sink and dishwasher from
a grey water system because they constitute only 25-30% of grey water volume but
contribute nearly half of its COD content. For this reason, the least contaminated
streams of household grey water are usually prioritized for reuse.
Treatment is therefore required (Eriksson et al., 2002) and the treatment level
depends on the reuse options (Pidou et al., 2007). A larger fraction of the organic
load in grey water is poorly biodegradable (soaps, greases, etc.) giving grey water
a higher COD: BOD ratio than domestic sewage (COD: BOD ratio as high as 4:1)
(Brandes, 1978; Christova-Boal, 1996; Sayers, 1998). Grey water has a
significantly lower concentration of inorganic nutrients (N and P) which can limit
biological treatment of this material (Jefferson et al., 2001). A biological treatment
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system is appropriate for stabilizing the organic matter (Nolde, 1999; Jefferson et
al., 2004). Biological oxygen demand varied widely (BOD) 410-6250 mg/L (Kotut
et al., 2011). Grey water treatment does not aim at providing water of drinking
water quality but at water for toilet flushing, laundry, lawn irrigation, windows and
car washing, ground water recharge, or fire extinguishing (Jefferson et al., 1999;
Eriksson et al., 2002). Finally, both the quantity of grey water generated per day
and the composition of the grey water fluctuates greatly depending on the
geographical location, demographics and level of occupancy of the household
(Jefferson et al., 2001). Grey water characteristics also vary according to source:
each fixture contributing to the grey water collection system will carry its own
particular contaminant load. The WHO (2006) guidelines for reuse of grey water
for irrigation are combined with guidelines for safe practice; e.g. applying drip
irrigation techniques, covering the soil with mulch, avoiding contact with wet soil.

2.4 Grey water storage
Storage of grey water prior to reuse is discouraged because it can affect the
pathogen load of both raw and treated grey water. Dixon et al. (1999) tested a model
for predicting quality changes in stored grey water, based on observed processes of
settlement of suspended solids, aerobic microbial growth, anaerobic release of
soluble COD from settled organic matter, and atmospheric re-aeration. The study
suggests that storage of grey water for 24h could potentially improve water quality,
but storage for more than 48h could seriously deplete dissolved oxygen (DO) levels
and lead to what they call “aesthetic problems”, including anaerobic processes and
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associated smells. Rose et al. (1991) found a 1-2 log increase in total and fecal
coliform counts over the first 48h of grey water storage.

2.5 Grey water recycling
In order to minimize potential negative impacts, it is strongly recommended
that grey water be treated before reuse. Treatment systems for grey water exist in
many forms, varying in their complexity, treatment method, and location within or
outside the home, and should be designed in accordance with grey water source,
quality, site specifications, and reuse patterns. Grey water treatment systems range
in sophistication from simple branched-drain garden irrigation networks to full
tertiary treatment systems that can filter water to nearly potable levels of quality.
While grey water treatment is a relatively new concept in Canada, it has been
practiced for several years in places where water is less abundant or expensive to
use. In the southern US, Australia, and many Middle Eastern countries, simple grey
water diverting schemes are common as a means of irrigating landscape units in
arid regions. In Germany and Scandinavia, sophisticated grey water treatment
systems that involve active aeration are increasingly widespread, made popular by
high water prices. Many different treatment mechanisms have been studied, with
varying degrees of success. Nolde (2000) recommends aerated biological
treatment, while Pidou et al. (2007) received good results with chemical treatment
involving coagulation and magnetic ion exchange. Hernandez-Leal et al.
experimented with anaerobic grey water treatment in their 2007 study and found it
less effective than comparable aerobic processes, likely because of the interference
of surfactants with anaerobic bacteria. Whatever the treatment method, complete
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system design ideally includes a tertiary disinfection stage, usually either chlorine
or UV radiation, to protect against bacterial re-growth in treated water. To date,
there is no generally accepted design for grey water treatment systems, but several
manufacturers around the globe provide plug and go solutions for home owners,
indicating that some private sector researchers may have found effective, safe
solutions for grey water recycling.

2.6 Options of grey water reuse
Since the emergence of source separation technology, it has been generally
assumed that because grey water excludes toilet wastes, it should be
technologically simpler and also more space efficient to treat and recycle at the
household and community level (Eriksson et al., 2002). While recent research has
cast doubt on the first assumption, the second remains because of the exclusion of
solid human wastes, grey water treatment can be achieved on less land than that
required for full wastewater treatment (Toze, 2006). This factor makes grey water
treatment and reuse feasible at the individual household scale, even in urban
settings and multi-unit dwellings. On the demand side, multiple end uses for
recycled grey water have been identified for both indoor and outdoor reuse. These
include toilet flushing, laundry, and garden irrigation at the household level, and
cooling, firefighting, and industrial washing at the commercial scale. Especially in
water scarce regions of the world, grey water recycling is increasingly common
and commercial treatment.
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Grey water reuse for irrigation
The main municipal application of centralized wastewater reclamation and
distributed water reuse are agricultural land, golf courses and urban landscape
irrigation. The practice of reclaiming wastewater is common in the USA. An
estimated 9.8 billion liters of water per day (370 liters/day) is reused in the USA
(Miller, 2006). In Israel, more than 70% of its treated wastewater is reused for
agricultural irrigation (Jimenez and Asano, 2008). In water scarce countries like
Saudi Arabia, Cyprus, and Jordan, wastewater reuse is now part of their overall
water irrigation plan. Even countries that are not typically considered to be scarce
in water, such as the UK, Canada, Japan and Germany, are also at the forefront of
centralized wastewater reuse technology implementation (Jimenez and Asano,
2008).
Decentralized grey water use for irrigation is a growing practice in individual
homes, clusters of homes, or isolated industries and institutional facilities. In 2009,
California modified its plumbing code to allow the reuse of certain types of grey
water in households (California, 2009). Australia is the most progressive country
in terms of grey water policy. This dry continent not only promotes grey water
reuse but provides rebates for systems that recycle grey water from showers,
laundry troughs, baths and sinks to irrigate outdoor units (DOH, 2010). In Jordan,
the use of grey water in poor rural areas in Tufileh can save 44% of the family
expenditure on irrigating home grown garden produce. Some families generate
additional income by selling surpluses (Faruqui and Al-Jayyousi, 2002; Bino et al.,
2010). In sub Saharan Africa, the role of grey water recycling provides
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supplementary nutrients, assisting unit growth and helping the landscape to flourish
(Madungwe & Sakuringwa, 2007).
Raw grey water and primary treated grey water are more often used to irrigate
lawns or ornamental gardens. DOH (2005) recommends that grey water use should
be avoided on acid loving units, as most grey water is slightly alkaline owing to the
presence of soaps and detergents. For crop irrigation, the reuse of grey water after
some treatment is recommended. Studies have suggested that unit growth is
improved when using irrigated grey water, instead of scheme water (Finley et al.,
2009; Misra et al., 2010; Pinto et al., 2010). For example, the use of treated grey
water in the Karak project in Jordan has proved to be suitable for crop irrigation.
Results showed that the chemical properties of treated grey water from households
on irrigated olive trees and vegetable crops was not detrimental (Al-Hamaiedeh &
Bino, 2010). However, as pointed out by Novotny et al. (2010), the nutrient value
of grey water is generally lower than units require for optimal growth, therefore
certain units might adding commercial fertilizers to defy the purpose of grey water
reuse.
One commonly applied individual initiative to reuse wastewater is the
recycling of grey water specifically for irrigation (Travis et al., 2010). In fact, in
the past years grey water reuse for irrigation has been considered as a mean of water
conservation, since represents the largest potential source of water and costs
savings in domestic residence (Al-Jayyousi, 2003), savings up to 38% of water
when combined with sensible garden design.
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In general grey water reuse in rural areas in Palestine was spontaneously in
the past through directly pumped from bathrooms and kitchens to the open fields.
Where it started officially before two decades, expected that the encouraging for
grey water reuse and established the grey water treatment unites began in last two
decades in the West Bank and Gaza Strip through some local non-governmental
organizations such as Palestinian Development Association (PARC) and
Palestinian Hydrology Group (PHG).
Grey water is a potentially reusable water resource for irrigation of household
lawns and gardens (Al-Jayyousi, 2003) as diversion of laundry effluent. According
to Jeppesen (1996), this is technically possible without treatment.

2.7

Long term impact of treated grey water reuse on chemical and
physical soil characteristics
In Jordan, the use of treated grey water for irrigation in home gardens is

becoming increasingly common. A study was conducted by Mutah University and
the Inter-Islamic Network on Water Resources Development and Management
(INWRDAM), Amman, Jordan on effect of irrigation with treated grey water reuse
on soil and units. Treated grey water produced from 4 barrel and confined trench
(CT) treatment units were used for irrigation of olive trees and some vegetable
crops. The quality of treated and untreated grey water was studied to evaluate the
performance of treatment units and the suitability of treated grey water for
irrigation according to Jordanian standard. Effect of treated grey water reuse on the
properties of soil and irrigated units at Al-Amer villages, Jordan, has also been
investigated. The results showed that salinity, sodium adsorption ratio (SAR); and
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organic content (OM) of soil increased as a function of time, therefore leaching of
soil with fresh water was highly recommended. The chemical properties of the
irrigated olive trees and vegetable crops were not affected, while the biological
quality of some vegetable crops was adversely affected (Al-Hamaiedeh et al.,
2010).
Pinto et al. (2010) conducted glasshouse experiments to examine the effects
of grey water irrigation on the growth of silver beet units, their water use and
changes in soil properties. The experimental treatments included in the study were:
irrigating with 100% potable water (control, treatment T0), irrigating with 100%
grey water (treatment T1), irrigating with a mixture of grey water and potable water
in 1:1 ratio (treatment T2) and irrigating alternate with potable water for one
irrigation and grey water for the next (treatment T3). The pH and EC values of the
grey water used in the study were 10.5 and 1358 dS/m respectively. Results showed
that grey water irrigation had no significant effect on soil total N and total P after
unit harvest, but there were significant effects on the values of soil pH and EC.
Furthermore, there were no significant effects of grey water irrigation on unit dry
biomass, water use and number of leaves. For the treatment that involved irrigating
with 100% grey water (treatment T1), there was a significant increase in soil pH
and EC when compared with the control and the other two irrigation treatments.
The study indicated that irrigating silver beet units with potable water and grey
water in an alternate pattern (treatment T3) had soil pH and EC levels similar to
that of irrigation with 100% potable water. This also meant that irrigating alternate
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with potable water and grey water could reduce some of the soil health risks
associated with the reuse of grey water (Pinto et al., 2010).
The potential public health risk associated with treated grey water reuse for
irrigation in home gardens has been investigated in the literature reviews. The
possible increase in the number and rate of water borne diseases due to grey water
reuse was studied using diarrhea as indicator for these diseases. The concentration
of some heavy metals in treated grey water and the irrigated soil as well as the
possible uptake of these metals by the long term irrigated units have been
determined.
Al- Hamaiedeh (2010) showed that there is no increase in the rate of water
borne diseases after grey water reuse for irrigation. The accumulation of heavy
metals in the soil was insignificant and the uptake of these metals by the irrigated
units did not occur.
Grey water contains significant concentrations of materials with potential
negative environmental and health impact, such as salts (Friedler, 2004),
surfactants (Wiel-Shafran et al., 2006), oils (Travis et al., 2008), synthetic
chemicals (Eriksson et al., 2002) and microbial contaminants (Gross et al., 2007).
Surfactants and/or food based oils have been identified as components of grey
water that can cause water repellency and reduce soil hydraulic conductivity (WielShafran et al., 2006; Travis et al., 2008; Lado and Ben-Hur, 2009).
Other potential detrimental effects of wastewater reuse include soil aggregate
dispersion from sodium accumulation (Misra et al., 2009); microbial risks (Gross
et al., 2007); and enhanced contaminant transport (Graber et al., 2001). Various
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studies showed that the long and short terms application of treated and untreated
wastewater influencing significantly physical and chemical soil proprieties, while
very limited research studies demonstrate the long term application of treated and
untreated grey water and its impact on physical and chemical soil properties.

2.8

Soil classification in Gaza Strip
Gaza Strip is relatively a small geographic area however the soils are

remarkably diverse in their properties. This diversity is due to the variation in origin
(parent material), topographic features and human action or activities. The soils of
Gaza Strip have been the subject of many studies since the beginning of this
century, when several attempts were made to classify, identify and even map the
soils.
Gaza Strip has several major soil types. Arenosolic, Calcaric, Rhegosolic, and
Calcaric Fluvisolic soils. Arenosolic (sandy) soils of dune accumulations are
Regosols without a marked profile. The soils are moderately calcareous (5–8%
CaCO3), with low organic matter, and are physically suitable for intensive
horticulture (Shomar et al., 2005).
“Calcaric Arenosols (loessy sandy soils) can be found some 5 km inland in
the central and southern part of Gaza Strip, in a zone along Khan Yunis toward
Rafah, parallel to the coast. This belt forms a transitional zone between the
Arenosolic soils and the Calcaric (loess) soils. Typical Calcaric soils are found in
the area between the city of Gaza and the Wadi Gaza and contain 8–12% CaCO3.
Arenosolic Calcaric (sandy loess) soils are transitional soils, characterized by a
lighter texture. These soils can be found in the depression between the Calcareous
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(Kurkar) ridges of Deir El Balah. Apparently, windblown sands have been mixed
with Calcareous deposits. Deposition of these two types of windblown materials
originating from different sources has occurred over time and more or less
simultaneously. These soils have a rather uniform texture. Another transitional
form is the Arenosols over Calcaric soils. These are loess or loessial soils (sandy
clay loam) that have been covered by a layer (0.20–0.50m) of dune sand. These
soils can be found east of Rafah and Khan Yunis” (Shomar et al., 2005).
Fluvisols (alluvial) and Vertisols (grumosolic), which are dominated by
loamy clay textures, are found on the slopes of the northern depressions between
Beit Hanoun and Wadi Gaza. Borings east of El Montar ridge have revealed that
alluvial deposits of about 25m in thickness occur. At some depth, calcareous
concentrations are present. The CaCO3 content can be approximately 15–20%.
Some of the soils have been strongly eroded, and the reddish-brown sub soils may
be exposed on the tops of ridges and along slopes. The alluvial sediments are
underlain by a calcareous layer (Shomar et al., 2005).
Land Research Centre (1999) reported “the main soil type in Gaza strip
originates from the dune sands. Dune sands are overlying alluvial soils in a shallow
layer creating ideal conditions for fruit unitations. Citrus unitations dominate the
area. These dune sands have exceedingly low water holding capacity and very high
water permeability. In addition to the sandy soils, loess soils are also occurring in
Gaza Strip. These soils owe their origin mainly to the dust storms of the desert”.
The soil map of Gaza Strip had been published in Technical Atlas of Gaza
Governorates by MOPIC (1997). It has been established six distinguished different
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soil types as: Sand regosols, Loessal sandy, and loess, Sand loess over loess, and
alluvial soils.

2.9

Grey water contamination
Grey water accounts for 60-70% of total wastewater in households with a

flush toilet (Friedler & Hadari, 2006), with daily generation rates usually ranging
from 30 to 120 L/capita in low and middle income countries (Morel & Diener,
2006). The concentrations of salts, solids, organic matter, nitrogen, phosphorus and
pathogens in grey water vary widely depending on e.g. country, location, personal
habits and cleaning products used in the home (Christova-Boal et al., 1996).
The organic matter content in grey water ranges between 13 and 8000 mg/L
(Eriksson, 2002). The organic material originates from detergent, food, dirt and
skin residues and is highly degradable under both aerobic (84%) and anaerobic
(72%) conditions (Zeeman et al., 2008). The nitrogen content can range from 0.6
to 74 mg/L, as reviewed by Eriksson et al. (2002), which is low compared with
household wastewater. Grey water with high nitrogen concentrations has also been
reported (Halalsheh, 2008). The phosphorus level depends on whether phosphorus
containing detergents are used, or prohibited by local or regional regulations.
Phosphorus levels are within 4-14 mg/L in non-phosphorus detergent grey water
and 6-23 mg/L in areas where phosphorus containing detergents are still in use
(Eriksson et al., 2002). Grey water can be contaminated with E. coli, Enterococcus,
Salmonella and enteropathogenic E. coli (EPEC) (Rose, 1991; O’Toole et al., 2012;
Ottoson & Stenstrom, 2003) and enteric viruses such as norovirus and rotavirus
(O’Toole et al., 2012). Faecal contamination is the major source of E. coli and
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Enterococcus (Christova-Boal et al., 1996), while Salmonella can be introduced
into kitchen wastewater during food handling (WHO, 2006).

2.10 Treated grey water and public health in Palestine
Although grey water contains a number of the same pollutants as other types
of wastewater, but from a health standpoint, it is much less dangerous because the
concentration of these pollutants in grey water is much lower. Nevertheless,
according to the WHO’s wastewater reuse standards, untreated grey water is still
far too contaminated for activities such as drinking, bathing or even irrigation
(Allen et al., 2010). Although treated grey water reuse has never been directly
linked to any documented cases of public health impacts, this is not definitive proof
that there is no causal link, especially since illness is notoriously difficult to trace
back to its source (Allen et al., 2010). Hence, when research about the impact of
treated grey water is conducted, several points have to be taken into account before
attributing any negative or positive effects to the quality of grey water (WHO IV
2006):
- The specificities of the soil; to establish if the soil has already high
levels of salinity and bacteria before the use of treated grey water.
- The overall health of the people who are consuming products grown
with the use of treated grey water as well as the age of these people.
- The overall hygienic habits of the households using products
produced with treated grey water.
The most salient consideration is not whether treated grey water reuse is
intrinsically risky, but rather if these risks are acceptable in relation to the benefits
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the system confers upon users and if grey water systems represent a net reduction
in public health risks when compared to the cesspit system currently being used in
rural Palestine.
Most of the current literature suggests that treated grey water reuse, when
properly conducted, represents a minimal risk to public health. Nevertheless, it
should be noted that there is also wide agreement that additional studies on the long
term health impact of treated grey water reuse need to be conducted. With this
caveat in place, it is clear that the key to avoiding the negative health impacts
associated with treated grey water reuse primarily lies in user awareness of these
risks and their proper use of the system to mitigate those risk factors.
Controlling the harmful aspects and reduce any possible negative health
implications and maximize the crop yield, it is important that the crop is matched
to the treated grey water quality and the irrigation system. There is an overall
consensus that spraying treated grey water onto the crop has to be avoided at all
times, whereas underground irrigation is deemed the safest use for all units and
crops. Over ground drip irrigation is consensually deemed safe for units whose
crops do not come into contact with the soil like citrus and olives (Redwood 2010).
There is still ongoing research on the impact above ground drip irrigation has on
produce which comes into contact with the soil such as tomatoes, carrots or
cucumbers. Furthermore, with some crops, it is important to stop irrigation with
treated grey water well before the harvest to give potentially dangerous organisms
time to retreat (WHO, 2006). A survey conducted by Birzeit University found that
the majority of grey water system users in Qebia village believe that introducing a
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wastewater management system reduced disease and that the system did not cause
them any physical harm (Nidal & Mimi, 2008). What this makes clear, that so long
as proper training and basic precautionary steps are in place, grey water recycling
poses little to no health risks for rural Palestinian communities.
The implementation of grey water recycling systems can eliminate the current
cesspit system which is used by most rural communities in Palestine and is fraught
with public health risks. Cesspit systems fail to protect Palestine’s vital freshwater
resources and jeopardize public health by saturating soil with dangerous pollutants
which then percolate into groundwater supplies. This poses a major public health
risk as it further reduces the already scant amount of potable water available in
Palestine and degrades it to such a condition that the risk of water-borne illness
drastically increases. Grey water treatment systems help to mitigate this problem
as the reuse of a large percentage of household wastewater for garden irrigation
significantly reduces the load put on the cesspit system and thus puts groundwater
resources under far less stress. Taken together, the public health benefit of reusing
treated grey water for application in small scale agriculture is clearly positive,
especially when the alternative, in the Palestinian context, is to either use untreated
grey water or alternatively, to dump the untreated waste into the environment where
it then contaminates the surrounding soil and ultimately seeps into groundwater.

2.11 Guidelines requirements
These guidelines are based on results of monitoring of grey water systems
installed in the Karak Governorate conducted by the Water Authority of Jordan
over the past seven years by (INWRDAM, 2008). Recommended biological
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parameters are based on average treated grey water quality of more than 64
analyzed grey water samples (INWRDAM, 2008).
1.

Grey water should be completely separated from black water.

2.

Divert grey water to the normal wastewater drain system if the grey
water system is closed down, must be possible.

3.

Used pipes should be specified for carrying grey water and color
coded to avoid mixing and cross contamination with drinking water
system.

4.

Tables (2.3) and (2.4) show the guideline limits for properties and
criterion for the purpose of evaluating the quality of reclaimed grey
water for restricted irrigation uses as mentioned in these guidelines.
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Table 2.3. Guideline limits for properties and criterion for reclaimed grey
water to be reused for restricted irrigation (INWRDAM, 2008)
Parameters
Allowable Limit
BOD5 (mg/L)

300

COD (mg/L)

500

Dissolved Oxygen (mg/L)

>2

TSS (mg/L)

200

pH

6-9

Nitrate (mg/L)

50

Total Nitrogen (mg/L)

45

Turbidity (NTU)

25

Escherichia Coli (CFU/ 100 ml)

Not Applicable

Helminthes Eggs (Egg/L)

≤1

Phenol (mg/L)

0.05
25

Detergent (mg/L)

1500

TDS (mg/L)
Total Phosphate (mg/L)

15

Cl (mg/L)

350

SO4 (mg/L)

500

HCO3 (mg/L)

400

NH4 (mg/L)

5

Na (mg/L)

230

Mg (mg/L)

100

Ca (mg/L)

230

SAR

9
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Table 2.4. Guideline limits for heavy metal and trace elements for reused for
restricted irrigation (INWRDAM, 2008)
Parameters
(mg/L)
Cyanide
Barium
Aluminum
Arsenic
Beryllium

Allowable limit
0.05

Parameters
(mg/L)
Molybdenum

0.1

Nickel

1

Lead

Allowable limit
0.01
1
0.1

<0.005

Selenium

<0.005

0.1

Cadmium

0.01

Copper

1

Fluoride

1.5

Chrome

0.1

2

Mercury

<0.004

Vanadium

<0.03

Iron
Lithium

2.5

Manganese

0.1

Zinc

33

2

Chapter Three
Material and Methods

3.1 Introduction
The research methods involved collection of grey water and soil samples, and
analyzing them in the labs for selected parameters. Soil samples were collected
from the study area, from five different home gardens, each having a grey water
treatment unit. Soil samples were collected in two periods, before and after
irrigation by treated grey water (September, 2012 & January, 2014). Twenty soil
samples were collected during the two periods of sampling, and tested in the labs
for physical, chemical and biological tests. Soil samples were collected from the
selected home gardens which are united with olive trees and citrus, and irrigated
separately with treated grey water. The samples were collected before starting the
irrigation as a control sample. The influent and effluent samples were analyzed at
Birzeit University Testing Laboratories-Gaza Branch. The collected samples were
analyzed for physical, chemical and biological parameters at Birzeit University
Testing Laboratories.

3.2 Study area
Beit-Hanoun is a Palestinian city which is located in northern of Gaza Strip,
where it is bordered in the north and east with the occupied Palestine terrorist
borders. Beit-Hanoun is situated at an elevation of 50 m above sea level. The
population of the city is about 40000 residence (Wafainfo.ps, 2015). Beit-Hanoun
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is an agricultural area which cultivated with different tree crops such as citrus,
olives, and fruits. This city has 15 grey water treatment units, which constructed
through project by Palestinian Development Association (PARC) in partnership
with Campaign for children of Palestine (CCP). The grey water unit was producing
around 730 liters of treated grey water per day. This quantity is used to irrigate
around 250 to 400 m2 of home garden.

3.3 Description of household grey water treatment system used at the
research area
The house plumbing fixtures installations were changed so as to separate the
grey and black wastewater streams. The black wastewater (from toilet) is
discharged into the existing conventional cesspit, while grey water is directed to
the treatment unit. The main treatment part is an anaerobic system followed by
aerobic controlled multi-layer filter (coal, sand and gravel) respectively. The up
flow gravel filter is designed as gravity loaded system, works at maximum flow at
day hours and zero flow at night hours.

The pilot units have been constructed with concrete basement and bricks for
side and internal compartments. The septic tank –up flow gravel filter is divided
into four compartments, where the first compartment is used as septic tank and
grease trap, the second and the third are used as up flow graduated gravel filters,
the gravel filter media are mainly hard crushed gravel of hard limestone of 0.7 to 3
cm in size. And the fourth compartment is used as a balancing tank for treated grey
water where a submersible pump is installed. The pump lifts the water to a multi-
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layer aerobic filter, where the water pass through the layers (coal, sand and gravel)
respectively to a storage tank from where it goes to the home garden irrigation
network.
The septic tank receives the grey water (shower, kitchen, sinks and washing
machine) from the house through a 2-inch or 4-inches diameter PVC pipe. The grey
water flows into the septic tank by means of a T shaped inlet pipe, with one end
directed upward, and subjected to atmospheric pressure and the other at a level of
about 30 cm from the bottom of the septic tank. The retention time of the grey water
in the septic tank is 1.5 to 2 days. Accumulation of grease occurred by installing a
T-shape pipe at the outlet of the septic tank at same level of the inlet T shape pipe.
The layout of the treatment system is shown Figure (3.1).

Figure 3.1. Layout of the grey water treatment system in five sites
(Burnat and Eshtayah, 2010)
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3.4 Grey water sampling and analysis
Sixty of influent and effluent grey water samples were collected during day
time (09:00 – 14:00), once for every three months over one and half year (1 liter
for each). The samples were stored at 4 ºC and were transferred directly to the lab
for analysis. Samples were analyzed for BOD5, COD, TSS, TDS, TKN, NO3, Total
phosphate, K, B, Cl, SAR, EC, pH, detergents and fecal coliform. The samples
were analyzed according to the Standard Methods for the Examination of Water
and Wastewater (APHA, 2005).

3.5 Soil sampling
Twenty soil samples were collected from five home gardens were irrigated
with treated grey water in Beit Hanoun city. Sampling of soil was conducted two
times, the first was before starting the irrigation with treated grey water, where the
irrigated was by fresh water, and the second after one and half year from the date
of starting the irrigation with treated grey water.

3.5.1 Soil analysis
The soil quality was tested for both physical and chemical parameters
according to the methods of soil analysis (Page et al., 1982):

- Physical parameters
Total of twenty samples were analyzed for the soil texture at Ministry of
Agriculture in Gaza city lab.
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- Chemical parameters
A total of twenty samples were analyzed at Birzeit University Laboratory for
the following parameters: TKN, Exchangeable of (Na, Ca, K, and Mg), and CaCO3,
CEC, organic matter, NO3-N, EC and pH. Ten samples were analyzed directly
before starting the irrigation which were irrigating by fresh water and ten samples
were analyzed after one and half year of starting the irrigation by treated grey water.
All samples were collected from each home garden from two levels of depths from
the surface of soil, 0 -30 cm and 30 – 60 cm.

3.6 Grey water sampling
Field visits were carried out to determine grey water treatment units
locations in Bait-Hanoun city. Five unites were chosen. These locations were
chosen according to the following criteria:
1. Grey water treatment unit location.
2. Continuously operation.
3. Servicing the home garden.
4. Family size which used the grey treatment unit.

3.7 Statistical analysis
The data was statistically analyzed using Mean and ± Standard deviation.

38

Table (3.1) the grey water treatment units' locations in Beit-Hanoun City,
which chosen according to the mentioned criteria.

Table 3.1. Grey water sampling locations in Beit Hanoun city
Site

Family Name

Family Number

Location

1

Mona El Kafarna

8

Eastern of Beit Hanoun

2

Ashraf Abu Zreq

7

Northern of Beit Hanoun

3

Hala Sa'adat

9

Middle of Beit Hanoun

4

Mohammed Joma'a Sa'adat

7

Middle of Beit Hanoun

5

Jalal Hamad

10

Western of Beit Hanoun

The grey water treatment units were operated in the first week of October,
2012.
The grey water unites distributing in the study area are shown as map in
Figure (3.2) five sites were selected for the study.

Figure 3.2. Map location for five sites
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Table 3.2. Methods used for grey water samples analysis (APHA, 2005)
Summary of the analytical method
The sample of waste, or an appropriate dilution, is incubated
for 5 days at 20°C in the dark. The reduction in dissolved
oxygen concentration during the incubation period yields a
measure of the biochemical oxygen demand.
Sample, blanks and standards in sealed tubes are heated in a
digestion block in the presence of sulfuric acid and dichromate
at 150°C. After two hours, the tubes are removed from the
digester, cooled and measured spectrophotometrically at 600
nm.

The Kjeldhal method (digestion, distillation and titration) was
used to determine the amount of organic and ammonium
nitrogen. The organic nitrogen in the sample is converted to
ammonium nitrogen by digestion in acidic media, then the
original ammonium nitrogen and the converted ammonium
nitrogen is distilled in a basic media and collected. Then the
ammonium nitrogen is titrated vs standard HCl and evaluated.
The sample is digested in acidic media, then the concentration
of the orthophosphate is determined using the ascorbic acid
method. The blue color of the compound produced by the
reaction of the ascorbic acid reagent and the phosphate is
measured at 880 nm.

(NO3)
Photochemically by
means of sodium
salicylate method

(TKN)
4500-Norg C. SemiMicro-Kjeldhal
method

Total suspended solids were measured by oven drying at 105
ºC of filtered samples using filter paper of glass microfiber
filters (GF/C 125 mm f, CATNO 1822 122 Whatman). The
difference in the filtered residue on the filter paper is
gravimetrically evaluated as TSS.

(TP)
4500-P E.
Ascorbic acid
method

(TSS)
(COD)
2540C. Total
5220D. Closed
(BOD5)
suspended solid
reflux
5210B. 5-Day
dried as 103-105 colorimetric
BOD test
o
C
method

Method

The NO3 were measured according (MERCK, 2009) by drying
in oven at 150 oC after addition of sodium salicylate solution,
and then continue drying for 2 hours. Then the sample is
acidified with H2So4, and after the addition of potassium
sodium concentrate solution, the yellow color is red at 420 nm
for evaluation of nitrate content in the original sample.
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(B)
4500-B C.
carmine

The dye, methylene blue, in aqueous solution reacts with
anionic-type surface active materials to form a blue colored
salt. The salt is extractable with chloroform and the intensity
of color produced is proportional to the concentration of
MBAS. The intensity of the produced color is
spectrophotometrically measured as absorbance at 652 nm.

Boron is acidified and evaporated in the presence of carmine,
a red-colored product called rosocyanine is formed. The
rosocyanine is taken up in a suitable solvent and the red color
is compared with standards photometrically.

(pH)
(Na)
(K)
(SAR)
+
4500-H 3500-Na B. 3500-K B. Calculation of SAR
(CL)
B.
Flame
Flame
from m4500-Cl-B.
electrical photometric photometric equivalents of Na, Argentometric
method
method
method
Ca and Mg.

(Detergents)
5540C. Anionic
sarfactance as MBAS

(FC)
9222B. E Fecal
coliform
membrane filter
procedure (MFS
medium)

The several dilutions of the sample were filtered using 0.45
micrometer membrane filter, then the filters were incubated at
the appropriate temperature using MFC agar media.

An appropriate amount of the sample is titrated using standard
solution of silver nitrate. An indicator used is a solution of
potassium chromate, the end point is reached when a brown
bluish precipitate is formed, and finally the concentration of
the chloride in the sample is calculated.
The sodium adsorption ratio is a measurement of the sodium
concentrations in m-equivalents as a ratio with
the
concentrations of the calcium and magnesium for the same
sample according to the following equation SAR= Na/
{(Ca+Mg)/2}0.5

A calibration curve is prepared from different standards of K
concentrations. The intensity of absorbance of the sample and
the standards are measured at k-filter using flame photometer.
A calibration curve is prepared from different standards of Na
concentrations. The intensity of absorbance of the sample and
the standards are measured at Na-filter using flame
photometer.
The pH of a sample is determined electrometrically using
either a glass electrode in combination with a reference
potential or a combination electrode.
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(TDS)
(EC)
2540C. Total 2510 B.
dissolved solid Lab
dried at 180 oC method

TDS, EC and pH were measured in situation by a multipurpose
EC pH meter.
TDS were determined by gravimetric analysis of the sample.
Appropriate sample is filtered. The filtrate is collected in a
weighed container and then dried in the oven at 180 oC. the
difference in weights is equivalents to TDS of the sample

Table 3.3. Method used for soil samples analysis (Page et al., 1982)

Appropriate weight of the soil sample is mixed with
appropriate volume of ammonium acetate solution. The
desired metals are extracted. After filtration, the filter is used
for the evaluation of the desired metal (Here Na by flame
photometer)

phosphorous)

A 2.5 gram scoop of soil and 50 milliliters of 0.5 M sodium
bicarbonate (pH 8.5) solution then filtered through Whatman
filter paper and the ortho-phosphate in the filtered extract is
determined colorimetrically (820nm) by reacting it with
ammonium molybdate using ascorbic acid as the reducing
agent. Results are reported as parts per million (ppm)
phosphorus (P) in the soil.

(Available

24-5.4 Olsen Method

Summary of the analytical method

(K)
(Ca)
(Na)
9-3.1 Ammonium 9-3.1 Ammonium 9-3.1 Ammonium
acetate extraction acetate extraction acetate extraction

Method

Appropriate weight of the soil sample is mixed with
appropriate volume of ammonium acetate solution. The
desired metals are extracted, after filtration, the filter is used
for the evaluation of the desired metal (Here, Ca by EDTA
titration method)

Appropriate weight of the soil sample is mixed with
appropriate volume of ammonium acetate solution. The
desired metals are extracted. After filtration, the filter is used
for the evaluation of the desired metal (Here, K by flame
photometer)
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(Mg)
9-3.1 Ammonium
acetate extraction
(CaCO3)
Home (lab)
method
(CEC)
8-3 Cation Exchange
Capacity Ammonium
acetate extraction
(OM)
29-4 Organic Matter
Walkley black method
(NO3-N)
33-3 KCl
extraction
(EC)
10-3
1:1 Extract

Appropriate weight of the soil sample is mixed with
appropriate volume of ammonium acetate solution. The
desired metals are extracted. After filtration, the filter is used
for the evaluation of the desired metal (Here, EDTA titration
for sodium and then Mg-Calculations)

Appropriate amount of the soil sample is taken and reacted
with a standard concentrated HCl acid in a closed small bottle
instrument. The carbon dioxide released is a measure of the
calcium carbonate in the sample

The soil sample is washed by deionized water or alcoholic
deionized water. Then the cations are extracted by sort of
ammonium acetate. The equivalence of the replaced
ammonium is equal the CEC of the sample in 100g. The
ammonium is evaluated by TKN method.

Soil carbon is determined by the reaction with acidic
dichromate (Cr2O72-). The oxidation step is then followed by
titration of the excess dichromate solution with ferrous sulfate.
The SOM is calculated using the difference between the total
volumes of dichromate added and the amount of unreacted
dichromate determined through titration with ferrous sulfate
after the reaction.

The sample of soil is extracted using 2 M KCl solution. Then
the nitrate nitrogen is determined photochemically by means
of sodium salicylate method (The testing of water, Merk,
Darmstadt)
Equivalent amounts of the soil sample and de ionized water
are mixed and shaken Then, the EC of the solution is measured
using EC meter.
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(pH)
12-2.6
pH meter
1:1 extract
(Soil texture)
ASTM
(ADJD0422)

Equivalent amounts of the soil sample and de ionized water
are mixed and shaken. Then, the pH of the solution is measured
using pH meter.
The amount of soil is washed several times. Then using a
dispersion solution to disperse the soil particles and passing
them through sieve and using a hydrometer. The percentages
of the soil composition is classified.
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Chapter Four
Results and Discussion

4.1 Grey water quality
4.1.1 Influent characteristics
Table (4.1) shows the characteristics of grey water influent for five sites, in
terms of physical, chemical and biological, whereas, Table (4.2) shows the mean
of the measured parameters compared with the typical composition of grey water.

Table 4.1. Average of grey water influent analysis
Parameters

a

Mean ± Standard deviation(a)

Unit
Site 1

Site 2

Site 3

Site 4

Site 5

BOD5

mg/L

340±101

400±201

403±165

306±153

405±191

COD

mg/L

964±112

998±138

1007±206

838±82

1044±218

TSS

mg/L

434±148

460±96

402±150

403±132

475±180

TDS

mg/L

1131±320

1489±370

1874±1124

1186±166

1179±483

TKN

mg/L

6.8±4.8

6.8±3.5

9.8±11.5

4.9±3.8

7.2±2.9

TP

mg/L

0.8±1.0

2.5±1.5

2.2±2.4

1.6±1.5

0.8±0.5

K

mg/L

12.0±6.4

17.0±10.8

12.5±5.0

15.7±6.2

14.8±8.4

B

mg/L

1.2±1.1

0.8±0.7

1.2±1.1

1.3±1.1

1.1±1.2

Cl

mg/L

406±66

415±142

531±101

432±46

386±82

SAR

--

3.7±1.0

4.5±1.2

5.4±3.1

3.7±1.2

3.8±1.3

EC

dS/m

1.9±0.4

2.2±0.7

3.0±1.5

2.0±0.3

2.0±0.7

pH

--

7.0±0.4

7.0±0.4

7.6±0.5

7.0±0.6

6.9±3.7

Detergents

mg/L

25.8±15.1

20.7±15.4

19.7±17.2

12.2±10.3

17.0±11.4

Fecal coliform

CFU/100 ml

0.0

0.0

0.0

0.0

Standard deviation in parenthesis for n=6.

The results showed high standard variation for most of grey water
influent characteristics due to that, different daily activities at the sites in
every moment, which is the samples were non-represented for all the day.
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0.0

Table 4.2. Mean of the measured parameters compared with the typical
composition of grey water and West Bank
Parameter
TSS
BOD5
COD
T.K.N
Total-P
pH
EC

Unit
mg/L
mg/L
mg/L
mg/L
mg/L
dS/m

(a)Typical

Grey water

Range
45-330
9-290
100-633
2.1-31.5
0.6-87
6.6-8.7
0.325-1.140

a

Source: Jeppersen and Solley (1994).

b

Burnat and Eshtayah (2010).

Mean
115
160
456.7
12
8
7.5
0.6

(b)West

Bank

Rang
36-396
941-997
1391-2405
25-45
**
6.60-6.86
.891-899

Measured
Parameters
Range
Mean
207-830
434.6
144-640
370
730-1462
970
1-13
7.1
0-7
1.56
6.2-8.26
7.9
1.16-5.74
2.25

As shown in Table (4.2) the measured parameters of grey water
characterization had wide range. These were due to factors such as source of water,
water use efficiencies of appliances and fixtures, individual habits, products used
(soaps, shampoos, detergents) and other site specific characteristics (DOH, 2005).
Generally, the physical and chemical characteristics of grey water from laundry
and bathroom without kitchen sources are similar to those of diluted wastewater
(Christova-Boal, 1996), which makes it a more attractive option for reuse among
site holders. This is mainly due to its COD to BOD5 ratio which is usually around
4:1 (Jefferson et al., 1999). According to Winword et al. (2008), the total suspended
solids, or particles, in low-load grey water are expected to originate from the human
BOD5 during bathing.
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4.1.2 Effluent characteristics
Table (4.3) shows the range of concentrations of grey water effluent of the
five selected sites compared with the recommended guidelines provided in the
Palestinian and Jordanian standards for fruits, citrus and olive trees irrigation.
Table 4.3. Ranges of physical and chemical grey water effluent
characteristics of five sites compared to recommended limit for irrigation

Mean ± Standard deviation(a)
Parameters

Overall
Mean

PS 742,
2003
(Tree
Irrig.)

JS/893/2002
Categ. B
(Tree Irrig.)

Site 1

Site 2

Site 3

Site 4

Site 5

BOD (mg/l)

64±37

56±18

50±53

60±37

105±57

67

20 -60

300

COD (mg/l)

211±100

261±139

125±64

216±64

342±152

231

200

500

TSS (mg/l)

35±20

25±10

31±16

40±20

52±28

36.6

30 – 90

200

TDS (mg/l)

1201±322

1259±325

1379±332

1473±224

1552±332

1372.8

1500

1500

TKN (mg/l)

13.8±11.7

4.6±3.1

18.8±11.5

16.2±7.9

15.2±7.2

13.72

45

45

TP (mg/l)

1.1±1.1

1.8±0.8

1.6±1.0

1.6±1.2

1.4±0.7

1.5

*

15

K (mg/l)

17.8±6.5

20.4±12.1

18.3±7.9

19.7±3.8

22.2±8.7

19.68

*

*

B (mg/l)

0.8±1.2

0.8±1.2

0.9±1.1

0.8±1.2

0.9±1.1

0.84

0.7

1

Cl (mg/l)

380±70

447±47

457±91

497±59

487±74

453.6

500

350

SAR

4.0±1.4

3.8±2.2

3.8±1.2

3.8±1.0

4.1±1.0

3.9

9

*

EC (dS/m)

2.0±0.5

2.3±0.2

2.3±0.5

2.5±0.3

2.6±0.5

2.34

*

*

pH

7.5±0.2

7.6±0.4

8.0±0.3

7.6±0.2

7.7±0.5

7.68

9

6.0-9.0

Detergents
(mg/l)

3.9±1.9

5.5±4.6

2.2±1.4

4.4±2.7

6.9±3.1

4.58

15

25

Fecal
coliform
(CFU/100 ml)

0

0

0

0

0

0

200-1000

1000

a

Standard deviation in parenthesis for n=6
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4.1.2.1 BOD5, COD, TSS and TDS of effluent
Figures (4.1), (4.2), (4.3) and (4.4) show the mean BOD5, COD, TSS and
TDS analysis of grey water effluent in the five sites. The BOD5 values range from
50 to 105 mg/L were within the range with reclaimed water quality for irrigation
of citrus, olive and almond trees as defined by the Palestinian Standards (PS 742,
2003), with the highest value at site 5. The COD value range from 125 to 342 mg/L,
with the highest value at site 5. The overall mean value 231 mg/L at five sites were
highest slightly compared with Palestinian Standards (PS 742, 2003) but within the
category B in Jordanian Standards (JS/893/2002). The TSS value ranges from 25
to 52 mg/L were within the range of Palestinian Standards (PS 742, 2003), with the
highest value at site 5. The TDS value ranges from 1201 to 1552 mg/L, with the
highest value at site 5. The overall mean value 1373.8 mg/L at five sites were within
the Palestinian Standards (PS 742, 2003).
180
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Figure 4.1. Overall mean of BOD5
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Figure 4.2. Overall mean of COD

90
80
70
60
50
TSS mg/L

40
30
20
10
0
Site 1

Site 2

Site 3

Site 4

Figure 4.3. Overall mean of TSS
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Figure 4.4. Overall mean of TDS

4.1.2.2 TKN, TP and K of effluent
Figure (4.5) shows the mean of TKN, TP and K analysis of grey water
effluent at five sites. The TKN values ranged from 4.6 to 18.8 mg/L were within
the range of Palestinian Standards (PS 742, 2003), with the highest value at site 3.
The TP range value was from 1.1 to 1.8 mg/L, with the highest value at site 2, and
overall mean value of 1.5 mg/L at five sites. The TP values were not mentioned in
Palestinian Standards (PS 742, 2003), but the overall mean values were within the
category B in Jordanian Standards (JS/893/2002). The K value ranges from 17.8 to
22.2 mg/L, with the highest value at site 5, and overall mean value of 19.68 mg/L
at five sites. The K values were not mentioned in Palestinian Standards (PS 742,
2003) and category B in Jordanian Standards (JS/893/2002).
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Figure 4.5. Overall mean of TKN, TP and K

4.1.2.3 Other parameters of effluent
Other parameters of concern related with grey water were boron (B), chloride
(Cl), sodium adsorption ratio (SAR), electrical conductivity (EC), pH, detergent
and fecal coliform. The B value ranges from 0.8 to 0.9 mg/L with the highest value
at sites 4 and 5, and overall mean value of 0.84 mg/L at five sites. The overall mean
value of B was slightly higher than the Palestinian Standard (PS 742, 2003) but
within the category B in Jordanian Standards (JS/893/2002). The Cl value ranges
from 380 to 497 mg/L with the highest value at site 4, the overall mean value 453.6
mg/L at five sites was within the Palestinian Standards (PS 742, 2003). The SAR
values range from 3.8 to 4.1 mg/L with the highest value at site 5, the overall mean
value 3.9 mg/L at five sites were with the Palestinian Standard (PS 742, 2003). The
EC value ranges from 2 to 2.6 dS/m with the highest value at site 5, and overall
mean value of 2.34 dS/m at five sites. The EC value was not mentioned in the
Palestinian Standard (PS 742, 2003) and the category B in Jordanian Standards
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(JS/893/2002). The EC within the medium range in irrigation water was reported
in moderately tolerant crops (Anzecc & Armcanz, 2000). The pH value ranges from
7.5 to 8.0 with the highest value at site 3, and overall mean value 7.68 at five sites
were lower than the Palestinian Standerd (PS 742, 2003) and within the range with
the category B in Jordanian Standards (JS/893/2002). The detergents values range
from 2.2 to 6.9 mg/L, with the highest value at site 5, and overall mean 4.58 mg/L
at five sites were lower the Palestinian Standard (PS 742, 2003).
Fecal coliform was free at five sites implying that no hygienic threat to handle
with the treatment unit and to use the effluent for irrigation, and indicated that the
source of the grey water was mostly from kitchen and not included laundry and
bathroom.

4.2 Removal efficiency with time
Table 4.4. Mean of removal efficiency for BOD5, COD, TSS and
Detergents
Removal Efficiency (%)
Parameter Dec.2012 Feb.2013 May.2013 Aug.2013 Nov.2013 Jan.2014
BOD

68

74

77

76

90

90

COD

70

69

70

73

87

84

TSS

95

90

85

81

96

94

Detergent

61

68

31

70

80

85
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As shown from Table (4.4) the BOD5 and COD removal efficiency, which is
related to the biological degradation activity in the system, was accepted (medium
to high).
Figure (4.6) shows BOD55 and COD removal efficiency.

%

Removal Efficiency
100
90
80
70
60
50
40
30
20
10
0

Mean of BOD
mean of COD

Figure 4.6. BOD5 and COD removal efficiency
TSS-removal efficiency was too high in all grey water treatment units which
mean that the septic tank was working very well independent of the source of grey
water. However, the detergents removal efficiency was low in May month only,
while the efficiency was high and increasing during the operation time.
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Figure (4.7) illustrates TSS and detergents removal efficiency.
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Figure 4.7. TSS and detergents removal efficiency
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4.3 Effects of grey water on soil
4.3.1 Soil Texture, pH and EC
Table (4.5) shows the soil texture for five sites, pH and EC values before
and after irrigation with treated grey water for two depths (0 – 30 cm) and (30 –
60 cm).

Table 4.5. Soil texture, pH and EC values before and after irrigation
with treated grey water
Site
Site 1
Site 2
Site 3
Site 4
Site 5

Depth
(cm)
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60
0-30
30-60

pH
Before
7.875
7.834
7.967
8.036
7.857
7.845
7.887
8.029
7.967
8.026

Soil Texture
Sandy Clay Loam
Sandy Clay Loam
Sandy Clay
Sandy Clay
Sandy
Sandy Loam
sandy
Sandy Clay Loam
Sandy Clay Loam
Sandy Loam

After
7.745
7.85
7.864
7.906
7.603
7.705
7.815
8.055
7.901
7.928

EC (ds/m)
Before After
0.295
0.37
0.301
0.31
0.747
0.91
0.871
0.78
0.097
0.37
0.18
0.34
0.155
0.47
0.145
0.39
0.147
0.27
0.095
0.27

The soil texture were found in site 1 is sandy clay loam, while it found sandy
clay in site 2, whereas other three sites 3, 4 and 5 were found the soil is
heterogeneous for every depths, due to the farmers activities.
The soil indicates whether soil or irrigation water is acidic (pH 1 to 7), neutral
(pH 7), or basic (pH 7 to 14). The soil analysis indicated that the irrigation with
grey water decreased soil pH slightly as shown in Figure (4.8). The pH of soil after
irrigation with grey water were within the range from 7.6 to 8 which was
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approximately equal with soil pH 8.2 as reported by Weil-Shafran et al. (2006),
which indicated that the soil is moderately alkaline.

pH
8.1
8
7.9
7.8
7.7
7.6
7.5
7.4
7.3

Before
After

0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
Site 1

Site 2

Site 3

Site 4

Site 5

Figure 4.8. Soil pH before and after irrigation with treated grey
water

Soil salinity, measured as electrical conductivity (EC) is a measure of the
amount of salts in soil. It is an important indicator of soil health. It affects crop
yields, crop suitability, unit nutrient availability, and activity of soil
microorganisms. EC increased after the irrigation with treated grey water with time,
in all sites which matched with by Al-Hamaiedeh et al. (2010), who also found that
the soil EC was increased after irrigation with treated grey water. This increase
might be explained due to the arid and semi-arid regions features such as high
evaporation rates, low rainfall and absence of drainage system.
The EC value was within the range of non-saline soil as reported by Richards
(1954), whereas the highly effective occurred was observed at Site 4, in top (0 -30)
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cm and sub-layer (30 -60) cm soils with the EC value (0.47 and 0.39) dS/m
respectively Figure (4.9).

dS/m

EC

Before

After

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
Site 1

Site 2

Site 3

Site 4

Site 5

Figure 4.9. Soil EC before and after irrigation with treated grey
water

4.3.2 Soil CaCO3%, CEC and OM%
Cation Exchange Capacity (CEC) measures the ability of soil to hold and
release cations such as Ca, Mg, K and Na. It is directly affected by OM and clay
content of soil and can be indicator for fertility status and buffer capacity of the soil
(Hazelton and Murphy, 2007). Table (4.6) shows the concentration of soil
CaCO3%, CEC meq/100g and OM% before and after irrigation with treated grey
water.
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Table 4.6. Concentration of soil CaCO3%, CEC (meq/100g) and OM% before
and after irrigation with treated grey water
Site
Site 1
Site 2
Site 3
Site 4
Site 5

Depth
(cm)

CEC (meq/100g)

CaCO3 (%)

0M (%)

Before

After

Before

After

Before

After

0 -30

38

19

14

14

1.3

1.31

30 -60

39

15

14

16

1.1

0.56

0 - 30

46

24

12

12

0.4

0.84

30 -60

48

22

14

13

0.4

0.97

0 -30

30

10

5

5

0.7

0.54

30 -60

33

13

7

7

0.4

0.6

0 - 30

32

10

6

6

0.7

0.97

30 -60

31

10

4

4

0.4

0.7

0 -30

37

14

10.5

11

0.69

0.81

30 -60

28

13

10.5

11

0.29

0.68

Figure (4.10) shows the CEC value before and after irrigation with treated
grey water. The range values of CEC at five sites except site 2 were found within
the range of highly fertile soil with range values from 28 to 39 meq/100g. Site 2
was within the range of very high fertile with the CEC value in top and sub-layer
soil (46 – 48) meq/100g according to Hazelton and Murphy (2007). The CEC
values decreased significantly after irrigation with tread grey water at five sites.
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Figure 4.10. Soil CEC before and after irrigation with treated grey
water

Figures (4.11) and (4.12) show that the calcium carbonate (CaCO3%) and
organic matter (OM %) during temporal irrigation with treated grey water. CaCO3
and OM contents of the soils were not affected during temporal irrigation with
treated grey water. Organic matter of soil at all sties ranged from very low to low,
which agreed with the soil in semi-arid region like Gaza Strip. The results of
Organic matter in this study were not matched with that reported by Al-Hamaiedeh
et al. (2010), who also found that OM content was increased after irrigation with
treated grey water. CaCO3% ranged from moderately to strongly calcareous with
value (4 -16) % according to FAO (2006). This may have negative effect on the
availability of some nutrients like P and Fe.
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Figure 4.11. Soil CaCO3% before and after irrigation with treated
grey water
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After

0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
Site 1

Site 2

Site 3

Site 4

Site 5

Figure 4.12. Soil OM% before and after irrigation with treated grey
water
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4.3.3 Soil exchangeable (Na, Ca, Mg and K)
Table (4.7) shows the soil concentrations of exchangeable Na, Ca, Mg and
K before and after irrigation with treated grey water. Figures (4.13), (4.14) and
(4.15) show that the exchangeable Na, Ca and Mg at five sites decreased
significantly after irrigation with treated grey water but no significant differences
between the two layers were observed. Exchangeable Na was not agreed to what
stated by Travis et al. (2010) who reported that the long term use of certain grey
water may lead to increase sodium and soil damage. Figure (4.16) shows that there
was no trend in the exchangeable K concentration with irrigation with treated grey
water.

Table 4.7. Concentration of Soil Exchangeable Na, Ca, Mg and K before and
after irrigation with treated grey water
Site
Site 1
Site 2
Site 3
Site 4
Site 5

Ecx-Na (mg/kg)

Exc-Ca (mg/kg)

Exc-Mg (mg/kg)

Before

After

Before

After

Before

After

0 -30

750

500

4250

2966

1940

30 - 60

850

300

3950

1904

0 -30

1400

390

5290

30 -60

1800

240

0 -30

300

30 -60

Depth (cm)

Exc-K (mg/kg)
Before

After

385

150

200

2160

577

320

140

2577

2180

1332

340

200

4860

2192

2790

1267

360

260

200

2810

1307

1840

422

60

95

400

270

3450

1751

1890

538

70

95

0 -30

500

180

3150

1307

1990

415

90

70

30 -60

500

150

3420

1443

1660

344

90

70

0 -30

450

280

4570

1723

1700

558

110

115

30 -60

350

270

4010

1607

920

565

110

90
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Figure 4.13. Soil exchangeable Na before and after irrigation with
treated grey water
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Figure 4.14. Soil exchangeable Ca before and after irrigation with
treated grey water
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Figure 4.15. Soil exchangeable Mg before and after irrigation with
treated grey water
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Figure 4.16. Soil exchangeable K before and after irrigation with
treated grey water
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4.3.4 Soil TKN and Available Phosphorous
Table (4.8) shows the concentrations of soil TKN and available phosphorus
before and after irrigation with treated grey water. Figures (4.17) and (4.18) show
the content of TKN and available P in soil in five sites before and after irrigation
with treated grey water.

Table 4.8. Concentrations of Soil TKN and available phosphorus before and
after irrigation with treated grey water
Site

Site 1
Site 2
Site 3
Site 4
Site 5

Depth
(cm)

TKN (mg/kg)

Available-P
(mg/kg)
Before
After

Before

After

0 -30

138

94

14

94

30 -60

105

51

16

60

0 -30

74

42

17

64

30 -60

55

30

5

65

0 -30

113

54

38

52

30 -60

60

36

27

25

0 -30

92

73

47

29

30 -60

80

27

45

20

0 - 30

78

37

14

35

30 -60

55

47

14

91

Figures (4.17) and (4.18) show a wide variation in TKN and available P
respectively in five sites before and after irrigation with treated grey water. Such
results matched with past studies (Christova-Boal et al. 1996; Howard et al., 2005
and Pinto et al., 2010) which indicated a wide variation in the soil TKN and
available P values, due to type of detergent and quality of water.
TKN in the top soil (0 -30) cm was higher than in sub-layer (30 -60) cm at all
five sites but were decreased during temporal irrigation with treated grey water,
which was not matched to what stated by Pinto et al. (2010). Available-P at five
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sites except site 4 and sub-layer of site 3 increased during temporal irrigation with
treated grey water from low and medium to very high. This was agreed to what
reported by Pinto et al. (2010), who found that the available P and TKN
concentrations were accumulated due to irrigation with grey water.

mg/kg
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0
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Figure 4.17. Soil TKN before and after irrigation with treated grey
water
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Figure 4.18 Soil available phosphorus before and after irrigation
with treated grey water
65

Chapter Five
Conclusion and Recommendations

5.1 Conclusion
The series of experimental and monitoring works in this research were
investigated with the following conclusions:
Grey water properties and reuse for irrigation
1. Physical and chemical parameters determined at five sites indicated that
grey water influent properties had high variability, due to such factors as
sampling time grey water source, type of products used and households.
2. All the sites were found free from fecal coliform which mean no hygienic
threat to handle with the treatment units and to use the effluent for irrigation,
which indicated that the source of the grey water was mostly from kitchen.
3. The findings showed that TKN, TP, K and Cl in effluent were within the
recommended limit of Palestinian standards, whereas all the measured
parameters were within the recommended limit of Jordanian Standards.
4. BOD5, COD and TSS removal efficiency was too high in all grey water
treatment units which meant that the grey water unites was working very
well independent of the source of grey water.
5. TDS values were sometime higher than acceptable amount, but it is not
common, so it may be no problem. However, occupants should take care
about the mount of salts used during cooking.
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Effect of irrigation with treated grey water on soil properties
1. The variety of soil texture in some depths of sites, indicated to that the soil
is transported from different areas.
2. The soil analysis showed the exchangeable (Na, Mg, Ca), CEC and pH were
decreased at the five sites after irrigation.
3. The CaCO3 and OM content of the soil was not affected with time.
According to CaCO3 content, the soils were found at moderately to strongly
calcareous level, which have negative effect on the availability of some
nutrients like P and Fe. OM varies from very low to low, which agree with
the soils in semi-arid region like Gaza Strip.
4. Soil analysis showed a very low content of TKN at all sites, which agreed
with the low content of OM.
5. The soil analysis showed a wide variation in TKN and available P
respectively at the five sites before and after irrigation with treated grey
water.
6. The pH value of soil in all the sites are considered as moderately alkaline
(7.6 – 8).
7. The soil EC in five sites were within the range of non-saline with value
range (0.2-0.9) dS/m. However EC values of soil were slightly increased
with time which indicated the grey water irrigation lead to accumulation of
salts in soil with time.
8. Although the amount of extractable Mg decreased with time, all soils
showed excessive content of extractable Mg.
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5.2 Recommendations
1. The farmers should be convinced to continue using grey water for irrigation

to increase the fertility of their soil and save money through reducing use
of chemical fertilizers, and water bills.
2. Since some farms have the potential risks of high SAR, the farmers must

understand the risk and need to reduce fertilizer amount and salt amount of
inlet.
3. Improve environmental awareness in the community, especially among

young people in schools, colleges, and education centers, to encourage the
use of non-conventional water sources in agriculture, via suitable irrigation
systems.
4. Establish more household grey water treatment units and use systems to

reduce the negative environmental and social effects resulting from using
untreated grey water in agriculture.
5. Intensify global research into grey water recovery, treatment, and use

studies to better examine the impacts on environment, socioeconomics and
public health.
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