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Abstract

Fresh-water problem in Palestine dates back tee#ny 1900’s due to various geographical settings a
political turbulences. The problem is exacerbatgdhe ever-increasing demand on water by population
growth and development. As pressures on freshwatgiurces grow in Palestine and as new sources of
supply become increasingly scarce, expensive, litigadly controversial, utilizing alternative optns has
become a must, to meet water needs. To reduce dexteaind by increasing the efficiency of water usk a
to expand the usefulness of alternative sourcewabtér previously considered unusable. One option of
supply is “greywater.” The project seeks to treatl aeclaim household grey water to supply irrigatio
water, and enhance crop production in patch gard€hes task results reveal that grey water from
household activities has the potential for irriggticrops and offers many social and financial bienéb
improve the residents’ source of revenue. Varioasameters were monitored and measured for a
decentralized constructed wetland system yieldorgesinteresting and promising data.
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1. Introduction

Scarcity and misuse of water are serious and gigttireats to sustainable development and protecfion
the environment. Human health and well fare, foecusity, industrial development, and the ecosystems
which they depend are all at risk, unless waterland resources are managed more effectively they t
have been in the past to meet the increasing ppuldemands (Al-Jayyousi, O. 2003).

With increased population growth and developmentPalestine (PCBS, 2010), the conventional
groundwater sources supply is becoming increasinglyerable and scarce. This growth, combined with
recent years of low rainfall, political turmoil, i@esulted in increasing pressure on water supjpties
Palestine(Amjad, 1999). To circumvent this problam alternative water resource plan is being aaheat
Among these potential alternative sources of suggplyey water (Faruqui, N. & Al-Jayyousi, O. 2003

Grey water from a single household, if treated appately, can be considered a resource and carsdx
on-site for garden and lawn irrigation, toilet tirsg, washing machines, and other outdoor uses(Al-
Hamaiedeh H., & Bino, M. 2010). Garden watering &witkt flushing, for example, do not require water
with drinking quality (Bino, M., Al-Beiruti S., andyesh M., 2010). Grey water refers to the wastewat
generated from kitchens, laundries and bathroowotshlack water, which is waste water containing aam
excrement. Grey water can be used untreated canibe treated to varying degrees to reduce ntarard
disease-causing microorganisms. The appropriate olsgrey water depend on both the source of grey
water and the level of treatment. The potentialtheisks associated with grey water recycling whenas
been sourced from a multi-dwelling or commerciarpises are considered potentially greater tharethos
associated with grey water recycling within sindgtamestic premises. Therefore, grey water recyctingt
always occur in a safe and controlled manne (AlmBigdeh, 2010). In the northern part of the Palesti
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(West Bank), there are many communities with spaaulation and large landscape area that have no
permanent water resources. For domestic and agnieyburposes these communities get their waten fro
either the seasonal rainfall or they resort toking water in tanks from a distant source. Thosentand
villages lack proper sewage system. The reuse&f-gater at household scale has become an important
tool to enhance water efficiency, which enablesithe use for water for multi-purpose irrigation.

The aim of this project is to evaluate the greyenat decentralized rural treatment systems. Thiz®ons
were built within an area that has both low rainfahd low socio-economic status. Furthermore, our
intention is to enhance public perception abouy gvater from negative to positive. This will helpeate
better public awareness that will address the watallem effectively. Education and awareness-ingld
campaigns play a critical role in building publicdwledge and support for new water solutions. Reader
quality may negatively impact productivity due timéss, social and societal decay, and declingaiblic
order. Also, increasing media attention, commupitgssure, and education on the impacts of poorrwate
quality might lead to more support that is worthcapital investments to protect public health araden
quality through the construction of grey water tneent stations.

2. Materialsand Methods

2.1 Ste selection

Remote, rural towns located in the Northern WeskBamrre considered in this project for various
factors such as the amount of rainfall in the ateawillingness of the household and farmers tzee
treated grey water for certain crops, and infrastme available at target site. Jenin and Tubas
governorates, located in northern WestBank, atéefdéand with rain-fed agriculture and limited weat
resources. Both governorates depend mainly on conmmaiofed crops such as wheat, barely, and
some forage. Also, almonds and other rainfed tieesde olive trees are the most common fruit
bearing trees found in this area of WestBank. Ehstern part of this area is considered a margin
region with limited rainfall that does not excedi3nm annually. The areas have no permanent water
resources, have no sewage collecting systems, ael\rery low income. They also represent areas
that located near NARC center which makes it éasysit, contact and follow up. As a resultei
villages in Tubas Governorate were chosen (Tamqgaba, Tayasir) and in the Jenin Governorate
five towns were slected (Deir Abu Da'if, Fagoudbdan, Balama, and Arab-bounah).

2.2 Household selection

Several people showed a strong interest in theyaqgpthe safe and productive use of treated gretgemia
their houses, however, some were selected bedaengdittwithin the required criteria. In each latgltwo
public awareness workshops were held for the setegbrocess. A list of about 35 members each
representing a household attended the workshogveBlhouseholds were chosen to apply the projeat af
reviewing the surveys households filled out. ThHdofeing parameters were considered in selecting
households to engage in the activities leadindhéosiafe use of grey-water in irrigation: Houselisldot
connected to a sewage collection system; the nuoflggrson per household is more than 5 persomssatha
least 500 m2 garden space close to the housebifigxiand interested in reusing of grey-watergaiion;
the ability of grey-water separation from the dotitewastewater; the monthly consumption is more 15
cubic meter; presence of electricity source; arddhdscape nature is easy to work in.

2.3 Grey water station construction

NARC research team built grey water treatment sydte meet household needs. The constructed wetland
system was developed by ICARDA, adopted and matlifig NARC. The design of the treatment unit -
“wetland system” is comprised of a gravel filter dien, mostly crushed, volcano rocks (Zeo-Tuff-2cm).
The system was divided into four compartmexgshown irDiagram 1:

e The grey water from the house is transferred tarthahole through a PVC pipe (diameter =
4 inches) for further gravity separation. The mdaheontains two valves for maintenance
and controlling overflow to cesspits, and is codewdth a concrete lid (diameter 50cm,
depth 50cm).

e Gravity separation; A 100 L tank which separates/gvater into three layers : solids in the
bottom (if present ), upper layer of grease ansl @ihd middle layer consisting of grey-water.
2



Journal of Environment and Earth Science www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) L

Vol 2, No.2, 2012 ISt
There is a filter connected to the end of the tm¢ake the water to the next part. The other
end is connected to a pierced horizontal 3” tube. dpper end of the U-tube is connected to a
50cm tube for sampling. The 3” U — pipe tube whesed to transfer the middle layer ( water)
to the next part

e The third compartment is used as upflow tuff . Tt has been constructed from concrete
and cinder-blocks ( Dimensions W=80cm, H=80cm, lm)4The compartment has slight
ground slope of 1%. There is a layer of soft sanddjust the slope and to protect internal
black-plastic cover ( thickness 600 micron). Anulasing sheet of polystyrene (thickness
2cm) is placed between the walls of the compartraadtthe black-plastic cover. Finally, the
volcanic tuff (diameter ~20 mm) was placed in tbempartment.

e The fourth compartment (barrel = 100 liter ) isaflection and a pumping stage. This drum is
placed below the ground level by a 25 cm. A comcstdb is poured in the barrel to hold it in
place. Holes of 0.5 cm are then drilled throughdides of the barrel to a height of up to 50
cm. Then, a submergible pump is installed withia barrel and an electric aeration unit is
installed to pump the air from bottom of the batoethe top (bubbling air).

e Addrip irrigation system is connected with the geta efficiently distribute the water to the
garden trees.

2.4 Instrumentation and Chemicals

For measuring the BOD values, 250 mL of waste watesamples collected and stored in amber jars. The
BOD sensor (VELP Scientifica) that fits on thesétles was used. Samples were incubated at 25-30 C f
five days. This instruments reads the values ower days. An electric conductivity (E.C. 214, HANNA
Instrument) meter was used for measuring the EGegafrom which the TDS values were calculated. A
spectrophotometer (LABOMED, Inc.) was used for meag the nitrates values at 220 nm. A flame
photometer (spectrolab FP 102) was used for thermié@tation of the sodium and potassium cationsevat
hardness (magnesium and calcium) was measured s&indard titrimetric method after buffering the
samples with ammonia/ammonium chloride buffer. &wfom Black T (EBT) was used as indicator for
calcium and magnesium EDTA titrations. The murexiticator was used for calcium (pH at 13) EDTA
titrations.

3. Resultsand Discussion

A water treatment system shown in (Diagram 1) carves as an efficient, self-contained, wastewater
treatment system. Because the system treats apdsdi®f household wastewater onsite, they are often
more economical than centralized sewer systemsral areas where lot sizes are larger and houses ar
spaced widely apart.

Water quality can be analyzed by tests designeddasure its suitability for agricultural purpos@ater
that looks clear and pure may be contaminated pa4tifnogenic microorganisms. For example, 105 (100
000) bacteria per milliliter of water is invisible the naked eye. Therefore, even water that apgpare”
must be tested to ensure that it contains no migesisms that might cause disease. On the othet han
there are so many potential pathogens that it pgawtical to test for them all. Because of thisfgehave
been developed for indicator organisms. These @nsms that are present in feces (or sewage)iveur
as long as pathogenic organisms, and are easygttiotet relatively low cost.

Indicator organisms signify that fecal pollutionshaccurred and microbial pathogens might be present
Total and fecal coliforms, and the enterocci - festeeptocci are the indicator organisms currentigd in

the public health arena. Coliform bacteria inclukeaerobic and facultative anaerobic, gram-negativ
nonspore-forming, rod-shaped bacteria that ferrtemtbse with gas formation. There are three graygin
of coliform bacteria used as standards: Total @uofifs (TC), Fecal Coliforms (FC) and Escherichia.col
Total coliforms are the broadest grouping includigggherichia, Enterobacter, Klebsiella, and Citobéa
These are found naturally in the soil, as well rageices. Fecal coliforms are the next widest gnogipi
which includes many species of bacteria commoniynébin the human intestinal tract. Usually between
60% and 90% of total coliforms are fecal coliforr&s.coli are a particular species of bacteria thay or
may not be pathogenic but are ubiquitous in the dwintestinal tract. Generally more than 90% of the
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fecal coliform are Escherichia (usually writtenEascoli).

A decentralized modified-wetland water treatmergtemn was adopted for several advantages. First, an
extensive sewer system is not necessary. Secowndcdst solutions are possible. Third, the system is
applicable in densely as well as sparsely populareds. Fourth, Segregation of grey wastewater from
“black” wastewater is possible. And fifth, Enviroentally feasible grey water treatment and sustdénab
water management are possible.

The grey water treatment station collects, stdreats and may disinfect grey water. Our statioasevibuilt
and installed in residential households to providated grey water for use for irrigation (agrioud
garden needs). Some measured parameters inclugléalldwing indicators:

(a) Biochemical Oxygen Demand recorded over finsd80D5)
(b) Total Suspended solids (TSS)—or Total Dissol8etids (TDS)

(c) Thermo-tolerant Coliforms or E. Coli (an indicaof fecal contamination) forming units (cfu) pEd0
mL.

(d) Anions such as Residual chlorine and carbonates
(e) Cations and water hardness such as sodiunggata, calcium and magnesium cations

Table 1 shows mean values of the various testingnpeters. The data indicate a significant redudtical
parameters, with the exception of EC and pH. Tfieiefcy of treatment in the stations shown in Fegt
that indicates the removal capacity of the treatmgit. Mean BOL from five locations was lowered by
96.6 ppm. Average BODS5 over the entire period fbisampling stations was 126.6 mg/L (with a range
from 86 mg/L-245 mg/L). We sampled the sites siMegch 2011. Although we are working with a limited
data set, it appears that B@imlues fluctuated from period to period and frdatien to another. Typical
BODs values for grey water as reported in the litematange from 33-290 mg/L, while values for
untreated domestic wastewater range from 100-40Q (&jegrist, 1977).

Wastewater contains organic substances typicaltphénform of carbon, hydrogen, oxygen, and nitrogen
and may contain other elements. Common concemtsatid these organic materials in grey water in the
forms of proteins (40 to 60 percent), carbohydr§®&sto 50 percent), and oils and fats (8 to 1Zqmt).
The water may also contain small amounts of syith@ganic molecules (i.e., pesticides and solyents
which may range from simple to complex in structuBeochemical oxidation reactions convert organic
material using oxygen and nutrients into carborxidie, water, and new cells, which can be expressed
follows: Organics + @+ nutrients— CO, + H,O + new cells + nutrients + energy

In this equation, one can assume that organismsoxggen to breakdown carbon-based materials for
incorporation into new cell mass and energy. Astinaed previously, the frequent measure of thisgexy
use is biochemical oxygen demand (BOD). BOD is raefi as the amount of oxygen used in the
metabolism of biodegradable organics. If water witHarge amount of BOD is discharged into the
environment, it can deplete the natural oxygenuesss. Heterotrophic bacteria utilize depositedanics
and O2 at rates that exceed the oxygen-transfes matross the water surface. This can cause amaerob
conditions, which leads to noxious odors and degffad of water quality. BOD5 in grey water sampled
just prior to discharge to gardens averaged 30 mgth a range of 29-79 mg/L, TDS ranged from 400-
2400 mg/L with a mean of 987 mg/L.

Many of the microorganisms that exist in wastewateght be beneficial. In fact, many wastewater
treatment technologies are dependent on theseibaheficroorganisms for remediation of wastewater
that it won’t destructively impact the environme®ne of the primary purposes of water treatmertesys

is to remove organic matter from wastewater so thafessive oxygen consumption won’'t become a
problem when it is released to the environment.

Another aim of these treatment systems is nittifccedenitrification. Nitrification is an aerobioute in
which bacteria oxidize reduced forms of nitrogetH{NNO,, NOy). Denitrification is an anaerobic route
by which oxidized forms of nitrogen are reducedaseous forms (NQ NO,, N,O or N,), which can then
escape into the atmosphere. This is important Isecthe release of nitrogen to the aquatic envirahme
can also cause eutrophication, which is reallyswmimportant in our case, since the water will beduin
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direct irrigation rather than release into streams.

However, the specific health problem associatetl imitreased levels of nitrogen is methemoglobinemia
blue-baby syndrome. This disease is a direct refuitievated concentrations of nitrite in water.tlhis
project, it was observed that stations decreasedertrations of nitrogen as shown in Figure 3. atiér
values ranged between 12-83 mg/L with a mean ahgB.. Nitrate values were lower in effluent than in
the raw grey water with reduction of 53.99%. Thidicates that a significant amount of de-nitrificat
occurred, which is shown clearly in Figure 3.

The pH values averaged 6.1 before sampling (rar@ye B01) and 7.6 after sampling (range 7.1-7.98&
lower pH values may result from the use of watethaut any alkalinity adjustment, whereas the high
figures indicate the presence of bleach. Total f@oti counts generally were high and exceeded our
dilution ranges. Guideline (Dixon, A., Butler D., Bewkes A., 1999) for Fecal Coliforms in reclaimed
water for irrigation is set at 200 cfu/100. Jedfmr et al. (2001) published data showing suggested
appropriate values for domestic wastewater recgaih<10,000 and <2,000 cfu/100 mL for TC and FC,
respectively. Our results show that greywater samptcasionally exceed these values. This sugtiedts
direct human contact with greywater should be aajdinless the wastewater is disinfected.

TDS values were reduced by 7% as represented urd- Total coliforms were lowered by 11.5% which
was good considering that these microbes occuargel quantities in the soil. E. Coli detectedhia
effluents by 55% lower than in the raw grey watdrhis indicates a high efficiency of the stations i
removing pathogens. Data showed a considerablati@ariboth within and between different sites.

The interesting result shown in Figures 2 and &gjiefficiency of 76% for BOD, 7% for TDS, and 546t f
NO;~ which falls within the standards approved by tleeBtine Standards Institute recently and by the
Palestinian Authority (2012). The institute clagsifthe water quality according to A (high qualit}
(good quality), C (medium quality), D (low qualit\gystem. As an example, the institute gives the
specifications for BOD5 as 20 mg/Liter (A-qualit@0 mg/Liter (B-quality), 40 mg/Liter (C-qualityand

60 mg/Liter (D-quality) respectively. With respaotNO3-, the institute gives 20 ppm for high qual0
ppm for good quality, 30 ppm for medium quality @ ppm for low quality. The TDS values were 1200,
1500, 1500, and 1500 ppm for high, good, mediumlawdquality respectively.

4, Conclusions

Various treatment processes are suggested in tématlire, but since on-site grey water recycling is
relatively new practice in Palestine, only few syss can be constructed in this area due to it gpbigral
location. The treatment stations build are baseghorsical process that diverts water after treatraeul
allows immediate use of water for landscape andlegaiirrigation or storing it temporarily in a tank.
Overall, the grey water stations worked well, antkiviews with community members indicated wide
community interest in, the grey water stations.

Grey water reuse might serve as a promising styategerms of the significant local water saving,
reducing the risk of water borne diseases, espgdammarginalized rural areas. However, some irtgudr
guestions may arise regarding grey water reuse asi@dcceptability with regard to religious and wnat
values; affordability and financial benefits; diffiity; and ability to improve access to sufficigoiality and
quantity of water. Answers to such questions caadsressed by in public awareness seminars amiigai
activities related to such projects.
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Table 1. The Summary of Averaged Data Acquired ftbenStations for Raw and Treated water

Parameter Raw water Treated water Differenge
pH 6.1 7.6 1.4
Ec(mmohes) 1.5 1.5 0.0
HCO3(ppm) 476.1 441.8 -34.3
Hardness (ppm) 770.0 605.7 -164.3
TDS(ppm) 987.3 917.3 -69.9
Na' (ppm) 330.8 297.8 -33.0
c&*(ppm) 89.5 78.4 -11.1
Mg** (ppm) 132.2 99.6 -32.6
CI' (ppm) 297.5 334.2 36.7
K*(ppm) 37.3 32.1 5.2
NO5 (ppm) 38.0 17.5 -20.5
BOD (ppm) 126.6 30.0 -96.6
E-coli (cfu/100ml) 395.0 176.4 -218.6
T.Coliform (cfu/200ml) 232.3 208.3 -24.0
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