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Long Term Impact of Wastewater Irrigation On SoildACrop Quality In Gaza Strip

ABSTRACT
The use of recycled wastewater (RWW) for irrigatisnincreasingly considered as an effective
solution of water resources scarcity. The presémdyswas undertaken to assess the long term
impacts of wastewater irrigation on soil and cr@vameters. Analysis for soil was done from the
BeitLahya Pilot Project (BLPP) area where wastewetiduent from BLWWTP was used for alfalfa
irrigation since 2003. Starting from the surfaceat60 cm depth, 12 boreholes were driven over the
BLPP area. Each bore hole was divided into tworkagach of 30 cm thickness and 12 soil samples
were collected from each layer. Three alfalfa s@®mplhere being analyzed in addition to two
irrigated wastewater samples. Analysis was donaddrand wastewater key chemical and physical
parametersEc, pH, Na, Ca, Mg, OM, P and K. Biological (Fecal and Tot. Coliform) and heavy
metal Cu, Pb, Zn) parameters for soil, alfalfa and wastewater samplere also analyzeResults
revealed that BLWWTP effluent is suitable to bedu® irrigation as its quality match the local and
international standards for wastewater irrigatiocept Na, Cl and Pb. Long term wastewater
irrigation increased salt, organic matter and plamtrients in both soil layers. Soil pH was not
consistently affected. Even pH values were slightgreasing with time for both soil layers it still
within permissible range (6-8.5). By the time, saihibited permeability and infiltration problems
when RWW used. Comparison of soil properties be&me six years after RWW shows soil salinity
EC, SAR, and Na increased by 570, 200 and 84% tih lagers respectively. Average alfalfa FC
level was 3000 CFU/100ml in the first year themlecreased while TC was higher than the usual
range all the time (6000no/100mLead was the dominant heavy metal in wastewaidradfalfa
crop. Although Pb level was in the acceptable range ddr & was noticed that Pb has higher levels
in alfalfa compared with other metals all the timgh irregular Pb increase noticed after Israeli
aggression on Gaza as its level was 240% (7.2pjpghehthan beforeAlfalfa yield increased as
long as the period of wastewater irrigation incesasAlfalfa yield with wastewater irrigation was
240% higher than alfalfa yield by well water in thesf year Estimation of WW quantities that can
be used for irrigation showed that nearly about #BMear is needed by the restricted cops over GS.
Regular monitoring of site-specific water and saild appropriate management are needed to
mitigate the negative impacts of sodium and salktsimulations.

Keywords: Recycled wastewater, Irrigation, Alfalfa, Soil.
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Chapter 1 Introduction

CHAPTER 1: INTRODUCTION

1.1.Background

Water is a vital resource but it is severely liditem most countries of the
Mediterranean region such as Palestine. Many ciesrdre struggling to balance water
use among municipal, industrial, agricultural, aedreational uses. The population
increase has not only increased the fresh wateadérut also increased the volume of
wastewater generated. Treated or recycled wastevagigears to be the only water
resource that is increasing as other sources aradtimg. Reclaimed water is
increasingly viewed as a valuable resource foratijrécultural, industrial and municipal
sectors, rather than as a waste that requiresséifigian, 2005

Since wastewater is considered as a non-ordinarcef water, its usage in
the agriculture demands a uniqgue management, whidddition to its appropriate
utilization, has to have no threat to the environitnglants, soils and surface and
subsurface water resourcé&(afi, 2001)

The Gaza Strip (GS) is one of the places where eth@oitation level of
recourses exceeds the carrying capacity of ther@mwient. This is especially true for
the water and land resources, which are under frigbsure and subject to sever over-
exploitation, pollution and degradation. The sdgrof water in the Mediterranean and
Middle East countries requires endorsement of swdile wastewater management.
The wastewater related problems, which these cesgntire facing, are increasing
yearly owing to the increasing discharge of wastewas a result of the increasing
demand of fresh water for industrial purposes, huro@ansumption and agricultural
productions.

Generally, GS is a semi arid area with an averagaua rainfall ranging
between 200-mm/ year in the southern part of tka and 400-mm/ year in the north.
Ground water is the only source of water in GS, arahy estimation of the annual
groundwater recharge in the GS have been mentionedferent references. Although
different values for this recharge are given, athese references agree on one fact, that
the annual recharge is less than the abstractedtiges for along time, resulting in a
serious mining of the groundwater resources andtaleficit of about 30-40 Million
cubic meter (MCM)/year. Figure 1.1 illustrates theater level elevations of GS
groundwater CMWU, 2007)

The deficit in the water balance has led to depfetind salinization of the
available groundwater resources. Salinization enxdbastal aquifer may be caused by a
single process or a combination of different preessincluding seawater intrusion, up-
coning of brines from the deeper parts of the aguifeturn flow from irrigation water,
and leakage of wastewaté\WA, 2005.
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Figure 1-1: Water level elevation map in GS (CMWU, 2008)

These processes deteriorated the water qualityt titached in many areas
point that it couldn’t be used for nking or even for irrigation. Figure 1.2 and
illustrate the development of chloride and nitred@centrations over GS from 2002
2007 respectively. It is clearly noticed that thklocde concentration increas
significantly over all GS especiy in southern east and middle area as it exceex

1500 and 1000 mg/l respective
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Figure 1-2: Development of chloride concentration in GS for the year 2002, 2007 (CMWU,

2008)
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Nitrate level alscincreased significantly over all G&eas from 2002 to 20(
with the highest level (average of 200mg/l) beinghorthern area due to pumping
wastewater to the open sand dut

In GS the only resource of water for domestic, stduand agriculture e is
groundwater. Surface water is not considered asuece of water because Wadi Gi
has the rureff only in winter season and the Israelis turnbd direction before
reaches the Palestinian boarder. There are anatetint000 wells within the C
Almost all of these are privately owned and used &yricultural purpose:
Approximately 100 wells are owned and operatednglyvidual municipalities and a
used for domestic supplPWA, 2005.
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Figure 1-3: Development of nitrate concentration in GS for the years 2002, 2007 (CMWU,
2008)

According to CMWU statistics he total groundwater abstraction in the G¢
recent yars estimated at50 -170 MCM. And he supply of water from Israel h
declined ly approximately half from 1998 to 2004. Meanwhile twater productio
from authorized municipal water wells in GS in tfear 200- 2007 is 120 MMC an
no available authorized data regarding to the atjuical consumption exist as most
the wells haveno water flow metersCWMU, 2007).
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1.2.Agriculture Water Consumption

All over the world, the agricultural sector is tdeminant user of water t
humans, accounting for more than -thirds of withdrawals. In developing countr
agricultural use may rea®0% of total water use, with the remainder beingdufor
domestic and industrial purposFAQO, 92)

During the last fifty years there was a rapid iase in agricultural wate
consumption and it is expected to continue. Fidudellustrates the worldide trend of
development of agricultural water reuse. Irrigad@giculture in competition with oth:
sectors will face increasing problems of water diynand quality considerin
increasingly limited conventional water resourced growing future reqrements and
a decrease in the volume of fresh water availai@adriculture Kamizoulis, 2004).

In GS, the total water demand for agriculture anchéstic use accounts for
and 47 MCM, respectively. The total water demandtie agricultural sectoepresents
around 60% of total water demand. Water consumgtiomegetable crops accounts
47.7 MCM/yr which constitutes around 58% of totater demand for the agricultul
sector. Citrus fruit, olives, almonds and otheiitfriconsume around 33 MCla year,
which represents 40% of total water demfor the agriculture sect(Al-Najar, 2007).

Water withdrawal (km®)
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Figure 1-4: Worldwide trends in water use for agricultural purposes ( Abumadi, 2004)

By 2020 theutilization of wastewater is planned to provide 78¥the total
required by agriculture, with the remainder beimgvided by the freshwater aquifer
order to maintain the balance of salts in the and provide the quality necessary
certain cropsFWA, 2000).

1.3.Problem Definition

Gaza’s wastewater treatment facilities are stiitijainadequate, with 80 %
sewage being discharged untreated into the enveahnihe uncontrolledischarges
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of untreated wastewater to the ground surface dhdcsea lead to environmental and
social problems.HQA, 2009

Even the use of treated wastewater to meet inerg@agjriculture water demand
was identified as one of the main objectives of Badestinian water sector, neither
enough data nor comprehensive analysis to addnessffiects of using wastewater for
irrigation in GS is being carried oA, 2005.

Wastewater use for agriculture is still not prastidn the national agriculture
production. The Palestinian experience in the resisgill poor where this source can
save more than two third of water consumption indg&griculture sector.

It is planned to have new three wastewater treatplants in the eastern part of
GS that will produce better effluent quality thaarrent effluent. According to the
Palestinian water Authority (PWA) master plan theoant of wastewater to be used for
irrigation in GS will progressively increased ore tbtoming twenty years to save more
than half of groundwater needed for irrigati®®W(A, 2005.

1.4.Study Justifications

Generally, there is a major potential use of remyclvater in the GS. It is,
however, essential that the development of watasaen agriculture be based on
scientific evidences of its effects on environmégsil & crops). Despite meeting the
regulation and guidelines, the reuse of wastewataot entirely a risk-free. Continued
research will result in developing new technologies improving the existent
methodologies used for assessment of risk assdciatiéh trace contaminants,
evaluation of microbial quality, treatment systenas;d evaluation of the fate of
microbial, chemical and organic contaminafi®A, 2005.

Afifi, 2006 stated that economical and financiabdwility of water reuse
applications in GS needs to be better assessed apitied research for specific
applications Afifi, 2006). This reflects the need to analyze and evaluaeetfects that
will arise from wastewater agriculture reuse foeafic reuse projects.

Moreover, while many wastewater reuse projects hbeen practiced in
Palestine, neither of them have a comprehensivg tierm impact analysis on soil and
crops properties. This study will carry out thesalgsis based on actual field analysis
from BeitLahya Pilot Project (BLPP).

This study differs from previous ones as it maitdals with treated wastewater
effluent from Beit Lahia wastewater treatment PEBItWWTP) in GS. The quality of
which varies with the time. This varying quality ets extensive monitoring and
management program in order to early control umddsimpacts when used for
irrigation.
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Moreover, in this study soil and alfalfa plant Hasen investigated for large

scale of nutrients accumulation (Organic, inorgamd heavy metals) content after six

years

of wastewater use in the light of internaloguidelines i.e. FAO. Meanwhile,

suitability of treated wastewater has been highédh

1.5. Goal

The main goal is to evaluate the impacts of wasewagricultural irrigation

practices in GS using the results of the northeea gilot project.

1.6. Objectives

>

Investigate the suitability of current BL wastewadgiality effluent to be used
for agricultural irrigation based on different enia and standards.

Determine the direct impacts associated with BLtexaater irrigation based on
nutrients found in applied wastewater on both aod crops properties.

Determine the potential of wastewater use and dexled quantities based on
crop water demand.

Recommend future upgrading of wastewater reusdipeadn GS.

The study is expected to result in the outcome thatuse of wastewater for

irrigation poses definable and manageable riskavelk as benefits for both soil and
crops that can be overcome and developed with propaagement.

1.7. Methodology

follow:

>

The methodology that followed to achieve the stobjectives is summarized as

Pervious studies, researches, papers and jourelated to wastewater reuse
were reviewed and discussed.

Historical data and results from the field of BLREre collected

Solil, applied irrigated wastewater and alfalfa csapnples were collected twice
from BLPP field before and after 2009 rain season.

Historical and generated soil and alfalfa resulkksenanalyzed to induce a trend
of wastewater impacts on soil and alfalfa propsrtie
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» Results of applied water quality were comparedresjaiurrent standards.

» Estimation of the actual wastewater quantities tiaatbe used for irrigation

» Final conclusions and recommendations for optimuamagement and reuse of
wastewater directed to responsible authorities amdrested people were
obtained.

1.10. Thesis Outline

Chapter one presents the introduction about water and wastwsituation
(quantity and quality) in GS in addition agricukuwater demand. It presents also the
problem definition, study justification, main goand purposes of this study.
Methodology and thesis outline are stated in thetigo sections.

Chapter two describes the GS area, its location, populatibmate, hydrology
and agriculture economy contribution in Gs. Progtady area was also described with
brief description about BeitLahia wastewater tresttmplant where its effluent being
used to irrigate the project field area.

Chapter three reviews the literature related to the wastewateatinent and
reuse. The regional water recycling and potentialastewater reuse in GS was
highlighted. Existing guidelines and different stards concerning irrigated water
quality were presented discussed. In the middi¢haf chapter it was necessary to
illustrate the different impacts of wastewater agjtural reuse especially health and
environmental impacts. To provide a contextual famork for the wastewater reuse
impacts a brief description on impacts on soil,pstoand ground water was also
presented,

Chapter four deal with the experimental program and analysithods that
have been followed in this thesis. Introductioriite BeitLahia Pilot Project BLPP with
extended site description where the samples haen loellected was presented.
Physical, chemical and biological parameters fqliad wastewater, soil, and alfalfa
were illustrated. Samples collection, preserva@ma methods of analysis were also
described. All media and equipments with analysethmds of physical, chemical and
biological parameters were also explained.

Chapter five presented the results and discussion. Previoustsegsom 2003
till 2006 with current results generated from tharent study were presented and
discussed. The suitability of applied wastewaterBiobPP were examined and the
development of soil and plant properties

Chapter six stated the conclusions and recommendations neguitom the
study.
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CHAPTER 2: STUDY AREA

2.1.Introduction:

The Palestinian territories consist of the West iBaith approximately 5,800
km? and the GS with about 365 knThe West Bank area is made up of a hilly region i
the West and the Jordan Valley in the East. Theatk in the West Bank can be
characterized as hot and dry during summer and aodliwet in winter. The GS has a
Mediterranean climate and consists mainly of cdaktae sands, being located between
the coast and the Negev and Sinai Des®@RIC, 1998)

2.2.Location

GS (GS) is located at the south-eastern coasteoMiditerranean Sea, on the
edge of the Sinai Desert between longitudes 34ar@I' 34° 25" east, and latitudes 31°
16” and 31° 45” north. It is either located to swuth west of Palestine. It has an area of
about 365 km2 and its longest width is about 43MOPIC, 1998)

GS is bordered by the Mediterranean Sea in the, i&ggtpt in the south and
what is called the green line from the north arst aa Figure 2.1
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Figure 2-1: Geographic location of GS
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2.3.BeitLahia Pilot Project Study Area

Current study was carried out in GS northern atgana Al Naser village to the
north of BLWWTP where a pilot project called Beitlia Pilot Project (BLPP) was
initiated in 2003. This pilot project initiated tugh a French program called “Strategy
of agricultural water management in the Middle Easined to demonstrate a good
example for the Palestinian practice of treated tevester reuse in agricultural
production. The French program selected two areastife implementation in the
Palestinian Territories, BLPP in GS, and Al Batlpaoject in West BankMOoA et al.,
2004).

For BLPP, the treated wastewater coming from thie Behia WWTP which is
available in unlimited quantities was used to ateythe forage alfalfa.

The project field BLPP is located to the north diVBWTP bordered by the
main lake from west and south and by Om Al Naskage from the north an east as
shown in Figure 2.2.

Figure 2-2: General location of BLPP ( study area) ( 1. BLWWTP 2. BLPP1 3. Main Lake)

The existence of an important Bedouin village witAny animals and big areas
of sandy dunes has lead to a demonstration of fqa@eluction of alfalfa crop. Area of
BLPP is about 13 dunum (dunum=1009mlanted with Higazy alfalfa. Soil profile
contains 76% sand, 12% clay and 12% silt so ib#&nly sandy soil. Average annual
rainfall is 400 mm yearly.
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2.4.Population

GS is considered one of the most overpopulateds akaver the world. As it
was stated, the area of GS is about 365 squamadir with a population of 1,480,000
inhabitants most of them are refugeBE€BS, 2007. According to Palestinian bureau
statistics councilFBSC) population growth rate in GS is 3.8 % which metire the
available sources in GS are facing high threat.ddoeer the unevenly distribution of
population makes the problem of sources allocanone complicated.

Nowadays, Gaza city is the biggest population eeatrd has about 496,410
inhabitants. Gaza's other two main population cardee southern area (Khan younes
and Rafah) with population of 270979, followed bgrthern area with 270245
inhabitantyPCBS, 2007)

2.5.Climate

GS climate is typical Eastern Mediterranean withh iy summers and mild
winters. Temperature gradually changes throughtmityear, reaches it's maximum in
August (summer) and its minimum in January (wintdre average monthly maximum
temperature range from about 17.6 C° for Januar2%d °C for August while the
average monthly minimum temperature for Januagap@ut 9.6 °C and 22.7 for August.
Gaza Northern area has the highest rainfall ragg @5 as on average it has 429mm
annually.

2.6.Hydrology

Rainfall is the main source of groundwater rechamga in the GS. The Average
rainfall depth over GS area in 2006-2007 is esthahbout 364.7 mm with total
amount 133.1 MCM received through 46 rainy daysly®@@ MCM was infiltrate into
the ground aquifer while the total abstracted gtyantas 166MCM (PCSB, 2007).

Despite of the small area of GS (365kmthe level of rainfall varies
significantly from one area to another with an ager seasonal rainfall of 412.9mm in
north area, to 225 mm in the southern area. Figildeshow 2006-2007 seasonal rainfall
depth contour maps.

2.7.Water supply

Water resources in GS are very limited. Over explmn of the aquifer
diminished seriously the quantity and quality obund water badly needed for human
consumption as well as for agriculture; one of it@in sources of income in the GS.

10
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The reuse of treated wastewater could be an impositernative to solve the water
deficit crisis in GS Tubail et al, 2003.

2006-2007
Seasonal rainfall
in
Gaza Strip

Rainfall (mm)

Figure 2-3: 2006-2007 seasonal rainfall depth contour map

The only source of water in GS is groundwater whihused for domestic,
agricultural and agricultural consumption.

In 2007 the total production of water in GS was IM&M, the domestic
consumption was 85 MCM while the remaining 87MCM tlee agriculture sector. 97.5
% of this quantities produced by water wells wl&% was imported from Israel
Company called MekeroPCSB, 2007.

2.8.Wastewater Quantities in GS

The wastewater collected from GS (total of 40 M@dat) is fed into three
main treatment plants; BeitLahya, Gaza and Rafdh twtal capacity of 20,000, 75,000
and 16,000 riiday by the year 2010, respectively. Currently, tiplly treated
wastewater in GS is discharged to the sea withoytsggnificant reuse especially the
effluent of Gaza wastewater treatment plant (GWW(EPpmar, 2003.

The Palestinian Water Authority estimated thateatst 92 MCM of recycled
wastewater would be available for agriculture reuse the year 2020. Field
measurements and future forecasting for wastewgat@ntities from the networks agree
with these figuresAfifi, 2006). Table 1.1 presents the annual wastewater quantities
generated in GS.

11
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Table 2-1 Annual potential of wastewater generation in GS, (Afifi, 2006)

YEAR 2000 | 2005| 2010 2018 2020 202b

Population in Million 1.121] 1.34) 1.84 2.29 2.58 P.d

Water Consumption MCM| 45.02 58.81 80.65 116.831.87( 148.72

Wastewater generatign36.02 | 47.05( 64.53 93.5]1 105.5018.98

MCM
% connected to network 50.0 65,0 75|10 85.0 90.0 0 9b.

Treated Effluent MCM/yr.| 18.01 3058 48.39 79.48 .9%4| 113.03

2.9.Wastewater Quality in GS

The effluent of Gaza plants contains higher levelsN and P than the
recommended levels. Although these elements arertant for soil refreshment and
reduce the use of fertilizers and hence saving matheir high content in wastewater
may cause many problems to plarRegcod, 199

It was indicated by Shomar, 2003 that wastewategs$contains considerable
amounts of heavy metals and the partially funcliareatment plants of Gaza are able
to remove 40-70% of most metals during the treatrpercess. However, the plants are
capable to absorb the industrial effluents with significant impact on treatment
bioprocessesShomar, 2003)

The reclaimed wastewater effluent from GWWTP wiffeo a better water
quality when compared with water quality of exigtiwells in the area (Average
chloride and nitrate concentrations are equal t@51and >100 mg/l, respectively.
Salinity of the groundwater increases due to seawatrusion and mobilization of
incident deep brackish water, caused by over-atigiraof the groundwateQuda and
Al-Agha, 2000.

Coliform content is higher than that recommended Wiorld Health
Organization (WHO) and Food and Agriculture Orgatian (FAO). This may impose
some health problems to farmers whom in contadt such wastewater.

Table 1.2 illustrates the efficiency of GS wastewateatment plants in terms of
biochemical oxygen demand (BOD), chemical oxygemated (COD) and suspended
solids (SS). It is noticed that the BLWWTP has liest efficiency as it has minimum
BOD and COD effluent as well as SS. and this maylbe to the quality of source
water which is good in terms of chloride in the @&thern area. However these
parameters are more than recommended for agriaultur

12
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Table 2-2 Efficiency of GS wastewater treatment plants (CMWU, 2007)

BOD COD SS
Plant in Eff. in Eff. In Eff.
BLWWTP 420 40 1078 120 417 35
GWWTP 511 71 912 229 580 175
RWWTP 760 240 1237 666 622 126
2.10. Agriculture

Agriculture is the prevalent sector Gaza's econamy contributes to 32% of its
economic production. In addition, it is a politigasensitive sector as all of its inputs
such as, seeds, fertilizers and pesticides are rieghdrom Israel. Therefore, any
political crisis influences it directly while thegacultural sector is considered to be a
main part of Palestinian life, over the last fiveays it's contribution to the national
Gross Domestic Production (GDP) has reduced fral®9n 2000 to about 7.0% in
2005, the irrigated area in GS is estimated to lmut176,000 dunum and the total
supply is estimated to be about 85 MCML Najar, 2007)

Table 2-3: Agricultural production over GS in the year 2005-2006

Crop Area in dunum Quantity in tons
Vegetables 55730 254883
Field crops 61740 96332

Citrus 15656 32025

Fruits 42248 16307

Flowers 730 1279

The current total amount of cultivated lands in thee Gaza Governorates
observed a remarkable increase (the total cultvetas 146 and 176 Knin 2004 and
2005, respectively) in comparison to the areasrdsmb in previous years, which
witnessed an observed decline since the mid 19@@lsiding a drastic decrease in the
production of citrus fruits, which were considettedbe the main consumer of water.
Table 2.1 illustrates the agriculture productiom d@ime areas of each crop for the year
2005-2006 according to MOA, 2006.

2.11. BeitLahia Wastewater Treatment Plant (BLWWTP)

The WWTP of BeitLahya is constructed in a sand dumeerlies a clay layer of
variable thickness. The original design of BWWTRIludes seven ponds and was
originally designed by Israeli civil administratidn 1976 to serve a population of
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50,000 inhabitants. Today the population of Gazaheon area is about 260,000
inhabitants from which about 75-80% are connectethé sewerage networlPCBS,
2007).

The plant was originally designed with 4 primaryaded lagoons followed by
two secondary settlement/maturation lagoons artthtgrmaturation/ storage lagoon
provided the biological treatment, together witlthpgen reductionAl-Khaldi, 2006).

It was planned to produce an effluent of such quadi allow for agriculture irrigation
reuse as the goal was to meet BOD and suspenddd ebR0 and 30 mg/l respectively
as to pump the effluent to the irrigation fieldBaitLahya area.

The plant was constructed in stages, commencid®&3 with four lagoons. In
1989 united nation development program (UNDP) sedpihe effluent pump station
and in December 1993, surface aerators were iedtdll Israel company. In 1999,
rehabilitation activities of BLWWTP included consttion of screen and grit removal
to avoid silting of the ponds and damages for ageipt as well as construction of two
infiltration basin was carried out by PWA.

For the purpose of reusing water for irrigatiorpuanping station was built as
well as a first segment o a duct towards fieldsibwis never completed and up to now
the effluent overflows the last pond to the suraing sand dunes.

Today the actual BLWWTP differs from the originasign as the number of
ponds as well as its function differs. The planbwrloaded and ponds operating in
series as 2 anaerobic lagoons, 2 actively aeratgbhs, 2 facultative lagoons followed
by a maturation lagoon discharging effluent to thain lake of about 300 dunum
(dunum=1000rf) (Al-Khaldi, 2006)

It is wroth to mention that the current effluerdarit BLWWTP being pumped to the
new site assigned by PWA to the eastern of GS aorthrea, this lead to minimizing
the quantities disposed to the main lake as itrpeeive the effluent in nighttime..
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CHAPTER 3: LITERATURE REVIEW

3.1.Introduction

Whenever good quality water is scarce, water ofrgmal quality” will have to
be considered for using in agriculture. Municipastewater is marginal quality water
and using of this for irrigation can be an impottaaonsideration when its disposal is
being planned in arid and semi-arid regiodsdelakis, 2003.

Wastewater is used extensively for irrigation imt@i& countries e.g. 67% of
total effluent of Israel, 25% in India and 24% iough Africa is reused for irrigation
through direct planning. Clearly, agricultural alahdscape irrigation represents the
most important area in which this valuable resoisaesed Kamizoulis, 2009

Treated waste-water represents a stable and eelghirce of irrigation water
and often provides significant levels of requirddnp nutrients, such as potassium and
nitrogen. It has been successful for irrigatioraafide array of crops, and increases in
crop yields from 10-30% have been reportddano, 1998. In addition, the use of
wastewater in agriculture is a form of nutrient amdter recycling, and this often
reduces downstream environmental impacts on wasources in addition to help
communities to grow more food and conserve preciwater and nutrient resources.
(WHO, 2006)

On the other side, wastewater reuse in agriculaae pose some negative
impacts caused by poor chemical balance and higstewater contaminants that
impacts accumulate over time.

Soil will always take on the characteristics of weter with which it is irrigated.
Evaluation should be carried out at regular intlsry@ainimum six months) to best
manage the wastewater reuse projeE&J, 92). It is agreed upon that any reuse
project has to have impact assessment to accouits fffects.

3.2.Wastewater Treatment for Reuse

Conventional wastewater treatment, typically, cstssiof a combination of
physical, chemical, and biological processes argtaijpns to remove solids, organic
matter and, sometimes, nutrients from wastewateme@l terms used to describe
different degrees of treatment, in order of incregdreatment level, are preliminary,
primary, secondary, and tertiary and/or advancestevaater treatment (Figure 3.1).

The minimum treatment required for restricted gitign is secondary biological
treatment and disinfection producing an effluenthwBODs and SS concentrations
below 25 and 35 mg/l for 95% of the samples anekalfcoliforms concentration below
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200 FC/100 ml, as a median value and not excee®gFC/100 ml for 95% of the
samples.Andreadakis, 20Q)

The minimum treatment for unrestricted irrigation $econdary biological
treatment, followed by tertiary treatment (normalilyoagulation, flocculation,
sedimentation, and filtration) and disinfectionpgucing an effluent with BOPand SS
concentrations below 10 mg /I for 80% of the sam@ed turbidities below 2 NTU as
an average value. Fecal coliform concentrationsilshioe below 5 FC/100 ml for 80%
of the samples, below 15 FC/100 ml for 95% of taegles, and not exceeding 100
FC/100 ml in any sample.

Wastewater Treatment Levels

Prelimimary Basic level of treatment which could include
{or pre- screening (using sand, bar screens) and grit
treatment) remaoval. Designed to remove larger solid
particles.
Increasing
cost Primary Sedimentation of solids (This level of treatment

is regarded as adequate for restricted irrigation
of many crops)

Secondary Use of a biological process to reduce commnon
pollutants further (BOD & 55)

Tertiary Remaoval of a specific pollutant (eg. nitrogen,
phosphorous or heavy metals)

Figure 3-1: Typology of wastewater treatment processes (AbuMadi, 2004)

Secondary treatment is determined by Victorian Emment Protection
Authority (EPA, 2003 and FAO as the minimum standard of treatment egéol most
agricultural and municipal reclaimed water use sud®

3.3.Regional Water Recycling

Average annual per-capita availability for the EastMediterranean Region
(EMR) covers all human activities (domestic, indiastand agricultural) has fallen to
about 1250 rflyear today. This is the lowest in the world anisipredicted to fall to
below 650 m by 2025. In some countries, For example, YemenRaldstine, the per-
capita availability today is less than 180ffiagasaki et al. 2003t

In most of the countries of the Mediterranean negiwvastewater is widely
reused at different extents within planned or unpél systems. In many cases, raw or
insufficiently treated wastewater is applied.
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In Tunisia, 20-30% of the treated efflint is being reused accounted for 6.3%
available water resources in the year 2000 whilsriael, 92% of the treated effluent
being reused accounted for 15% of available wasources in the year 2000. In Jor
85% of the treated effluent is be reused. Tagasaki et al. 2004

H Total generation O Treatment OReuse (planned and unplanned)
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200 4

Iyear
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Israel Tunisia Yemen Jordan Palestine

Figure 3-2: regional wastewater reuse, Source (AbuMadi, 2004)

Significance of water reuse may be evaluated thrdahg comparison of wat
reuse potential with total wa use which expressed by wastewater reuse index (v
(WRI) quantifies the total amount of reused wastewas percentage of 1 total
production of wastewatelt can be used to quantify the gap between achienésrin
wastewater reuse at different juures; thus, highlights the way forward for impray
the reuse efficiency.

3.4.Potential Wastewater Reuse in G¢

As stated in the proposed regional plan for the aG8mip the three ma
treatment plants should be transferred to the eadterder of the Ga: Strip, and
should work with treatment technology to produaated effluent of a quality fit fc
fruit trees irrigation, according to Ministry of Einonmental Affairs (MEnA) standarc
(Al Najar, 2007). The treatment plants are planned to be connwith a main carrier
that would transfer the treated effluent to whereas neede as in figure 3..

A consegence of transferring the wawater treatment plants to the eastern
by the year 2010, ande availability of treated wasiater is that, ound 50 krfi of
fruit trees, which are cultivated within and sumding the residential areas could
transferred to the eastern side of the Gaza Stripw policy to keep the production
fruits with least cost, and the-use of treated effluent famay from the residenti:
areas for health and safety reasons, is put irdctige.
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This approach will reduce the costs of fruit pratut, and as a consequer
will increase farm profits, considering the watesaurces crisisAl Najar, 2007)

% Legend

E e S

Figure 3-3: Proposed new location of the three main treatment plants with main carrier (Al
Najar, 2007)

3.5.Existing Guidelines Concerning Wastewater Reus

Most of guidelines have focused on identifyclear performance outcomes t
need to be met to achieve sustainable irrigatidre fAsks that may associate with e.
potential site are assessed and the work is tonmei these risks in such away not
cause harm for human and environrr

There ae many different guidelines aims at governing awodtrolling the
impacts associated from WWR. All of it was initidtbased on experimen
data and results as follow
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» Australian Environmental Protection Agency (EPA 188d 2003): Guidelines
for water reuse: Beside the reclaimed water quajiidelines, recommended
monitoring and setback distances are given.

* Food and Agriculture Organization (FAO 1985, 92, &1d 2000) (Quality
criteria) determine the degree of suitability ajieen effluent of irrigation

* World Health Organization (WHO 1989 and 2006): &Hle Guidelines for the
Use of Wastewater in Agriculture and Aquacultutbéy take into account the
treatment process, irrigation system and the ctope irrigated. This set of
guidelines is controversial but has allowed a am&telopment of wastewater
reuse.

* American Environmental Protection Agency EPA, 2@didelines for Water
Reuse

3.6.Palestinian Standards for WWR

The draft Palestinian standard reuse mainly carg a&f Sanitary, b)
Environmental and c) Agro technical quality reqments

The draft Palestinian standard principles (PS)qgpies for wastewater mainly
envisage; a) Sanitary, b) Environmental and c) Ampchnical quality requirements.
Sanitary requirements centered upon the pathogetenhfmlly present in wastewater,
namely bacteria and intestinal nematodes (Ascand drichuris species and
hookworms) EQA, 2004.

Where its recommended less than 1 intestinal nategier liter and 200 to 1000
fecal coliform per 100 ml of wastewater dependinglte reuse conditions, b) From the
environmental viewpoint concentration of variouswhemetals (particularly cadmium,
copper, zinc), salt, nutrients (N and P) and maledm@ve taken into consideration, c)
Agro technical requirements firstly include totaltsand several anion (Cl, SOA4,
HCO3), cation (Ca, Mg, Na) and boron concentratiaisch determine traditional
irrigation water quality standards depending on pient species, soil physical and
chemical properties, climate and irrigation methd@d®A, 2004

3.7.Palestinian Water Policy

The Palestinian Water Policy, as set out in thiefahg principles is the basis
decisions on the structure and tasks of water sawtttutions, and the water sector
legislation.
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» All sources of water are public property.

« Water has a unique value for human survival andthhead citizens have the
right of water of good quality for personal consuioip at costs they can afford

* Water supply and domestic, industrial, and agrncaltdevelopment must be
compatible with the available water resources as®t on sustainable
development.

* Water has social, environmental, and economic galue

» Development of Palestinian water resources musbbalinated on the
national level, and carried out on the appropiiatal level.

» Public participation in water sector managementkhbe ensured

* Water management at all levels should integratemgaiality and quantity

« Water supply and wastewater management shouldégrated at all
administrative levels.

» Consistent water demand management must compléhesaptimal developme
nt of water supply.

» Conservation and optimum utilization of water reses should be promote and
enhanced.

* Pursue Palestinian interests in connection witkiabtg the right of water
resources shared by other countries on the prmmapéquality.

* The Government will cooperate with regional anda&xégional parties to
promote the optimum utilization of water resourtteglentify and develop new
and additional supplies, and to collect and shale/ant information and data

3.8.Institutional Role

The different institutions, their remit, and respimility should be clearly
defined within the legislative framework. Failue grovide this will lead to long-term
problems within the sector from overlapping respaihges, duplication of effort,
unclear reporting lines, and difficulties in enfenecent. During the occupation the role
and responsibilities were scattered fragmenteduactear.

The organization of the Palestinian Water Secteottétically envisages a clear
separation between policy formulation, regulatiang service delivery functions. The
National Water Council (NWC) establishes by By-LAw.2 (1996) is theoretically the
policy making body while the Palestinian Water Aarity (PWA) should only act as
the regulator and the Figure 3.4 shown the PWAIeg¢gry framework.
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Palestinian Water Authority
(Sector Regulation)
| Control/Regulation i

Bulk and Regional Water
Utilities (Assets Owner)
Board of Directors
(Municipalities)

Drinking/bathing

@ Wastewater
water quality discharge
control standards

Customers

Figure 3-4: The PWA regulatory framework (Ghbn, 2003).

3.9.Palestinian Water Law

It is common to find that much of the water ledisla in a country ha
historically been incorporated within other lawsdaglements of legislation, <sh as
Public Health Laws or Natural Resources Laws. Wiilese may address water, i
limited to specific impacts and fails to providecamprehensive framework for tl
sector. It is therefore desirable that all watgidkation be brought under an urella
Water Law which has an array of associated adderdalations, and codes of pract
(Tarazi, 2009.

Legal Framework Governing Water and Water Insbisi Various
Governments ruled Palestine and imposed their legstems, rules, and laws. Wa
related laws in Palestine date back to the OttolGarpire period, followed by th
British, Jordan/Egypt, Israel, and now the PalémstinAuthority. Each ruling powe
enacted new laws and created different water iklatitutions

The process of law making and governance overdhtisremained a key gc
of the PWA. The PWA prepared a comprehensive lawvater in 200-2001 that it
was enacted by the Palestinian Legislative Counc2002. The Law No. 3 of 20(
encompasses the ole water sector issues and it aims to developnaauthge the wate
resources, increase capacity, improve quality,gouesand protect against pollution ¢
depletion. The Law establishes a Water Councilreldaby the President of the PA &
membership D water user association, various ministries, acadans, regiona
utilities that it sets the policies for the watectr and ratifies PWA plans and repc
(Hussein, 2004
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3.10. Types of Wastewater Reuse

The collected wastewater must be treated to adissfuality to any of the
following end-uses (i) agriculture irrigation, (igrtificial recharge, (iii) potable water
supply, (iv) toilet flushing, and (v) industrial vea supply.

The two mostly common types of water irrigationdzasn water quality are:

» Restricted irrigation: use of low quality effluents in limited areas afat
specific crops (wooden, fodder and cocked), resins are imposed based on
the type of soll, the proximity of the irrigatedearto a potable aquifer, irrigation
method, crop harvesting technique, and fertilizepliaation rate. It is simple
and low cost so farmers must be trained to harlae low-quality effluent.

» Unrestricted irrigation: use of high quality effluents, instead of freshwate
irrigate any crop (include also vegetables eater) om any type of soil, which
means without limitations as contact and even acdal drinking do not pose
health risks.

3.11. Evaluation of Water Quality

When using wastewater as a source of irrigatioctofa such as contamination
of plants and harvested product, farm workers, éheironment, public health and
salinity and toxicity hazards, need to be considlefiéhere is considerable scope for
reducing the undesirable effects of wastewaterinserigation through selection of
appropriate irrigation methodsAO, 1992)

In recent guidelines four categories namely saljinitfiltration, toxicity and
"miscellaneous problems" are used for evaluatingventional sources of irrigation
water as in table 3.1. The physical and chemicakttiments in treated effluents need
careful consideration in order to evaluate or dgtessible short or long-term effects on
soils and crops from salts, nutrients and tracenetds Ayers &Westcott, 1985.

These general water quality classification guidedirnelp to identify potential
crop production problems associated with the useomiventional water sources in
addition to soil and environmental ones.

Other criteria for evaluation of treated wastewatere developed by Kathijotes,
2006 presented in table 3.2. It was applied inilvestigation of the risk of the treated
sewage intended for irrigation in Cyprus duringrsaation risk assessment study.

Results indicated that at most time the qualityefifuent in Cyprus is not
suitable for irrigation use as it poses some riskdoth soil and groundwater. This is
interpreted as great care should be taken whexg gsich effluents in order to minimize
or eliminate possible contaminatiafathijotes, 2006
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Table 3-1: Guidelines for Water Quality Use for Irrigation, (Ayers & Westcott, 1985)

Parameter Degree of Restriction on Use
Slight to
None moderate Severe
Salinity
ECw (dS/m) <0.7 0.7-3.0 >3.0
TDS (mg/l) <450 450-2000 >2000
TSS(mg/l) <50 50-100 >100
Infiltration
SAR (meg/l) 0-3 >0.7 EC 0.7-0.2 EC <0.2 EC
SAR (meg/l) 3--6 >1.2 EC 1.2-0.3EC <0.3EC
SAR (meg/l) 6--12 >1.9 EC 1.9-0.5EC <0.5 EC
SAR (meg/l) 12--20 >29 EC 2.9-1.3EC <1.3EC
SAR (meg/l) 20-40 <5 EC 5-2.9EC <29E(¢
Toxicit
Sodium Na (meqg/l) Sprinkler irrigation <3 >3
Sodium Na (meqg/l) Surface Irrigation <3 3--9 >9
Chloride CI (meq/l) Sprinkler irrigation <4 >3
Chloride CI (meq/l) Surface irrigation <1 4--10 >10
Boron (mg/l) <0.7 0.7-3.0 >3.0
Miscellaneous Problems
Hydrogen Sulfate H2S <0.5 0.5-2 >2
Iron Fe (mg/l) Drip irrigation <0.1 0.1-1.5 >1.5
Manganese Mn (mg/l) Drip irrigation <0.1 0.1-1.5 Sl
Total Nitrogen (mg/l) <5 5--30 >30
pH 6.5-8

Table 3-2: Various criteria for the estimation of wastewater risk factor, (Kathijotes, 2006)

No. Criteria Criteria Risk Estimation
Range
Ca + Mg
1 Na + 0.23 Ca >1 Natrium
10C(Ca+ MQg)
2 Na >60% Natrium
100 Mg
3 Ca + Mg < 50% Magnesium
28¢
4 5CJ >18 Chloridisation
288
5 Na+ 4Cl 6-18 Chloridisation
28t
6 10Na-5CI-9SQ, 1.2-6 Chloridisation
662(
7 Na+2.6Cl <1.2 Chloridisation
(Na+K)100
8 Na+Ca+K+Mg <66% Alkalinisation
_ Na L
9 Na+ Ca+Mg <0.6 Alkalinisation
Na
10 Ca+Mg <0.7 Alkalinisation
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11 % <1 NO, Alkalinisation
1-4 possible,
>4 surt
12 SAR <10 Dangerous Level

3.12. Microbiological Quality

International guidelines for the microbiologicaladjty of irrigation water used
on a particular crop do not exist. The reasonedalk of direct epidemiological data to
show any relationship between the quality of watetually applied at the field and
disease transmission or infectid€ifiloglu, 2007).

According to EPA, 2003 the microbial criterion feclaimed water based on the
corresponding range of reuse is classified intor folasses (A-D) where class A
represents the tertiary treatment for unrestrictexps with high quality and class D
represents the secondary treatment (minimum tredthlaeel) for non food crops as in
table 3.3 EPA, 2003.

Table 3-3: Reclaimed water classes for biological and pathogen reduction and the
corresponding range of reuse. ( EPA, 2003)

Class Water quality Treatment level Range of use olude lower
class uses

A 10 E-coli org. /100ml- 10/% Tertiary & pathogen Unrestricted, Urban (Non
mg/LBOD/SS reduction Potable)Industrial

B 100 E-coli org. /100ml. 20/30 Secondary& pathogen Agriculture, Industrial
mg/L BOD/SS reduction

C 1000 E-coli org /200ml. 20/30 Secondary& pathogen Agriculture: human food
mg/L BOD/SS reduction crops/ cocked Fodder crops

D 10000E-coliorg./100ml , 0/30 Secondary Fodder crops, Wood crops|,
mg/L BOD/SS flowers

3.13. Impacts of Wastewater Reuse (WWR)

Uncontrolled use of wastewater in agriculture andieamanaged one has
important health implications for product consumésmers, and communities. Raw or
partially treated wastewater has been applied inym@cations all over the world not
without causing serious public health consequenaed negative environmental
impacts. This generated the existence of endemit quite epidemic diseases
(Kamizoulis, 2004)
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3.13.1.Health I mpacts

The obvious reason that public authorities haveemaburaged wastewater use
is its potential negative public health impa&séno, 1998. According to FAO, 92 the
primary constraint to any wastewater use projectpublic health. Wastewater,
especially domestic wastewater, contains pathogédnsh can cause disease spread
when not managed properly. The primary objectivarof wastewater use project must
therefore be to minimize or eliminate potentialltreasks

In 1970, a cholera epidemic in Jerusalem was dyrdctked to vegetables
irrigated with the city's wastewater. In Dakar,@rtbreak of typhoid in 1987 was also
linked to farmers who were using raw wastewatdrrigate their gardens. A survey of
farmers in Dakar using untreated wastewater fotadl gastrointestinal infection rates
varied between 40% and 60WNEP, 2005.

In Eritrea, research on the health impacts of abdek wastewater revealed a
Guardia infection rate of 45% of farmers using wasiter. Amongst consumers of the
vegetables from these same farmers, infection veges lower at 7%UYNEP, 2009.

Another problem is posed when heavy metals areeptefsom, for example,
industrial wastewater. Heavy metals can have a-terg impact on human health and
soil quality. Cadmium (Cd) and mercury (Hg) are aletommonly found in untreated
wastewater and have been linked to kidney diseasthg case of Cd) and brain and
nervous system damage in the case ofAdgifi, 2008).

More problematic is the use of sewage without aegtiment. In Pikine, a region
within Dakar city limits where wastewater is fregtlg used, 28% of farmers use
untreated wastewatelUNEP, 2005. Often, this water is mixed with well and
groundwater, however, it still poses a significhetlth risk. Some measures include
stopping irrigation several weeks before harvesvashing and cooking produce prior
to consumption.

Erfani studied the microbial contamination of tom&uit when irrigated using
different water qualities including tap and treatedstewater, Fecal coliform in
different treatments were measured and the reshlisv that there is no significant
difference between the different treatments. Adddily, with regard to health
problems, these treatments generated minimum dob&tween the effluent and the
workers, that is why microbial quality and healthpact is the key of success of any
reuse project and should be investigatedani, 2001)

3.13.2.Crop Yield

The economic impacts of wastewater on crops malerdifidely depending
upon the degree of treatment, types and naturerabpscgrown, and the water
management practices. Generally, as wastewaterrichasource of nutrients, higher
than average crop yields may be higher with wastawaigation (Mara, 2006).
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A number of studies have demonstrated the positiyacts of wastewater on
crop productivity due to these nutrients and orgamatter. Erfani, 2001 indicated that
the utilization of treated municipal wastewater lgasised an increase in the yield of
tomato as compared to irrigation with the well wa(Erfani et al. 2001).

Tomato fruit size and weight increased with inchegghe percentage of treated
wastewater proportion. These results agreed withritaet al, 1995, who reported that
citrus trees receiving wastewater had significaréyger fruit (95mm) than those
receiving canal water (90mn(&rfani, 2001)

Najafi, 2002 found that after three times of hatwgstomatoes from various
treatments, the mean yields were compared. Taprwaigation had the least yield,
while treated wastewater had the maximum yield Wwhicas about 52 tons/ha (18

tons/ha higher than the average yield of tap watsgjafi, 2002

Moreover it is reported that most crops give higyietds, when irrigated with
wastewater than with fresh water and have less fogadhemical fertilizers, resulting in
net cost savings to farmetdyssain et al., 200p

A comparison study on the difference in crop yielden wastewater and fresh
water used in India illustrated in table 3.4. Itnigticed that at most time and for all
tested crops the use of wastewater increases dpeyoelds with different ratios from
crop to anotherMlara, 2006)

Table 3-4: Yield of crops irrigated with fresh water and wastewater in India.(DDMara,2006)

Crop Annual crop Yield (Ton/hectar)
Fresh Water Wastewater

Beetroot 8.75 16.27
Carrot 9.71 11.75
Radish 7.26 8.33
Potato 6.12 9.33
Ginger 6.04 9.80
Papaya 26.72 37.00
Cabbage 9.27 12.13
Cauliflower 6.96 9.09
Okra 2.82 5.89
French beans 6.63 8.06
Tomato 10.01 13.38
Tobacco 1.12 1.25
Groundnut 2.88 3.17

3.13.3.Fertilizer Saving.

Irrigation with wastewater can, in most situatiorssipply all the nutrients
required for crop growth. The value of these sulxsta has long been recognized by
farmers worldwide. If crops are supplied with essgplant food nutrients, wastewater
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irrigation will act as a supplemental source oftifiger thus increasing crop yields
especially WHO, 2006).

The application of wastewater provides, in addiiomutrients, organic matter
that acts as a soil conditioner, thereby increasiiegcapacity of the soil to store water.
The increase in productivity is not the only benhb&cause more land can be irrigated,
with the possibility of multiple planting seasoi@h¢istopher, 2001).

Plants vary in its capacity to nutrient uptake. [€ab.4 shows nutrients uptake
by different crops. Nitrogen can be found as taoitdogen (nitrate, ammonia, organic
nitrogen and nitrite). Most plants absorb nitratdyoand normally the other forms
transformed into nitrate. The main problem is thiiate solubility in water especially
if it is added too long time is very highVHO, 2006)

Phosphorus can be found in low amount in wastewtaisrmakes the use of
wastewater beneficial and has positive impact ef/¢ine P concentration is too high
and wastewater used for long time. WWTP needs sktertireatment to remove P, thus
the use of wastewater in agriculture can save thessts and minimize the
environmental impacts.

Potassium either is present in soil with high com@ion but it is generally
bounded to other elements. So it is needs to bedattl soil as fertilizer. Generally
185kg of K /hectare is required so wastewater ¢ostbow potassium level does not
cover the soil demand. Usually no significant negatimpacts associated with
potassium¥likkelsen, 1995

However, if plant food nutrients delivered througastewater irrigation result in
an oversupply of nutrients, yields may actuallyragatively influenced. Also, since
wastewater contains undesirable constituents ssicheee elements and heavy metals,
organic compounds and salts, crop yields may bativedy affected depending upon
their concentrations in the wastewater and theitpahsof crops to these elements.

Table 3-5: Summary of crop water use (ETc), crop nutrient uptake rates, and salinity
threshold for various forage crops grown in Southern California.

Crop water Crop Uptake Salinity
Use Etc (Ib/ton) Tolerance
Normal
Year. ET; Soil water

Crops (AC. ft) N P,Os K,O EC EC,
Alfalfa 6.65 56 15 60 2 1.3
Bermud grass 4.6 50 12 47 6.9 4.6
SorghumSudan 3.3 41 16 59 2.8 1.9
Corn Silage 2.3 8.3 3.6 8.3 1.8 1.p
Winter Forage 2.4 40 - - 6 4
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3.13.4.Environmental | mpacts

Major environmental issues such as dissolved oxylgghetion, Eutrophication,
foaming, and fish kills are recorded. Thereforegamrolled wastewater contributes to
water resources degradation, soil resources ded&an, reduces agricultural
production and affects public health.

There have been several cases in California of opwgarreclaimed wastewater
applications to cropland that have resulted inatetrcontamination of groundwater,
Therefore it is important that reclaimed municipastewater be applied to cropland
with careful thought given to the application sited wastewater characteristics, crop
water use (ET) and nutrient use rates, and oth@p production considerations to
maximize yield.

On the opposite, the controlled use of wastewatamQugh treatment and
planning, leads to water resources augmentation,addition to environmental
protection. The use of wastewater in irrigation malgo improve groundwater
conditions, by recharging aquifers thereby preventseawater intrusion in coastal
areas.

3.13.5.S0il Resources

Effects of WW on soil depend not only on the phgs&nd chemical properties
of soil, but also on crops type as well as quaitg quantity of irrigated water. Najafi,
et al. (2003) indicated that the only accurate wetho determine the impact of
wastewater on soil is to measure the soil chanatitey and monitor them along the
time and to compare the similar soil irrigated unsienilar condition using fresh water
(Najafi, et al. 2003)

Soil-related impacts of wastewater can be groupetuthe following

(1) Potential yield losses.
(2) Loss of soil productive capacity.
(3) Depreciation in market value of land.

(4) Cost of additional nutrients and soil enhaneetmeasuresWW\HO, 2006)

3.13.6.S0il Salinity

The most damaging effects of poor quality irrigatisvater are excessive
accumulation of soluble salts in soil. Salt accuatiah over time can lead to soll
physical problems limiting infiltration, soil chestry problems limiting nutrient uptake,
and reduce the plants ability to osmotically absamter, accordingly plant growth,
crop yield and quality of produce are affected.@@roary in their tolerance to salts; low
guality water may be used to tolerant crops aftey tare established. Salt tolerance is
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defined as the ability of a plant to grow and cosbglits life cycle on saline substrates
that contain high concentrations of s#&lathijotes, 2003.

Solil salinity is strongly related to irrigated wasalinity , Biswas et al. (2005)
showed that during summer about 2 t of salt /halévaacumulate in the root zone (up
to 60cm) if the irrigated water salinity is 0.8 d&6/However, even at salinity of 0.3
dS/m, crop losses due to gradual salinity buildmgy be inevitable Riswas et al.
2005)

Moreover salinity has direct relation with irrigati system, soil salinity was
monitored in Sunraysia regions at depths of 0.3rBmOand 0.9m following each
irrigation or rainfall event, it was clearly notatéhe salinity of soil water (ECe) peaked
at 2.0 ds/m at 90 cm root zone depth under dngaited vineyard, but was rarely more
than 1.5 ds/m in an undercover sprinkler citruhard. Biswas, 200y

Kathijotes, 2003 noticed that treated wastewatenalestrated better results in
comparison to fresh farm water related to salinitg. also noticed that salinity risk is
less at the soil surface and the root zone (30-%@erd increases soon after this zone.
This is considered as positive as it is not exgedteinfluence soil permeability at
surface or the plant itselfKthijotes, 2003

Salinity can also affect the crop yield based cempkalt tolerance, Alfalfa is
moderately salt tolerant as maximum alfalfa yiettwr when soil salinity is less or
equal 2mmho/cm while its yield is reduced by 50%ewisoil salinity reaches 8.8.
Irrigated water salinity also effect alfalfa yielWdhere 100% vyield occur at irrigated
water EC equal 1.3 mmho/cm the 50% alfalfa yieldunct irrigated water EC equal
5.9 dS/m. Pool, 2004

Long-term use of wastewater could result in acegieg soil salinity, water
logging, breakdown of soil structure and overadluetion in productive capacity of soll
and lower crop yields. In arid and semi arid regiogalinity is mostly occurring where
soil can't be washed as a result of low precigitatiThe only practical way to reduce
soil salinity is through leaching, that is applyimagter in greater amounts than crop
water use to force the salts out of the root zdimee amount of water to accomplish
leaching is called the leaching fraction. Leachrequirements can be calculated by
comparing soil EEwith water EG, and are typically in the range of 10% to 20%. EC i
measured in decisiemens per meter (dS/m = 1 mmhd@Riswas et al. 2005)

The typical range of soil ECe for forage crop prcten is from 0.7 to 3.0 dS/m.
Soil with ECe values greater than 3.0 dS/m may takensiderable effort to produce a
crop and the feasibility of farming these soils hwreclaimed wastewater should be
carefully consideredPool, 2004
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3.13.7.S0il Sodicity

The effect of sodium ions in irrigation water igtheduction of infiltration rate
of water and air into the soil when its value i®wab certain threshold value, relative to
the concentration of total dissolved solids. Pelmiga is either dependent on the
sodium ion concentration relative to the concemnabf calcium and magnesium ions.

Na
/Ca+Mg
2

Soil permeability hazards caused by sodium in atr@n water cannot be
predicted independently of the dissolved salt aunté the irrigation water or that of
the surface layer of the soil. Figure 3.4 repredast relation between salinity and
sodicity of soil FAO, 92).

SAR=

Kathijotes, 2003 noticed that the quality of sa@hwles irrigated using fresh
water in Cyprus for eleven years demonstrated higladues of SAR and therefore
poses greater salinization risks. This means tbétSAR values is mainly acquired
from irrigated water sodium conterddthijotes, 2003.

On the other hand, significant differences betwieated wastewater and fresh
water use also have been observed by SAR, and H@&svdy Palacios, 2000 as
wastewater always higher than fresh waRalgcios, 2001
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Figure 3-5: Threshold values of sodium adsorption ratio and total salt concentration on soil
permeability hazard ( FAO, 1992)

Using the nomogram figure 3.6, it is possible ttineste the Exchangeable
Sodium Percentage (ESP) value of a soil that égatlibrium with irrigation water of a
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known SAR value. Maximum permissible ESP conceiatnain irrigated water shoul
not exceed 60mg/| for tolerant crops as alfaKathijotes, 2003.

No* Co™" Mq' *
No
;Ji' SAR = () '"":;
Co + Mg
- v 2
Where No, Co ond Mg ore sodium, colcium,
'- and mognesium in me/l from the 410.25
waoter analysis.
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Figure 3-6: Nomogram for determining the SAR value of irrigation water and for estimating
the corresponding ESP value of a soil that is at equilibrium with the water, (Richards 1954)

3.13.1.Soil Toxicity

Soil has large capacity to absorb vy metals especially when the fre
domestic water has average concentratiEIl-Arabi, 2006). Metals are retained in tl
upper soil layers bounded by the organic matterwél@r, the impacts and thi
intensity will depend on a range of factors inchg source, intensity of use ai
composition of wastewater, soil properties and attaristics of plants/crops gro

Kiziloglu, 2007 stated that the major disadvantafythe wastewater irrigation
the accumulation of immobile heavy metals in sagshe oticed an increase in Fe, M
Zn and B of the soil @0cm and 3-60cm layers from 3.9 mg/Kg to 9.13 mg/Kg wt
irrigated with wastewaterKiziloglu, 2007)

The relationship between different heavy metalstioa in soil and the met
uptake by alfalfa wastudied from in Mexico City to evaluate the actaatumulatior
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levels in soil. It was noticed that untreated waster irrigation generally increased
heavy metals of soil with time and plant uptakeeesadly of Cd and Pb also increased.
(Siebe, 199

These results agree with that obtained by EI-Ar2006 as it was stated that the
use of sewage effluent from Ismailiya treatmennpfar irrigation increased the heavy
metals concentration (Fe, Zn, Cu, Pb) compared with Nile water, however the
obtained level were lower than the maximum perrbiesimits and the normal ranges
(El-Arabi, 2006)

3.13.2.Soil alkalinity

The normal pH range for irrigation water is fronb @o 8 according to EPA,
2003; pH values outside this range are a good warttiat the water is abnormal in
guality. Normally, the pH of a soil influences selesoil characteristics: weathering
processes, soil structure, mobilization of nutseand ion exchange. Soil pH changes
seasonally with the distribution of precipitation.

Generally pH values in soil irrigated with wastegrafre always less than that
for non wastewater irrigation due to high organiatt@r content. Kiziloglu, 2007,
Oron, 1999 and Siebe, 1996

Plant absorption of ions from the soil to obtaisesgial nutrients could result in
a nutrient deficiency with an increase in pH duenimreased alkalinity, as some ions
could be unavailable at a higher pH. Each plantiisasvn recommended soil pH value
range. The reason for this is that soil pH affélbtsavailability of nutrients within the
soil and plants have different nutrient needs. &adils have nutrient limitations and
are deficient in zinc, iron, phosphorus and occedly calcium, potassium and
magnesium. The organic matter added through iragawith wastewater could help
improve soil conditions by increasing its fertilignd water holing capacityBézza,
2003

3.13.3.Plant Toxicity

Plants also may be negatively affected through ammed use of wastewater.
Toxicity and biological contamination of plants atee most common problems
encountered in such reuse projects. Care shoutdkea in planning and management
of reuse projects as it can pose some health antbamental risks.

Irrigation water contains certain ions at concdrmars above threshold values
can cause soil and plant toxicity problems. Toyiawormally results in impaired
growth, reduced yield, changes in the morphologthefplant and even its death. The
degree of damage depends on the crop, its stageowfth, the concentration of the
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toxic ion, climate and soil conditions. Heavy mst@iM) included, (Cd), (Cr), (Cu),
(Pb), (Hg) and (Zn) can create definite health hdzavhen taken up by plants.

Uptake of harmful amounts of toxic heavy metalspkants is not considered a
potential risk in use of municipal wastewater, agstnmetals are removed from the
wastewater during the primary treatment processeyer, all wastewater should be
initially tested for the heavy metals to ensureelsvare below recommended water
quality standardsHgfani, 2001)

Erfani found that when five different treatmentsreveelected for irrigation of
tomato including irrigation with tap water and gation with treated wastewater,
concentration level of Fe, Cu, Zn, Mn, Pb, and Gdehindicated that no excess
accumulation of these elements was obsenkadargi, 2001)

3.13.4. Ground Water

The use of wastewater has the potential both tbarge groundwater aquifer
(positive externality) as well as pollute groundevatesources (negative externality).
Studies indicated that if the groundwater deptlkss than 1-1.5m, there are severe risks
of increasing salinity thus it is restricted to weastewater in areas where groundwater
depth is less than 3nB#ézza, 2003

Recharge from wastewater irrigation to the grouratew was estimated of at
least 1000 mm/year, or 50-70% of the water usedafpiculture. On the other hand,
percolation of excess nutrients, salts and pathogdmough the soil may cause
degradation of groundwater. However, the actualaichpvill depend upon a range of
factors including scale of wastewater use, qualftgroundwater, depth to water table,
soil drainage, and soil characteristics (porousdga (Christopher, 2007)

Evaluation of the impact of industrial wastewatésctlarges on groundwater
quality in Faisalabad by using groundwater sampuleected from wells located within
a radius of one kilometer of industrial effluentaibage, showed very high
concentrations of dissolved salts, trace elememtsl, heavy metals. A part of this
pollution may be attributed to industrial discharglusain et al, 2002

Sometimes wastewater reuse may have no effectsromndwater aquifer
especially if it is deep enough (more than 14 Kgcording to Harlin (1980) there were
no effects from using wastewater for irrigation 88 years on groundwater in USA.

3.13.5.Social | mpacts
Social impacts can be defined as the concerns ssguleby the public about
their perceptions on wastewater irrigation. Thesgcerns can be classified as follows:

* General concerns such as poor environmental qupbiyr hygiene, odor etc;
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» Social concerns such as food safety, health anfasgeloss of property values,
and sustainability of land use.

« Natural resource concerns such as pollution of witder resources, loss of fish,
wildlife, exotic species, etcChristopher, 2001)

Tubail et al., showed that the use of wastewaterafyricultural irrigation is
accepted by 76% of the sample in Gaza northernaar@@®9% in southern areaupalil
et al., 2003.

3.14. Management of Wastewater Irrigation

Appropriate water management practices will havédéofollowed to prevent
salinization, (irrespective of whether the saltteom in the wastewater is high or low),
irrigation method and crop selection.

It is interesting to note that even the applicatad a non-saline wastewater,
such as one containing 200 to 500 mg/l, when agppliea rate of 20,000 hper hectare,
a fairly typical irrigation rate, will add betwe@nand 5 tones of salt annually to the soil
(FAO, 1992).

3.14.1. Irrigation Method
The irrigation method used, in particular, has &wvéh specific characteristics
which minimize the following risks:

* Plant toxicity due to direct contact between leaaed water;

» Salt accumulation in the root zone;

* Health hazards related to aerosol spraying anatdo@ntact with irrigators and
product consumers;

» Water body contamination due to excessive water bysunoff and percolation

Biswas et al., 2005 found that under drip irrigatigalinity increased with
depth as Ec was peaked at 20 ds/m at 90 cm roet depth but was rarely more
than 1.5ds/m under sprinkler irrigatidBigwas et al., 200b

3.14.2.Leaching

To estimate the leaching requirement, both thenisalof the irrigation water
(ECw) and the crop tolerance to soil salinity (E@a&)st be known. Field data from
conventional drip Sunraysia Regions showed thay tads than 10% of applied water
was found to leave the root zone during the grapwigg season, which resulted in salt
build up in root zoneRiswas, 200Y
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The amount of irrigation applied must account fothbthe crop water use
and some extra water (the leaching fraction) tsHlperiodically the residual salt
out of the root zone. For example, when the avenaigated water salinity is about
0.4 dS/m, a 15% leaching fraction (15% more thanctiop needs) should give root
zone salinity around 0.6 dS/nBig¢was et al. 200p

It was found that negligible leaching is occur umsmer under drip irrigation
compared with that under sprinkler irrigation retjass the crop type, consequently,
the general concern in drip irrigation is that imter if no enough rainfall, then no
leaching will occur under drip irrigatiorBiswas et al., 200b

Oron et al. (1992) concluded that when drip irigatsystem is utilized the
contamination of soil surface and plants would b@imum while it would be
maximum in the case of sprinkler irrigation. Theulks of these experiments also show
that in subsurface irrigation system the amoumitwbgen in the depth of 30 to 60 cm
was less than the surface drip irrigati@rdgn et al. 1999

The necessary leaching requirement (LR) can benattd from figure 3.7
for general crop rotations reported by Ayers andsidtd @yer, 1985.

Biswas et al, 2005 also stated that leaching innsemtime is negligible
regardless of crop grown and during summer abduifZalt/ha will accumulate in
the root zoon if the irrigated water salinity i8@s/m. It is also show that the root
zone salinity is often greater than 1.3 dS/m whegated water salinity is about 0.4
dS/m at 15% leaching fraction. The discrepancy meaydue to a portion of the
leaching water moving rapidly through the largeit pores without displacing soil
soluble salts from the root zon&igwas et al., 200b

35



Chapter 3

Literature Review

Unsuirsble

Telerant crops

Mouferarely
o lerant crops

Moderately
SENSITAVE Crops

e et sy .

a

L

E-

Soil zalinity (EC,Tin ds/m

Asgumed ¢rgp water
use catiemn

I

Poat zone

Salinity of apmiied water £C,1 in du'm

Figure 3-7The necessary leaching requirement (LR) can be estimated for general crop
rotations, Ayers and Westcot (FAO, 1985)

Biswas et al, 2005 also stated that leaching innsemtime is negligible

regardless of crop grown and during summer abduifZalt/ha will accumulate in

the root zoon if the irrigated water salinity i8@s/m. It is also show that the root
zone salinity is often greater than 1.3 dS/m whegated water salinity is about 0.4

dS/m at 15% leaching fraction. The discrepancy meydue to a portion of the
leaching water moving rapidly through the largeit pores without displacing soil
soluble salts from the root zon&igwas et al., 200b

be obtained using the following equation:

Where:

ECw

R=
5ECe—EC,)

least a 90% or greater yield be used in the cdiounla

A more exact estimate of the leaching requirementfparticular crop can

LR is the minimum leaching requirement needed tdrob salts
EC. = Electrical conductivity of the applied irrigatiavater in ds/m

ECe. = average soil salinity tolerated by the crop asasured on a soll
extract. It is recommended that the B@lue that can be expected to result in at
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The leaching requirements that keep the salinitipvibethe crop tolerance
threshold value to give 100% yield can be estimétam:

00368
3.0147F

Where: F= Salt tolerance of the crop/ Electricatdactivity of irrigated water in case
of drip irrigation.

3.14.3.Crop Selection

Not all plants respond to salinity in a similar man some crops can produce
acceptable yields at much higher solil salinity tloéimers. This is because some crops
are better able to make the needed osmotic adjussmenabling them to extract more
water from a saline soilyers, 1985)

The ability of a crop to adjust to salinity is extrely useful. In areas where a
build-up of soil salinity cannot be controlled at acceptable concentration for the crop
being grown, an alternative crop can be selectedl it both more tolerant of the
expected soil salinity and able to produce econonaltls. There a wide range of salt
tolerance of agricultural crops which allows foegter use of moderately saline water,
which was previously thought to be unusable. THative salt tolerance of most
agricultural crops is known well enough to give g salt tolerance guidelines.
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CHAPTER 4: EXPERIMENTAL SETUP AND ANALYSIS
METHODS

4.1.Background

A French program called “Strategy of agriculturahter management in the
Middle East funded a project of wastewater reusadpicultural irrigation in Palestine
at the beginning of 2003. The program was coordihdty a Steering Committee
(Ministry of Agriculture (MoA), Palestinian Water udhority (PWA) and French
Consulate). Field works was managed by a technomahmittee (MoA, PWA,
Palestinian Hydrology Group (PHG), and French Ctaisy(MoA et al., 2009

Beside Al Bathan area in West Bank, two areas imaGatrip were selected for
the implementation of this program. The first waaitBahia pilot project (BLPP) in
northern area at OM Al Naser village where the teg@awastewater (TWW) from
BeitLahia wastewater treatment plant (BLWWTP) edfit is available in unlimited
guantities was used to irrigate alfalfa plant of area of about 13 dunum
(dunum=0.1ha). The"2was Sheikh Ejleen area south west of Gaza city evA&YW
from the Gaza wastewater treatment plant (GWWTR])dcbe used to irrigate existing
citrus farms of 20 dunum.

Unfortunately, Sheikh Ejleen project was stopped®0§6 due to the end of the
program fund and due to the absence of follow opwastewater was no longer used
since 2006 and farmers returned to use fresh waterigate their citrus farms. In the
opposite side, BLPP continues working even afterftimd over as it was supervised by
Om Al Naser municipality. Treated wastewater frobMBNTP still used the same as
during the project with same technicians that iy BhPP was chosen in this study.

4.2.BLPP Site Description

BLPP area is about 13 dunum constituted by sandgplaced on clay layers. It
is surrounded by the main collection lake with amaaof about 300 dunum from the
west and south. BLWWTP lays to the east of thegqutaand OM Al Naser village to the
north. The selected area was initially almost #éth very slight slopes from west to
east as shown in figure 4.1.

The project area was divided into 12 main blocksoating to the irrigation
system each with area of about 1-1.2 dunum. A obbtock irrigated with fresh water
was installed separately for comparison in the fiesr then it was irrigated with treated
effluent.
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3

Figure 4-1: General lay out for BLPP

For BLPP the produced fodders crop (mainly Alfaifaigated with TWW from
BLWWTP after pumping to the main storage lake areahich is about 300 dunum.
Alfalfa as presented in figure 4.2 was chosen ufaomer's interest where it could be
used to feed their animals or sell when there rplss. Between 2003 and 2006 the
operation of the “farm” was organized by the progammittee in order to monitor all
the technical aspects (irrigation systems, foddeality and varieties, soil and plant
analysis, costs adapted techniques, etc.).

In order to improve the soil texture a 30 cm clayelr was added on the surface
for the whole area. Soil texture for the top 30 leyer is 76% sand, 16% clay and 2%
silt with (loamy sand soil) while soil texture fdre 30-60 cm depth is 98% sand and
2% clay (sandy soil).

Figure 4-2: Alfalfa crops in BLPP
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4.3.Irrigation system

Due to its higher safety and very common use inaGstdp a drip irrigation
system was selected as illustrated in figure 4@ringler irrigation system was
excluded due to the already known risks of contation of workers-farmers and in
some case even neighbors (over head sprinklerswwith being able to spray unsafe
water into inhabitant areas). The main difficultiexing the use of drip irrigation
system is i) High suspended solids in the TWW retjng very efficient filtration
systems, and ii)Risks of algae and bacteria pojpglatside the irrigation system.

To overcome these problems a sand filter (4 to 6arushed silicate, allowing a
150 mesh filtration in addition to media filter wasstalled at the main feeding pipe
line. The filter reduces the TSS level by about 4@8%n that in the lake. The feeding
line is a polyethylene pipe of 150 mm diameter.

Water meter was installed at the inlet of the aftign system to measure
wastewater flow and to control the irrigation quies$ supplied to the blocks based on
crop water demand of alfalfa plant plus 20-30%a&wtater as leaching fraction.

500 m

100m | 100m | 100m ] 100m | 100m

Valve 4" |
& discharge controller PVC diameter 100

N\

—3 i/‘ ——4

«— PVC diameter 150

Water supplier network|

400

— - .
Filtration

Collective hydrant ( 75 m3/h )

——+— ——4

100m | 200m | 100m | 100m
|

red equipment in charge of water supplier
blue equipment in charge of WUA
black equipment inside the plots in charge of farmers

Figure 4-3: Schematic diagram of irrigated water networks in BLPP

The applied daily irrigation is eight hours with aperating pressure of 1.0 bar
at the emitter; an electric pump produces Zthrat 2.5 bar was used.

The area was divided in 13 blocks of 1 to 1.2 durnesch (5000 to 6000
drippers each block supposed to receive 20- 45 mach). Wastewater application was
twice a week during the summer period.
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4.4 Test Program

The test program of BLPP included analysis of saspf irrigated water, plant
and soil for the physiochemical and biological paeters shown in table 4.1.

Table 4-1: Parameters that had been examined through the monitoring program
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As shown in table 4.1 different parameters wergete$or soil and applied
wastewater through current test program conductéd@ environmental Laboratories,
MoA Soil and Water Laboratories and Al Azhar foadality laboratory.

Samples were collected twice along this study;fite¢ was in October 2008
while the second was in March 2009. Heavy metalsvaistewater were determined
additionally, the uptake by the plants and the amdation of heavy metals in the soll

were also tested.

Results of microbiological analysis of irrigatedtera soil and alfalfa plant were
also discussed. Fecal and total coliform was tesiedindicators of microbial
contamination. Comparison of crop yield for thestfiyear (2003) of BLPP with that
obtained from fresh water unit for the same yeas eaaried out.

Samples of soil and alfalfa were collected twicgear (October and March)
Plant toxicity was tested through investigating Heavy metals (Zn, Cu, Pb) level in
plant tissues. Similar heavy metals were also destepplied wastewater and soil.

4.5. Materials

The main purpose of this study is to evaluate ¢ing term impact of wastewater
reuse (WWR) on soil and plant. Test program wasiezhrout to obtain field and
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laboratory data needed for determining the imp&®W/@/R on both soil and plant after
six years of using treated wastewater for irrigatio

To attain perspective about WWR impact, a litemtaview, historical results
data of soil and alfalfa analysis from 2003-2006 flee same project BLPP were
reviewed and discussed in accordance with soilafaifa plant tests results obtained
during current study to deduce the trend of WWRadntpn both soil and plant based
on the irrigated water quality. Wastewater quabtyalysis were also reviewed and
discussed compared to current results from BLP f@&903 till 2006 and current
results in 2008 and 2009 from the same BLPP sitautjh current study were analyzed
and discussed.

4.6. Methods

. Soil was analyzed for NPK, Ca, Mg, Na, Ec, pH,Nb3, and F.C in addition
to heavy metals (Cu, Pb and Zn). Alfalfa was sa&ahgbr heavy metals (Cu, Pb, and
Zn) and F.C. Soil and Alfalfa analysis were carri@at according to the standard
method of International Center for Agriculture Rasd in Dry AreasICARDA, 2001)
and Westerman, 1990.

Wastewater samples were analyzed for the same pteesras soil while alfalfa
was analyzed for heavy metals (Cu, Pb, and Zn)FRa@d Tests analysis of wastewater
were conducted according to American public HeAljiency APHA, 95)

From 2003 till 2006, chemical, physical and biot@jianalysis was conducted
at IUG environmental and rural research centerA&thar University Food laboratory
and Ministry of Health (MOH) public health laborago

In this study, the same chemical, physical and ogichal analysis were
conducted for soil, alfalfa plant and applied teghtvastewater twice for consistency,
the first was in October 2008 before rainfall white second was in March 2009 after
rainfall. October samples were analyzed in labor@soof Environment and Earth
Science Department at the Islamic university of &ahile March samples were tested
at MoA laboratories as the IUG labs were destrdygdsraeli plans during the Israeli
aggression against Gaza Strip iff"Z8cember last year.

4.7.Samples Collection

Samples were collected from BLPP two times durimg $tudy period. These
samples are applied wastewater, soil and alfatipscr
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4.7.1. Applied Wastewater Samples Collection

As the treated effluent does not discharge contislyp time composite sample
of discrete samples collected in one containeroastant time intervals (10 minuets).
This method is appropriate when the flow of the glaioh stream is constant (flow rate
does not vary more than 10 percent of the averdagerhate) or when flow monitoring
equipment is not available. Samples were colletitad the feeding pipe over a period
of 10 minutes intervals for four hours. One litégan acid-washed polyethylene bottles
were used to collect wastewater samples for chéraiwh bio-chemical analysis while
250 ml sterile bottles were used for microbioloye@alysis.

4.7.2. Soil Samples Collection

Twelve individual soil samples were collected freach 30cm soil layer using
an auger starting at soil surface and ending temhdof 60 cm from the whole area.
Soil samples were collected in plastic bags ancklémb according to the specific
location where it was taken. The number of coresake per composite sample does not
relate to the size of the area sampled, but ise@l# the variability of siteAyer et al,
1985).

Even of the uniformity of soil properties in thelti where exist, care was taken
to collect samples from the same places during dfrgmoject with the guide of the
project technicians. The variance in samples logawas up to +/-2 m. Zigzag shape
was followed to collect a representative compasiiesamples.

4.7.3. Alfalfa Samples Collection

Three Alfalfa plant samples were collected usirgaolknife at 5-7 cm above the
ground. Yellow and old grown plant was excludedalfih samples were preserved in a
paper bags to allow transpiration and then movetedab.

4.8.Samples Preservation and Preparation

Wastewater sample bottles were sterilized by addhgnl of 70% ethanol and
left overnight WHO, 1989. The ethanol was then discarded and bottles wesed
thoroughly with wastewater before filling the bettlvith the sample. Wastewater
samples bottles were closed, stored into ice boxr@msported immediately back to the
lab. Some parameters like pH, FC and solids, weedyaed as quickly as possible
where the rest was stabilized to a pH of APKA, 1995. Then it was placed in
refrigerator at %entigrade. Two duplicates were used to get tha fesult.
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Figure 4-4 Location of soil samples in the study area in BLPP field.

As the soil samples were collected in plastic b&gsas transferred to the lab
immediately and frozen in a refrigerator at fountagrade to stop microbial activities,
then air dried, cleaned, root removed; mixed bydsaand sieved at 2mm. Soll
extraction was held by mixing 1:1 and /or 1:5 saodsstilled water using glass rod or
mechanical shaker and then vacuumed by pressure psing Whatman filter paper
No. 42. The resulted filtrate was collected in aBrottle and kept to be used for soil
analysis. Three duplicates were used to get theaggevalue according téGARDA,
2001)

Alfalfa samples were cleaned and washed by didtilater and KD, to remove
dust and organics, oven dried at 65 degree fora4shto stop enzymatic activity then
mechanical grinding to produce a material suitdmenalysis usually to pass 60- mesh
sieve and finally oven dried at 650 c. Alfalfa ajz&ld for heavy metals and microbial
contamination.ICARDA, 2001)

4.9. Samples Analysis

Chemical and physical analyses were performed &h Isoil extraction and
wastewater samples. Heavy metals and microbial ysisalwere tested in soil,
wastewater and alfalfa. Soil and alfalfa samplesrewanalyzed according to
International Center for Agriculture Research inyDXreas (ICARDA, 2001) while
wastewater analyzed according to American PubligltHeAgency APHA, 1995).

49.1. pH
Combined portable meter (HI 8424) was used for mn&ag pH, Before each
sample collection process, the meter was calibrateldverified to make sure that it is in
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good working order. To determine the pH value, peolvere immersed into the sample
to be tested and the mode of pH was selected Isgipgethe range key until the display
changes to pH. Electrode was stirred gently anddsta few minutes to adjust and
stabilize. The display was showed the pH value raatally compensated for
temperature.

4.9.2. Electrical Conductivity (EC)

Measuring conductivity is done by using EC metdrH{Bnna, TH-2400), that
measuring the resistance occurring in an areaeofdst solution defined by the probe’s
physical design. Voltage is applied between the ®lectrodes immersed in the
solution, and the voltage drop caused by the ermst of the solution is used to
calculate conductivity per centimeter. The displasas showed the EC value
automatically compensated for temperature. Thechast of measure for conductivity
is the Siemens (or mho), the reciprocal of the dhnthe resistance measurement.
Because ranges normally found in aqueous soluaomsmall, micro Siemens/cm. EC
was measured for soil and wastewater samples.

4.9.3. Total Phosphorous

Although phosphorus can be classified as orthograiss, condensed
phosphates and organically bound phosphates, #rerenly two common laboratory
tests for the determination of phosphorus. The isr&nown as total phosphorus and the
second is orthophosphate (also known as reactiespptorus). The total phosphorus
test consists of two steps. The first step is teppre the sample by oxidizing
organically bound phosphates and condensed phespttabrthophosphate. The second
step is to determine the total amount of phosphpresent, which is now all in the form
of orthophosphate, via a colorimetric techniquethié first step is bypassed, only
orthophosphate, originally present in the samgléeitermined.

4.9.4. Nitrate NO3

Nitrogen in soils occurs in many forms, both orgasamd inorganic. The former
fraction, composed mostly of plant and microbiahains, is variable in composition.
With increasing aridity, however organic and tosalil N tends to decrease. The
inorganic phase of soil N is composed of ammonitdH.), nitrate (NQ), and nitrite
(NOy) forms. The NH and NQ forms are routinely measured in soil laboratoraes,
they reflect the extent of mineralization, and #re forms of N taken up by plants.
Thus, Nitrate is measured by a spectro-photomatathod (using chromo tropic acid).
Chromotropic acid spectrophotometrically methodjiste rapid, used originally for
wastewater and later for soils.
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4.9.5. Chloride ClI

10 ml of wastewater sample or a suitable portidateld to 100ml is placed into
an Erlenmeyer flask and 1ml potassium chromatetisolladded. The mixture is then
titrated against a white back ground with silverate solution until the color changes
from greenish yellow to reddish brown. Blank samplth distilled water is treated in
the same way as the sample. The same was perfdéomsail extract.

4.9.6. Sodium, Potassium, Calcium Phosphorus and Magnesium

In Wastewater, sodium was determined by flame pheter, Potassium, Ca,
and Mg were determined after wet digestion of soipdes in HSO, salisilic acid
mixture with three addition of ¥D;

In the diluted digested of soil, P was measuredctspehotometrically by
indophenols-blue method after reaction with asaoriacid while Ca and K were
determined by flame photometer. Soluble-salt cdnte@nsoils was determined by
saturation-extract method as described by Rhoatie82]. Calcium was determined
titrimetrically using Diethylene Triamine PentaacetAcid (DTA) method and
Magnesium was estimated as the difference betwasinéss and calcium as CagO
Sodium Adsorption Ratio was estimated after deteaton of Ca, Mg and Na
concentrations in the wastewater and soil samples.

4.9.7. Heavy Metal (HM)

Heavy Metals are tested based on the operatingeguoe for the Atomic
Absorption Spectrophotometer using appropriate ldonpeach element. The (DTPA)
reagent should be of the acid form. The theoretieais for the (DTPA) extraction is
the equilibrium of the metals in the soil with ttieelating agent. The DTPA is a multi-
element soil test for alkaline soils developed jt&hpour and Schwab (1977), and
later modified by Soltanpour and Workman (1979%nat the use of carbon black.

4.9.8. Fecal Cali form

For estimation of FC bacterial populations, The Nesne Filtration (MF)
technique is performed. In the initial step, seleiutions of the sample volume is
passed through a membrane filter with a pore sirdlsnough (0.45 microns) to retain
the bacteria present. The filter is placed on aspdient pad saturated with a culture
medium that is selective for coliform growth (CFUhe pad dish containing the filter
and pad is incubated, upside down, for 24 houtbeaappropriate temperature (44.5 +
0.2 C). After incubation, the colonies that have bladoc are identified and counted
using a low-power microscope. Few colonies fromhegtate were picked and
biochemical tests were performed to confirm thenid. The same was applied for
both soil and wastewater samplé$HA, 1995).
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4.10. Data Analysis

All data (previous and obtained from test programeye entered as Microsoft
Excel sheet. Results were represented on figurdscarves to deduce the trend of
parameters development over the desired period 2@08 till 2009.
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CHAPTER 5: Results & Discussion
5.1. Introduction

The main objective of this study is to investigaite agronomic impact of
wastewater reuse on the soil and on forage crdfefé when it is irrigated using
partially treated effluent from BLWWTP for long-tar(six years). As an approach to
achieve the objectives, analyses of plant andfsoBeitLahia Pilot Project (BLPP) for
the years 2003 till 2009 was presented and disduddereover, the national and
international reuse guidelines were reviewed anthpaoed with the case in BLPP.
Finally, regional and international experiencestaghlighted to bridge the gab between
the farmers and the researchers in the confidehogsiag the treated effluent for
irrigation purposes.

5.2.Applied Wastewater Quality

In treated effluents, the physical and chemical starents need careful
consideration in order to evaluate or detect ptsshort or long-term effects on soils
and crops from salts, nutrients and trace elem@&athijotes, 2006. That is why risks
that may attribute by wastewater application will mvestigated based on criteria
illustrated in table 3.2 developed by Kathijote80@ as well as Palestinian Standards
(PS), Environmental Protection AgencyERA, 2003, and Food & Agriculture
Organization FAO, 1985 1992 as illustrated in Appendixes.

The quality of applied wastewater was tested twees during this study. The
first was in October 2008 while the second was ard¥t 2009. Time composite sample
from the feeding pipe of BLPP were collected at oartainer at discrete intervals (10
min. each). Results from 2003 till 2006 tests waoe significantly differing from that
carried out during this study 2008- 2009.

5.2.1. Physical Properties

° pH

pH values of wastewater can be affected by theceooir water, the season, type
of wastewater and the treatment proc&szsilpglu, 2007).

For pH values, results indicate that the appliedtexsater has alkaline pH
values as it i8.23, 7.98, 7.64, 7.38, 1L.band7.66for the years 2003, 2004, 2005, 2006,
2008 and 2009 respectively as figure 5.1. Accordmd=PA, 2003 and FAO, 1985
guidelines these values are in the usual rangevéstewater pH (6.5- 8) to be used for
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irrigation. For BeitLahia most of the wastewateurse is of domestic origin with
almost the same source, therefore the risk of @thdtic changes are negligible due to
the absence of industrial activities along with Waestewater network.
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Figure 5-1: pH values for applied wastewater in BLPP

Results also indicate that pH values decrease twith, this decrease may be
attributed to the increase of organic loads andireof its removal efficiency as the
treatment plant are heavily overloaded year aftetleer Al Khaldi, 2006). It may also
results from the formation of volatile acids andoma dioxide from anaerobic digestion
of organic matter.

Moreover average pH in the source water was higfinen that of wastewater
effluent table 5.1.

Table 5-1: quality of wastewater and fresh water near the project area of BLPP

Fresh water Eff. Wastewater

oH 79 7.78
EC ds/m 1018.0 1836
TDS mg/l 678.7 1224
Cl mg/l 115.6 274
Nitrate 103.3 24

Ca mgl/l 98.4 8

Mg mg/I 355 45

Na mg/| 87.2 236
K mg/l 8.3 23.3

» Electrical Conductivity ( EC)

Electrical

conductivity in applied wastewater waanging from 1820-

195Qus/cm (1164-1248 mg/l as TDS). Values of EC wér83, 1.82, 1.85, 1.95 and
1.93dS/m for 2004, 2005, 2006, 2008, and 2009 respeytiInitial value of Ec was
1.86 dS/m. Based on FAO, 1985 guidelines for dgliconcentrations EC has moderate
restriction on use at current EC level and it canubed for irrigation with no severe
risks in case of high drainage soil.
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According to EPA, 2003 EC values are still in trszial range of salinity where
the critical value of applied water should not ease 3ds/m. EPA, 2003 guidelines
divided the applied wastewater into five main at@sBased on EC and TDS values as in
table 5.2. Current values of applied wastewates layclass 3 which indicate that the
water in this class should be used for irrigatiomhwestricted drainage. Even with
adequate drainage best practice management cofdardsalinity may be required and
plant salt tolerance must be considered.

Wastewater quality in the northern area where tte@ment was conducted
characterized with low salinity compared with othecations in GS. Therefore the
potential use of treated effluent from BLWWTP igwéigh and allow to cultivate in
good conditions alfalfa or others fodder (toleraatfalfa =2-3 dS/m). The risk of soil-
salt accumulation may be controlled if considerat®unt of leaching is applied.
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Figure 5-2: EC values in applied wastewater

As shown in figure 5.2 the salinity expressed nmtef electrical conductivity is
nearly constant within the 6 years of experimentalivhile, the treated effluent from
GWWTP shows high EC values ranging from 3 to 4 dS/m

Al Khalid, 2006 through studying the performancetled BLWWTP found that
salinity of 85% of samples of the effluent did rexceed 2dS/m and none of them
reached 2.5dS/m over the monitoring program. Theama high range of crops types
can be cultivated and irrigated with treated effituirom BLWWTP @Al Khalid, 2006)

It is wroth to mention that the secondary treatmenthe GS has negligible
influence on the electrical conductivity; the sajirof wastewater is associated with the
drinking water which is mainly abstracted from gnduaquifer. Care should be taken
when wastewater from different places in GS is ¢paised as high variability in GS
water quality exists even if it's small area.
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Table 5-2: Salinity classes of irrigation waters and salt tolerant plants; source EPA,2003

Class TDS(mg/l) EC Comments
pus/cm
1 0-175 0-270 Can be used for most crops on most with all

methods of water application with little likelihogd
that salinity problem will develop. Some leaching
is required and this will occur under the normal
irrigation.

2 175-1500 270-780 Used if moderate amount of leacbatur. Plant
of moderate salt tolerance can grow, usually
without salinity management. Sprinkler irrigatio
can cause leaf scorch on salt sensitive crops
3 500-1500 780-2340| The more saline water in thisscénould be usefd
with restricted drainage. Even with adequate
drainage best practice management controls fg
salinity may be required and plant salt toleranc
must be considered

>

D =

4 1500-3500 2340- Soil must be permeable. Water must be applied in
5470 excess for leaching and salt tolerant plant should
be selected.
5 >3500 >5470 Not suitable for irrigation except oglivdrain

soil under good management especially in
relation to leaching, restricted to salt tolerant
Crops or emergency use.

5.2.2. Chemical Properties

» Calcium & Magnesium (Ca+Mg)

Average calcium concentration in applied WW in BLR&s77 and85 mg/I for
the years 2008 and 2009 respectively while it &8, 79, 76, 83ng/l for the years
2003, 2004, 2005 and 2006 respectively. The snaaiatron in Ca concentration in the
wastewater could refer to the test device changde@l is still in the acceptable range
according to the EPA,2003 and FAO, 1985 guidelameg recommends Ca values of 0-
400 mg/l.
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Figure 5-3: Exchangeable cations (Ca, Mg) in applied wastewater

Magnesium (Mg) level is stable for the first folgays with concentrations 6#,
43, 46, 39, 34and 46 mg/l. for the years 2003, 2004, 2005, 2006, 2068 2009
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respectively. Generally, Mg level is decreasinghvim small amount and this may be
due to the increase of sodium level in wastewatdha volume of Mg was replaced by
Na. Mg level still in the acceptable range accagdio EPA, 2003 and FAO, 1985
guidelines as the maximum allowable value is 5m@&g§ing/l).

e Sodium (Na)

Results show that sodium level for the applied watake the water is of severe
restriction to be used for irrigation as it excedus usual level assigned by FAO, 1985
guidelines (200 mg/l) as shown in figure 5.4. The ddncentration wa246, 241, 228,
223, 250,and 220 mg/l for the years 2003, 2004, 2005, 2006 2008 ana9
respectively. This high concentration may refethi original water quality which is the
main source of wastewater and the repeated iroigatising wastewater. Sodium
concentration is associated with chloride concéiomavhich is originally high in GS
ground water due to sea water intrusion. Usingtece&ffluent in irrigation purposes
will save about 80- 100 Mifyear of ground watePWA, 2005).

In away or another, this approach will possiblyréase sea water intrusion. It is
expected to have high sodium concentration as @tre$ using treated effluent in
irrigation. Sodium has negative effects on soileesgly clay soil, this effect is minimal
in case of sandy soil due to high infiltration s tase of BLPP soil.
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Figure 5-4: Sodium (Na) values in applied wastewater

* Sodium Adsorption Ratio (SAR)

SAR is the relative concentration of Nto Cd* and Md" levels. SAR is an
important parameter because, in combination with EQan pose soil infiltration
problems. High SAR values above 10 may result ducton of soil permeability and
aeration and a general degradation of soil stractaven if lower EC values, sodic soils
are low in total salts but high in exchangeableilsnd The combination of high levels
of sodium and low total salts tends to disperskpsoticles.
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Calculated SAR values of BLPP applied water wee 5.3, 5.1, 5.47, 5.8nd
5.17 in 2003, 2004, 2005, 2006, 2008 and 2009 respdygtivihis means that the
applied wastewater SAR values with the current B aceptable according to EPA
and FAO standards. From test results it is cleaolyjced that SAR value increased over
the experiment years by about 30% as a resultditisolevel increase. Care should be
given to SAR values as not to exceed the permessbkl of 10.
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Figure 5-5: SAR values of applied wastewater in BLPP

The projection of average values of SAR and Egpliad wastewater on figure
3.5 shows that effluent quality of BLWWTP expresw Isalinity hazard and it can be
used for agriculture irrigation for varying ranget@erant crops. This result agrees with
that obtained by Al Khaldi, 2006 during the evaioatof the BLWWTP performance
as he conclude that BLWWTP effluent could be usaduinrestricted irrigationA
Khaldi, 2006).

* Nitrate (NO»,)

The total nitrogen in wastewater is often referesdtotal kjeldahl Nitrogen
(TKN). The high nitrate concentration is a well ko phenomenon in Gaza northern
area due to disposal of sewage to sand dunes sdinguthe treatment plant, this leads
to high nitrate concentration of fresh water. Hoerenitrate values of applied water
were lower than usual limits stated by EPA 2083rfg/l) all the time.

It is well known that during any biological treant process, up to 30% of the
total nitrogen is removed in cell synthesis by amification, in addition to that
removed during the sedimentation processes. Thikldme the reason of which nitrate
in applied water is within the permissible leveldatower than source water.
(Horan,1997)

Results indicated that NQralues ranged frorh3 to 36 mg/l as in figure 5.6. It
Is noticed that nitrate level of applied wastewatereases with time and this may be
due to the efficiency of treatment plant as theaarg load increases with time. Results
also indicated high concentration of nitrate in 2@hd 2009 as the values w&®17
and 30.2 mg/I-NQ; respectively which is also less than maximum pesiis value.
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Moreover as it was stated high Blfdas no severe impact on crops but it may leaches t
the ground aquifer.
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Figure 5-6: NO3 values in applied wastewater for BLPP

e Potassium (K)

According to EPA, 2003 the maximum permissible Kele of applied
wastewater is 78mgl/l, this is clearly applied far oase as the maximum k level was 32
mg/l in 2003 as in figure 5.7 and it decrease®%®, 26, 15, 11and 14 mg/l for 2004,
2005, 2006, 2008, and 2009 respectively. The maasan for K decrease is the
decrease of K level in the source water as K valag 16mg/l in 2003 and decreases to
8 mg/l in 2007.
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Figure 5-7: Potassium (K) level in applied wastewater for BLPP

These values were lower than recommended by diffestandards for irrigated
water quality (40mg/l), thus fertilizer containsdétibnal K values should be added.

* Phosphorus (P)

The major source of phosphorus in wastewater isflfmuman excreta and
synthetic detergent. According to EPA, 20®3neq/l is the maximum range of P in
applied water. Results indicated that P was higfimen this level as the average level is
2.65meq/l with the maximum level & being observed in 2006 and 2008 as in figure
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5.8. It is also noticed that the P level increaseth time and this may be due to the
aeration conditions in treatment plant. Any hBescode, 92ndicated that GS effluent
has higher amount of P due to plants overloading.

4

3 - 4
< /
o 2
£

1

0

2003 2004 2005 2006 2008

Figure 5-8: P level in applied wastewater for BLPP

* Chloride( Cl)

It is known that the chloride concentration all ottee GS aquifer is higher than
recommended by international standards excepthfernbrthern area as the chloride
concentration is within the acceptable range bfgbht standards for drinking purposes
(around 250mg/l). Maximum allowable CI level inigaited wastewater is 1050 mg/I. It
was clearly noticed that Cl values for applied wastter is less than the maximum
allowable value all the times and no risks can d&m@egated from using this water.
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Figure 5-9: Chloride level in applied wastewater for BLPP

The values of Cl arg92, 268, 277, 252, 26ind294 mg/l for 2003, 2004, 2005,
2006, 2008, and 2009 respectively. These valueatelithat the treatment processes of
BLWWTP does not affect the Cl level significantly the values are very close to the
fresh water values and low values of applied water due to the lower chloride
concentration in source water. According to EPAQ2Q@vater quality the chloride
concentration of irrigated water that cause fotmmoderately tolerant salt crops as
alfalfa is 355-710mg/I this means that BLWWTP effluent is suitabdelte used for
irrigation purposes.

* Heavy Metals (HM)
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Wastewater has wide array of heavy metals. Forr¢luse of wastewater in
BeitLahia (Cd), (Pb), (Zn) and (Cu) were considedkee to the indication of its
existence in Gaza aquifeBlfomar, 2003 and to the historical data. Analysis shows
some trace of Cd at different seasons, while inytbeg 2005 Pb has high concentration
of about2.86mg/l as in table 5.3. To some extend, BLWWTP neeewastewater from
GS northern area where small scale workshops ssiglaiating and battery industries
are exist. Therefore high concentrations of heaetyais are seen occasionally.

Table 5-3: Heavy metals in applied wastewater in BLPP

Parameter | 2004 2005 2006 2008
mg/|
Cd 0.005 Free Free 0.005
Pb 0.03 2.86 0.07 1.88
Zn 0.02 Free Free 0.05
Cu Free 0.001 0.009 Free

Results also indicate that heavy metal level inapglied water varies with time.

It was clearly noticed that lead (Pb) is the domires it ranges betwe&nh03and2.86
mg/l. while Zinc and cupper concentration levelsimy the experiment ranged between
free and very low values. similar result were aledi by Shomar, 2003 revealed that
domestic wastewater influent contains considerabi®unts of heavy metals and the
partially functional treatment plants of Gaza apkedo remove 40-70% of most metals
during the treatment process. Although current heaetals level in applied wastewater
is less than stated BPA guidelines $mg/l Pb,0.2mg/l Cu and2mg/l Zn), its level is
higher than PS standard&r(g/l of Pb) therefore, it should be controlled irder to
prevent any potential risks of pollution. Moreovplant tissues should be analyzed to
determine the level of uptake to prevent the comtation of food chainEPA, 2004)

5.2.3. Biological Quality of Wastewater

Fecal & total coliform (FC, TC) were investigatesl iadicator parameters for
biological contamination of wastewater, soil anfaléd. Results indicated that average
values of FC in applied wastewater in BLPP werdnérghan PS and WHO standards
(1000 CFU/100m) as in table 5.4. Maximum FC value was 5500 whiieimum value
was 1500 CFU/100ml. Comparison of average FC valugstime revealed significant
increase of FC values with time.

This increase attributed to the increased organedihg as well as the
inadequate design of the maturation pond in BLWWFch could be the main reason
of the high FC level. The same results was obtabe@Khaldi. 2006) as he concluded
that the BLWWTP effluent can not be used for unretstd crops from biological
quality point view and the plant needs more disiiée units.
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Table 5-4: Biological Quality of BLPP applied water

Year F. Coliform Tot. Coliform
2003 10-100 2500
2004 1500- 2000 2500
2005 2000- 4000 3700
2006 4000-5000 10000
2008 3500-4500 6000

5.3.BLPP applied Wastewater According to PS Standards:

According to Palestinian Standards the appliedatad water in BLPP is within
the acceptable range for most of nutrients le\tsvever some risks may be associated
from using this water especially related to heawtals as the average concentration of
Pb is much more than the permissible by PS. TabldlGstrate the acceptable range of
many parameters and the existing range in theegpplastewater in PLBB.

Table 5-5: Palestinian Standards for irrigated wastewater

Group Parameter Palestine BLPP applied
Standards< WA
Sanitarian FC (CFU/100ml) <1000/100ml 60 - 6000
aspects
Cd (mg/L) 0.01 0.005
Pb (mg/L) 1 1-4
Heavy metals Hg (mg/L) 0.001 <0.001
Cr (mg/L) 0.1 <0.01
Cu (mg/L) 0.2 <0.1
EC (dS/m) 25 1.85-1.95
Salinity TDS (mg/L) 1500 1236
pH 6.5-9 7.4-8.3
Physical SS mg/l 40/50 64
quality BOD mgl/l 45/60 53.6
COD mg/l 150/ 200 105
Cl mg/l 500 1224
NO3mg/l 50 235
Chemical Ca mg/l 400 79.2
quality Mg mg/l 60 45
Na mg/l 200 234
TKN mg/| 50 56.6
Total P mg/l 30 2.8
SAR 9 5.9
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It is clearly noticed that the PS has the samelteeais international standards
guidelines regarded to the BLWWTP effluent and pisssibility to be used in
agricultural irrigation. Results indicated that theerage FC level of applied water is
much higher than recommended by PS, which meams ihe great concern in using
this effluent for agricultural irrigation espechalin case of raw vegetables and applied
water need additional disinfection unit. Resultsesds that salinity of BLWWTP
effluent is less than the critical limit assigney the PS, this support the general
conclusion that the water quality in GS northereaanas high quality related to salinity
and no risks associated from its irrigational uddeavy metals are also within
acceptable range except Pb which is higher thaomeended by PS (1ppm). More
details will be presented in section 5.4.

Organic and inorganic nutrients are also havingpiable level and no risks can
be generated from using the BLWWTP effluent ingation except sodium which is
higher than the desired level by PS standards.

Generally, the effluent of BLWWTP could be used &gricultural irrigation in
condition that some measures can be provided assexgater application accounting
for leaching, crop selection and crop rotation.

5.4.BLPP Applied Wastewater According to Kathijotes Criteria

Table 5-6 : Kathijotes criteria for irrigation water quality standards and risks

Criteria Criteria Risk 2003 | 2004 | 2005/ 2006 2008 2009
Range Estimation
Ca + Vg
Na + 0.23Ca >1 Natrium risk 0.84 | 0.35| 0.71| 0.58| 0.88 1.12
T0C{Ca+ MQ)
Na >60% Natrium risk 93 73 77 62 100.9] 140
100 Mg
Ca + Mg < 50% Magnesium 47 51.2 50.1 39 37.32 25.3
288
Na+ 4Cl 6-18 Chloridisation 6.9 7.1 7.0 73 7.2 6.6
662(
Na+ 26Cl <1.2 Chloridisation 138 | 1.64 | 1.61| 1.68, 1.66 1.54
28¢
5.Cl >18 Chloridisation 7.0 7.68 | 7.38| 8.1 7.78 7.02
Na
Na+ Ca+Mg <0.6 Alkalinisation 0.5 0.6 0.58 | 0.62| 0.5 0.42
Na
Ca+Mg <0.7 Alkalinisation 1.05 1.4 1.29 1.58 0.99 0.6
NatK
Ca+|\/|g <1 NO Alkalinisation 1.15 | 152 | 14 1.7 1.02 0.6
SAR <10 Dangerous 43 |53 | 51 | 587| 447| 3.87
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Kathijotes criteria were developed in 2006 durimg tconference on water
observation and information systems for decisioppsut. It was applied in the
investigation of the risks of the treated sewadended for irrigation in Cyprus during
salinization risk assessment study.

Applying the criteria on BLPP irrigated water indied that sodium risks were
existed all the time and the applied water hasdrngodium values than recommended
by Kathijotes. Therefore Natrium risks can easitguwr and this result is similar to that
obtained in the previous section. It is also cksillustrated in table 5.6 that there was
no risks regarded to chloride, cations (Ca, Mg) alidlinity as the level of these
parameters are less than the threshold valuesnasshy Kathijotes. Generally results
indicate that at most time the quality of effluemtBLWWTP is suitable for irrigation
use as it does not pose risks. However, care stmitdken when using such effluents
based on soil and crop type in order to minimizeloninated possible contamination
(Kathijotes, 2006

Generally, the characteristics of wastewater usedtrigation varied within and
among the years of application. In average, thetemasger is alkaline with basic pH
value of 7.73. The wastewater contains considerabieunt of i.e. (nitrate, calcium)
which are considered essential nutrients for imp\plant growth and soil fertility
and productivity level. On the other hand, the eiation of micronutrients and heavy
metals in the applied wastewater are relatively lamd meet the standards of
wastewater agricultural use. Given the fact thas¢hmetals could be accumulated in
soil and plant with continuous use of wastewaterrrigation, therefore their periodic
monitoring should be an important component of exater management.

5.5. Soil Properties

5.5.1. Physical Soil properties

° pH
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Figure 5-10: Soil pH values for both 0-30 and 30-60 cm layers.
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Significance of pH lies in its influence on availdlp of soil nutrients, solubility
of toxic nutrients elements in soil, physical bréakn of root cells, cation exchange
capacity in soils whose colloids (clay/ humus).| 9t is affected by depth as well as
duration of wastewater irrigation. Many researghesited that there is inconsistency in
wastewater effect on soil pflRusan et al, 2007)

Results indicate that soil has alkaline pH for blatyers over all the experiment
time the same as irrigated water. pH was higheéhenlower soil layer than the surface
one as in figure 5.10. pH values for top soil laggrged between 8.37 and 7.73 while
pH values for lower layer ranged between 8.8 add.7his variation may be due to the
differences in microbial action in soil layers assidecreasing with depth resulting in a
decrease of organic acids formation. Results aisticated that long term use of
wastewater application result in soil pH decreasebbth soil layers. This may due to
humus increment causing formation of organic asileh decrease the pH value. This
result is similar with that obtained by Kizilogl2007 as he found during a field
experiment aims at minimizing degradation of swigated with wastewater in Erzurum,
Turkey that pH values increased with depth in adlitg irrigated with wastewater
general decrease in pH values occur after long vesisiewater useK{ziloglu, 2007).

However, Schipper et al., 1996 found that soil pkeféased following long term
wastewater irrigation and they was attributed thigease to the chemistry and high
content of basic cations such as Na, Ca and M@emastewater applied for a long
period (Schipper et al., 1996) Other researcheréV.J, 2003) found that soil pH
decreased with wastewater irrigation due to thelation of organic compounds and
nitrification of ammoniun(M.J, 2003)

The end section of the curve indicates lower pHieslespecially for the 30-
60cm layer in 2009; this was due to fully harvegtoi alfalfa plant at the beginning of
2009 and no more humus consumption by plant occur.

. Soil Salinity (EC)

Crops are differing in its resistance to saltsirfiglis expected to cause yield
reduction of crops for various levels of soil sdlirunder normal growing conditions.
Generally forage crops are the most resistant timitya followed by field crops,
vegetable crops, and fruit crops which are genetiaé most sensitive.

For all crops, soluble salts that accumulate ihssmiust be leached below the
crop root zone to maintain productivity by leachimgich is the only management tool
that overcomes this problem. When salt accumulatsoil, the soil solution osmotic
pressure increases. Thus, the amount of wateraéaifor plant uptake decreases and
plants exhibit poor growth and wilting even thoutjle soil isn’'t dry. Figure 5.11
present the effect of different saline soil levefsavailability of water at root zoon and
its relation with crop growth.
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Nonsaline Soil Meoderately Saline h H_ighly Saline

No shading shows unavailable water
Shaded area shows available water

Figure 5-11: Salinity effects on water availability and crop growth (MARS, 1996)

Resultsindicate that salinity in soil layer increases wiilne with higher
increase being observed in the lowe-60 cm layer as figure 5.13alinity level varie:
significantly in the surface layer after rain seasdue to high leachate of sandy soi
it has high infiltration rate. This is expected due tegipitation as much salts leach ti
water displaces soil soluble salts from the topcB0 layer to settle in the -60 cm
lower layer which accounts for salinity increashislincrease in soil salt cent in 30-
60 cm layer after six year of wastewater applicatiributed to the high evaporati
rates and absorption by the alfalfa roots whichucedthe amount of free water &
therefore concentrates the salt in the soil sutastt@ame results werechieved by
(Biswas et al, 200p However, salt leaching from the surface layer wasehsing witl
time as result of salt accumulation. This may be thiirrigation system efficiency
which drainage water mixes with the soil solutiBiswas 2007 found that the avera
leaching efficiency in surface 30 cm soil in caédrp irrigated fields has to 65%. A
65% LE implies that at least one third of leachateor-mixed irrigation water which i
bypassed without removing salt from the (Biswas, 2007.
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Figure 5-12: Salt contents in two soil layers.

Wastewater application increased soil salt contetite top 30 cm layer from
0.45to about3 dS/m while it increased the -60cm layer salt content fro0.41t0 2.50
dS/m. For both soil layers, soil salt content bezamore than that for irrigate
wastewater as a result of long term wastewatenagifmn and salt accumulatio
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Generally, plant growth becomes affected by thegmee of salts and/or sodium
when the sodium adsorption ratio (SAR) and eleaftrwonductivity (EC) levels exceed
critical values of 15 and 4 dS/m, respectivéla(schner, 1989. However, some plant
species are sensitive to salinity at less than/thd&ven with adequate drainage, best
practice and management controls for salinity maydguired and the salt tolerance of
the plants to be irrigated must be considered.

5.5.2. Chemical soil properties

It is obvious that soil chemical properties are mhaiaffected by the applied
water properties. The level of nutrients in soilpportionally affected by that in
irrigated water and sometimes it may increase dumitrients accumulation especially
in low permeable soil and/or low leaching fractepplication.

» Exchangeable cations (Ca, Mg)

Many minerals in soil are negatively charged anal atiract or retain cations
such as Potassium *K Calcium C&', Sodium N3 Magnesium M§ etc. the
exchangeable capacity is the reversible procesteasents can be held in the soil and
not lost through leaching and subsequently relefmecrop uptake. Results reveal that
(Ca, Mg) level is decreasing with soil depth aslvasl with increased time of waste
water application as in figure 5.13. This decreassulted from the reduction of
exchangeable volume occupied by Mg as it is repldgeNa cations. It is also known
that high concentrations of sodium reduces thekaptd important mineral nutrients,
K" and C&" which further reduces cell growth especiallyroots.
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Figure 5-13: Exchangeable- cation level in soil layers

Ca, Mg level is also varies significantly withinilstayer especially in the
surface top layer 0- 30 cm. The variation of catiealue in soil top layer is about 70%
while it is 32% in 30-60cm layer. This high varatiprobably due to high leaching rate
resulted from precipitation as the Ca, Mg leveldoefrain fall was higher than that after
rain especially in the first stages of project. drabn the variation decreases due to
Ca+Mg accumulation. Similar result was obtainedogn et al., 1999.
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e Chloride (CI")

Mass, 1996 illustrated the le' of soil chloride contenat which the crop yiel
of different crops began be affected. The effects of high"€bncentrations in the sc
solution on yields of various crops is shofigure 5.14.

The effect of chloride in the soil on yield
of selected vegetables
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Figure 5-14: effect of chloride level on yield of selected vegetables

Results indicate thator both layers Cllevel do not increase the permissi
limit assigned by different standards (30meg/lpay time as in figure 5.5. However,
average Cl level wa$5.4 and 9.4 meq/l for both soil surface layer and lower 3C
layer respectivelyvhich may negatively affect the yield of some aarterops othe
than alfalfa according to Mass, 1¢ It was clearly noticed that there was gr
harmony in chloride level in both soil layers résg from the same soil properties. T
results indicate that leaching of Cl was occurréfigr rainfall seasons in the top la
especially in the first yeaiof wastewater reuse as high variation was notinedl ilevel
before and after rainfal
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Figure 5-15: Chloride level in different soil layers of BLPP

Cl level increased with time where its level in 200as24.3and 19.9meq/| for
top and lower soilayer respectively, this increase in both laymay be due to the
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saturation of lower layer with Cl as in 2005 Clééwas similar in both layers was, thus

no possible leaching can occur. This reveals thaitigation measure should be at that
time.

« Sodium ( N& )

Na Level was increasing significantly with the tiragpecially in the top 0-30
cm layer as illustrated in figure 5.16. Averageigodlevel in surface soil layer was
319ng/l while it was257 mg/l for the lower 30-60cm layer while the initida level for
both layers was almost same (45 mg/l). This melaaisthe higher increase was on the
top layer due to the high TDS level in treated wasiter which allows accumulation of
Na especially in the top soil layer. Average Naamriration exceeds the permissible
limits stated by the EPA and FAO guidelines. lcisar that wastewater application
poses a source of excess Na in the soil due its Nig level compared with other
cations (Ca, K, Mg) and therefore it should be appately controlled. Similar results
were obtained bifiziloglu, 2007.
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Figure 5-16: Na level in soil layers.

Leaching is clearly occur from surface to the bottiayer as indicated by the
variation of sodium concentration from winter tarsuer time especially for the first 3
years. Pettygrove and Asano had the same indicttairaccumulation of sodium in the
soil from effluent applications can cause soil ltrdtion problems and exacerbate
salinity problems.El-Arabi, 2006)

* Sodium Adsorption Ratio (SAR)

SAR is the relative concentration of N Cd"* and Md". SAR values were
examined along wise with EC values to study thé&uarfce on soil permeability and
infiltrate just as crops differ in tolerance to Iigalt concentrations; they also differ in
their ability to withstand high sodium concentragoPlants on sodic soils usually show
a burning or drying of tissue at leaf edges, pregirgy inward between veins. Crops
differ in their ability to tolerate sodic soil, bif sodium levels are high enough, all
crops can be affected ion capacity as they aregityoelated.
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SAR values for irrigated water were ranged frém to 5.4 Same SAR values
for soil were noticed at the early start of thejpcoin 2003 however SAR for soil was
increasing with time because of sodium increase amdimulation till SAR. Average
SAR value in the top soil wag.2 with maximum value 0ofL0.7 in 2009 while the
average value for bottom layer wa44 with the maximum value df0.3also occurs in
2009 as illustrated in figure 5.17.

Kathijotes, 2003 noticed that the quality of sahwples irrigated using fresh
water in Cyprus for eleven years demonstrated higladies of SAR and therefore
poses greater salinization risks. This means tbétSAR values is mainly acquired
from irrigated water sodium conterddthijotes, 2003.
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Figure 5-17: SAR values for two soil depths.

It is noticed that there is a great harmony betwienNa and SAR graphs as
both are increasing for both layers and it tendsntoease without management and
mitigation measures being applied. Qian, 2005 dtttat the Long-term uses of RWW
with marginal high SAR may result in reductionssofl infiltration and permeability in
clayey soils and for sites with high traffic andhgmaction pressure. Further research is
needed to monitor soil hydraulic properties foesitrrigated with RWWQian, 20095.

To determine the combined impact of SAR and Ec @h the salinity hazard
chart mentioned in chapter 3 figure 3.3 were usée. projection of current salinity Ec
(2. 5dS/m) and SAR (10- 13) showed that under tivedges soil lays in the area of
unlikely permeability hazards and filtration andpeability problems occur. This was
clearly noticed through increase salinity and sodiavels in both soil layers. This high
concentration requires more leaching fraction araindge or even soil washing using
fresh water as well as crop rotation.

* Nitrate (NO5,)

Nitrogen applied through wastewater is either tagthe crop, leached beyond
the crop zone, resides in the soil or is lost tgrodenitrification. The two forms of
nitrogen that are available to plants in the sl mitrate (NQ), and to a lesser degree
ammonium (NH) (POOL, 2004). Results indicate that average Nédncentration was
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243 and173 mg/l for surface and bottom layer respectivelyisTheans that the average
NOs in the surface was higher than the lower layea essult of wastewater application
No data was collected for the year 2004 as in &guf8.

It was noticed that there was considerable vanatn nitrate levels in the
surface layer after each rain season. This prolamyto leaching of nitrate to the lower
layer, this was clearly noticed as the nitrate ll@avéhe lower layer has increasing trend.
Moreover, this variation may attribute by alfalfeog action, as alfalfa consume high
quantities of nitrogen at the beginning of growdason which occur in spring, thus
NOs concentration decreases in soil at that time asd versaFool, 2004. Moreover
alfalfa nitrate uptake is relatively high compareith other forage crops and this may
lead to more yields and less Bl@vel in soil in growing season (spring to summer)
Similar result was obtained gpngin, 2005

Increase of N@level in summer time can also be attributed tortitefication
process at which ammonium is converted to nitréteer éhe mineralization of organic
nitrogen. That is why ammonium can not accumulatsail as soil temperature and
moisture suitable for plant growth also are idealdonversion the ammonium to nitrate
Tamm, 2006 found that different nitrate patternsvsta low concentration in top soil
during the vegetation period and a much higher eotmation after thaffamm, 2006)
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Figure 5-18: NO3 values for two soil depths

* Phosphorus (P)

Phosphorus is essential for alfalfa production Bndne of the most common
nutrient inputs for this crop. This nutrient is alwved in many essential roles within the
plant, and deficiencies result in slow growth, s@sped yields, and lost in yield.

There have been many reports that P nutrition baea found to improve plant
disease tolerance or resistance. This nutrienbresgpcould be due to the influence of P
on plant growth, leading to improved disease rasi or tolerance, or possibly due to
its direct influence on pathogen activity in thd poior to infection.
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Soil phosphorus is most available for plant usptawalues of 6 to 7. When pH
values exceed 7.3 as our case, phosphorus is smoggamade unavailable by fixation
in calcium phosphates.
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Figure 5-19: Phosphorus values for two soil layers.

Results reveal that there was great harmony i pstasphorus level for both
soil layers (0-30 and30-60cm) as in figure 5.19n Fower soil layer is higher than in
top soil in the beginning of grown season in 2004Pavalue wa8 and 5for surface
and lower layers respectively , this may be duth& P in the top layer interact with
other organics and becomes involved in many saittrens that tend to reduce its
solubility. Moreover, maximum P value occurs inisgrof 2004 where alfalfa is in the
initial growth stage was probably due to that &fdlas no enough roots that access to P
and uptake it, thus high p values noticed durirggglowing time, P values was almost
same for both soil layers and this may be due fadfalplant uptake of P in the lower
layer while P in the top layer was converted taaorgs. It is obvious that high-yielding
alfalfa removes large amounts of nutrients fromftélel in each cutting which occur in
summer times. Hence P level being decreased dpiang growth time as the plant
consumes all P. Mikkelsen, 2004 stated that bytithe remarkable decrease in P level
in the soil layers occur as the roots are ablectess P which includes sufficient soll
moisture and other essential nutrients present dieqaate wastewater supply
(Mikkelsen, 2004)

Most of the P entering the plant rapidly becomesveded into organic
compounds, where it becomes involved in a varié®ssential reactions. For example,
P in alfalfa is essential for formation of nucleicids, and associated with functions
such as protein formation.

» Potassium (K)

Excessive soil K level can result in elevated &dfét level which may be
detrimental to animal health. Results of wastewadeeals that K level in applied water
was less than recommended and it is decreasingtivith Soil results indicate that K
level in both soil layers are much correlated aodonsiderable variation of K level in
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both layers was observed except in 2005 spring &mpresented in figure 5.20. There
was no exact interpretation of this sudden increbswever it could be related to the
fact that potassium bind to negative sites on tiréase of soil particles, therefore the
amount of this exchangeable potassium in a soikewd@p on the cation exchange
capacity (CEC) of the soil, and on the levels tieotcations (positively charged ions) in
the soil. Results of other cations revealed thatetwas a drop in its level at that time
which allow to K level increase.
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Figure 5-20: Potassium values for two soil layers

Generally results indicate that the K level in $aylers wa®.35and0.29meq/!
for surface and bottom layers respectively. Theeefextractable K level is low
according to Marx , 1999 who indicated that K lefesis thar0.4 meq/100gsoil is low
level . This is may be due to leaching of potassiumcth is common in sandy soil, with
the greatest losses occurring when soils wettedrrigation or rainfall. When this
happens, drainage occurs, and potassium ions ackdd out in this drainage water
(Marx, 1999)

« Organic Matter (OM)

Soil organic matter consists of a variety of comgun. These include, in
varying proportions; raw plant residues and micgaoisms, active organic traction and
stable organic matter also referred to as humugai@c matter does not add any "new’
plant nutrients but releases nutrients in a plaailable form through the process of
decomposition. Organic matter in soil is importiorttwo main reasons. First acting as
a "revolving nutrient bank account” and secondamsagent to improve soil structure
and minimize erosion.

Results of OM soil content in both soil layers regented in figure 5.21. It is
noted that OM level vary highly from winter to surmmand great harmony was exist
for OM level in both soil layers. Organic matterriea significantly due to many
reasons mainly the microbial activity, plant growtason and soil type. It was noticed
that O.M level decreases in spring seasons becaHuaalfa organic matter uptake is
maximum at the beginning of alfalfa growing seasieleanwhile, microbial activity
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which consume huge amount of organic matter issimiaximum at spring and this lead
to sharp decrease of soil organic matter content.
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Figure 5-21: NO3 values for two soil depths.

Organic matter is then begins to increase as thedut of alfalfa occur in June,
this results in more organic matter soil contenbc¢our till the second growing season
in next spring. Moreover as the temperature in@gase microbial activities decreases
thus free more organic matter. The same resulte wletained b¥iziloglu, 2007 as he
found that OM content varies with cabbage growiegssn Kiziloglu, 2007)

Generally it is clearly noticed that applied wasaésv increase the OM soil
content considerably and this was obtaineKlgloglu, 2007 and Angin et al, 2005
Insofar as organic matter contributes to improwatighysical properties (e.g., moisture
holding capacity and resistance to erosion) inéngasoil organic matter will generally
result in increased soil productivity. On many sosuitable soil physical properties
occur at relatively low levels of organic matter4®er cent)¥1.J, 2003)

* Soil Heavy Metals Content

Heavy metals contribute to environmental pollutmainly because they are non
biodegradable and generally do not leach from wplayers. Even if metals added
with small concentrations, they find specific agdgmn sites in soil where they are
retained very strongly Amiri, 2008)

HM often occur as cations which strongly interactthwthe soil matrix,
consequently, heavy metals in soils can become lenads a result of changing
environmental conditions. This situation is knoven‘@hemical timing bomb”Afshin,
2007

Data given in table 5.7 show the total amount of i and Cu in both soil
layers of the investigated soil profile. Resultse@ed that the total content of these
elements differed according to the soil depth ‘ashigher in the top soil especially after
six years of application. These results agree thigh obtained byl Arabi, 2006 as he
found that after 6 years of continually applyingdge at a cropland disposal site over
90 % of the applied heavy metals were found inGht® 15 cm soil depth. He also
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noticed that the heavy metals in a specific sgiétaare due to repeated irrigation with
wastewater. He also stated that the high permeabilisandy soil beside the colloidal
state of the suspended matter facilitate the dowshwiovement of heavy metalkl(
Arabi, 2006)

Table 5-7: Heavy metal concentration in BLPP soil layers

| Mar-04| oOct-04| Mar-05| Oct-05] Mar-05| Oct-08

0-30 cm

Znmg/l | <0.01 0.4 <0.01] <001 0.12¢ 0.164

Pbmg/l | <0.01 0.5 0.3 < 0.01 <0.1 0.008

Cu mg/| 15 0.5 <0.01| <0.01] 0.749 0.05]L
30-60 cm

Znmg/l | <0.01 0.5 <0.01] <o0.01 0.48 0.078

Pbmg/l | <0.01 0.4 0.2 <0.01 <0.1 0.006

Cu mg/| 0.8 0.4 <0.01| <0.01] 0.789 0.018

From the above mentioned results, it can be sesndlihough the treated water
contained high level of heavy metals especially &bording to PS standards, the
magnitude of increase in such metals in the sodated with treated water was not
high. Referring to the permissible limits of HM uak in agricultural soil, considered by
the European Economic Commissi&EC); total Zn (150-300ppm), Cu (50-100ppm),
and Pb (50-100ppm), the present results in bothagers show that the different HM
level do not exceed this permissible limits, howetlee problem is that HM level
increases with time and may pose severe risks dsviel may be accumulate even after
hundreds of year®miri, 2008).

Generally HM data revealed that more investigatishould be performed to
study the HM concentration in both wastewater aiblis case of using the effluent of
BLWWTP for irrigational use compared with fresh eatise.

5.5.3. Soil Biological Quality

Fecal and total coliform was the main tested indicato investigate the
biological contamination in soil. Results reveattbven there was noticeable biological
contamination in applied wastewater; soil was free the biological contamination in
both layers. Neither the surface soil (0-30cm) tioe lower (30-60cm) contains
biological indicators. This result may refer duethe type of soil as it is loamy sand
which has high capability to leach the microbiahtzomination beyond the root zone.
Moreover because of the open field conditions wiscbubjected to the sun lights that
penetrates and disinfect the soil layers, natusahi@ction has been occurred.
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5.6.Alfalfa Quality

5.6.1. Biological Quality of alfalfa

The WHO, 2004 has recommended that crops to ben gat® should be
irrigated only with biologically treated effluenhat has been disinfected to achieve a
coliform level of not more than 100 coliform perQLl in 80% of the sampl€8VHO,
2004)

Results for alfalfa microbial analysis show thaterth was biological
contamination in terms of fecal and total colifoim both alfalfa irrigated water
(Wastewater and well water). As it was stated egr& control unit irrigated with well
water was initiated in the fist year of the BLPRI dmological analysis of alfalfa crops
there indicated that maximum FC in alfalfa w2@*10° CFU/100ml occurred at the
third cut which is similar to maximum alfalfa FCtiviwastewater irrigation.

Generally, FC level in both irrigated water wasréasing with time till it was
minimized to the acceptable level for both fieldsr{trol and wastewater irrigation).
Total coliform level for alfalfa irrigated with weeswvater still have higher values than
the acceptable range by PS standards all the ti(i®€0 CFU/100ml and
10,000TC./100mlas illustrated in table 5.8. This reveals thatdgaal contamination
resulting from WWR is manageable and can be cdattolSimilar results were
obtained by Palacios as he found that wastewatgation could be used to irrigate
fodder and forage crops in order to produce bubdféor livestock with out sever
biological contaminationRalacios, 200D

Table 5-8 Biological contamination of alfalfa in BLPP using different water qualities

Wastewater Fresh Water

Fecal Col.| Total Col. Fecal Col. | Total Col.
Parameter 10%100ml | 10%200ml | 10¥100mlI | 10%1200ml

2nd cut 2003 2 40 1.8 9
3rd cut 2003 20 40 20 25
4th cut 2003 0 3 10 20
5th cut 2003 1.2 3 0 2
2nd cut 2004 0 2 0 3
3rd cut 2004 4 20 NA NA
4th cut 2004 0 10 NA NA
1th cut 2005 0 40 NA NA

NA= Not Available

5.6.2. Chemical Quality of Alfalfa

Results of alfalfa heavy metals analysis indicadbed alfalfa plant was free form
HM during the past six year of experiment except tfte lead content which was
occasionally occur in alfalfa as its level wa38 ppm at the second and third year of
wastewater irrigation. This level matches with line HM level in soil and wastewater.
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This is probably due to the high Pb uptake levedlédlfa crop relative to other forage
crops EPA, 2003.

Current guidelines do not specify the types of,qaént, and other factors that
have a bearing on how much metal a plant can uptalaal conditions as climate, soil,
plant characteristics affect the uptake of mefaizgiloglu, 2007).

What is of most concern is the irregular increalSelM level in alfalfa samples
in March, 2009 where results reveal that the leackll was7.2opm. This sudden
increase was observed in two different alfalfa dasipnalyzed at Al Azhar food lab.

Really there was no exact interpretation for theet@ as there was no possibility
to verify these results where the lab atomic aligsmplevice used for HM analysis was
broken down and no other devices in GS can be Usedauthor reveal this data to the
Israeli aggression against GS in January 2009 @srteetalked on aboutO00 Kg of
toxic and destructive materials being thrown owmited are of GS. More investigation
and studies should be conducted in this field tifywéhis result.

5.7. Estimating WW Agricultural Irrigation Demands in GS

To assess the feasibility of wastewater reuserab@imed water supplier must
be able to reasonably estimate irrigation demamdk raclaimed water supplies. To
make this assessment in the absence of actual wa#erdata, evapotranspiration,
percolation and runoff losses, and net irrigatiarshibe estimated, often through the use
of predictive equation&=PA, 2004.

Because crop water requirements vary with climataditions, the need for
supplemental irrigation will vary from month to ntbnthroughout the year. This
seasonal variation is a function of many factoasnfall, temperature, crop type, stage
of plant growth, and other factors, depending @ntethod of irrigation being used.

The supplier of reclaimed water must be able tontifiyathese seasonal
demands, as well as any fluctuation in the recldimater supply, to assure that the
demand for irrigation water can be met. Unfortulyatenany agricultural users are
unable to provide sufficient detail about irrigatidemands for design purposes. This is
because the user’s seasonal or annual water useldesm measured and recorded.
However, expert guidance is usually available thlogtate colleges and universities
and the local soil conservation service office.

Depending on these equations and generated rdésaiscurrent study, it was
necessary to estimate the actual quantities of emadéer that could be used for
agricultural irrigation under GS soil type, cropgpé¢ and available areas. This was
investigated regardless the water quality variatin@sS.

72



Chapters Resul & Discussion

Three different options were genera the first was DORCH study which w
conducted at 2005 as it accounts for the locs of proposed treatment plants ¢
available are#o be irrigated with wastewa (fruit crops)regardless the soil tyg

In the second option, current crops s excluing vegetables over all GS w
considered and water quota for each crop was astitbased onmesults of CROPWA"
model forcrop water deman.

Finally based oistudyresults, areas of crops over GS excluding the sbdsiil
and vegetable cropgere estimated and timethe crop water demand was calcule

5.7.1. Irrigation Water Demand Based on DORCH Study

Potential recharge sité ,_‘_‘_.Pe“‘ :
(bestiworst case size) . ~
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Figure 5-22: Proposed Irrigated areas using reclaimed wastewater in GS; (DORCH,2005)

In 2005, DORCH study suggested the areas to bgaied with propose
effluent from the planned three treatment plantge otal area was estimated by ak
60,00080,000 dunum. As presented in figure 5.20 thesasdoeated in the eastern h
of GazaStrip along the Israeli border where the new waatemreatment plant will k
located. The agricultural area is bounded fromvikst by the main median road (Sa
El-Dein).These areas were considered because thétke isngoing urban developme
ard none planned in the futu
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Moreover, farming activity is widespread but acctssvater is often difficult
the quality of groundwater is mediocre (salinitytrates) and not used for produci
drinking water QTUI, 1998).

The problem with that plais the soil type of these areas which is mostlyisét
brown with low infiltration capacity. This will lehto salts and nutrients accumulat
thus specific salt tolerant crops could be culgdain those areas. Considering
DORCH plan, the quantityf wastewater that can be used for irrigation isgest
between32.24 — 120Mm?3year according to the selected crops type as the minil
and maximum water quota per crojd00and 1500ni/year respectively

GAZA GOVERNORATES i34 clbila,
Soil Types Al e
H
ro
{E
R

Figure 5-23: Soil type over GS (MOPIC, 1998)

5.7.2. Irrigation Water Demand Based on Current Crops Area

Agricultural water demanwas also estimated based e current cultivated
areas and crops tymecording to MOA, 2006 report. Tiwater quota allowed for eac
crop wascalculated using the CROPWAT mo by Al Najar, 200. Table 5.10
presents the crops types and areas for the cucreps and the total water quant
required by these cro| These results was driven based on the cristribution over
GS excluding the vegetable regardless the soil agpshown in figure 5.2.Results
indicated that the total water required for theelisis 43.646Mnt/year under current
option.
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Table 5-9: Water Requirements for Certain Crops in GS; Source: (MOA, 2006)

Area Water Total water

cultivated requirement requirement

Crop type (dunum) (m*/dunum) (10° m3yr)
Almond 2570 400 1.028
Fruits 12520 400 5.008

Citrus 15656 900 14.0904
Dates 4020 400 1.608
Flowers/ Forage 455 1500 0.6825
Ornamental 294 500 0.147

Olives 25708 700 17.9956
Field crops 61740 50 3.087
Total 122943 43.6465

5.7.3. Irrigation Water Demand Based on Soil Type
Through this option, care was given to the soiktgg it excludes the clayey soil
for its low permeability and infiltration capacity.

This may be harm from groundwater point view datmatching the results
obtained during this study as the higher the pehitigaof the soil, the lesser the salts
and nutrients accumulation.

Using GIS 9.2 arc view software, the area of eadpswas determined based
on GS crops map distribution as in figure 5.21 editlg areas of vegetables. This map
was overlaid by the soil type map of GS to excltiereddish brown soil. The resulted
crops areas illustrated in table 5.11. Water rexpénts per each crop lead that the total
quantity of wastewater that can be used for iritgais 57.72MnT /year

Table 5-10: Crops Distribution in GS over Sandy Soil

Total Water Total water
Area requirement requirement (10°
Crop type (dunum) (m*/dunum) m/yr)
6,272.10 400 2.50884
Almond
. 39,090.10 900 35.18109
Citrus
7,939.10 900 7.14519
Dates
. 21,887.50 400 8.755
Hori-culture
5,503.60 500 2.7518
Grapes
. 1,979.70 700 1.38579
Olives
82672.10 - 57.72Mrh
Total

Generally, the estimation of proposed water quamatuired for irrigation in
GS differs according to the crops selection duethe high variation of water
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requirements per each crop and the crop pattemadtnoticed that the average we
quantitiesthat can be used in GS under different option®@1e45.00 Mrr/year. This
figure is a rough estimation regardless the qualityrigated water and its impa

Where the total generated quantities of wastewat&iS is expected to be abc
48 Mm* as was calculated by Afifi ,2006, all of these qudesitcan be used fi
irrigation purposes if storage facilities beingyaded for the winter time or rechargii
into the aquifer.
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Figure 5-24: Crops distribution over Gaza Strip, Source (MOA, 2006)
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CHAPTER 6: CONCLUSIONS & RECOMMENDATIONS

6.1.Conclusions

The main objective of this study is to investigdte impacts of long term use of
wastewater irrigation on soil and crop propertié&esults obtained from field
measurements and historical data induce a meaimghd for development of soil and
plant properties.

Generally, both opportunities and problems existising recycled wastewater
(RWW) for irrigation. Recycled wastewater irrigatias a powerful means of water
conservation and nutrient recycling, thereby redgdhe demands of freshwater and
mitigating pollution of surface and ground watdralso increases the crop yield and
gives higher production. However, potential prolderassociated with recycled
wastewater irrigation do exist.

1) Current wastewater effluent from BLWWTP is suitabteirrigate salt tolerant
and moderately tolerant crops as its salinity lewstching the different
international standards (EC<3 dS/m), however BLWV¥¢fiRient has high level
of sodium than recommended (average of 240mg/krefbre continuous
irrigation with wastewater leads to high Na accuatioh in the soil which
negatively affects the soil infiltration and plamitrients uptake.

2) Current wastewater of BLWWTP could be used fogating salt sensitive crops
under extended management practices. Managemertdticegea such as
applications of soil amendments that provide Ceepdace Na; periodic leaching
to reduce salt accumulation; frequent aerificatians maintain infiltration,
percolation, crop rotation, drainage and reguldrasa plant monitoring will be
helpful in mitigating the negative impact and emsgircontinued success in
using RWW for irrigation.

3) Salt and sodium was leached out of the root zortbeatarly start for the first
three years because of sandy soil, and then inadetes on the top soil layer as
its level increases significantly under repeatedtesater irrigation. Even there
were problems associated from wastewater reuset geuld be managed by
different ways including irrigation pattern, nutris load, soil enhancement and
crop selection.

4) Where more wastewater generates and the plans &f BWS limit the use of
ground water for agricultural irrigation by replagiit with RWW, and as there
is development cultivated areas plan to switchettycled wastewater irrigation,
water resources managers must be prepared to &acelmallenges associated
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Chapter 6 Conclusions & Recommendations

5)

6)

7)

8)

9)

with the use of recycled wastewater and to mitighte negative effects and
ensuring continued success in using RWW for irrggat

Despite of the high level of FC in applied wastewah PLBB there was no

biological contamination of soil and alfalfa as RE was in acceptable range (
<1000CFU/100ml) except for the first year. Moreovaw health risks or

outbreaks were encountered along the six year Empet. This means that

irrigated water biological contamination can be aged by and controlled.

Heavy metals especially Lead (Pb) varies signifiganith time in both
wastewater and soil. Pb level in Alfalfa was exteghigh and it increases as
long as the period of wastewater irrigation inceeahlfalfa plant lead level
increased irregularly by about 265% (7.2 ppm) aftez Israeli aggression
against Gaza Strip in BLPP field and this couldabgroof on the existence of
toxic elements used during the aggression. Morestigation is a must.

Despite the remarkable level of Lead in wastewatsd alfalfa plant it was
noticed that the lead level in soil was negligialed lower than expected, this
may be due to the high uptake level of alfalfa ptarthe lead element

Lack of qualified laboratories in the GS and shgetaof atomic adsorption
devices especially after destruction of IUG labshit the verification of
results especially plant heavy metals content.

The water Effluent quantities from treatment plamiset the required quantities
for agriculture irrigation under different scenariof wastewater reuse plans.
Currently most of treated effluent quantities of @&tment plants (about 43

Mm?) are required by current crops to be used fagation based on crops areas
in GS. This means that treated effluent in wintenet should be stored or

recharged.

6.2.Recommendations:

1)

2)

Whenever wastewater intended to be used for ifrdgaga control unit should be
initiated along side with the reuse project for estific purposes and
comparisons.

Whenever wastewater being used for irrigation meofplaces in GS more care
should be given as the water quality especiallynggplas it dominates GS
aquifer, thus more control measures should be tasemrops selection and
leaching fraction.
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Chapter 6 Conclusions & Recommendations

3)

4)

5)

6)

7

Planned areas of wastewater irrigations suggesye®®RCH, 2005 study
should be reviewed and extended according to sdilcaops types. Crops with
high water requirements may be preferred.

Rehabilitation and construction of environmentdbslashould be carried out
immediately providing all necessary apparatusesa@ally those used for
testing heavy metals and main nutrients.

Great care should be exercised to sodicity whidreigmsed after six years to
higher levels than recommended by different statglafhe high SAR of soll
with current salinity values are expected to haegative effect on plants
regarded to its yield. In managing these soils wihggated with saline or semi
saline waters, the salt added to them by the tragaeffluent should be equal to
the salt removed by plants and by leaching. Theeefeaching requirements
should be recalculated based on the current sdibaplied wastewater salinity.

WWR irrigation needs higher concern about possibig-term reductions in
soil hydraulic conductivity and infiltration rate soil especially soils with high
clay content, although these levels were not highugh to result in our case as
the soil is loamy sand, but it could result withyay soils.

Even the level of heavy metals was matching therm@tional standards in both
soil and applied wastewater, it increases as lagha period of wastewater
irrigation increase, more concern and protectiomsuees should be given with
time to predict the time of outbreaks occurrence.
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GUIDELINES FOR IRRIGATION WATER QUALITY (FAO, 1992)

Water parameter Symbol Unit*
SALINITY
Salt Content
Electrical Conductivity ECy dS/m 0-3
(on)
Total Dissolved Solids TDS mg/I 0 - 2000
Cations and Anions
Calcium ca™ mel/ 0-20
Magnesium Mg*” mel/| 0-5
Sodium Na’ mel/| 0-40
Carbonate CO7, me/l 0-.1
Bicarbonate HCO3 me/l 0-10
Chloride cr me/l 0-30
Sulphate S04 me/l 0-20
NUTRIENTS2
Nitrate-Nitrogen NOs-N mg/I 0-10
Ammonium-Nitrogen NH4-N mg/I 0-5
Phosphate-Phosphorus PO,4-P mg/I 0-2
Potassium K mgl/l 0-2
MISCELLANEOUS
Boron B mg/I 0-2
Acid/Basicity pH 1-14 6.0-8.5
Sodium Adsorption Ratio® SAR (mell)}, # 0-15
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FAO Guidelines for interpretation of Water Quality for Irrigation, Ayers and Westcott, 1985,

Parameter Units Degree of restriction on use
None Shight to Severe
. _ . maoderate _
Salinity EC," dS/m <0.7 0.7-3.0 =30
TDA mg/] <50 450-2000 =200
TSS my/| <50 S0-100 =100
SAR" -3 meg/l =07 EC, 0,7-.2 EC, <0.2 EC,
SAR 1-6 meg/l =12 EC, 1.240.3 EC, <03 EC,
SAR 6-12 meg/l =18 EC, 1945 EC, .5 EC,
SAR 12-20 gl =20 EC, 2913 EC, <1.3 EC,
SAR 2040 meg/| =50EC, 3.0-29 EC, =29EC,
Sodium (Na')  Sprinkler meg/] <1 =3
irrigation
Sodiwm (Ma')  Surface imigation meg/l <3 R =0
Chlorde (CLy - Sprinkler meg/l <3 =]
Irrgation
Chloride (CI'y  Surface irrigation megyl <4 4-10 =10
Chlorine (Cl) Total residual mg/] | -5 =5
Bicarbonate (HCO, ) m/] <0l =500 =50
Horon (B) mg/l <[}, T 0,730 =40
Hydrogen sulfide (H-5) mg/] <[5 0.5=2.0 =20
Iron (Fe) Dirip irrigation mg/1 <, 1 h1-1.3 =13
Manganese Drip irrigation mg/l <01 01-1.5 =15
{Mn})
Total nitrogen (TN} mg/| <3 3=3l =3l
pH Normal range 6.5-8
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SUMMARY FOR IRRIGATION WATER QUALITY (MG/L AUSTRALIAN WATER QUALITY
GUIDELINES, 1992)

Parameter Guidelines
Major fons
Bicarbonate
Chlonde 30-700
(Tables 5.2, 5.3,
5.4 below)
Sodium (Table 5.5
below)
Total dissolved solids (Table 5.6
below)
Heavy metals and trace ions
Aluminium 5.00
Arsenic 0.10
Beryllium 0.10
Boron 0.5-6.0
Cadmium 0.01
Chromaum 1.00
Cobalt 0.05
Copper 0.2
Fluonide 1.00
Lead 0.20
Lithium 2.50
Manganese 2.00
Mercury 0.002
Molybdenum 0.01
Nickel 02
PH (CaCly) 4590
Selenium 0.02
Uranium 0.01
Vanadium 0.10
Zinc 2.0

Comment

No guadeline recommended due to mmteraction with
other factors

Maxinmm concentration should be set according to
sensitivity of crop

High toxicity m acid soils

Table 5.8 below
Higher toxicity m acid soils
Limit chromium (VI) concentration to 0.1 mg/L

Citrus: 0.075 mg/L
If acid soils. limit to 0.2 mg/L

1 mg/L is recommended for sandy soil below pH &
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RECOMMENDED LIMITS FOR CONSTITUENTS IN RECLAIMED WATER FOR IRRIGATION (US

EPA, 2004)
Constituent Long-Term Use | Short-Term Use L
(mgil) (mg)
Aluminum 50 0 G:Ln_cguse ﬂur_pluductvgrl_am in a.c.ld_ soils, but soils at pH 5.5 to 8.0 will
precipitate the ion and eliminate toxicity.
ic 5 vari i i S 55 =
Arsenic 0o ap Toxicity to plants \talnes widely, ranging from 12 mg/L for Sudan grass {o less
than 0.05 mg/L for rice.
Berylium 0o 05 Toxicity to plants varies widely, ranging from 5 mg/L for kale to 0.5 mg/L for
bush beans.
Essential to plant growih, with optimum yields for many obtained at a few-
Boran 075 20 tenths mg/L in nutne.ﬂlt 5CI|U1]DI‘|:‘..?_.TD).<IC o mlany sensitive plants te_g!., citrus) at
1 mgfL. Usually sufficient quaniities in reclaimed water to correct soil
deficiencies. Mast grasses are relatively tolerant at 2.0 to 10 mg/L.
Cadrmium 0o 0.05 Tcm.[: to I:uearjs, beets, and ?.Jrﬁlm.at concentrations as low as 0.1 mg/L in
nutrient solution. Conservative limits recommended.
Chromium 04 10 Naot generally recognized as a.n essential gr::wt.h.elemer't. Caonzervative imits
recommended due fo lack of knowledge on toxicity to planis.
Cobalt 0os 50 Toxic to tomato plajtn at I;I.1 mg/L in nutrient solution. Tends o be inactivated
by newiral and alkaline soils.
Copper 0.2 5.0 Taxic to a number of plants at 0.1 to 1.0 mgiL in nutrent solufion.
Fluoride 1.0 150 Inactivated by neutral and alkaline soils.
Not foxic to plants in aerated soils, but can contribute to soil acidification and
Iron 5.0 200 -
loss of essential phosphorus and molybdenum.
Lead 5.0 10.0 Can inhibit plant cell growth at very high concentrations.
Lithium ok a5 Tolerated by most crops at concentrations up to 5 mg/L; mobile in soil. Toxic to
) - citrus at low doses - recommended limit is 0.075 mg/L.
Manganese D.2 10.0 Toxic to a number of crops at a few-tenths {o a few mg/L in acidic saoils.
Nontoxic to plants at normal concentrations in soil and water. Can be toxic to
Molybdenum oo 0.0 livestock if forage is grown in soils with high levels of available molybdenum.
Nickel 02 a0 Tcn(l[_: o a number of plants at 0.5 to 1.0 mgéL; reduced foxicity at neutral or
alkaling pH.
Selenium 0oz n.oe Tqm: o plants at low cg'me ntrations and to livestock if forage is grown in soils
with low levels of selenium.
Tin, Tungsten & Titanium - - Effectively excluded by planis: specific iolerance levels unknown
Vanadiurm 0.1 1.0 Toxic to many plants at relatively low concentrations.
) Toxic to many plants at widely varying concentrations; reduced toxicity at
Zinc 20 100 ] L . .
increased pH (6 or above) and in fine-textured or organic soils.
Constituent Recommended Limit Remarks
H 6.0 Maost effects of pH on plant growth are indirect (e.g., pH effects on heavy
. ) metals' toxicity described above).
Below 500 mg/L, no detrimental effects are usually noticed. Between 500 and
1,000 mg/L, TDS in imigation water can affect sensitive plants. At 1,000 to
DS 500 - 2,000 mgfl 2,000 mg/L, TDS levels can affect many crops and careful management
practices should be followed. Above 2 00D mg/L, water can be used regularly
only for tolerant plants on permeable soils.
Free Chiorine Residual <1 mg Concentrations greater than 5 mg/ causes severe damage to most plants.

Some sensitive plants may be damaged at levels as low as 0,05 mg/l.
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Australian EPA, 2003 guidelines for wastewater irrigation Quality Parameters

Water parameter Usual Range of

SALINITY
Electrical Conductivity E¢; dS/m 0-3
Total Dissolved Solids TDS mg/l 0 - 2000

CATIONS AND ANIONS
Calcium C&" meq/! 0-20
Magnesium Mg§" meq/l 0-5
Sodium N& meq/l 0-40
Carbonate CG, meq/l 0-0.1
Bicarbonate HCQ@ meq/I 0-10
Chloride C1 meq/l 0-30
Sulphate SQ° meq/| 0-20
NUTRIENTS

Nitrate-Nitrogen N@G-N megq/I| 0-10
Ammonium-Nitrogen NN meq/I 0-5
Phosphate-Phosphorus PR meq/| 0-2
Potassium K meg/| 0-2

MISCELLANEOUS

Boron B meq/l 0-2
Acid/Basicity pH 6.5-8
Sodium Adsorption Ratio SAR meq/I 0-15
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SUMMARY OF BLPP WATER QUALITY COMPARED WITH DIFFERENT STANDARDS

Parameter PS FAO Aus. EPA BLPP applied
ww
F.C CFU/100 | <1000/100ml| <1000/10Q <1000/100m 60 - 6000
mL) ml I
Cd (mg/L) 0.01 0.01 0.01 0.005
Pb (mg/L) 1 5 5 1-4
Hg (mg/L) 0.001 0.001 0.001 <0.001
Cr (mg/L) 0.1 0.2 0.1 <0.01
Cu (mg/L) 0.2 0.2 0.1 <0.1
EC (dS/m) 25 0-3 0-3 1.85-1.95
TDS (mg/L) 1500 500-2000 0-2000 1236
pH 6.5-9 6-8.5 6.5-8 7.4-8.3
SS mg/l 40/ 50 50 50 64
BOD mg/l 45/ 60 20-30 20-30 53.6
COD mg/l 150/ 200 50-60 50-60 105
Cl mg/l 500 1000 1000 1224
NO3mg/l 50 50 50 23.5
Ca mgl/l 400 400 400 79.2
Mg mg/I 60 60 60 45
Na mg/l 460 900 900 234
TKN mgl/l 50 NA NA 56.6
Total P mg/I 30 30 30 2.8
SAR 9 0-15 0-15 5.9
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Table 1. 1989 WHO guidelines for using treated wastewater in agriculture®(7)

Category Reuse Exposed Intestinal Faecal Wastewater
conditions group nematodes” coliforms treatment expected
{arithmetic (geometric to achieve
mean mean no. the required
no. of eggs per 100ml%) microbiological
per litre") guideline
A Irrigation of crops Warkers, =1 = 1000 Asenes of stabilization
likely to be eaten CONSLMESS, ponds designed ©
uncooked, sports pliblic achieve the microbiclogical
fields, public parks qguality indicated,
or equivalent Teatment
B Irrigation of cereal Waorkers =1 Ma standard Retention in stabilization
Crops, industrial crops, recommendad ponds for 810 days
todder crops, pasture or equivalent helminth and
and trees® faecal coliform removal
C Localized irrigation of ~ MNone Mot applicable Mot applicable Pretreatment as required
Crops in category B by imigation fechnology
if exposure to workers but not less than
and the public does primary sedimentation
not ocair

* |n spedfic cases, local epidemiological, sodocuttural and emvironmental factors shoukd be taken into account and the guidelines modified

accordingly,

b Ascars and Trchuns spedes and hookworms,

© During the imgation period.

3 A mare stringent guideline limit { < 200faecal colforms/ 100 mi) is appropriate for public iawns, such 2 hotel lawns, withwhich the public may
come into direct contact.

© Inthe case of fruit trees, imigation should cease two weeks before fruit & picked, and no fruit should be picked off the ground. Sprinkler irrgation
should not be used.
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APPENDIX 2:

SOIL SALINITY TOLERANCE LEVELS FOR DIFFERENT CROPS
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SOIL SALINITY TOLERANCES LEVELSFOR DIFFERENT CROPS

Yield potential, ECg

Crop 10094 arh T5% R0%4 Maximim FC_
lNeld crops
Barley“ 8.0 10.0 13.0 18.0 28
Bean (field) 1.0 1.5 2.3 316 7
Broad bean 1.6 2.6 4.2 6.8 12
Corn 1.7 2.5 3.8 5.9 10
Cotton 7.7 2.6 13.0 17.0 27
Cowpea 1.3 2.0 3.1 4.9 9
FHlax 1.7 2.5 38 5.9 10
Groundnut 3.2 3.5 4.1 4.9 7
Rice (paddy) an iR 51 7.2 12
Safflower 5.3 6.2 7.6 9.9 15
Sesbania 2.3 3.7 5.9 9.4 17
Sorghum 4.0 5.1 /.2 11.0 8
Soybean 5.0 5.5 6.2 7.5 10
Sugar beet 7.0 8.7 11.0 15.0 24
Wheat® 5.0 7.4 Q.5 13.0 20
Vegetable crops
Bean 1.0 1.5 2.3 3.6 7
Beet"” 4.0 5.1 6.8 9.6 15
Broccoli 2.8 3.9 55 8.2 14
Cabbage 1.8 28 4.4 7.0 12
Cantaloupe 2.2 3.6 5.7 9.1 16
Carrot 1.0 1.7 2.8 4.6 8
Cucumber 2.5 3.3 4.4 6.3 10
Lettuce 1.3 2.1 3.2 5.2 9
Onion 1.2 1.8 28 4.3 a8
Pepper 1.5 2.2 3.3 5.1 2]
Potato 1.7 2.5 3.8 5.9 10
Radish 1.2 2.0 3.1 5.0 =]
Spinach 2.0 33 5.3 8.6 15
Swvweet corn 1.7 2.5 38 5.9 10
Swwoot potato 1.5 2.4 3.8 6.0 11
Tomato 2.5 3.5 5.0 7.G 13
Forage crops
Alfalfa 2.0 3.4 5.4 8.8 16
Barley hay® 6.0 7.4 9.5 13.0 20
Bermudagrass 6.9 8.5 102 14.7 23
Clover, Berseem 1.5 3.2 5.0 10.3 19
Corn (forage) 1.8 3.z 5.2 8.6 16
Harding grass 4.6 59 7.9 11.7 18
COrchard grass 1.5 3.1 5.5 9.6 18
Perannial rye 56 6.9 89 122 19
Sudan grass 2.8 5.1 8.6 14.1 26
Tall fescue 3.9 5.8 8.61 3.3 23
Tall wheat grass 1.5 9.9 13.3 19.4 32
Trefoil, big 2.3 2.8 36 4.9 8
Trefoil, small 5.0 6.0 7.5 10.0 15
Wheat grass 7.5 Q.0 11.0 15.0 22

Yield potential, EC,

Crop 100% 0% | 75% 500 Maximum EC,
Fruit crops
Almond 1.5 2.0 2.8 41 7
Apple, Pear 1.7 2.3 3.3 4.8 g8
Apricot 1.6 2.0 2.6 3.7 6
Avocado 1.3 1.8 2.5 37 6
Date palm 4.0 6.8 10.9 17.9 32
Fig. Olive,

Pomeqgranate 2.7 3.8 5.5 8.4 14
Grape 1.5 2.5 4.1 6.7 12
Grapefruit 1.8 2.4 3.4 4.9 =]
Lemon 1.7 2.3 3.3 4.8 8
Orange 1.7 2.3 3.2 4.8 8
Peach 1.7 2.2 2.9 41 7
Plum 1.5 2.1 2.9 4.3 7
Strawberry 1.0 1.3 1.8 2.5 e
Walnut 1.7 23 3.3 4.8 a8
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GENERAL GUIDELINES OF SALINITY OF IRRIGATION WATER

Electrical

conductivit
y (j1S/cm)

Low-salinity water can be used with most crops on most soils and
with all methods of water application with little likelihood that a
salinity problem will develop. Some leaching is required, but this
occurs under normal trrigation practices except in soils of
extremely low permeability.
Medium-salinity water can be used if moderate leaching occurs. 280-800 175-500
Plants with mediun sall lolerance can be growi, unusually without
special measures for salinity control. Sprinkler tmiganon with the
more-saline waters m this group may cause leaf scorch on salt-
sensitive crops, especially at high temperatures in the daytime and
with low application rates
High-salinity water cannot be used on soils with restr:cted drainage. 500-2.300 500-1.500
Even with adequate dramage. special management for salmity
contrel may be required, and the salt tolerance of the plants 1o be
irrgated must be considered.
4 Wery high-salmity water 13 not sutable for 1migation water under 2.300-5.500 1.500-2,500
ordinary conditions. For use, soils must be permeable, drainage
adequate water mnat he applied m excess to provide ronsiderahle
leaching. and salt-tolerant crops should be selected.
5 Extremely gh-salmnity water may be used only on permeable, >5,500 =3,500
well-drained soils vnder good management, especially i relation to
leaching and for salt-tolerznt crops. or for occasional emergency
use

5]

Lad

RELATIVE SALT TOLERANCE OF AGRICULTURAL CROPS

TOLERANT | MODERATELY TOLERANT | MODERATELY | SENSITIVE
SENSITIVE
Cotton Soybean Alfalfa Bean
Barley Triticale Corn (forage) Carrot
(maize)
Oats Wheat Cabbage Okra
Sudan grass Corn, sweet Onion
Olive Cucumber Parsnip
Pepper Almond
Eggplant Apple
Potato Apricot
Squash, scallop Avocado
Sweet potato Grapefruit
Tomato Lemon
Watermelon Lime
Grape Mango
Orange
Strawberry

Source: FAO (1985)
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IRRIGATION WATER SALINITY TOLERANCE FOR DIFFERENT CROPS

Yield potential. EC;,,

Crop 1009 o909 T5% o
Field crops
Barley 5.0 6.7 &.7 12.0
Bean (field) 0.7 1.0 1.5 2.4
Broad bean 1.1 1.8 2.0 4.5
Corm 1.1 1.7 2.5 3.9
Cotton 5.1 6.4 2.4 12.0
Cowpea 0.9 1.3 2.1 3.2
Flax 1.1 1.7 Z.5 3.9
Groundnut 2.1 2.4 2.7 3.3
Rice (paddy) 2.0 2.6 3.4 4.8
Safflower 3.5 4.1 5.0 6.6
Sesbania 1.5 2.5 3.9 6.3
Sorghum 2.7 3.4 4.8 7.2
Soybean 3.3 3.7 4.2 5.0
Sugar beoet 4.7 5.8 7.5 10.0
Wheat 4.0 4.9 5.4 8.7
Wegetable crops
Bean 0.7 1.0 1.5 2.4
Beet 2.7 3.4 4.5 6.4
Broccoli 1.2 2. 3.7 5

Yield potential, [C;,,

Cirup 10026 = ) T5%% 505
Cabbage 1.2 1.9 2.9 4.6
Cantaloupe 1.5 2.4 3.8 G.1
Carrot 0.7 1.1 1.9 3.1
Cucumbeer 1.7 2.2 29 4.2
Lettuce 0.9 1.4 2.7 3.4
Onion 0.8 1.2 1.8 2.9
Pepper 1.0 1.5 2.2 3.4
Potato 1.1 1.7 2.5 3.9
Radish 0.2 1.3 27 3.4
spinach 1.3 2.2 3.5 5.7
Sweet cormn 1.1 1.7 2.5 3.9
Swweet potato 1.0 1.6 2.5 4.0
Tomato 1.7 2.3 3.4 5.0
Forage crops
Altalta 1.3 2.2 3.6 5.9
Barley hay 4.0 4.9 6.3 8.7
Bermudagrass 4.G 5.7 7.2 9.8
Clower, Berscem 1.0 2.1 3.9 6.8
Corn (forage) 1.2 21 35 57
Harding grass 3.0 4.4 5.3 /.4
Orchiand grass 1.0 21 3.7 6.4
Perennial rye 3.7 4.6 5.9 8.1
Sudan grass 1.9 3 5.7 0.6
Tall fescus 26 3.9 57 2.9
Tall wheat grass 5.0 B.6 9.0 13.0
Trefoil, big 1.5 1.9 2.4 3.3
Trefoil, small 3.3 4.0 5.0 6.7
Wheat grass 5.0 6.0 7.4 9.8
Fruit crops
Almond 1.0 1.4 1.9 2.7
Apple, Pear 1.0 1.6 2.2 3.2
Apricot 1.1 1.3 1.8 2.5
HMwocado 0.9 1.2 1.7 2.4
Date palm 2.7 4.5 7.3 12.0
Fig, Olive,

Pomegranate 1.8 2.6 3.7 5.6
Grape 1.0 1.7 2.7 4.5
(rapefnoait 1.2 1.6 22 3.3
Lemon 1.1 1.6 2.2 3.2
Orange 1.1 1.6 2.2 3.2
Peach 1.1 1.4 1.9 2.7
Plunn 1.0 1.4 1.2 2.8
Strawberry 0. 0.9 1.2 1.4
WWalnut 1.1 1.6 2.2 3.2
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CHLORIDE TOLERANCE OF AGRICULTURE CROPS LISTED IN ORDER OF TOLERANCE

Maximum CI cc:nr'lcer‘ntrationt|
without loss in yield

Crop rrlol.e’h'lJ ppm
Strawberry 10 350
Bean 10 350
Onion 10 350
Carrot 10 350
Radish 10 350
Lettuce 10 350
Turnip 10 350
Rice. paddy® 3pd 1.050
Pepper 15 525
Clowver, strawberry 15 525
Clover. red 15 525
Clover, alsike 15 525
Clover, ladino 15 525
Corn 15 525
Flax 15 525
Potato 15 525
Sweet potato 15 525
Broad bean 15 525
Cabbage 15 525
Foxtail, meadow 15 525
Celery 15 525
Clover. Berseem 15 525
COrchardgrass 15 525
Sugarcane 15 525
Trefoil, big 20 700
Lovegras 20 700
Spinach 20 TF0O
Alralfa 20 TJOO
Sesbania® 20 700
Cucumber 25 875
Tomato 25 875
Broccoli 25 875
Squash. scallop 30 1.050
Vetch, common 30 1.050
Wild rye, beardless 30 1.050
Sudan grass 30 1.050
Wheat grass. standard crested 35 1.225
Beet, red” 40 1,400
Fescue, tall 40 1.400
Squash, zucchini 45 1.575
Harding grass 45 1.575
Cowpea 50 1.750
Trefoil, narrow-leaf bird's foot 50 1.750

CHLORIDE TOLERANCE OF FRUIT AND WOODY CROPS BY ROOT UPTAKE

Chloride in Chloride in
Rootstocks irrigation water Cultivars irrigation water
(mg/L) (mg/L)
Grapes 710-960 Boysenberry 250
Stone-fruits (peaches, 180-600 Blackberry, Raspberry
plums etc)
Strawberries 110-180
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Chloride concentration in irrigated water causing foliar damage

Sensitivity Chloride (mg/L) Affected crop
Sensitive <178 Almond, apricot, plum
Moderately sensitive 178-355 Grape, pepper, potato, tomato
Moderately tolerant 355-710 Alfalfa. barley. corn, cucumber
Tolerant =710 Cauliflower, cotton, safflower, sesame. sorghum_ sugar

beet, sunflower

THRESHOLD LEVELSOF TRACE ELEMENTS FOR CROP PRODUCTION

Element Recommended Remarks
maximum
concentration (mg/l)
Al | (aluminium) 5.0 Can cause non-productivity indasoils (pH < 5.5),

but more alkaline soils at pH > 7.0 will precipéat
the ion and eliminate any toxicity.

As (arsenic) 0.10 Toxicity to plants varies widelgnging from 12
mg/l for Sudan grass to less than 0.05 mg/| fag.ric
Cd | (cadmium) 0.01 Toxic to beans, beets and turatigencentrations as

low as 0.1 mg/l in nutrient solutions. Conservative
limits recommended due to its potential for
accumulation in plants and soils to concentrations
that may be harmful to humans.

Cu (copper) 0.20 Toxic to a number of plants att6.1.0 mg/l in
nutrient solutions.
Fe (iron) 5.0 Not toxic to plants in aerated sdilst can contribute

to soil acidification and loss of availability of
essential phosphorus and molybdenum. Overhead
sprinkling may result in unsightly deposits on p&an
equipment and buildings.

Li (lithium) 25 Tolerated by most crops up to 5/ingiobile in soil.
Toxic to citrus at low concentrations (<0.075 mg/l)
Acts similarly to boron.

Mn | (manganese 0.20 Toxic to a number of cropsfawetenths to a few
mg/l, but usually only in acid soils.

Ni (nickel) 0.20 Toxic to a number of plants at @§/l to 1.0 mgl/l;
reduced toxicity at neutral or alkaline pH.

Pd (lead) 5.0 Can inhibit plant cell growth at vaigh
concentrations.

Zn (zinc) 2.0 Toxic to many plants at widely vanyin

concentrations; reduced toxicity at pH > 6.0 and i
fine textured or organic soils.

1 The maximum concentration is based on a water @it rate which is consistent with good irrigatjrractices (10 000 hper
hectare per year). If the water application ratatly exceeds this, the maximum concentrationsldimiadjusted downward
accordingly. No adjustment should be made for apfibin rates less than 10 008 per hectare per year. The values given are for
water used on a continuous basis at one site.

Source: Adapted from National Academy of Sciences (1972) and Pratt (1972)
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Tolerance*

Very sensitive . Blackberry

Sensitrve 0.5-1.0 Peach, cherry. plum. grape. cowpea. omon, garlic. sweet
potato, wheat. barley. sunflower. mung bean. sesame. lupin.
strawberry. Jerusalem artichoke, kidney beans, lima beans

Moderately sensitive 1.0-2.0 Red pepper. pea, carrot, radish. potato, cocumber

Meoderately tolerant 20-40 Lettuce, cabbage, celery. turnip. Kentucky bluegrass. oat.
corn. artichoke. tobacco. mustard. clover. squash. musk
melon

Tolerant 40-60 Sorghum tomato. alfalfa. purple. vetch parsley. red beet.
sugar-beet

Very tolerant 6.0-15.0 Asparagus

TOLERANCE OF CROPS TO BORON
Concentration

of boron in soil
water (mp/L)**

Agricultural crop

Australian water quality guidelines, 1992

RELATIVE BORON (B) TOLERANCE OF AGRICULTURAL CROPS1

VERY SENSITIVE | SENSITIVE MODERATELY | MODERATELY | TOLERANT | VERY
SENSITIVE | (0.5-0.75 (0.75-1.0 mg/l) SENSITIVE TOLERANT (4.0-6.0 mg/l) | TOLERANT
(<0.5 mg/l) | mgll) (1.0-2.0 mg/l) (2.0-4.0 mg/l) (6.0-15.0
mg/l)

Lemon Avocado Garlic Pepper, red Lettuce Sorghum tto@o
Blackberry Grapefruit Sweet potato Pea Cabbage Toma Asparagus

Orange Wheat Carrot Celery Alfalfa

Apricot Barley Radish Turnip Vetch, purple

Peach Sunflower Potato Bluegrass, Parsley

Kentucky

Cherry Bean, mung Cucumber Oats Beet, red

Plum Sesame Maize Sugarbeet

Persimmon | Lupine Artichoke

Fig, kadota | Strawberry Tobacco

Grape Artichoke, Mustard

Jerusalem

Walnut Bean, kidney Clover, sweet

Pecan Bean, lima Squash

Cowpea Groundnut/Peanut Muskmelon

Onion

! Maximum concentrations tolerated in soil water without yield or vegetative growth reductions. Boron
tolerances vary depending upon climate, soil conditions and crop varieties. Maximum concentrations in the
irrigation water are approximately equal to these values or slightly less.

Source: Maas (1984)
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TOLERANCE OF CROPS TO SODIUM

Condition

SAR of
Tolerance irrigation

waler
Very sensitive 2-8
Sensitive 8-18
Moderately tolerant 18-46
Tolerant 46-102

Deciduouns fruits, nuts. citrus.

avocado
Beans

Clover. oats. tall fescue, rice

Wheat, lucemne, barley. tomatoes,
beets. tall wheat grass. crested
grass, fairway grass

Leaf tip bum, leaf scorch

Stunted. soil structure
favourable

Stunted due to nutrition and
sotl structure

Stunted due to poor soil
structure

RELATIVE TOLERANCE OF SELECTED CROPS TO EXCHANGEABLE SODIUM

Sensitive Semi-tolerant Tolerant
Avocado Carrot Alfalfa
Deciduous Fruits Clover, Ladino Barley
Bean, green Dallisgrass Beet, garden
Cotton (at germination) Fescue, tall Beet, sugar
Maize Lettuce Bermuda grass
Peas Bajara Cotton
Grapefruit Sugarcane Paragrass
Orange Berseem Rhodes grass
Peach Benji Wheatgrass, creste
Tangerine Raya Wheatgrass, fairway
Mung Oat Wheatgrass, tall
Mash Onion Karnal grass
Lentil Radish
Groundnut (peanut) Rice
Gram Rye

Cowpeas

Ryegrass, Italian

Source: Adapted from data of FAO-Unesco (1973);r&@a(1960); and Abrol (1982).
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WATER & NUTRIENTS DEMAND OF DIFFERENT CROPS
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WATER REQUIREMENTS, SENSITIVITY TO WATER SUPPLY AND WATER UTILIZATION OF

SOME SELECTED CROPS
Crop Water requirements Sensitivity to Water utilization efficiency for
(mm/growing period) | water supply (ky) harvested yield, Ey, kg/m (%
moisture)
Alfalfa 800-1600 low to medium- 1.5-2.0
high hay (10-15%)
(0.7-1.1)
Banana 1200-2200 high plant crop: 2.5-4
(1.2-1.35) ratoon: 3.5-6
fruit (70%)
Bean 300-500 medium-high lush: 1.5-2.0 (80-90%)
(1.15) dry: 0.3-0.6 (10%)
Cabbage 380-500 medium-low 12-20
(0.95) head (90-95%)
Citrus 900-1200 low to medium- 2-5
high fruit (85%, lime: 70%)
(0.8-1.1)
Cotton 700-1300 medium-low 0.4-0.6
(0.85) seed cotton (10%)
Groundnut 500-700 low 0.6-0.8
(0.7) unshelled dry nut (15%)
Potato 500-700 medium-high 4-7
(1.1) fresh tuber (70-75%)
Rice 350-700 high 0.7-11
paddy (15-20%)
Sorghum 450-650 medium-low 0.6-1.0
(0.9) grain (12-15%)
Wheat 450-650 medium high 0.8-1.0
(spring: 1.15; grain (12-15%)
winter: 1.0)

Source: FAO (1979)

TABLE l.  Nutrients uptake br various irrigated crops in southern Alberta’,

Nutrieat removal, kg ha'l ( % of vield ) ¥
Crop Yield, kg he™ . ro. o
Spring wheat 5400 190 (3.5) 65712 145 (2.7)
Barley 6500 180 (2 8) 65 (1.0) 190 (2.9)
Canola 4000 200(5.0) 60(1.5) 130(3.2)
Flax 2800 130 4.6) 45(1.6) 90(3.2)
Corn 6300 150 (2.4) 70(1.1) 145 (2.3)
Sugar bezts 45000 195 (0.4) 450.1) 280 (0.6)
Potatoes 34000 170 (0.5) 75002 230(0.7)
Alfalfa 0000 260 (2.0 45(0.5) 210 (2.3)
Pcas 4200 220(5.2) 5501.3) 150 (3.6)

*  Source: B H McKenzie, Agronomy Unit, Plant Industry Division, Alberta Agriculture
Food and Rural Development, Lethbridge, Alberta
AT vales are for sead and straw for grains and fuber or heet phis above gronnd matter

for potatoes anc sugar beets; P= Pyl x 0437 K=EK;0x 083
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NUTRIENT UPTAKE FOR SELECTED CROPS

Forage Crops

Nitrogen Phosphorous Potassium
Alfalfa 201-482 20-31 156-200
Brome Grass 116-201 36-49 219
Coastal Bermuda Grass 357-602 31-40 20
Kentucky Blue Grass 178-241 40 178
Quack Grass 210-250 27-40 245
Reed Canary Grass 299-401 36-40 281
Ryegrass 178-250 54-76 241-290
Sweet Clover 156 18 89
Tall Fescue 133-290 27 268
Orchard Grass 233-312 18-45 201-281
Field Crops
Nitrogen Phosphorous Potassium
Barley 112 13 18
Corn 156-178 18-27 98
Cotton 67-98 13 36
Grain Sorghum 120 13 62
Potatoes 205 18 219-290
Soybeansa 223 9-18 27-49
Wheat 143 13 18-40

Source: United States EPA 1981 Process Design Manual, Land Treatment of Municipal Wastewater.
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Crops salt sensitive

Sensitive Moderately sensitive Moderately tolerant Tolerant
Bean Broad Bean Cowpea Barley
Paddy Rice Corn Kenaf Cotton
Sesame Flax Dats Guar
Carrot Millet Safflower Rye
Okra Peanut Sorghum Sugar Beet
Onion Sugarcane Soybean Triticale
Parsnip Sunflower Wheat Semi-dwarf Wheat
Pea Alfalfa Barley (forage) Durum Wheat
Strawberry Bentgrass Grass Canary Alkali Grass
Almond Angleton Bluestem Hubam Clover Nuttail Alkali
Apple Smooth Brome Sweet Clover Bermuda Grass
Apricot Buffelgrass Tall Fescue Kallar Grass
Avocado Burnet Meadow Fescue Desert Salt Grass
Blackberry Alsike Clover Harding Grass \Fajineat Gﬁﬁs‘ :
Boysenberry Ladino Clover Blue Panic Grass C?ular;::g Whggt
Cherimoya Red Clover Rape Tall Wheat Crass
Sweet Cherry Strawberry Clover Rescue Grass Altai Wild Rye
Sand Cherry White Dutch Clover Rhodes Grass Russian Wild Rye
Currant Corn (forage) Italian Ryegrass Asparagus
Gooseberry Cowpea (forage) Perennial Ryegrass Guayule
Grapefruit Grass dallis Sundan Grass Jojoba
Lemon Meadow Foxtail Narrowleaf Trefoil
Lime Blue Grama Broadleaf Trefoil
Loguat Love Grass Wheat (forage)
Mango Cicer Milkvetch Durum Wheat (forage)
Orange Tall Oat Grass Standard Crested Wheat
Passion Fruit (Dats (forage) Grass
Peach Orchard Grass Intermediate Wheat Grass
Pear Rye (forage) Slender Wheat Grass
Persimmon Sesbania Beardless Wild Rye
Plum; Prune Sirato Canadian Wild Rye
Pummelo Sphaerophysa Artichoke
Raspberry Timothy Red Beet
Rose Apple Big Trefoil Zucchini Squash
White Sapote Common Vetch Fig
Tangerine Broccoli Jujube

Brussel Sprouts Papaya

Cabbage Pomegranate

Cauliflower

Celery

Sweet Corn

Cucumber

Eqggplant

Kale

Kohlrabi

Lettuce

Muskmelon

Pepper

Potato

Pumpkin

Radish

Spinach

Source: Tanji (1990)

Scallop Squash
Sweet Potato
Tomato

Turnip
Watermelon
Castorbean
(Grape
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