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POSSIBILITIES OF REUSE OF TREATED WASTEWATER FOR
IRRIGATION PURPOSES IN THE NORTHERN JORDAN VALLEY

The possibilities of treated wastewater (TWW) reuse for irrigation purposes in the Northern Jor-
dan Valley have been described. As shown by the analysis of the data, the results indicate a wide
non-compliance with the Jordanian Standard 983/2006. Most problematic parameters are BOD,
COD, nitrogen content, TSS. TWW will be blended with fresh water prior to use in agriculture. The
blended water quality was reviewed after mixing of fresh water with the existing TWW without plant
improvements. In general if there are no WWTP upgrades, the blended water quality satisfies the re-
quirements of the Jordanian Water Quality Guidelines.

1. INTRODUCTION

Climate change, water supply limits, and continued population growth have inten-
sified the search for measures to conserve water in irrigated agriculture, the world’s
largest water user. Many countries have inadequate water supplies to meet their cur-
rent urban, environmental, and agricultural needs. In the face of increased water scar-
city, population and water demands continue to grow. The challenge is to grow
enough food for 2 billion more people over the next 50 years while supplying growing
urban and environmental needs for water. Some analyses have estimated that 60% of
added food required will come from irrigation. Raising food production to support this
larger world population requires sustaining improved performance of irrigation [1].

Jordan is considered as one of the ten most water scarce countries in the world. In
many Jordanian cities, residents receive water only sporadically, and domestic water
consumption is among the lowest in the world, lower than 100 dm®/capita/days. High
population growth, the depletion of groundwater reserves and the impacts of climate
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change are likely to aggravate the situation in the future. Deficit of water shows the
necessity for adopting a long term water plan and future scenarios of water manage-
ment that consider both demand management and non-conventional water resources,
in order to decrease the gap between supply and demand [2—4].

So now, wastewater is not just sewage. All water used domestically that enters drains
or the sewage collection systems is wastewater, including water from baths, showers,
sinks, dishwashers, washing machines, and toilets. In combined municipal sewage sys-
tems, water from storm drains is also added to the municipal wastewater sewer system.

The expected very good quality effluent of the new wastewater treatment plant
(WWTP) has made it possible to explore new water reuse methods. Seawater desalina-
tion is costly, because the sea is very far from highly populated areas, making the cost
of transferring. Wastewater reuse has the lowest cost, therefore reuse of reclaimed
wastewater is necessity [5].

The possibilities of treated wastewater reuse for irrigation purposes in the North-
ern Jordan Valley have been described. Two wastewater treatment plants such as Cen-
tral Irbid and Wadi Arab were analyzed. For each WWTP, the balances of sewage
quantity were made and the quality of treated sewage was rated.

2. WATER AND SEWAGE MANAGEMENT
IN THE HASHEMITE KINGDOM OF JORDAN

The Hashemite Kingdom of Jordan covers a territory of about 91 880 km® with 99%
land area. The population of Jordan was 6.5 million at 2011, the natural rate of growth of
2.16% (2010) is one of the highest growth rates in the world. About 70% of the population
is urban. The capital of Jordan, Amman is a city of 2 million people, located in the north-
west portion of the country [3]. Jordan lies among the mainly semi-arid to arid zone which
are characterized by their minimal rainfall and high percentage of evaporation. Climate in
this country is a mix of Mediterranean and dry desert climate. Only the highlands that are
to the east of the Jordan Rift Valley are blessed with a Mediterranean climate, where the
weather is cold and wet in winter and hot and dry in summer. In the rest of the Kingdom,
the temperatures are usually very high during the summer season (around 46 °C) and low
in winter (a few degrees below zero). Snowfall occurs generally once or twice a year over
the highlands. The rainy season extends from October to April, with the peak of precipita-
tion taking place during January and February [3]. Only around 0.7% of Jordan’s area
receives an average annual precipitation of more than 500 mm, 3.3% between 300 and 500
mm, 2.2% between 200 and 300 mm, 22.3% between 100 and 200 mm and the rest,
71.5%, receive less than 100 mm/year [2, 3]. Approximately 92.2% of the rainfall evapo-
rates, 5.4% recharges the groundwater and the rest 2.4% goes to the surface water [2, 3].
Surface water resources in Jordan are limited. There are only a few small streams — the
Zarqa, Yarmouk and Wadi Shuib Rivers — and essentially no natural lakes exist.
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Jordan shares the rivers providing much of its water with Israel and Syria. Jordan
does not possess rivers in the worldwide known scale, except the Jordan River which
used to discharge around 1400 million m*/year into the Dead Sea before the develop-
ment of the water resources in its catchment. Even this river is a very small source
compared with international rivers like the Nile or Euphrates, because its total annual
discharge amounts to only 1.5% of the former and 4.3% of the latter. Other surface
water resources in Jordan are found in the Yarmouk and Zerka rivers and in wadis like
Karak, Mujib, Hasa, Yabis and El-Arab, in addition to flood flow wadis in various
parts of the country [6, 7].

The average annual renewable fresh water resources that can be safely exploited in
Jordan amount to 780 million m’, of which 277 million m® is from groundwater and
the rest is from surface water resources. In additional, reused treated wastewater and
nonrenewable water resources are also employed. Jordan water resources consist pri-
marily of surface and ground water, the renewable water resources in 2010 were esti-
mated to be about 1203 million m’, including ground water (277 million m® distrib-
uted among 12 basins), usable surface water (234 million m’ distributed among
15 catchments basins) and treated wastewater 177 million m’, an additional 140 mil-
lion m*/year of ground water is estimated to be available from fossil aquifers [3, 7, 8].

The groundwater aquifers of Jordan are divided into three main complexes: Deep
Sandstone Aquifer Complex, Upper Cretaceous Aquifer Complex, Shallow Aquifer
Complex. Brackish aquifers are not yet fully explored, but at least 55 million m*/year
is expected to be available for urban uses after desalination. In arid countries like Jor-
dan, even slight changes in water levels have significant impacts on agriculture, indus-
try, nutrition, and health. In 2010, approximately 1002 million m’> of water was used
for agricultures, 435 million m’ — for municipal purposes, 102 million m® — for indus-
trial purposes, and 7 million m® — for livestock purposes. Table 1 shows the water
demand for various sectors in 1995-2020 [3, 8].

Table 1

Water demand [10° m?/year] for various sectors [3, 8]

Year
1995 | 2000 | 2005 | 2010 | 2015 | 2020
Agricultural | 790 | 922 | 981 | 1002 | 992 | 963
Municipal 274 | 321 | 382 | 435 | 520 | 615
Industrial 37 54 80 102 | 134 | 168
Total 1101 | 1297 | 1443 | 1539 | 1646 | 1746

Sector

Wastewater is about 99.85% water by weight and is generally referred to as influ-
ent when it enters the treatment plant. Domestic wastewater primarily comes from
individuals, and does not generally include industrial wastewater [9].
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Wastewater will be collected, treated managed and used as a resource in an efficient
and optimized manner. Treated wastewater will comply with national standards and will
be treated to a level appropriate for agriculture and possibly for ground water aquifer re-
charge. Table 2 shows the water supply for various demand (2006/2007) [10].

Table 2
Water supply [10° m*/year] for various demand at 2006/2007
Demand requirements | Ground water | Surface water | Treated wastewater | Total
Domestic 214.0007 79.75 0 293.751
Rural area 0.745 7 - 7.745
Industry and remote areas 44.894 3.527 0 48.421
Agriculture 24481 176.366 90.97 512.146
Agriculture (high land) 77.46 - 77.460
Total supply demand 504.4497 344.103 90.97 939.523

To 2020, Jordan will be facing considerable water deficits each year. As shown in
Table 3, the water deficit for all uses will grow from 260 million m® in 2000 to 408
million m’ by the year 2020 [10].

Table 3
Projections of water supply and demand [10° m’]
Year Supply Demand Deficit
2000 993 1.253 260
2005 1.169 1.407 238
2010 1.206 1.457 251
2015 1.225 1.550 325
2020 1.250 1.658 408

3. THE JORDANIAN STANDARD AND THE IRRIGATION WATER QUALITY
GUIDELINES IN THE INTERNATIONAL CONTEXT

Parameters of treated wastewater were compared with the requirements for their
use for agricultural irrigation. Two standards which address treated wastewater reuse
are available in Jordan:

e Jordanian Standard JS 893/2002 (last amended 2006) addresses the properties,
quality control and other requirements for reclaimed water, specifically those that
domestic wastewater must meet before being discharged to any receiving body or re-
used for agriculture or other intended uses [11].

e The Jordanian Irrigation Water Quality Guidelines deal with brackish water, sur-
face and ground water and blended water that can be used in unrestricted irrigation [12].
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Jordanian standards for reclaimed wastewater try to regulate both water reuse and
environmental discharges. Jordanian standards allow discharging treated wastewater to
valleys and streams when it meets the specific criteria for many parameters such as
BOD, COD, DO, TSS, Escherichia coli bacteria, and helminthes eggs. In the present
time, the reclaimed wastewater is used for restricted agriculture either near the plants
or downstream after mixing with natural surface water.

The applicability of Jordanian Standard JS 893/2006 and the Irrigation Water
Quality Guidelines to serve in the Jordan Valley has been controversially discussed,
especially in the context of design parameters for the WWTP improvements.

Therefore, both Jordanian standards are compared in Table 4 with FAO guidelines
published in the FAO irrigation and drainage paper 47. Wastewater treatment and
use in agriculture [13]. Four classes (A-D) of selected agricultural products or se-
lected services (parks, road sites) are also outlined for direct reuse of effluent in agri-
culture. Hereby, the classes A (uncooked vegetables) and D (collecting flowers) repre-
sent the more stringent quality, while classes B (fruit trees) and C (industrial crops)
are regulated less stringent.

Agriculture is an important economic activity in Jordan. Treated wastewater could
be a valuable source for irrigation in the agricultural sector, as an alternative for fresh
water resources that is urgently needed for the rapidly growing urban populations.
Currently there is an increasing percentage of irrigated areas using treated wastewater.
With a fast growing population and expansion of the irrigated areas to meet the food
demand the pressure on water resources in Jordan remains of imminent importance. In
Jordan the agricultural sector consumes approximately 64% of available water per
year with one-third of this amount consumed in the Jordan Valley and about 50% re-
claimed water. All in all, agriculture consumes less than 35.5% of the total amount of
freshwater available in the Jordan Valley [14].

The preferred irrigation method is drip irrigation in combination with very thin
plastic sheets (in Jordan called “mulch’) which cover the plant rows. The main crops
that are grown in the Jordan are citrus, vegetables, bananas, grapes and certain stone
fruits in open field and greenhouse cultivations.

4. CHARACTERISTICS OF WASTEWATER TREATMENT PLANT
IN THE NORTHERN JORDAN VALLEY

Over 63% of the Jordanian population is connected to sewerage systems, all of
which will be treated in the next few years. Generally there are two types of WWTPs
in Jordan; one is the centralized WWTP recognized as a governmental institution,
while the other is the decentralized WWTP such as those installed at airports, universi-
ties and private companies.
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Jordan’s first wastewater treatment plant was established in 1970. The total num-
ber of treatment plants are 26 as of 2012, treating about 300 000 m® per day (115 mil-
lion m*/year), or about 98% of the collected wastewater [15]. There are 26 govern-
mental and 23 private WWTPs [16]. Most of the treatment plants are small, except for
the plant as As-Samra, which treats more than 80% of this quantity. The area under
study is located in the Northern Jordan Valley. The Greater Irbid Area is the catch-
ment of effluent of the Waste Water Treatment Plants (WWTP) of Wadi Arab, Wadi
Hassan, Central Irbid and Wadi Shallala. An unrestricted use in irrigated agriculture
requires upgrading and improvement measures at the existing WWTP, especially at
Central Irbid.

5. WWTP CENTRAL IRBID

Irbid wastewater treatment plant has been in operation since 1986 [17]. It is in
charge of treating of 10 000 m’/day (2010) of wastewater flowing from the city of
Irbid. The incoming wastewater flow is measured in a venturi channel after passing
through two automatic screens. Due to favorable topographic conditions, no pumps
are necessary at the plant inlet. After metering, the flow is divided into two aerated grit
chambers and then, two rectangular primary clarifiers. The primary sludge is conveyed
to the digester. The trickling filter pumping station conveys the pretreated sewerage
from the primary clarifies to the first biological stage consisting of two trickling. The
water is distributed by sprinklers over the surface and, dripping down, passes sessile
organism. The second biological stage consist of two aeration tanks. After the aeration
in the tanks the wastewater undergoes clarification in two final circular sedimentation
tanks, then flows to the chlorination station and the subsequent effluent flow metering
venturi channel.

Table 5
Characteristic of treated wastewater of Central Irbid WWTP in 01.2010-05.2011

. JS 893/2006
Parameter Unit 2010 2011 (Class A. Cooked vegetables)
BOD;s 15-59 55-170 30
COD 69-328 75-801 100
TSS 17-181 64-197 50
Total N mg/dm’ 54-122 56-136 45
NH,;-N 29-87 15-136 -
NO; 0,3-14 0.6-1.5 30
PO,-P 2.0-24 17-60 30
E. coli MPN/100 | 490-5.5160000 | 2.190-241.920 100
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The average daily flow during 2010-2011 period amounts to 8132 m*/d. The maxi-
mum daily dry weather wastewater flow can be assumed to amount 10 000 m’/d. In the
plant, monitoring diary gives a few indications about rainy days when inflows of sewage
exceeding 10 000 m*/d (maximum ca. 15 000 m*/d). Analyzed samples (Table 5) of the
plant effluent indicate that the plant does not always meet the effluent criteria of JS
893/2006 [11]. Part of the treated wastewater as well as untreated sewage eventually
flows to Jordan River and the rest will flow into the ground water aquifer downstream.

6. WWTP WADI AL ARAB

The Wadi Al Arab WWTP has been in operation for 13 years (operation started in
1999) [17]. There are not any built-up areas in the vicinity of the plant. The incoming
wastewater flow is measured in a venturi channel before passing two automatic screens.
Due to favorable topographic conditions, no pump is necessary at the plant inlet. After
the screens, the wastewater flows into an aerated grit chamber. The biological stage
consists of six rectangular aeration tanks, each equipped with four surface aerators. Here
the organic carbon removal and sludge stabilization is achieved through the extended
aeration activated sludge process. The running aerators work 24 hours per day. After the
aeration tanks, the wastewater is clarified in six final circular sedimentation tanks, then
flows to the chlorination station and reaches the subsequent effluent flow metering venturi
channel. Only during few rainy days the inflow to the WWTP exceeds its capacity. The
average daily flow amounts to 11 052 m’/d. Table 6 shows effluent indicates of wastewa-
ter in comparison the effluent criteria of JS 893/2006 [11].

Table 6
Characteristic of treated wastewater of Wadi Al Arab WWTP in 01.2010-05.2011
. JS 893/2006
Parameter Unit 2010 2011 (Class A. Cooked vegetables)
BODs 3-13 25-76 30
COD 20-104 45-154 100
TSS 844 38-174 50
Total N mg/dm’ 8—44 12-52 45
NH4-N 0.4-10 0.1-42 -
NO;3-N 2-34 0.6-10 30
PO,-P 10-27 23-52 30
E. coli MPN/100 | 5.8-330.000 | 24-241.920 100

Analyzed samples (Table 6) of the plant effluent indicates that the plant does not
always meet the effluent criteria of JS 893/2006 [11]. To meet the quality standard of
the treated wastewater, there is a plan to construct a new wastewater plant. At the Cen-
tral Irbid WWTP, the results reviewed show a wide non-compliance with the Jordanian
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Standard. Most problematic parameters are BOD, COD, total nitrogen, TSS and phos-
phate. At the Wadi Al Arab WWTP, the analyses show some compliance with the Jor-
danian Standard, but the most problematic parameters are the total nitrogen and TSS.
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Figures 1-3 show mean monthly values of such parameters as BODs, TSS and to-
tal nitrogen in the period 2010/2011 and marked their limit values according to the
JS893/2006 for the Class A (cooked vegetables).

To meet the quality standard of the treated wastewater flowing from the Irbid city,
there is a plan to construct a new wastewater plant on the lower altitude of the city,
which will cover the population currently not connected to the Irbid treatment plant.
To reach the requirements for BODs, COD, TSS and P-PO, secondary wastewater
treatment with adequately designed sedimentation tanks will be necessary. To reach
the requirements for TKN and N-NHy, nitrification and denitrification will become
necessary. The same needs like the Central Irbid WWTP, to reach the requirements for
BODs, COD, TSS and P-PO, secondary wastewater treatment with adequately de-
signed sedimentation tanks will be necessary to Wadi Al Arab WWTP. To reach the
requirements for TKN and N-NHy, nitrification and denitrification will become neces-
sary.

7. POSSIBILITY OF USING TREATED WASTEWATER FOR IRRIGATION
IN AGRICULTURE IN THE NORTHERN JORDAN VALLEY

The first feasibility study on the reuse of treated wastewater for irrigation purposes
in the Northern Jordan valley was completed in 2005 [18-20]. With this option, the
two existing wastewater treatment plants: Wadi Al Arab and Central Irbid will be up-
graded to provide effluent suitable for irrigation. The treated wastewater (TWW) will
then be conveyed by a single transmission pipeline from the three plants at Wadi Ash
Shallalah, Central Irbid and Wadi Al Arab to a mixing station in the Northern Jordan
Valley, where it shall be blended with fresh water from King Abdullah Canal and Wa-
di Arab Reservoir. From there, the blended water will be injected into the pressurized
irrigation system of the Northern Jordan Valley and used for irrigation. Crops to be
irrigated are all kinds of orchards (mainly citrus), fodder and vegetables commonly
eaten cooked. The existing irrigation system is entirely pressurized either by pump
pressure or by gravitational head.

The Wadi Ash Shallalah WWTP will be connected to the irrigation system, as
soon as the plant is put into operation by 2015, thus it has been skipped in this paper,
and considerations apply to the other two wastewater treatment plants [19, 20].

Table 7 shows total water demand for cropping pattern of project area and poten-
tial sources of supply for 2015: fresh water volume from the King Abdullah Canal and
Wadi Arab Reservoir, and treated wastewater volume for 2015 [20].

TWW will contribute about 10% to 35% to the total irrigation water supply in the
years 2010 and 2035 respectively. That means that the major share of the irrigation
water will be freshwater and the both waters will be mixed at given blending ratios
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before injection into the piped irrigation system. Blended TWW will be distributed

uniformly to all farms throughout the entire irrigation area.

Table 7

Total water demand for cropping pattern of project area and potential sources of supply for 2015

Crop

Cultivation area

Total water demand of project area (MCM)

Month

[ha] Total
JIFIM|A|M|J|J|A|S|O|N|D
Citrus 3048 1.11{1.57]0.67|3.57|5.08(5.46|5.73|5.35(3.92|2.61|1.28]0.15|36.52
Other tree 270 0.19]0.21]0.29(0.42|0.64|0.70(0.73|0.73|0.55[0.36|0.24|0.16| 5.26
Banana 162 0.02]0.04(0.12|0.21]0.34|0.40/0.47|0.47]|0.36|0.24|0.11]|0.07| 2.84
Vegetable 1082 0.34]0.04[0.68|1.48|0.37|0.00{0.00{0.00|0.78{1.39]0.73|0.39] 6.19
Date palm 202 0.01]0.13{0.10/0.23]0.45]0.50{0.52|0.51|0.38]0.25]|0.14|0.00| 3.22
Fodder 551 0.20]0.23[0.45|0.68{1.12]0.92|0.59{0.30|0.21{0.09]0.02|0.05| 4.85
Grain 80 0.00/0.00{0.04/0.11{0.17]0.10{0.02{0.00|0.00{0.00{0.00/0.00| 0.45
Total 5394 1.88]2.22]2.36|6.70|8.16(8.08|8.10|7.36]6.19|4.95|2.52|0.81{59.33
Fresh water volume, FW (MCM)
JIFIM|A[M|J|J]|A|S|O|N|D |Total
Monthly releases
from King Abdullah Canal 1.88|2.22|2.36(6.45|7.66|7.08(6,10|5.36(5.19|4.20|5.52{0.81|51.83
Monthly releases
from Wadi Arab Reservoir 0.00{0.00{0.00(0.25]0.50|1.00(2.00|2.00|1.00{0.75|0.00|0.00( 7.50
Total 1.88]2.22]2.36/6.70(8.16|8.08|8.10|7.36/6.19]4.95|2.52|0.81|59.33
Treated wastewater volume, TWW (MCM)
JIFIM|{A|M|J|J|A|S|O]|N]|D |Total
TWW total — | — [1.54|1.54]1.20|1.20{1.20{1.20|1.20{1.37|1.54] — [11.99
blending ratio 50
TWW:FW I: )

The quality of the blended water is of critical importance for such use. In order to
determine an appropriate treatment approach, the blended water quality was estimated
for different wastewater treatment approaches as follows. Table 8 shows characteris-
tics of treated wastewater from the Central Irbid WWTP and Wadi Al Arab WWTP,
fresh water from the King Abdullah Canal and Wadi Arab Reservoir, and comparison
characteristic of blended water with Jordan standard [20]. Table 8 shows the concen-
tration of each parameter for the case considered, resulting in a “mixed TWW” quali-
ty. Mixing of TWW with freshwater will results in a “blended TWW?” quality to be
finally injected in the agricultural irrigation network. Estimate is made assuming mod-
ernization of both wastewater treatment plants, taking into account the requirements of
the quality of treated sewage used for irrigation in accordance with the Jordanian stan-

dards.
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Table 8
Characteristic of treated wastewater from Central Irbid WWTP and Wadi Al Arab WWTP,
fresh water from King Abdullah Canal and Wadi Arab Reservoir,
and comparison characteristic of blended water with the Jordan standard
Parameter | Central Irbid | Wadi Al Arab | Mixed | Fresh | Blended | Jordan 1S 893
[mg/dm’] WWTP WWTP TWW | water | TWW | guideline
TSS 94.4 72.6 824 | 28.0 | 34.36 <50 <50
BOD;s 77.5 44.4 59.34 | 2.00 8.70 <60 <30
COD 249.8 83.8 168.71 | 13.00 | 30.03 <120 <100
NH4-N 1.0 1.0 1.00 | 0.10 0.21 <16 not defined
NO;-N 30.0 30.0 30.0 | 1.10 4.48 <16 <30
Total nitrogen 33.0 33.0 33.0 [33.00] 4.50 <50 <45

At the Central Irbid and Wadi Al Arab WWTPs, the parameter TSS is perma-
nently exceeding the target value of 50 mg/dm’, thus the mixed TWW concentration
also exceeds the target value. COD and BOD parameters by the Central Irbid WWTP
are negatively influenced on mixed TWW characteristic. Even when the blended
TWW quality is in accordance with the target value, a trend to increase concentrations
is obvious. To meet the quality standard of the treated wastewater flowing from
WWTPs, secondary wastewater treatment with adequately designed sedimentation
tanks and nitrification/denitrification processes will be necessary.

With this solution, the results indicate that the quality of the blended TWW is in
accordance with the Irrigation Water Quality Guidelines and JS 893 [11, 12].

8. CONCLUSION

In April 1997, the Ministry of Water and Irrigation of Jordan prepared a draft Wa-
ter Strategy for Jordan. The strategy defines long term goals that the government of
Jordan seeks to achieve in the water and wastewater sector, and the main goals is
Wastewater shall not be managed as “waste”. It shall be collected and treated to stand-
ards that allow its reuse in unrestricted agriculture and other non-domestic purposes,
including groundwater recharge. An important strategy for the Jordanian government
is to meet the water demand for agricultural sector by producing more treated
wastewater.

The expected very good quality effluent of the WWTP has made it possible to ex-
plore new water reuse methods in Jordan. Among the non-conventional water re-
sources, wastewater reuse has the lowest cost. Seawater desalination is costly, because
the sea is very far from highly populated areas, making the cost of transferring. There-
fore reuse of reclaimed wastewater in Jordan is necessity.

The characteristics of raw wastewater in Jordan are somewhat different from other
countries. Wastewater in Jordan can be characterized as very strong with high salinity
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and insignificant heavy metals and toxic organic compounds. The average domestic
water consumption is low. This results in very high organic loads. Therefore, to meet
requirement quality of effluent are necessary highly effective wastewater treatment
plants.

As shown by the analysis of the data from the Central Irbid WWTP, the results re-
viewed indicate a wide non-compliance with the Jordanian Standard 983/2006. Most
problematic parameters are BOD, COD, nitrogen, TSS, and E. Coli. At the Wadi Arab
WWTP, the results show compliance with JS 983/2006, where the most problematic
parameters are BOD and TSS. TWW will be blended with fresh water prior to use in
agriculture in the Northern Jordan Valley and the quality of the blended water is of
critical importance for such use. The blended water quality was reviewed after mixing
of the fresh water with the existing TWW without plant improvements. In general if
there are no WWTP upgrades, the blended water quality generally satisfies the re-
quirements of the Jordanian Water Quality Guidelines.

REFERENCES

[1] WARD F.A., PULIDO-VELAZQUE M., Water conservation in irrigation can increase water use, PNAS,
2008, 105 (47), 18215.

Water Strategy for Jordan, The Ministry of Water and Irrigation, Amman, Jordan, 1997.

Jordan Statistic Year Book for the Year 2002—2006, Department of Statistics, Amman, Jordan, 2007.
RAK J.R., Selected Problems of Water Supply Safety, Environ. Prot. Eng., 2009, 35 (2), 23.
MYSZOGRAJ S., QTEISHAT O., Potential and limitations of wastewater reuse in the Hashemite King-
dom of Jordan, Civil Environ. Engin. Reports, 2011, 6, 5.

[6] ALFARRA A., Treated Wastewater for Irrigated Agriculture in the Jordan Valley, Analyzing Water
allocation and Willingness to Pay for Reused Water, Bauingenieur-, Geo- und Umweltwissen-
schaften des Karlsruher Instituts fiir Technologie (KIT), Dissertation, 2009.

[7]1 ELASHA B.O., Mapping of Climate Change Threats and Human Development Impacts in the Arab
Region, United Nations Development Programme, Regional Bureau for Arab States, Arab Human
Development Report Research Paper Series, 2010.

[8] TUTUNDIIAN S., Water Resources in Jordan, Amman World Bank [WWW document]. URL
http://www.usaidjordan.org., 2001.

[9] Prospects of Efficient Wastewater Management and Water Reuse in Jordan, Efficient Management
of Wastewater, Its Treatment and Reuse in the Mediterranean Countries, February 2005,
EM-WATER InWent, Alshaeb Press, Jordan.

[10] AL-ZBOON K., AL-ANANZEH N., Performance of wastewater treatment plants in Jordan and suitabil-
ity for reuse, African J. Biotechnol., 2008, 7, 2621.

[11] Jordanian Standard JS 893/2002.

[12] The Jordanian Irrigation Water Quality Guidelines, http://pdf.usaid.gov/pdf docs/PNACP575.pdf
(accessed 9 September 2012).

[13] Wastewater Treatment and Use in Agriculture, FAO irrigation and drainage paper 47, by M.B. Pescod,
FAO 1992, http://www .fao.org/docrep/T0551E/T0551E00.htm [accessed 9 September 2012].

[14] SHAMS L.A., AWAMLEH M., Public private partnership through, build-operate transfer in Jordan
wastewater sector, Eighth International Water Technology Conference, IWTC8 2004, Alexandria,
Egypt, 333-345.

[2
3
[4
[5

— ) —



Reuse of treated wastewater for irrigation purposes 31

[15] ULIMAT A.A., Wastewater Production, Treatment, and Use in Jordan, Second Regional Workshop Safe
Use of Wastewater in Agriculture, New Delhi, India, 2012, http://www.ais.unwater.org/ais/ pluginfile.
php/356/mod_page/content/111/Jordan_ULIMAT_ICID_AHMA_2012-1.pdf [accessed 9 September
2012].

[16] QADIR M., WICHELNS D., RASCHID-SALLY L., MCCORNICK P.G., DRECHSEL P., BAHRI A., MINHAS P.S.,
The challenges of wastewater irrigation in developing countries, Agric. Water Manage., 2010, 97, 561.

[17] Technical Report of Central Irbid and Wadi Al Arab WWTP, 2010.

[18] Water Sector Planning and Associated Investment Program 2002-2011, Ministry of Water and
Irrigation, Amman, Jordan, 2002.

[19] Development and implementation of an innovative, self-sufficient, brackish water treatment pilot
plant for the production of drinking water for a Jordan Community. Project, http://www.uest.gr
[accessed 9 September 2012].

[20] Update of the existing feasibility study, concept and detailed design, tendering and supervision for
reuse of treated wastewater for irrigation purposes in the Northern Jordan Valley, Ministry of Water
and Irrigation Water Authority of Jordan, Report, 2012.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


