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ABSTRACT

Descriptive and quantitative statistical analysis
methods were used to determine the extent of treated
wastewater or non-refined water used in landscape
irrigation in new cities as an alternative to drinking water
utilization. The results of the study showed that about 65%
of the sample, use drinking water and about 35% of the
sample use treated wastewater in landscape irrigation. On
other hand about 36%, 30%, 28% and 6% of the sample
use sprinkler irrigation, mixed sprinkler and drip
irrigation, traditional surface irrigation, and drip
irrigation system in landscape irrigation, respectively.
About 40% of the sample consume more than 20 cubic
meters of water per week, where about 22%, 20% and
18% use more than 10-20 cubic meters, more than 5-10
cubic meters and 1 - 5 cubic meters per week to irrigate
their landscape, respectively. There is a statistically
significant relationship between the water quality used in
landscape irrigation at home gardens and irrigation
system, home garden area, and plant diversity in the
garden. Whereas, the existence of a statistically significant
relationship between water quality used, the number of
landscape irrigation per week and the quantity of
irrigation water used weekly were not proven. About 85%
of the respondents prefer to use drinking water, where
only 15% prefer to use treated wastewater for economic,
psychological and health reasons.
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INTRODUCTION

Globally, freshwater water demands are increasing
mainly due to population growth, increasing
consumption and the demands of the industrial and
agricultural sectors (Massoud and Elfadel, 2002). As the
world population is expected to increase by 2 billion by
2050, the global food system will have to cope with this
rise by doubling production to sustain the demand and
improving living quality. Such intensification in
agricultural systems and activities will stress fresh-water
resources (Lahlou, et al.,2021).

Egypt is one of the most vulnerable countries
exposed to the effect of climate change which inversely
reflects on water resources degradation (overuse, soil
salinization, low irrigation efficiency, etc.). In addition,
the increasing of water demand in agriculture as well as
in the urban, industry and energy sectors (Gaber, 2020).
The water resources system in Egypt is classified as a
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semi-closed system. Its management relies on reuse of
non-conventional water resources, the most important of
which is treated wastewater (Ahmed, 2017).

Recently, the development of reclaimed domestic
wastewater reuse projects has emerged as a potential
non-conventional resource to satisfy the continuously
increasing demand for water (Massoud and Elfadel,
2002). Water reuse is an economical alternative in
developing water resources because it can save more
than half the cost of producing desalinated water
(Eldeep et al., 2020). To reduce the pressure on
freshwater resources and to preserve them for the
providing of drinking water, it is important to consider
how these resources are managed through policy
developments (Gaber, 2020). The reuse of treated
wastewater could be one of the main alternative options
to expand water resources, especially in dry areas,
because it represents another source of renewable water
(Hashem and Xuebin, 2021). Though, treated
wastewater is considered a good irrigation source for
both arid and semi-arid areas (Eldeep et al., 2020).

In Egypt, about 5 billion m® of sewage water were
collected every year. Therefore, the treated wastewater
can add up to 5 billion m® to Egypt’s water resources
(CAPMAS, 2020). In this respet several water-scarce
countries worldwide, wastewater reuse is considered a
long-established practice and very important. Potential
wastewater reuse applications include agricultural and
landscape irrigation, industrial reuse, urban applications
such as street cleaning, and firefighting and ecological
and recreational uses (Hashem and Xuebin, 2021).

The wastewater treatment systems in Egypt are
suffering from some problems as lack of public
awareness, reliance on manual systems, lack of
coordination between different water and wastewater
authorities, over staffed unskilled labors, inadequate
operation and maintenance plans, lack of accurate and
reliable data, incomprehensive Master Plan, most of the
facilities are over loaded, inefficient water and
wastewater networks, small capacities of the treated
wastewater treatment plant, lack of new technologies,
financial crisis level, as well as absence of plans to
preserve sector investment. Due to insufficient funds for
operation and maintenance and technical know-how,
many of the treatment plants are not able to meet the
required standards (Abdallah, 2014).
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Use of treated wastewater provides a reliable
alternative source for irrigation in arid and semi-arid
regions (Elbana et al., 2014; Shetta,2016). Treated
wastewater effluents may be reused for different
purposes such as landscape irrigation (parks, green
areas, golf courses, etc), recreational activities,
firefighting and groundwater recharge (Massoud and
Elfadel, 2002). The Egyptian code of the reuse of
treated wastewater for agricultural purposes prohibited
the usage of raw municipal wastewater (not treated) for
agricultural use. Whereas, the treated wastewater has
been classified into three categories (A, B, and C)
according to the treatment level. The category B and C
can be used for agriculture purposes in desert areas,
whereas A can be used for landscape irrigation in urban
areas (Elbana et al., 2014).

Accordingly, the research problem can be
summarized as the lack of enough studies to explain and
clarified the effect of substitute potable water in
irrigating landscape by treated wastewater and to How
extend inhibited people in new cities can accept this
water as well as government official. Solving this
problem will reduce the heavy burden put in potable
water for irrigating landscape. In addition, this will help
improving wastewater treatment plant to improve this
plant efficiency in quantity and quality.

Objective of the study:

e The main objective: was to determine the extent of
treated wastewater or non-refined water in landscape
irrigation in new cities as an alternative to drinking
water utilization.

e Sub- objectives:

- Assessment of the current status of the reused drain
water quantities for irrigation of tree forests.

- To estimate the average per capita, share of the
quantities of refined water produced.

- To evaluate the relationship of the quality of
landscape irrigation water used by respondents in the
sample with some variables such as the number of
irrigation times, the quantity of irrigation water used
weekly, the garden area, the irrigation system and
the plant diversity.

- To identify the obstacles and problems of using
treated wastewater in landscape irrigation from the
user’s point of view.

MATERIAL AND METHODS

Methodology and data sources:

Descriptive and quantitative statistical analysis
methods were used such as percentages, average,
relative frequency and graphs. In addition, use of Chi—
Square test to ensure that there is a statistically
significant relationship between the quality of water
used in landscape irrigation and some variables.

Two main sources of data were used. The first
source is the published and unpublished secondary data
issued by government agencies such as the central
agency for public mobilization and statistics
(CAPMAS) and the ministry of water resources and
irrigation (MWRI). The second source is the
preliminary data collected by the questionnaire, which
designed to collect field data to serve the objectives of
the study through personal interviews with citizens
living in Katameya height, and Lake View compounds
in the fifth settlement - New Cairo who have gardens in
their homes, which selected randomly by simple random
sampling method.

RESULTS AND DISCUSSION

The current situation of treated wastewater in
Egypt:

Reuse of wastewater is one of the most important
non-convential water sources in Egypt, as it represents
about 65% of the non-traditional water resources and
about 17% of the total available Egyptian water
resources during the period 2015-2019, (CAPMAS,
2020).

Table 1 shows that the average quantities of used
drain water for tree forests irrigation is estimated to
853.3 thousand cubic meters per day, and a standard
deviation estimated to 104.9 thousand cubic meters per
day during the period 2013-2018. It is also clear from
the same table that the average of the served area used
drain water is estimated to 10491.2 feddans and the
standard deviation is estimated at about 1696.3 feddans
within the same period.

On other hand, Table 2 shows the average quantity of
pure water produced is estimated to about 9762.5
million cubic meters, with a standard deviation at about
945.5 million cubic meters during the period 2010-
2020. As for the average per capita share of pure water
produced is about 110.2 cubic meters annually, with a
standard deviation at about 9.5 cubic meters annually
during the same period.
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Table 1. Quantities of drain water reused for tree forests irrigation between 2013-2018

Years

Quantity of used drain water

Beneficial area

(1000m®/day) (feddan)
2013 857 13701
2014 870 10838
2015 715 9423
2016 829 10346
2017 813 9487
2018 1036 9152
Average 853.3 10491.2
Standard Deviation 104.9 1696.3

85

Source: central agency of public mobilization and statistics, annual bulletin of irrigation and water resources statistics, several

issues.

Table 2. Average per capita of pure water quantity produced between 2010-2020

Quantity of pure water

Population estimates

Average per capita pure

years produced (Million/m?®) (Million) water produced (m®)
2010 10483 77.8 134.7
2011 8505 79.6 106.8
2012 8919 81.6 109.3
2013 9727 83.7 116.3
2014 8867 85.8 103.4
2015 8889 88 101.1
2016 9297 91.2 102.1
2017 9823 95.2 103.2
2018 10793 96.3 112.1
2019 11087 98.1 113
2020 10997 99.8 110
Average 9762.5 - 110.2
Standard Deviation 945.5 - 9.5

Source: central agency of public mobilization and statistics, annual bulletin of pure water and sanitation statistics, several issues.

The study sample:

Using the simple random sampling method, a
hundred questionnaires were collected from citizens
living in New Cairo city to identify the quality of water
used in landscape irrigation in their gardens, as well as
to estimate the relationship of the quality of used
irrigation water with some variables such as the
irrigation number, the quantity of irrigation water used
weekly, the garden area, plant diversity in the garden
and the type of irrigation system used to irrigate the
landscape.

Fig.1 shows the water quality used for irrigating the
landscape of the home garden, which explain that about
65% of the sample use drinking water to irrigate the
home garden, where only 30% of the sample use treated
wastewater. This asked for more attention and effort to
increase treated wastewater in landscape irrigation. On
other hand, Fig.2 presents the type of irrigation system
used in landscape. It is found that about 36% of the
sample use sprinkler irrigation system, about 30% use
sprinkler irrigation system mixed with drip irrigation
system, about 28% use traditional surface irrigation
system and about 6% use drip irrigation system to
irrigate their landscape.
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Fig.2. percentage of irrigation system type used in landscape

Fig.3 explain the garden state and its area at
inhibited homes of the sample. About 19% of them
have gardens estimated to 100-300 m?, about 27% of
them have gardens estimated to 300-500 m? and 54 % of
them have gardens estimated more than 500 m2.

As for the number of landscape irrigation per week,
it found that about 27% of the sample irrigate their
landscape seven times, 21% of them irrigate their
landscape three times, 17 % of them irrigate their
landscape twice a week, as shown in fig.4. From the
above it can be concluded that there is high percent of
inhabitant irrigate their landscape seven times which
indicates how clean water is consumed by landscape
irrigation and the need to save this amount and replace it
by treated wastewater.

In other hand, quantity of water used for irrigating
landscape, it was found that about 40% of the sample
inhabitant use more than 20 m3/week for irrigating their
landscape, where 22%, 20% and 18% of the sample use

about 10-20 m® 5-10 m® and 1-5 m® per week,
respectively as indicated by fig.5.

Concerning the plant diversity at home garden, plant
diversity was classified into three categories: good
diversity (which includes grass areas, flowers and
ornamental trees + fruit trees + vegetables), medium
diversity (which includes grass areas, flowers and
ornamental trees + fruit trees), and weak or poor
diversity (includes Grass areas, flowers and ornamental
trees).

Plant diversity at home garden of the sample was
investigated at which 51% categorize to be good 32% as
medium and 17% as poor plant diversity as shown in
fig.6. This indicates why most respondents of the
sample inhibited like to use drinking water for
landscape irrigation.
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Fig.6. percentage of plant diversity in home gardens

Accordingly, a statistical analysis was implemented
to test the significant relationship between water quality
used for irrigating landscape and some variables as
irrigation system, area of the garden, plant diversity,
irrigation water quantity weekly and number of
irrigation per week.

So, chi-square test was used where the result
indicated that, there are significant relationship between
water quality used for irrigating home garden and
irrigation system, garden area and plant diversity, where
no significant relationship with number of irrigation and
quantity of irrigation water, as shown in Table 3.

Asking sample members about which type of water
sources (drinking or treated water) to use for irrigating
their landscape, their response was 85% prefer drinking
water, where only 15% accept treated wastewater. Each
category of them have their reasons as indicated in table
4 specially for treated wastewater. There reasons were

classified as economic, and health

reasons.

With regard to the economic reasons, it included
several reasons, which are: the unavailability of treated
wastewater, the high costs of using treated wastewater,
in contrast to low-cost drinking water, the irrigation
network is damaged due to its blockage as a result of
sediment formation inside it and fear of excess salt in
the soil. The relative frequency of these reasons is
estimated at 90%, 84%, 80% and 75% for each of them,
respectively. As for the psychological reasons, they
included feelings of malaise and disgust at being
wastewater, the cleanliness of the treated wastewater
and its undesirable odor. The relative frequency of it is
estimated at 85% and 87%, respectively. As for the
health reasons, they included fear of causing diseases or
infection and concern that they might help spread
insects and rodents, with a relative frequency estimated
at about 85% and 80% for each, respectively.

psychological

Table 3. The relationship of water quality used in landscape irrigation and some field study variables

The variables: Pearson Chi-Square Significance
- Number of irrigation times per week 16.37 0.012"
- Quantity of irrigation water used per week 5.096 0.165"
- irrigation system type 17.68 0.001™
- The home garden area 11.05 0.004™
- Plant diversity in home gardens 23.59 0.000™

*is not significant. ~ **is significant at significance level 5%.
Source: Chi-Square test results, IBM SPSS program V20.
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Table 4. Obstacles and problems of using treated wastewater in landscape irrigation

Reasons for not using treated wastewater for irrigation:

Relative Frequency (%0)

Economic reasons:

- The unavailability of treated wastewater, unlike drinking water that is available 90
and clean.

- The high costs of using treated wastewater, in contrast to low-cost drinking 84
water.

- Damage to the irrigation network due to its blockage as a result of sediment 80
formation inside it.

- Fear of excess salt in the soil. 75

psychological reasons:

- Feeling upset and disgusted with being wastewater. 85

- Inadequate cleanliness of treated sewage water and its undesirable odor. 87

Health reasons:

- Fear of causing disease or infection. 85

- Concern that it may cause the spread of insects and rodents. 80

Source: study sample data.

CONCLUSION

The water resources system in Egypt is classified as
a semi-closed system. Its management relies on reuse of
its non-conventional water resources, the most
important of which is treated wastewater. The reuse of
treated wastewater could be one of the main alternative
options to expand water resources, especially in dry
areas, because it represents another source of renewable
water. So, the research aimed to determine the extent of
treated wastewater or non-refined water used in
landscape irrigation in new cities as a vital alternative to
drinking water utilization. The results of the study
showed that about 65% of the sample, use drinking
water and about 35% of the sample use treated
wastewater in landscape irrigation. It was confirmed
that there is a statistically significant relationship
between the water quality used in landscape irrigation at
home gardens and irrigation system, home garden area,
and plant diversity in the garden. Whereas, water quality
used, the number of landscape irrigation per week and
the quantity of irrigation water used weekly were not
significant. About 85% of the respondents prefer to use
drinking water, where only 15% prefer to use treated
wastewater for economic, psychological and health
reasons.

RECOMMENDATIONS

- Considering the reuse of treated wastewater in
landscape irrigation as part of the integrated water
management and planning.

- Conducting more studies and research to study the
long-term positive and negative effects of the use of
treated wastewater on the environment and health.

- Spread awareness and education among citizens
through training and qualifying a technical cadre by
holding training courses, lectures, survey tours and
discussions, and also through the available media to
encourage citizens using treated wastewater in
landscape irrigation and save clean water.

- More efforts from concerned authorities have to be
implemented to increase efficiency and number of
sewage treatment stations.

- Reconsidering the licenses granted to real estate
companies that determine the percentage of green
areas and landscape and apply laws not to allow use
of fresh water in landscape irrigation and
encouraging them to set up wastewater treatment
stations for use in landscape irrigation.

ACKNOWLEDGEMENT

The authors thank dr. Mohamed Lotfy Nasr,
professor emeritus at water management research
institute (WMRI)- national water research center
(NWRC) for his assist and support of this work.

REFERENCES

Abdallah, M. N. 2014. Wastewater operation and maintenance
in Egypt (specific challenges and current responses). Int. J.
Sci. Basic Appl. Res.18 : 125-142.

Ahmed, R. K. M. 2017. Socio-economic effects of water
management technologies application on sugar crops
yield, Ph.D thesis, faculty of agriculture, Benha univ.
Egypt. In Arabic

CAPMAS (Central agency of public mobilization and
statistics). 2010-2020. annual bulletin of pure water and
sanitation  statistics, several issues, Cairo, Egypt.
https://www.capmas.gov.eg/Pages/Publications.aspx?page
_id=5104&Year=23478


https://www.capmas.gov.eg/Pages/Publications.aspx?page_id=5104&Year=23478
https://www.capmas.gov.eg/Pages/Publications.aspx?page_id=5104&Year=23478

90 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 43, No.1. JANUARY- MARCH 2022

CAPMAS (Central agency of public mobilization and
statistics). 2013-2018. annual bulletin of irrigation and
water resources statistics. several issues. Egypt.

CAPMAS (Central agency of public mobilization and
statistics). 2020. central agency of public mobilization and
statistics, Egypt in figures 2020, Cairo, Egypt.
https://www.capmas.gov.eg/Pages/Publications.aspx?page
_id=5104&Year=23608

Elbana, T.A., B. Noura, K. Fawzi and E. Dia. 2014. Treated
wastewater utilization for agricultural irrigation in Egypt,
water security: challenges and solutions conference,
national research center, Egypt. 35-46.

Eldeep, E.H.E., M. Hegazi and O. Bedair. 2020. Improving
the management of wastewater reuse to irrigate landscape,
Avrab Univ. J. Agric. Sci., Ain Shams Univ., Cairo, Egypt.
28: 749-765

Gabr, M. 2020. Study of reclaimed water reuse standards and
prospects in irrigation in Egypt, Port-Said engineering
research journal, faculty of engineering, Port Said univ.,
Egypt. 24: 65-75

Hashem, M.S and Q. Xuebin. 2021. Treated wastewater
irrigation—A review. Water. 13,1527.

Lahlou, F. Z, R. Hamish and A. Tareq. 2021. Wastewater
reuse for livestock feed irrigation as a sustainable practice,
A socio-environmental-economic review. J. cleaner
production. 294, 126331.

Massoud, M and M. Elfadel. 2020. Economic feasibility of
wastewater reuse in agriculture: A case study, proceedings
of international symposium on environmental pollution
control and waste management, Tunis (EPCOWM). 598-
607.

Shetta, N.D. 2016. Treated Wastewater Irrigation Promotes
the Growth and Nodulation of Acacia Species. Alex. Sci .
Exch. J. 37: 606- 617.

il padlal)
dasdall faall S D) gy Uj dalleal) all cipal) olia aladicd gda andl

g

) o deal Cualls ¢ dead deas JWS 4,

G ADLe sy o oSl 5L ) e s sl
DU gy b Aeriiuaadl olall Lo o Ailaa) AN
dalies padiiall ol HUais Lyl @Haal) 8 aSu
Gy ol g A dbaall G Slall g gally Al ddaal)
Leatiivaal obaall due sh (pu dilian) Ao I3 ADLe 2y
@l sl S5 paal) A asu 3D () Gy e
Ll e TAS s o 0 WS e sad deadid)
alasin) oyslimdy Lais /)0 5 oyl ol pladinl (o gliad,
Ll Calu a5y b Aalled) aall Capall sl
Agnaay dgdly 4plad)
onnall Cayeall olia ¢ o AU dalisd)l LS
Baadl Gadl ¢ gl ¢ GBS mape ¢ oball Ao ¢ dadleall

eias) lasyl Jdadll gk Al cuensil

Aaledl aall Copall s alasinl (520 yaadl Sl
sl aladin JoaS saaall aall & S A gy A
Ll e 70 s o Al il capedal Lyl
Osedding Al e 170 Jsas ) sl O gariing
G0 S U g b dalledl aaall Cipall sl
VANPWA VNIPWA NPVA SR PRRPRECRTINIPTEN I PN
s (dakinl) + () sl g lly (il (ol Al n
S 3B (g B Tailly ) iy (s aland
oe S dllgins Al e L8 M oy L sl e
FRAREEIAL R FUR P NI IVREN PRSI
e S5 (@aSe Sie YooY v e SST) geniion 1A
@ Lol (e e © = 1) 5 (waSe e Vom0


https://www.capmas.gov.eg/Pages/Publications.aspx?page_id=5104&Year=23608
https://www.capmas.gov.eg/Pages/Publications.aspx?page_id=5104&Year=23608

