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The impact of Drip and sprinkler irrigation systems with
secondary treated wastewater on groundwater was investigated
six monitoring wells including 3 sallow wells and other deep wells
were installed at two field trials grown with canola and soybean
| and irrigated with drip and sprinkler irrigation systems. Samples
of groundwater were taken from all of the monitoring wells and
analyzed for a range of chemical parameters. The findings
demonstrated that the salinity of groundwater under drip
: irrigation was comparable to that of secondary treated
sl wastewater and was less than half of that under sprinkler. The
drip irrigation system had lower nitrate concentrations than the
© Misr J. Ag. Eng. (MJAE) | sprinkler system. It seems that irrigation systems could affect
nitrate concentration in groundwater according to the water table
depth. The amounts of heavy metals in the groundwater of both
irrigation systems were negligible and comparable. The microbial

Keywords: load of the groundwater samples under the two irrigation systems
Irrigation system; by secondary treated wastewater was similar and substantial. It
Groundwater; is not quite clear from the short-term monitoring period that
NO;: irrigation with secondary treated wastewater has absolutely
Microbial load; affected groundwater quality. Some evident effects could be
Heavy metals occurred by the most soluble and mobile components, such as

total dissolved solids and nitrate under drip irrigation and
sprinkler irrigation systems, respectively. These results indicate
that irrigation system could affect the mobile components of the
treated wastewater such as TDS (764 and 1953 mg/l), TSS (25.8
and 26.3) and nitrate (48.4 and 62.7 mg/l) concentration for drip
and sprinkler irrigation systems, respectively in groundwater.

INTRODUCTION
Treated wastewater may minimize water crisis in many nations, including the United

States, Germany, India, Kuwait, Saudi Arabia, Oman, Jordan, and Tunisia, treated
wastewater may reduce the severity of the water issue (Thebo et al., 2017). A number
of studies have demonstrated the usefulness of wastewater in raising agricultural yields without
posing any dangers to plants, soil, groundwater, or human health (Qadir et al., 2020),
(Hamilton et al., 2007), (Khalid et al., 2007), (Ashraf et al., 2021), (Hashem and Qi, 2021),
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(Pulido-Bosch et al., 2018). Reusing treated home wastewater for irrigation, either alone or in
combination with fresh water, is one method of increasing the amount of water available for
irrigation. The overall volume of wastewater accessible for reuse will rise as a result of rising
residential water needs brought on by population growth, improvements in living standards,
and expanding industrial water usage due to the expansion of Egyptian industry in the future.
There aren't many treatment facilities in Egypt's big cities for the collected household
wastewater. At the moment, particular areas outside of the Greater Cairo region are receiving
irrigation from 1.4 billion cubic meters of primary processed effluent. This treated wastewater
flow is anticipated to reach 2.4 BCM by 2017 in the near future (NWRP, 2005).

Furthermore, it is clear from the economical scan that significant amounts of macronutrients
(NPK) might be irrigated into the produced crops using treated wastewater. Based on Egyptian
market prices, the fertilizer value was calculated in EGP, and the results showed that the ranges
for nitrogen addition were 315 and 1178 EGP, P was between 194 and 1128 EGP, and K was
between 585 and 2398 EGP. EGP (LE) based on the crop and the duration of irrigation with
wastewater. Based on the crop's NPK needs and irrigation length, the total NPK value of the
fertilizer applied to the field crops varied from 1049 to 4303 LE, according to the economic
input of fertilizer. These findings highlight the fact that wastewater contains naturally occurring
nutrients that may be used to reduce fertilizer costs. (Drechsel et al., 2010), (Winpenny et al.,
2013), (Corcoranetal., 2010), (Moscoso, 2017), (Abd El Lateef et al., 2010), (Abd EI Lateef
et al., 2020). Another estimate was made by (WRc, 2001), who calculated that in sandy
calcareous soil in Alexandria, wastewater may provide up to 100% of the crop requirements for
K and around 30% of the crop requirements for N. However, they pointed out that in the long-
term monitoring for potential toxic elements (mainly heavy metals), groundwater and pathogen
survival is necessary to protect the environment and human health. The study results highlight
the fact that, even when using treated wastewater for irrigation, the recommended fertilizer rates
are required to provide sufficient wheat yields on this kind of soil. This might be because
fertilizer is administered in several dosages that are timed to correspond with crop development
to guarantee proper nutrition, but the addition of nutrients through treated wastewater irrigation
builds up throughout the course of the crop's growth. This effect is significant because it
contributes to wastewater pricing strategies for Egypt and other comparable nations' new
territories (Abd EI Lateef et al., 2020). However, employing treated wastewater in agriculture
may affect environment through some biological and chemical properties of soil and
groundwater impacts (Abd EI Lateef et al., 2020). (Abuzaid and Jahin, 2021). The protection
of groundwater quality is critical for sustainable agricultural production and consequently
understanding the potential consequences of irrigated treated wastewater on soil is crucial to
the long-term viability of treated wastewater reuse schemes. Therefore, this work aims to study
the impact of drip and sprinkler irrigation systems with secondary treated wastewater on
groundwater characteristics and the degree of groundwater contamination.

MATERIALS AND METHODS
This work was carried out in two sites using all the facilities installed by the project "Cairo East
Bank Wastewater Re-Use Study"”, the client is the Cairo Wastewater Organization (CWO) and
the study is partially funded by the Kuwait Fund for Arab Economic Development (KFAED).
After completing the study, the facilities (irrigation networks, equipment) were used in this
study. Both experimental trials were carried out in summer and winter seasons inside El Berka
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WWTP located about 20 km northeast of Cairo using two irrigation systems. The first irrigation
system was drip irrigation was applied to canola and soybean, a same area was chosen in the
second irrigation system (sprinkler) with the same crops. The mechanical analysis of the soil
indicated that 95 % sand and 6% silt ,he soil could be classified as sandy soil The chemical
analysis of the soil was™ (pH8.5;EC 0.24dsm™ ;OM 0.73 ;N 1400ppm ;P132ppm ;K 826ppm
;Fe 3694 ppm; Mn 56.8ppm; Zn 17.8; Cu 3.78; Cd 0.02ppm ; pb 1.36ppm ; Ni 2.9 ppm ) ..Each
trial's design was based on sixteen big plots, eight of which got wastewater with additional
fertilizer that was tailored to each crop's prescribed rates and irrigation method, while the
remaining four received wastewater alone. Under each irrigation system, two crops were grown
on summer and winter seasons under each irrigation system, Crop selection included focused
on two industrial (oil) crops canola and soybean according to (WHO, 1989). Thus, there were
four replicate plots for each crop and treatment. Each experiment area was one hectare (10000
m? =2.47 acre). Fertilizing of both crops was applied according to the recommendations of
Ministry of Agriculture where Nitrogen was applied at 60 and 45 kg N, P at 31and 22.5 kg P20s
and K at 48 and 24 kgK-O /ac for soybean and canola, respectively. Nitrogen was applied as
ammonium sulphate 20.6%, P was applied as Calium superphosphate 15.5 % and K as
potassium sulphate 48% and all fertilizers were soil applied in the proper timing.

General description of all monitoring wells in the site for all field trials

Shallow wells

Nine boreholes (three twin and three single boreholes) were installed in and around the trial site
to monitor groundwater Wells were bored to reach the groundwater table (around 4 m), and for
the twin wells, one of each pair was drilled deeper, as follows:

Single boreholes: AW3  depth4.13 m
AWS5  depth 5.05 m
AW9  depth 5.15 m
Twin boreholes: AW1} depth 551 m
AW?2 } depth 8.89 m
AWT7 } depth4.71 m
AWS8 } depth 7.45m
AW11 } depth 5.55 m
AW12 } depth 7.08 m

Deeper wells

Seven boreholes (two twin and three single boreholes) were installed in and around the trial site
to monitor groundwater. Wells were bored to reach the groundwater table (about 14 m), and for
the twin wells, one of each pair was drilled deeper, as follows:

Single boreholes: BW1 depth 15.18 m
BW5  depth 15.24 m
BW9  depth 16.37 m
Twin boreholes: BW3} depth 15.28 m
BW4 } depth 17.00 m
BW7} depth14.70 m
BW8 } depth 18.02 m
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Monitoring wells around field trials:

Six monitoring wells including 3 sallow wells and other deep wells were installed at two field
trial grown with canola and soybean and irrigated with drip and sprinkler irrigation systems
(Table 1) All of the monitoring wells provided groundwater samples, which were then
examined for a variety of chemical characteristics. It is important to note that all safety measures
were taken to avoid exposing the workers to the irrigation method, and that sprinkler irrigation
was included in accordance with WHO rules. Furthermore, there shouldn't be any risks for the
field workers because all of the treated wastewaters utilized in the field experiments go through
sand filters before being irrigated. Sprinkler irrigation was done with the help of 1.170 m®* h?,
wetted radius of 13.5 m, operating pressure of 300 KPa, and irrigation intensity of 8.10 mmh—1
are all features of a metal impact sprinkler 3/4" male. At the head of the irrigation system, a
flow meter and a pressure-regulated valve were placed to monitor the applied water and manage
the system pressure. The control unit of the irrigation system included two sand filters with a 3
inlet/outlet diameter and a rand screen filter with 200 mesh. Following the filtration system, 27
60-meter-long laterals for the sprinkler irrigation system were erected in the designated
sprinkler irrigation area. The network of drip irrigation consisted of (1) The control head is
situated near the water supply source. The components include a diesel-powered centrifugal
pump with a QRM charge of 100 m3 h-1 and a 50 m lift; two-tank sand media filter 48; a screen
filter with 120 mesh; a backflow prevention device; a pressure regulator; pressure gauges; a
flow meter; and control. (2) Main line: 125 mm (OD) PVC pipes that carry water from the
source to the field's primary control stations. (3) Sub-main lines: A control device with a 2 ball
valve and pressure gauges linked PVC pipes with a 75 mm (OD) diameter to the main line. (4)
Manifold lines: 40 mm (OD) PVC pipes were connected to the under main line via 1.5 control
valves. (5) Emitters: These emitters are built-in (GR) drippers made of Polyethylene (PE) tubes
with an Out-diameter OD of 16 mm and a length of 50 m. At 1.0 bar working pressure, the
emitters have a QRM charge of 4 Iph, with a 0.3 m spacing between them and a 1.0 m spacing
between lateral lines.

Treated wastewater applied to soybean during the season was 5316 and 6912 m®/ha while it
was 5184 and 4980 m?/ha for canola under drip and sprinkler irrigation systems ,respectively.

Groundwater quality and treated wastewater were included in the sampling program.
wastewater treatments were examined in accordance with (APHA, 1992). Every sample was
examined using the accepted standard procedures. Under drip irrigation, six groundwater
monitoring wells (Table 1) were set up, three of which were positioned above the water table
with a drip irrigation system built in three wells at the top of the water table (mean depth 5.78
m) and three deeper wells (mean depth 16.77 m). Six more wells were drilled around the trial
area for the sprinkler irrigation system, three of which were drilled to the top of the water table
(mean depth 7.28 m) and two of which were drilled deeper (mean depth 15.60 m). Using a
submersible pump, groundwater samples were drawn from each of the monitoring wells. A
variety of chemical (pH, total NPK, and heavy metals) and microbiological (salmonilla and
total coliform counts) characteristics were examined in the samples in accordance with (APHA,
1992). The analysis was undertaken in Berka WWTP laboratory for the routine analysis, BOD,
COD, and macronutrients. Other measurements were done in The Central Lab of The National
Research Centre.

52 Abd-Elmonsef et al., (2025)



AGRICULTURAL IRRIGATION AND DRAINAGE ENGINEERING

Table 1: Type, Number and Depth of Groundwater Monitoring Boreholes at drip and
sprinkler irrigation system.

Well No Drip irrigation Sprinkler irrigation
w1 413 m 551m
W2 505m 8.89m
W3 515m 7.45m
Mean 4.78m 7.28m
W4 1528 m 15.18 m
W5 17.00 m 1524 m
W6 18.02m 16.37 m
Mean 16.77m 15.60m

Table 2. Mean concentrations of treated wastewater chemistry and microbiology applied
as drip and sprinkler irrigation.

Parameters Mean Min. Max. CV%
pH 6.613 6.5025 6.681 0.68
Total N 10.88 6.29 15.895 20.315
Total P 2.89 1.02 4,505 24.905
K 11.73 7.055 20.485 19.805
Fe 0.49045 0.0544 0.833 46.58
Mn 0.09775 0.0085 0.272 57.29
Cr 0.02295 0.0051 0.07395 102
Ni 0.03315 0.00595 0.0697 58.395
Zn 0.0799 0.00935 0.153 57.545
Cu 0.04165 0.0119 0.07905 47.77
Cd <0.005 <0.005 <0.005 11.9
Pb 0.079 0.031 0.13 26.945
Mo <0.01 <0.01 <0.01 22,1
Co <0.005 <0.005 <0.005 11.4
Salmonella 1.53 0.85 1.7 22.185
F. coliforms 29.75 2.55 69.7 60.945
Helminth 41.65 4.25 171.7 87.635

Units: (n==30) All determinants in mg/L except: EC (dS/m); salmonella qualitative range 0 = absent, 1 =
low, 3 = high; faecal coliform bacteria 10° MPN/100 ml; helminth ova/L.

STATISTICAL ANALYSIS:

MSTAT-C (a microcomputer program for the design, arrangement and analysis of agronomic
research) was used to perform a statistical analysis of variance of split plot design on the data
(MSTAT-C, 1988). Using the least significant difference (LSD) at 5%, means were compared.

RESULTS AND DISCUSSION

Secondary treated wastewater irrigation characteristics

Table 2 presents the mean concentrations of treated wastewater chemistry and microbiology
parameters. The analysis of the secondary treated wastewater irrigation characteristics from
both drip and sprinkler irrigation systems over the period of the trials showed that the pH of the
wastewaters was within the acceptable range for reuse, according to the Egyptian decree for
wastewater reuse (DECREE 44, 2000). Nutrient contents of the wastewater applied through both
irrigation systems complied with the Egyptian cod of reuse. The heavy metal delivered via
irrigation systems was negligible and much below the thresholds for the reuse of secondary
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effluent. The maximum levels of heavy metals as stipulated by the Egyptian wastewater reuse
ordinance (DECREE 44, 2000) include 0.05 for Co, 5 mg kg-1 for Fe, 0.01 for Cd and Cr, and
0.2 for Cu, Ni, and Mn. Salmonella was identified in every sample, and given the irrigation
water's pathogenic content, the treated wastewater's microbial load was determined to be 106
MPN/L, far more than what was allowed by the standards of (WHO, 1989). All treated
wastewater samples contained more nematode eggs than the 41.65 ova/L reuse limit (Table2).

The groundwater samples beneath the two irrigation systems included pathogenic bacteria
(salmonella), faecal coliform bacteria, and helminth ova. These were obtained from secondary
treated wastewater (Fig3). Under both irrigation systems, there were comparable levels of faecal
coliforms—between 102 and 103 MPN/100 ml. Most of the wells had a small amount of
parasite eggs, with the sprinkler irrigation system having a larger quantity.

The analysis of irrigation water under the two irrigation systems indicated the beneficial role of
irrigation with the treated waste water as well as the characteristics do not impose any
constraints environment. The analysis indicated that irrigating most field crops with treated
wastewater produced significant agronomic benefits. According to (Abd El Lateef et al.,
2020), irrigation with treated wastewater requires fertilizer compensation and may be able to
save some NPK crop requirements. They underlined that when field crops are watered with
treated wastewater, the prescribed levels of fertilizer are required to provide sufficient yields.
This might be because fertilizer is administered in the growing season, whereas the supply of
nutrients by treated wastewater irrigation occurs cumulatively during the crop's growth span. a
number of dosages, scheduled in accordance with crop development to guarantee proper
nutrition.

It is clear from an economical scan that treated wastewater irrigation might provide growing
crops with significant levels of macronutrients (NPK). Based on the crop's NPK needs and
irrigation length, the total NPK value of the fertilizer applied to the field crops varied from 1049
to 4303 LE, according to the economic input of fertilizer. These findings highlight the fact that
wastewater contains naturally occurring nutrients that may be used to reduce fertilizer costs
(Drechsel et al., 2010), (Winpenny et al., 2013), (Corcoran et al., 2010), (Moscoso, 2017),
(Abd EI Lateef et al., 2010), (Abd EI Lateef et al., 2020).

However, chlorination at levels to achieve faecal coliform compliance, however, does not
appear to appreciably lower the number of live nematodes, according to microbial and parasite
levels. Therefore, in order to attain compliance, further treatment of this treated wastewater—
such as by UV, sand filters, or lagooning—would be required. A similar outcome was recorded
by (Pulido-Bosch et al., 2018).

Groundwater Quality

Groundwater qualities (mean, minimum and maximum values of basic parameters for all
monitoring wells regardless of their depth under both irrigation systems are given in (Figs 1-3).
The data presented showed that the salinity of groundwater under drip irrigation was less than
half of that under sprinkler irrigation. The salinity of the groundwater under sprinkler irrigation
was comparable to that of the secondary treated wastewater (Figs. 4 and 5) and less than half
of that under drip irrigation. Sodium and chloride ion concentrations were also much smaller
than that under drip irrigation. Total dissolved solids in groundwater at Sprinkler irrigation
system, revealed an increasing trend (Fig 5). The data at the drip irrigation system was first
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rather erratic, but there is also a little tendency, although one of declining concentrations over
time. The same effects on the reference wells at both irrigation systems are indicative of general
water movement under both systems.

Nitrate concentrations under drip irrigation system was less than that of sprinkler irrigation
system. It is worthy to note that at shallow monitoring wells nitrate concentration was greater
under drip irrigation system while reversal magnitude was observed under sprinkler irrigation
in the deeper monitoring wells (Fig 6). In other words, irrigation system could affect nitrate
concentration in groundwater according to the water table depth.
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Fig. (1): Effect of irrigation system on biological oxygen demand (BOD) and Chemical oxygen
demand (COD) concentration (mg/l) in monitoring groundwater wells (Mean of all wells)

= EC " (SAR) = HCO3 Total nitrogen (TKN) = NH3
12

10

concentration mg/l, EC(dS/m)
(=}

Mean Min Max Mean Min Max
Drip irrigation Sprinkler irrigation
Irrigation System

Fig. (2): Effect of irrigation system on EC, SAR, HCOs3;, TKN, and NHjs) in monitoring
groundwater wells (Mean of all wells, All parameters in mg/L except EC dS/m).
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Fig. (3): Effect of irrigation system on salmonella % positive samples and faecal coliforms
10°MPN/100(Most Probable No.) ml; in monitoring groundwater wells (Mean of all wells).
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Fig. (4): Effect of irrigation system on Total Dissolved Salts TDS (mg/l) in monitoring
ground water wells (W1-W3) shallow, (W4-W6) deep.
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Fig. (5) Effect of irrigation system on Salinity expressed as EC (ds/m) in monitoring ground
water wells (W1-W3) shallow, (W4-W6) deep.
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Fig 6: Effect of irrigation system on Nitrate concentration (NOs mg/l) in monitoring ground
water wells(W1-W3) shallow, (W4-W6) deep.

The concentration of heavy metals in the groundwater of both irrigation systems were negligible
and comparable. This is true even if drip irrigation has resulted in higher concentrations of
heavy metals building up. However, this data shows that heavy metals are tightly linked to soil
and are not often soluble, which causes buildup in groundwater (Fig 7).

= Drip = Sprinkler

Concentration ppm
=
I~

0 T T T T T T T T
Fe Mn Cr Ni Zn Cu Cd Pb

Fig 7: Effect of drip and sprinkler irrigation systems on heavy metals (ppm) in
monitoring ground water wells (Mean for all wells).

Since salinity control of irrigated soils requires a continual downward movement of water, there
is a risk that substances not fixed in the soil, degraded or taken up by crops, are susceptible to
loss by leaching. The leachate would ultimately reach groundwater and may adversely affect
this if it is vulnerable and usable for potable water or irrigation. Substantial variation in the
effect of irrigation system on groundwater quality is evident, the salinity of ground water under
sprinkler irrigation was less than half of that at drip irrigation and similar to that found in this
secondary treated wastewater. Sodium and chloride ion concentrations were also much smaller
under drip irrigation systems in groundwater. Nitrate concentrations under the drip irrigation
system was less than that of sprinkler irrigation system. These results indicate that irrigation
system could affect the mobile components of the treated wastewater such as TDS, TSS and
nitrate concentration in groundwater according to the water table depth (Armanuos et al.,
2023).
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Understanding the possible effects of irrigated treated wastewater with specific irrigation
systems on soil is crucial to the long-term viability of treated wastewater reuse. Monitoring
these parameters is important for the protection of groundwater quality, which is critical for
sustainable agricultural production. The current works have demonstrated that elements such
as Cd, Cr, and Pb can migrate to deep soils in areas subjected to long-term WWI, reaching and
contaminating shallow aquifers (Zheng et al., 2014), (Soldatova et al., 2021). This may result
from increased salinity in the soil systems, because metals such as Cd, Hg, and Pb may be
leached from wastewater-irrigated soils to groundwater under elevated soil salinity (between
2% and 5%) (Zheng et al., 2018), (Zheng et al., 2014) Concerns exist over the long-term build-
up of potentially hazardous components in addition to the possible chemical interactions
between treated wastewater and soil on groundwater quality. The possible long-term effects of
irrigating these treated fields on the condition of the soil In other investigations, wastewaters
were simulated (WRc, 2001).

This study suggests that the most soluble and mobile components, such as nitrate (Aguilar-
Rangel et al., 2020 and Soldatova et al., 2021), and total dissolved solids under sprinkler and
drip irrigation methods, respectively, have some noticeable effects.
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CONCLUSION
This study indicates that irrigation systems could affect the mobile components of the treated
wastewater such as TDS, TSS and nitrate concentration for drip and sprinkler irrigation
systems, respectively in groundwater. Some evident effects could be occurred by the most
soluble and mobile components, such as total dissolved solids and nitrate under both drip
irrigation and sprinkler irrigation systems,

REFERENCES
Abd EI Lateef, E.M., Farrag, M.A., EI-Salam, M.S., Hall, J., Negm, M., and Salem, A.K.M.
(2020) ‘The agronomic and economic value of treated wastewater reuse for some field
crops in desert soil’, Science Archives, 1(3), 142-149. DOI: 10.47587/SA.2020.1311.

Abd El Lateef, E.M., Hall, J.E., Farrag, M.A.A., and Farrag, A.A. (2010) ‘Agro-economic
studies on wastewater reuse in developing marginal areas in West Delta, Egypt’,
International Journal of Water Resources and Arid Environments, 1(2), 110-115.

Abuzaid, A.S., and Jahin, H.S. (2021) ‘Implications of irrigation water quality on shallow
groundwater in the Nile Delta of Egypt: a human health risk prospective’, Environmental
Technology & Innovation, 22: 101383. DOI: https://doi.org/10.1016/j.ti.2021.101383.

Aguilar-Rangel, E.J., Prado, B.L., Vasquez-Murrieta, M.S., Estrada-de los Santos, P., Siebe,
C., Falcon, L.1., Santillan, J. & Ancéntara-Hernandez, R.J. 2020, 'Temporal analysis of
the microbial communities in a nitrate-contaminated aquifer and the co-occurrence of
anammox, n-damo and nitrous-oxide reducing bacteria’, Journal of Contaminant
Hydrology, vol. 234, p. 103657, doi: 10.1016/j.jconhyd.2020.103657.

APHA(American Public Health Association,1992). Standard methods for the examination of
water and wastewater. 18" ed, Washington D.C.

Armanuos, A.M., Taha, M.S. & Zeidan, B.A. 2023, 'Impact of climate changes on seawater
intrusion in the Nile Delta aquifer (Egypt)’, in S. Ali & A. Negm (eds), Groundwater
quality and geochemistry in arid and semi-arid regions, The Handbook of Environmental
Chemistry, vol. 126, Springer, Cham, pp. 1-15, doi:
https://doi.org/10.1007/698 2023 1062.

Ashraf, 1., Ahmad, F., Sharif, A., Altaf, A.R., and Teng, H. (2021) ‘Heavy metals assessment
in water, soil, vegetables and their associated health risks via consumption of vegetables,
District  Kasur,  Pakistan’, SN Applied  Sciences, 3: 552. DOI:
https://doi.org/10.1007/s42452-021-04547-y.

Corcoran, E., Nellemann, C., Baker, E., Bos, R., Osborn, D., and Savelli, H. (2010) Sick water?
The central role of wastewater management in sustainable development: A rapid
response assessment, Earthprint: Arendal, Norway. Available at:
https://wedocs.unep.org/20.500.11822/9156 .

Decree 44, (2000). Egyptian Standards for Effluent Quality and the Conditions for Reuse.
Ministry of Housing, Egypt; Article 15

Drechsel, P., Scott, A., Sally, R., Redwood, M., and Bachir, A. (2010) Wastewater irrigation
and health: Assessing and mitigating risk in low-income countries, International Water
Management Institute, Earthscan: London. e-ISBN 9781552504758.

MJAE - January 2025 59


https://doi.org/10.1016/j.eti.2021.101383
https://doi.org/10.1007/698_2023_1062
https://doi.org/10.1007/s42452-021-04547-y
https://wedocs.unep.org/20.500.11822/9156

AGRICULTURAL IRRIGATION AND DRAINAGE ENGINEERING

Hamilton, A.J., Stagnitti, F., Xiong, X., Kreidl, S.L., Benke, K.K., and Maher, P. (2007)
‘Wastewater irrigation: the state of play’, Vadose Zone Journal, 6: 823-840. DOI:
10.2136/vzj2007.0026.

Hashem, M.S., and Qi, X. (2021) ‘Treated wastewater irrigation — a review’, Water, 13: 1527.

Khalid, S., Shahid, M., Natasha, B., Bibi, I., Sarwar, T., Shah, A.H., and Niazi, N.K. (2018) ‘A
review of environmental contamination and health risk assessment of wastewater use for
crop irrigation with a focus on low and high-income countries’, International Journal of
Environmental Research and Public Health, 15: 895. DOI: 10.3390/ijerph15050895

Ministry of Housing 2000, DECREE 44: Egyptian standards for effluent quality and the
conditions for reuse, Ministry of Housing, Egypt.

Moscoso, J. (2017) ‘Aspectos técnicos de la agricultura con aguas residuales’. Available at:
http://bvsper.paho.org/bvsacd/scan/019502.pdf (Accessed: 25 September 2017).

MSTAT-C 1988, MSTAT-C: a microcomputer program for the design, arrangement and
analysis of agronomic research, Michigan State University, East Lansing.

NWRP (2017) Water for the future, National water resources plan 2017, Ministry of Water
Resources and Irrigation, Cairo, Egypt.

Pulido-Bosch, A., Rigol-Sanchez, J.P., Vallejos, A., Andreu, J.M., Ceron, J.C., Molina-
Sanchez, L., and Sola, F. (2018) ‘Impacts of agricultural irrigation on groundwater
salinity’, Environmental Earth Sciences, 77: 197. DOI:
https://doi.org/10.3390/w13111527.

Pulido-Bosch, A., Rigol-Sanchez, J.P., Vallejos, A., Andreu, J.M., Ceron, J.C., Molina-
Sanchez, L. & Sola, F. 2018, 'Impacts of agricultural irrigation on groundwater salinity’,
Environmental Earth  Sciences, vol. 77, no. 197, available from:
http://hdl.handle.net/10045/74239.

Qadir, M., Drechsel, P., Jiménez-Cisneros, B., Kim, Y., Pramanik, A., Mehta, P., and Olaniyan,
0. (2020) ‘Global and regional potential of wastewater as a water, nutrient and energy
source’, Natural Resources Forum, 44: 40-51. Available at:
https://doi.org/10.1111/1477-8947.12187.

Soldatova, E., Dong, Y., Li, J., Liu, Y., Zan, J., Boeckx, P. & Sun, Z. 2021, 'Nitrogen
transformation and pathways in the shallow groundwater—soil system within agricultural
landscapes', Environmental Geochemistry and Health, vol. 43, pp. 441-459, doi:
10.1007/s10653-020-00733-w.

Thebo, A.L., Drechsel, P., Lambin, E.F., and Nelson, K. (2017) ‘A global, spatially-explicit
assessment of irrigated croplands influenced by urban wastewater flows’, Environmental
Research Letters, 12: 74008. DOI: 10.1088/1748-9326/aa75d1.

WHO (1989) Health guidelines for the use of wastewater in agriculture, Report 778 of World
Health  Organization  (WHO) Scientific  Group, Geneva, Switzerland.
American Public Health Association (APHA) 1992, Standard methods for the
examination of water and wastewater, 18th edn, APHA, Washington, DC.

60 Abd-Elmonsef et al., (2025)


http://bvsper.paho.org/bvsacd/scan/019502.pdf
https://doi.org/10.3390/w13111527
http://hdl.handle.net/10045/74239
https://doi.org/10.1111/1477-8947.12187

AGRICULTURAL IRRIGATION AND DRAINAGE ENGINEERING

Winpenny, J., Heinz, I., Koo-Oshima, S., Salgot, M., Collado, J., Hernandez, F., and Torricelli,
R. (2013) Reutilizaciéon del agua en agricultura: Beneficios para todos, FAO: Rome,
Italy, 124. ISBN 978-92-5-306578-3.

WRc (2001) Wastewater reuse demonstration trials. Alexandria wastewater and reuse study,
WRc.

Zheng, S., Han, Y., Ni, R., Zhou, W., Huang, H. & Zheng, X. 2018, 'Release of heavy metals
from soils under the different salinity levels in the wastewater-irrigated area of Tianjin
City’, Acta Scientiae Circumstantiae, vol. 38, pp. 3286-3293, available from:
www.sciencedirect.com.

Zheng, S.-A., Li, X.-H. & Xu, Z.-Y. 2014, 'Simulation study on the effect of salinity on the
adsorption behavior of mercury in wastewater irrigated area’, Environmental Sciences,
vol. 5, pp. 1939-1945.

Nomenclature

Symbol Meaning

AW Shallow wells

BW Deeper wells

BOD Biological oxygen demand

COD Chemical oxygen demand

CWoO Cairo Wastewater Organization

KFAED Kuwait Fund for Arab Economic Development
W1-W3 Wells Numbers for the shallow groundwater
W4-W6 Wells Numbers for the deep groundwater
WHO World Health Organization

NO3 mg/I Nitrate concentration mg/I

EC (ds/m) Salinity expressed as(ds/m)

TDS (mg/l) Total Dissolved Salts

105MPN/100 ml

Most Probable Number
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