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ABSTRACT: As the most important resource for life, water has been a central issue on the
international agenda for several decades. However, water pollution is a major environmental problem
worldwide, especially in developing countries, the world's supply of clean fresh water is steadily
decreasing due to extensive agricultural demand for land. In this study, various long-term data analysis
(such as water quality, sewage treatment plants, pollutant discharge, etc.) was undertaken to
systematically understand the process of water pollution control in China in the past 20 years. The
results highlighted that China's wastewater collection and treatment capacity approached the level of
developed countries, with treatment rates exceeding 90% in both urban and country areas. The
environmental quality of surface water has been constantly improved, but water pollution problems
remain in eastern China's river basins, with remarkable economic progress. Rapid economic growth,
not population growth, was the limeting factor in water pollution control in China. Therefore, water
resources must be used more efficiently, and the use of non-conventional water resources, such as
treated wastewater (TW) must be increased. TW reuse can be an alternative option to increase water
resources. Thus, many countries have decided to convert wastewater into a resource for irrigation to
help meet urban demand and address water shortages. However, due to the nature of that water, there
are potential problems associated with its use for agriculture. The objectives of this comprehensive
literature review are to highlight the characteristics of treated wastewater used in agriculture in China.
To minimize these unfavorable effects when TW is used for irrigation, appropriate guidelines for
wastewater reuse and management should be followed to reduce negative impacts significantly.
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INTRODUCTION

Water is essential for agriculture, industry,
and domestic. With population growth, economic
development, and changing water consumption
patterns, the global water demand has increased
by 600% in the past 100 years (Wada, 2016).
Besides, urbanization also contributes in
increasing water consumption (Chen, 2017). It
is estimated that 52% of global population now
live under water scarcity (Mekonnen
and Hoekstra, 2016), according to the United
Nation’s Water Report, at least 3.6 billion
people will be under water scarcity in 2050.
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E-mail address: ibrahimbalataa@gmail.com

Water plays an essential role in the growth of
countries because a steady supply of fresh water
is a crucial prerequisite for establishing a
permanent community. Yet, the world’s supply
of clean freshwater is steadily decreasing. In
many countries, the water demand surpasses the
supply, and as the world population continues to
rise and demands for water increase, freshwater
shortages have emerged (Hussain et al., 2019).
Irrigation is considered the main user of
freshwater. Irrigation of cultivated accounts for
approximately 80% of the total freshwater usage
(Hussain et al., 2019), and it will account for an
additional 15% by 2030 (Guterres, 2017), which
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will cause water crises in the regions that suffer
from water shortages, such as Middle East and
North Africa region, for example. In addition,
(Rizzo et al., 2020) mentioned that by 2025,
nearly 1.8 billion people will live in a region
that suffers from water shortages. Therefore, it is
essential to use alternative sources of water.
Within the following decades, it is estimated
that over 40% of the total population will
confront water stress or scarcity, representing a
meaningful impact on water security (Elgallal et
al., 2016). Therefore, the reuse of wastewater is
an important asset for agricultural purposes
(Becerra-Castro et al., 2015). Wastewater reuse
is considered one of the most important options
to manage water shortages (Ghernaout et al.,
2019). Treated Wastewater (TW) is defined as
“water that has received at least secondary
treatment and basic disinfection and is reused
after flowing out of a domestic wastewater
treatment  facility”  (FDEP, 2020).  The
characteristics of wastewater vary greatly
according to its origin, and it is important to
study when treating and reusing it. The safety of
TW that is reused for crop irrigation is a relevant
issue worldwide (Ghernaout et al., 2020). The
reuse of TW could be one of the main
alternative options to expand water resources
(Chojnacka et al., 2020), especially in dry
areas, because it represents another source of
renewable water (Hussain and Qureshi, 2020).
Furthermore, the 2017 World Water
Development Report highlighted the relevance
of water reuse (Connor et al., 2017). Therefore,
the utilization of TW in the countries that suffer
from water shortages is encouraged (Chang and
Ma, 2012), especially because there are huge
amounts of wastewater. For instance, China
ranked first regarding the amount of wastewater.
In 2012.

Approximately 68.5 billion tons of this water
was released from industrial and municipal
sources, which is equivalent to the yearly stream
volume of the Yellow River (Feng et al., 2018).
About 108.16 billion m® of wastewater (34.33
billion m®from domestic sources and 73.83
billion m?®from industrial sources) are being
generated annually in China (NPSCB, 2010). In
Egypt, about 5 billion m* of sewage water were
collected every year (Fenget al., 2018).
Therefore, the TW can add up to 5 billion m® to

Egypt’s water resources. Wastewater treatment
and use for irrigation represent a valuable
resource and an appealing choice, especially in
dry regions, because wastewater is considered a
further inexhaustible, reliable, and dependable
source of water and nutrients (CAPMAS, 2016).
Therefore, in several water-scarce countries
worldwide, wastewater reuse is considered a
long-established practice and very important
(Lazarova, 2013).Potential wastewater reuse
applications include agricultural and landscape
irrigation, groundwater recharge, industrial
reuse, urban applications such as street cleaning,
and firefighting and ecological and recreational
uses (Haberkamp et al., 2019). However, the
reuse of wastewater for agricultural irrigation is
more acceptable than its reuse in other fields
(Ghernaout, 2018). Recently, TW irrigation has
gained a high degree of importance, particularly
in dry regions (Khan et al., 2019). Most countries
do not have rules to control wastewater reuse,
and, in contrast, many countries have very strict
regulations. There are no significant constraints
on using the secondary TW as a fertigation
source. Besides the decrease in using freshwater,
wastewater reuse has decreased the release of
wastes into ecosystems and enhanced the soil
with nutrients and organic matter (OM)
(Ganjegunte, 2018). De Carloet al. (2020)
stated that using TW as an irrigation source has
economic and environmental benefits since it
could reduce or even eliminate the need to
supply expensive chemical fertilizers to the soil.
Wastewater has OM and nutrients that are useful
plants (Chen et al., 2017), and thereby has been
recognized as an important resource for an
agricultural production increase with low cost
(Jeong et al., 2014). However, there are dangers
with reusing the wastewater in agriculture; for
example, its use led to a rise in the soil salinity,
as well as the existence of microbial
microorganisms and pollutants (Shakir et al.,
2017). Moreover, this water can carry pathogens
that effect human health, besides raising the risk
for parasitic, viral, and bacterial diseases in
consumers of crops irrigated with this water.
TW reuse will not only alleviate the water
shortage problem for agricultural development
but also remedy the pollution and health hazards
related to the indiscriminate disposal of
untreated sewage water (Chefetz et al., 2006).
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Untreated or insufficiently treated wastewater
can cause public health, environmental, and
economic problems (Libuttiet al., 2018).
Therefore, the correct methods must be

Followed in the treatment and use of
wastewater, particularly because wastewater
reuse may cause public health hazards if the
treatment is not appropriate (Al Arni and
Amous, 2019). Showed that the different
degrees of conventional treatment are:

Preliminary

Remove the large solid materials from the
crude wastewater that are conveyed by sewers
that could hinder the discharge or cause damage
to equipment, such as wood, rags, fecal material,
and heavier grit particles.

Primary

Remove the suspended solids (SS) and
floating substances.

Secondary

The secondary treatment process aims to
diminish the biochemical oxygen demand
(BOD), chemical oxygen demand (COD), and
SS, and the set of other harm parameters by
removal or reduction in residual settle able
solids and floating materials from primary
treatment. BOD is the amount of dissolved
oxygen needed by aerobic biological organisms
in water to break down organic material existing
in a water sample at a certain temperature over a
specific period (Dionisi, 2017). The COD
represents the quality of oxygen required to
stabilize the carbonaceous organic matter
chemically (Von Sperling, 2007).

Tertiary and/or advanced: Removal of
nutrients and heavy metals (HM), which are not
removed by the previous treatment. Additionally,
decreasing the microbiological constituents by
using some options such as chlorination,
ultraviolet rays, and ozonation in disinfection
operation. In general, the negative impact of TW
can be reduced significantly by selecting a
proper irrigation system, an appropriate cropping
pattern with appropriate and effective irrigation
management, as well as continuous examination
of water, soil, and plant quality, and by taking
careful and precautionary actions against
pathogens. Water plays an important role in

supporting and maintaining human health and
sustainable ecosystem development. Population
growth, urbanization, industrialization and
consumption pattern changes have generated
ever-increasing  demands  for  freshwater
resources worldwide (UNESCO, 2015). By
2030, the world is projected to face a 40%
global water deficit under the business-as-usual
scenario. Asia and the Pacific area have lower
renewable water resources per capita than the
global average, as the population grows, more
water will be required for socio-economic
activities (UNESCAP, 2013). China, an Asian
country with the largest population and the
second-largest economy in the world, has been
considered as an emerging market country,
where the water use situations are far from
optimistic (Hsu et al., 2014). Over the past
several decades, ever-growing demands and
misuse of water resources have caused severe
water stress as well as the risks of water
contamination in many parts of the country.

Aim of the Study

China's water resources are in a critical
situation, surface water resources are already
fully exploited and groundwater resources are
reaching full production. China is facing an
increasing demand for water needs, as a result of
rapid population growth, increasing urbanization,
rising living standards, and agricultural policy
based on increasing production in order to feed a
growing population. The use of raw sewage
without any treatment has led to agricultural or
industrial irrigation. Or drinking alcohol on
health, humans and animals in many countries.
The study aims to:

1- Shed light on the water resources available in
China

2- Investigate about the sewage, agricultural and
industrial treatment systems in China.

3- Getting acquainted with the update methods
used in the field of wastewater treatment in
general, as well as study the possibility of
applying these methods in Egypt.

4- Attempting to search for solutions to the
problem of shortage of water resources in
China by providing water for irrigation,
agriculture or drinking purposes, which
reduces pressure on water resources.
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Methodology
The study desigen

Theoretical study with a focus on literature,
therefore the study is based on general
historical, objective and description and
analytical research principles. Applying these
methods in the research enables to consider
scientific knowledge as an integral system in
which each previous approach indirectly or
directly influenced the next one. All this
together made it possible to compile a
systematic series of scientific and theoretical
calculations on the given issue. The views of
authors are discussed regardless of ethno
cultural preferences and political inclinations,
which necessitates a thorough comparison of
facts and phenomena in aggregate, that is, a
comprehensive study of the problem. In
addition, a systematic approach, which takes
into account both features of the research objects
themselves and factors that determine these
features, is used in the paper. Such approaches
allow to identify not only gaps in the studied
subject, but also some particular aspects of the
problem that might not have come to the
scholars’ attention for one reason or another. In
general, this gives the opportunity to objectively
compare these aspects and, on their basis,
determine the prospects for further research.

Water Resources and Consumption

On one hand, water availability in China is
approximately 2000 m® per capita in 2014, a
value approaching the defined scarcity threshold
of 1700 m® per capita per year (Jiménez-
Cisneros, 2014). On the other hand, the national
water consumption in China has been increased
by 10.5%, from 550 billion m® in 2000 to 610
billion m*® in 2014. Presently, large water
consumers include agricultural, industrial,
domestic  and  ecological environment
applications (e.g., artificial wetlands, stream,
river and lake flows, recreational impoundments,
fountains and waterfalls) with the corresponding
proportions of 63.5%, 22.2%, 12.6% and 1.7%,
respectively (MWR, 2015). In the next few
years, the rapidly ascending industrial and urban
demand growth, along with an increasingly
complex water-energy nexus, will put mounting
pressure on water supply in. According to a

report by presented by Water Resources Group,
there will be a gap of about 201 billion m?
between China’s current water supply and
projected water demand in 2030. Particularly,
severe gaps may exist in central and southeast
China. Fig. 1 depicts the geographical locations
of 31 provinces in China. From the provincial
view point, China’s water resources are not
equally distributed throughout the year among
different regions. About 82.9% of total
renewable water resources are concentrated in
southern regions of the country, while only
17.1% in northern regions (MWR, 2015).
Besides, southern regions have affluent rainfall
which may last as long as seven months, while
northern regions experience a more arid climate.
Consequently, 9 out of 31 Chinese provinces,
including Beijing, Tianjin, Hebei, Shanxi,
Shanghai, Jiangsu, Shandong, Henan, and
Ningxia, suffer from extreme water shortage
problems where water availability is less than
500 m® per capita per year. In terms of economic
development, China’s coastal provinces,
especially Guangdong, Jiangsu, Zhejiang and
Shandong, outpace other inland provinces in
GDP figures. Notably, 12 coastal provinces had
a collective per capita GDP 50% higher than the

national average in 2009. Thus, water
consumption is relatively high in east China,
followed by central and west regions.

Considering different types of water users,
agriculture is still the largest consumer for most
of regions while domestic and industrial
consumption have been increased largely in east
and central China (MWR, 2015).

Water pollution

In addition to water shortage, China is also
confronted with  considerable  wastewater
discharge and deteriorated water quality of
many water bodies. Over the last two decades,
the annual GDP growth rate in China was 10.9%
in average. Meanwhile, China’s urbanization
rate has also grown at a fast pace, reaching
54.8% in 2014. Given high-speed economic
expansions and rising urbanization rates, the
quantity of total wastewater discharge in China
has been increased over the years, which is up to
69.5 billion m® in 2013 (Hu et al., 2015).
However, China’s wastewater treatment
development is uneven. Although cities achieved
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Number 1-5:
MNumber 6-8- northeast China
MNumber 9-15: east China
MNumber 16-12: central China
MNumber 19-21: south China
Number 22-26: southwest Chana
MNumber 27-3 1 - mnorthwest Chana

Fig. 1. Map of geographical locations of 31 provinces in mainland China

Notes: Each code number (1-31) represents a province in mainland China.

Source: Sun et al. (2016)
The code number remains consistent in following figures

Number 1: Beijing; 2: Tianjin; 3: Hebei ; 4: Shanxi; 5: Neimenggu; 6: Liaoning; 7: Jilin; 8: Heilongjiang; 9: Shanghai; 10:
Jiangsu; 11: Zhejiang; 12: Anhui; 13: Fujian; 14: Jiangxi; 15: Shandong; 16: Henan; 17: Hubei; 18: Hunan; 19: Guangdong;
20: Guangxi; 21: Hainan; 22: Chongging; 23: Sichuan; 24: Guizhou; 25: Yunnan; 26: Tibet; 27: Shannxi; 28: Gansu; 29:

Qinghai; 30: Ningxia; 31: Xinjiang.

a relatively high treatment rate of over 80%, the
national treatment rate is only 69% in 2014.
Besides, the 2014 Environmental Performance
Index analysis reported a low wastewater
network connection rate of 46.8% in China (Hsu
et al.,, 2014). Discharging excessive poorly
treated or untreated wastewater into waterways,
together with hazardous wastes and agricultural
runoffs of fertilizers and pesticides, has posed
serious health and environmental concerns
(Cheng et al., 2009). As a result, more than half
of the country’s Ilakes, reservoirs and
groundwater aquifers are deemed of low water
quality, which are unsuitable for human
consumption (MWR, 2015).

Resources Utilization

Water reuse can be considered as an effective
approach to address water shortage problems
and water quality deterioration issues.
Moreover, there is a development trend towards
ultimate utilization of wastewater as a resource.
Fig. 2 shows a novel concept of wastewater
refining (Hu et al., 2015). Having recognized

these key challenges and opportunities on water
use in China, it is essential to conduct systematic
wastewater quality analyses for sustainable
water management both locally and nationally.
As an important part, strategies for further
resources utilization such as water reuse and
nutrient recovery should be provided.

Characteristics of Wastewater

Characteristics of wastewater are broadly
classified into physical, chemical, and biological
properties. They also stated that the liquid
portion of the wastewater comprises a complex
mixture of minerals and OM in many forms,
including large and small particles, floating
suspension, and colloidal. Wastewater has some
poisonous elements, for example, arsenic,
cadmium, chromium, lead, copper, zinc,
mercury, etc. Among the organic substances

existing in this water are pesticides,
carbohydrates, fats, proteins, synthetic
detergents, pharmaceuticals, and complex

nitrogenous OM products (Cizmas et al., 2015).
These poisonous elements have hazardous
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Fig. 2. The concept of wastewater refining toward the ultimate utilization of wastewater resources

Source : Sun et al. (2016)

effects on general health (Wu et al., 2015).
However, direct evidence of adverse human
health impacts is still being discussed.
Microplastics, polymer fibers, polyethylene
terephthalate, polyethylene, polypropylene, and
polystyrene are present in the wastewater (Carr
et al., 2016). Microplastics can have an inimical
effect on the reproductive and vegetative growth
of plants (Ziajahromi et al., 2017). A large
number of studies had stated that TW contains
pharmaceutically active compounds (PhACS)
(Golovko et al., 2014). Conventional wastewater
treatment based on activated sludge could not
efficiently remove these compounds. As a result,
many of these chemicals were later detected in
soils watered with TW (Biel-Maeso et al.,
2018). Additionally, they mentioned that the
ecotoxicological hazard of PhACs in the soil
was very low. However, this is widely
dependent on the PhACs, as shown by. The soil
microorganism can be affected if these
compounds accumulated for many years in the
soil and can be moved to the crops and then to
the food chain, probably risking humans. The
chemical and biological constituents and the
physical properties of wastewater and their
sources are placed in Tablel. Additionally, the
important contaminants of interest in wastewater
treatment are placed in Table 1.

Water Quality Analysis

DO, water temperature (Tw), pH, Chla, and
TSS were measured in situ once every week

using SEBA KLL-Q-2 Portable Water Quality
Probes (Gewerbestr, CO, Germany). Water
transparency (Tra) was measured with a Secchi
disk at all sampling sites. Water samples were
analyzed within 24 hr, according to standard
methods (Huan, 2002). Water quality discharge
standards refer to “Requirements for Water
Discharge from Freshwater Aquaculture Ponds
(SC/T9101-2007) in China.” All water quality
indicators and corresponding  monitoring
methods, as well as discharge standards, are
shown in Table 2.

Pollutant Removal by the FCETS

The water quality parameters (Tra, TSS, TN,
NO3—N, NH4+-N, TP, DP, COD Mn) of all
sampling sites are summarized in Table 3. In the
influent, Tra, TSS, TN, NH4+-N, TP, DP, and
COD Mnof 29.0-36.0cm, 99.0-114.0 mg/L,
7.2-8.1 mg/L, 4.0-4.8 mg/L, 1.5-1.8 mg/L, 0.9
-1.0 mg/L, and 35.8-41.2 mg/L were detected,
respectively. In the effluent, Tra (Water
transparency) increased to 62-70 cm, showing
an improvement of 83.3-125.8%. The other six
parameters were decreased in the influent to
52.0-64.0 mg/L, 3.5-3.8 mg/L, 1.8-2.1 mg/L,
0.2-0.3mg/L, 0.7-0.9mg/L, and 15.6-17.3
mg/L, respectively. These demonstrated
reduction rates of 41.1-49.1%, 44.8-56.2%,
49.3-55.6%, 80.0-88.2%, 52.6-65.0%, and
52.0-61.5%, respectively. The parameters TSS,
TN, and COD Mn met the second standard, as
specified in the SC/T9101. As for COD Mn and
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Table 1. Physical, chemical, and biological characteristics of wastewater
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Characteristic

Source

Physical properties
Color
Odour

Solids

Temperature

Chemical constituents:
Organic

Carbohydrates

Fats, oils, and grease

Characteristic

Pesticides

Phenols

Proteins

Priority pollutants
Surfactants

Volatile organic compounds
Other

Inorganic

Alkalinity

Chlorides

Heavy metals
Nitrogen

Acidity
Phosphorus
Sulfur

Toxic compounds
Gases

Hydrogen sulfide
Methane

Oxygen
Biological constituents:
Animals

Plants

Bacteria

Archae

Protista

Viruses

Domestic and industrial wastes, natural decay of organic materials

Decomposing wastewater, industrial wastes

Domestic water supply, domestic and industrial wastes, soil

erosion, inflow infiltration
Domestic and industrial wastes

Domestic, commercial, and industrial wastes
Domestic, commercial, and industrial wastes

Sources

Agricultural wastes

Industrial wastes

Domestic, commercial, and industrial wastes
Domestic, commercial, and industrial wastes
Domestic, commercial, and industrial wastes
Domestic, commercial, and industrial wastes
The natural decay of organic materials

Domestic wastes, domestic water supply, groundwater infiltration
Domestic wastes, domestic water supply, groundwater infiltration,

water softeners

Industrial wastes

Domestic and agricultural wastes

Domestic, commercial, and industrial wastes

Domestic, commercial, and industrial wastes natural runoff
Domestic water supply, domestic and industrial wastes
Industrial wastes

Decomposition of domestic wastes
Decomposition of domestic wastes
Domestic water supply, surface-water infiltration

Open watercourses and treatment plants

Open watercourses and treatment plants

Domestic wastes, surface water infiltration, treatment plants
Domestic wastes, surface-water infiltration, treatment plants
Domestic wastes, treatment plants

Domestic wastes

Source: (Hashem and Qi, 2021)
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Table 2. Discharge standards of water quality indicators

Indicators Monitoring methods SC/T9101-2007
First standard Second standard

CODwn Potassium permanganate index method 15.0 mg/L 25.0 mg/L
NH,*-N Na’s reagent spectrophotometry unspecified unspecified
NO;-N Potassium persulfate oxidation spectrophotometry  unspecified unspecified
TSS Electrode fluorescence method <50 mg/L <100 mg/L
TN Phenolic disulfonic acid spectrophotometry 3.0 mg/L 5.0 mg/L
TP Potassium persulfate digestion 0.5 mg/L 1.0 mg/L
Source: Liu et al. (2022)
Table 3. Summary of water quality removal effects by FCEST
Treatment unit Tran TSS TN NO;-N  NH,-N TP DP CODwn

(cm) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Inlets 29-36 99-114 7.2-81 4.0-4.8 15-1.8 1.8-21 09-1.0 36.7412
SP 39-44 78-82 6.2-7.8 3.2-3.7 11-14 1316 0.7-0.8 31.2-34.1

Removal rates (%)

17.9-30.5 18.2-30.7 15.5-18.8 3.7-17.3 25.8-44.8 15.8-35.0 11.1-22.2 12.5-20.6

AP 44-52 72-75 4251 2528 0608 11-14 0.6-0.65 23.6-26.6
Removal rates (%) 5.8-19.1 6.4-89 14.8-17.3 17.7-449 3.8-21.2 12.5-20.0 7.1-18.8 18.6-27.8
EP 59-65 59-64 3539 1821 0204 07-10 04045 17.5-203

Removal rates (%)

Outlets 62-70 52-64  3.5-38

Total removal rates*

18.5-25.0 14.7-20.3 14.0-34.6 15.2-25.5 23.6-28.3 28.6-36.4 25.0-33.3 14.0-34.2

18-21 02-03 0709 03504 15.6-17.3

36.6-49.5 41.1-49.1 44.8-56.2 49.3-55.6 53.4-64.8 52.6365.0 53.0-65.0 52.0-61.5

(%)

Source: Liu et al. (2022)

NH4+-N, it was AP > EP > SP, and for NO3—N
and DP, it was EP > SP > AP. Overall, FCETS
could provide treatment robust to flow
fluctuations and pollutant concentrations.

The chemical risks associated with wastewater
usage are that it contains HM, OM, salt,
nutrients, and toxic compounds.The chemical
composition of wastewater is more varied and
more concentrated and contains certain various
acids, alkalis chemical contaminants, oil, coarse
solids, and other constituents. Inorganic constituents
include high concentrations of calcium, sodium,
potassium, chlorine, phosphate, sulfur, bicarbonate,
ammonium salts, and HM. TW contains many of
the micronutrients that the plant needs, such as

copper, iron, manganese, zinc, boron, molybdenum,
cobalt, and nickel. Mentioned that the chemical
characteristics of wastewater could adversely
affect the environment in many different ways.
Soluble organic can deplete oxygen levels in the
stream and give taste and odour to water supplies,
as well as toxic materials that can affect the food
chain and public health. Reported that the
properties of wastewater that can be identified
by the human sense organs are termed the
physical characteristics. The most important
physical characteristics of wastewater are its
solid content, as it affects the water’s aesthetics,
clarity, and colour. Other physical parameters
are temperature and odors and are not commonly
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altered in a wastewater treatment plant. The
temperature of wastewater is important primarily
because it affects aquatic and biological life in
the receiving body of water. Higher temperatures
decrease the dissolved oxygen solubility in the
water. A considerable amount of dissolved solids
may be added to water during its treatment and
use. The term biological characteristics of water
refers to the aquatic life and viruses found in
water. The quality of water is significantly
affected by these characteristics. Algae, for
example, cause taste and odour. Some types of
algae clog sand filters; others produce nuisance-
causing slimy growths on equipment, tanks, and
reservoir walls. Furthermore, some microalgae
produce powerful toxic substances harmful to
living organisms (Casabianca et al., 2019).
Microbiological life in water, such as bacteria,
viruses, and protozoa, can cause different
diseases (Uyttendaele et al.,, 2015). The
environment of wastewater considers an ideal
environment for growing viruses, bacteria, and
protozoa. The majority is harmless, but sewage
also contains pathogenic microorganisms. Several
researchers have indicated that biological
oxidation systems that occur in the secondary
treatment of sewage can remove most pathogenic
bacteria from sewage. Biological wastewater
characteristics can be derived with the help of
measuring both COD and BOD). Organic waste
usually requires oxygen for rapid and effective
biological decomposition. Therefore, the greater
the number of organic pollutants, the greater the
oxygen demand. Hence, higher BOD and COD
indicate higher pollutant content in wastewater.
The BOD/COD ratio is widely used to decide
the biodegradability of the wastewater (Sun et
al., 2016). After wastewater treatment, the
wastewater concentrations of BOD and COD
decrease dramatically due to a notable reduction
in biodegradable OM in TW (Sun et al., 2016).
The BOD value is expressed in milligrams of
oxygen consumed per L of a sample during five
days of incubation at 20°C, and it considers a
mirror of the level of water organic pollution
and an indication for the possibility of polluted
water or effluent to oxygen consumption. Stated
that the master sources of OM affecting the
BOD concentration are raw sewage wastewater
and industrial wastes. Additionally, (Sun et al.,
2016) they stated that unpolluted water typically

has BOD values of 2 mg L™, and the raw
sewage has a BOD value of about 600 mg L™,
whereas treated sewage effluents have BOD
values ranging from 20 mg L'to 100 mg
L™ according to the treatment level. Industrial
wastes may have BOD values up to 25,000 mg
L. The COD test is an indirect indicator of
organic compounds’ contents in water, and it is
commonly used to measure the sensitivity to
oxidation of the organic and inorganic
compounds that exist in water bodies and
effluent from sewage and industrial plants
(Muthuraman et al., 2019). It is expressed in
milligrams of oxygen per L of water (mg L ™).
COD is a useful, rapidly measured variable for
many industrial wastes. The ratio between COD
and BOD will vary depending on the
characteristics of the wastewater (Abdalla and
Hammam, 2014). This ratio has been commonly
used as an indicator for biodegradation capacity,
the Wastewater Treatment Committee concluded
that future wastewater treatment plants must
achieve four primary objectives (sustainable
water quality, resource recovery, energy
neutrality, and environmental friendliness)
collectively in what is known as the concept of
wastewater treatment. China's water pollution
control has made important achievements.

Reuse of Treated Wastewater

TW refers to municipal wastewater that has
been treated to meet specific water quality
criteria with the intent of being used for
beneficial purposes. The worldwide wastewater
releases around 0.4 trillion m®per year and
contaminating around 5.5 trillion m®of water
each year. Therefore, all countries should be
concerned about treating these large quantities
of wastewater, and then reuse it. The increasing
demands for domestic water due to population
growth, improvement in living standards, and
the growing industrial sector will raise the
amount of wastewater produced, promoting TW
reuse worldwide. The major problems associated
with this matter include public health and
ecological perils plus technical, institutional,
socio-cultural, and sustainability aspects. Thus,
wastewater treatment and its usage will be
highly essential. So, for example, the treatment
rate of wastewater in China (the ratio of the TW
amount to the total discharge amount of
wastewater) increased to 86% in 2014, 3.4 times
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Table 4. Important contaminants of concern in wastewater treatment

Contaminant

Reason for Importance

Suspended solids

Biodegradable organics

Pathogens

Nutrients

Refractory organics

Heavy metals

Dissolved inorganic solids

Suspended solids can lead to the development of sludge deposits and
anaerobic conditions when untreated wastewater is discharged into the
aquatic environment.

Composed principally of proteins, carbohydrates, and fats,
biodegradable organics are measured most commonly in terms of
BOD (biochemical oxygen demand) and COD (chemical oxygen
demand). If discharged untreated to the environment, their biological
stabilization can lead to the depletion of natural oxygen resources and
the development of septic conditions.

Infectious diseases can be transmitted by the pathogenic organisms in
wastewater.

Both nitrogen and phosphorus, along with carbon, are essential
nutrients for growth. When discharged to the aquatic environment,
these nutrients can lead to the growth of undesirable aquatic life.
When discharged in excessive amounts on land, they can also lead to
the pollution of groundwater.

These organics tend to resist conventional methods of wastewater
treatment. Typical examples include surfactants, phenols, and
agricultural pesticides.

Heavy metals are usually added to wastewater from commercial and
industrial activities and may have to be removed if the wastewater is to
be reused.

Inorganic constituents such as calcium, sodium, and sulfate are added
to the original domestic water supply as a result of water use and may
have to be removed if the wastewater is to be reused.

Source : (Hashem and Qi ,2021)
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Table 5. The wastewater generation, collection, treatment, and reuse for irrigation of crops in
some countries in relation to the total cultivated area.

Country  Total Area Agricultural Total Generated  Collected Treated Treated
(1000 ha) Area Agricultural  Municipal  Municipal Municipal ~ Wastewater
(1000 ha) Area (%) Wastewater Wastewater Wastewater Used for
(109 m3 (209 m3 (209 m3 Irrigation
year?) year™) year-1) (109 m3
year?)
Australia 774,122 47,307 6.11 - - 2 0.28
Brazil 851,577 86,589 10.1 - - 3.1 0.008
China 960,001 122,524 12.7 48.51 31.14 42.37 1.26
Germany 35,738 12,074 33.7 - 5.287 5.213 5.183
India 328,726 169,360 515 - - 4.416 -
Italy 30,134 9121 30.2 3.926 - 3.902 0.087
Jordan 8932 322 3.6 - 0.115 0.113 0.103
Pakistan 79,610 31,252 39.2 3.06 - - -
South Africa 121,909 12,913 10.5 3.542 2.769 1.919 -
Turkey 78,535 23,944 30.4 4.297 - 3.483 -
UK 24,361 6279 25.7 4.089 4.048 4.048 -
USA 983,151 157,205 15.9 60.41 47.24 45.35 -
Canada 998,467 50,846 5.09 6.613 5.819 5.632 -
Sweden 44,742 2608 5.82 0.671 - 0.436 -

Source : (Hashem and Qi ,2021)

Agricultural irrigation represents the largest currently TW user globally; hence, this offers significant future opportunities

that of 1999 (Wang et al., 2017). Internationally,
the TW irrigation has increased around 10-29%
per year in Europe, China, and the US, and
approximately 41% in Australia. Table 5 shows
the whole wastewater generated, gathered,
treated, and utilized for irrigation in some
countries (FAO, 2017). The main treatment
target is to supply TW with an appropriate and
secure level of risk for the environment and
public health, and this happens by reducing SS
and OM plus removing wastewater chemical
and biological constituents that might be
harmful to crops and general health (Seow et al.,
2016).

REFERENCES

Abdalla, K.Z. and G. Hammam (2014).
Correlation between biochemical oxygen
demand and chemical oxygen demand for

various wastewater treatment plants in Egypt
to obtain the iodegradability indices. Int. J.
Sci. Basic Appl. Res., 13: 42-48.

Al Arni, S. and J. Amous (2019). Ghernaout, D.
On the perspective of applying of a new
method for wastewater treatment technology:
Modification of the third traditional stage
with two units, one by cultivating microalgae
and another by solar vaporization. Int. J.
Environ. Sci. Nat. Res., 16: 1-4.

Becerra-Castro, C., A.R. Lopes, |. Vaz-Moreira,
E.F. Silva, C.M. Manaia and O.C. Nunes
(2015). Wastewater reuse in irrigation: A
microbiological perspective on implications
in soil fertility and human and environmental
health. Environ. Int., 75: 117-135.

Bergman, A., J.J. Heindel, S. Jobling, K. Kidd
and T.R. Zoeller (2013).WHO. State of the
Science of Endocrine Disrupting Chemicals


https://www.mdpi.com/2073-4441/13/11/1527/htm#table_body_display_water-13-01527-t003

232 Balata, et al.

2012; World Health Organization: Geneva,
Switzerland.

Biel-Maeso, M., C. Corada-Fernandez and P.A.

Lara-Martin ~ (2018).  Monitoring  the
Occurrence of pharmaceuticals in soils
irrigated  with  reclaimed  wastewater.

Environ. Pollut., 235; 312-321.

CAPMAS (2016). Central Agency for Public
Mobilization and Statistics).  Statistical
Yearbook 2016; CAPMAS: Cairo, Egypt.

Carr, S.A., J. Liu and A.G. Tesoro (2016).
Transport and fate of microplastic particles in
wastewater treatment plants. Water Res., 91:
174-182.

Casabianca, S., S. Capellacci, M.G. Giacobbe,
C. Dell’Aversano, L. Tartaglione, F.
Varriale, R. Narizzano, F. Risso, P. Moretto
and A. Dagnino (2019). Plastic-associated
harmful microalgal assemblages in marine
environment. Environ. Pollut., 244: 617-626.

Chang, D. and Z. Ma (2012). Wastewater
reclamation and reuse in Beijing: nfluence
factors and policy implications. Desalination,
297: 72-78.

Chefetz, B., T. llani, E. Schulz and J. Chorover
(2006). Wastewater dissolved organic matter:
Characteristics and sorptive capabilities.
Water Sci. Technol., 53: 51-7.

Chen, W.P., S.D. Lu, W.L. Zhang, L. Yi and W.
Jiao (2014). Ecological risks and sustainable
utilization of reclaimed water and wastewater
irrigation. Acta Ecol. Sin., 34: 163-172

Chen, Z. (2017). Centralized water reuse system
with multiple applications in urban areas:
lessons from China’s experience. Res.
Conserv. Recycl., 117: 125-136.

Cheng, H., Y. Hu and J. Zhao (2009). Meeting
China’s water shortage crisis: current
practices and challenges. Environ. Sci.
Technol., 43: 240-244.

Chojnacka, K., A. Witek-Krowiak, K.
Moustakas, D. Skrzypczak, K. Mikula and
M.A. Loizidou (2020). Transition from
conventional irrigation to fertigation with
reclaimed  wastewater:  Prospects and
challenges. Renew. Sustain. Energy Rev.,
130: 109959.

Cizmas, L., V.K. Sharma, C.M. Gray and T.J.
McDonald (2015). Pharmaceuticals and
personal care products in waters: Occurrence,
toxicity and risk. Environ. Chem. Lett., 13:
381-394.

Connor, R., A. Renata, C. Ortigara, E. Koncagll,
S. Uhlenbrook, B. Lamizana-Diallo, S.
Zadeh, M. Qadir, M. Kjellén and J. Sj6din
(2017). The united nations world water
development report. In Wastewater: The
Untapped Resource; UN: New York, NY,
USA.

De Carlo, L., A. Battilani, D. Solimandoand
M.C. Caputo (2020). Application of time-
lapse ERT to determine the impact of using
brackish wastewater for maize irrigation. J.
Hydrol., 582: 124465.

Dionisi, D. (2017). Biological Wastewater
Treatment Processes: Mass and Heat
Balances; CRC Press: Boca Raton, FL, USA,

Elgallal, M., L. Fletcher and B. Evans (2016).
Assessment of potential risks associated with
chemicals in wastewater used for irrigation in
arid and semiarid zones: A review. Agric.
Water Manag., 177: 419-431.

FAO (2017). AquaStat, Food and Agriculture
Organization of the United Nations.
Availableonline:http:/mww.fao.org/nr/  water/
aquastat/data/query/results.html (accessed on
14 February 2021).

FDEP (2020). Florida Department of
Environmental Protection. Reuse Facts;
FDEP: Temple Terrace, FL, USA, 20.

Feng, H., D. Tan and I. Lazareva (2018). 8 Facts
on China’s Wastewater. Available online:
http//chinawaterrisk.org/Res., (accessed on
30 April 2018).

Ganjegunte, G., A. Ulery, G. Niu and Y. Wu
(2018).0Organic carbon, nutrient, and salt
dynamics in saline soil and switchgrass
(Panicum virgatum L.) irrigated with treated
municipal wastewater. Land Degrad. Dev.,
29: 80-90.

Ghernaout, D. (2018). Increasing trends towards
drinking water reclamation from treated
wastewater. World J. Appl. Chem., 3: 1-9.


http://www.fao.org/nr/

Zagazig J. Agric. Res., Vol. 49 No. (2) 2022 233

Ghernaout, D., N. Elboughdiri and S. Al Arni
(2019). Water Reuse (WR): Dares,
restrictions, and trends. Appl. Eng., 3: 159.

Ghernaout, D.; Elboughdiri, N. On the
Treatment Trains for Municipal Wastewater
Reuse for Irrigation. Open Access Libr. J., 7:
1-15.

Golovko, O., V. Kumar, G. Fedorova, T.
Randak and R. Grabic (2014). Seasonal
changes in antibiotics,
antidepressants/psychiatric drugs,
antihistamines and lipid regulators in a
wastewater treatment plant. Chemosphere,
111: 418-426.

Guterres, A. (2017). The
Development  Goals  Report.
Nations: New York, NY, USA.

Haberkamp, J., P. Cornel, J. Drewes, E.
Firmenich, T. Fuhrmann, S. Gramel, A.
Hartmann, W. Jendrischewski, V. Karl and
S. Krause (2019). DWA Topics: Non-Potable
Water Reuse-Development, Technologies
and International Framework for
Agricultural, Urban and Industrial Uses;
DWA: San Francisco, CA, USA.

Hashem, M.S. and X. Qi (2021).Treated
Wastewater Irrigation-A Review. Water 13,
1527. https://doi. org/10.3390/w13111527

Havelaar, A.H. (1991). Bacteriophages as model
viruses in water quality control. Water Res.,
25: 529-541.

Henze, M. and P. Harremoes (2002).Wastewater
Treatment:  Biological and  Chemical
Processes, 3" Ed. Springer, Heidelberge,
Germany.

Hsu, A., J. Emerson, M.O. Johnson, J.D.
Schwartz, A. Alison, K. Coplin, S. Guy, B.
Lujan, N. Hawkins, R. Lipstein, W. Miao and
O. Mala (2014). Environmental Performance
Index. Yale Center for Environmental Law
and Policy. Available from:www.epi.yale.
edu (accessed 27.09. 2015).

Hu, H.Y., G.X. Wu, Q.Y. Wu, Y.T. Guan, H. Li
and Y. Tao (2015). Wastewater refining
technologies and modes toward ultimate
utilization of wastewater resource. J.
Environ. Eng. Technol., 5: 1-6(in Chinese).

Sustainable
United

Huang, G.J. (2002). Water and wastewater
monitoring analysis method, 4™ Ed. China
Environmental Science Press, Beijing, 88—
439.

Hussain, M.I. and A.S. Qureshi (2020). Health
risks of heavy metal exposure and microbial
contamination through consumption of
vegetables irrigated with treated wastewater
at Dubai, UAE. Environ. Sci. Pollut. Res.,
27:11213-11226.

Hussain, M.1., A. Muscolo, M. Farooq and W.
Ahmad (2019). Sustainable use and
management of non-conventional water
resources for rehabilitation of marginal lands
in arid and semiarid environments. Agric.
Water Manag., 221: 462—476.

Jeong, H., T. Jang, C. Seong and S. Park (2014).
Assessing nitrogen fertilizer rates and split
applications using the DSSAT model for rice
irrigated with urban wastewater. Agric.
Water Manag., 141: 1-9.

Jiménez-Cisneros, B. (2014). 3.15 Water Reuse
and Recycling. Comprehensive  Water
Quality and Purification, 3, Elsevier, UK.

Khan, Z.M., R.M.A. Kanwar, H.U. Farid, M.
Sultan, M. Arsalan, M. Ahmad, A. Shakoor
and M.M.A. Aslam (2019).Wastewater
Evaluation for Multan, Pakistan:
Characterization and Agricultural Reuse. Pol.
J. Environ. Stud., 28: 2159-2174.

Lazarova, V. (2013).Global milestones in water
reuse: Keys to success and trends in
development. Water, 15: 12-22.

Libutti, A., G. Gatta, A. Gagliardi, P. Vergine,
A. Pollice, L. Beneduce, G. Disciglio and E.
Tarantino (2018). Agro-industrial wastewater
reuse for irrigation of a vegetable crop
succession under Mediterranean conditions.
Agric. Water Manag., 196: 1-14.

Liu, M., Y. Julin, N. Meng and L. Qingping
(2022).Assessment of the effectiveness of a
field-scale combined ecological treatment
system at removing water pollutants, after
optimization using a system dynamic model:
a case study of rural inland ponds in China.
Environmental ~ Science and  Pollution
Research https://doi.org/10.1007/s11356-
021-17454-x


https://doi.org/10.3390/w13111527
https://doi.org/10.1007/s11356-021-17454-x
https://doi.org/10.1007/s11356-021-17454-x

234 Balata, et al.

Mekonnen, M.M. and A.Y. Hoekstra (2016).
Four billion people facing severe water
scarcity Science advances, 2 (2) (Feb 1),
Article e1500323.

Muthuraman, L. and S. Ramaswamy (2019).
Solid Waste Management; MJP Publisher:
Tamil Nadu, India.

MWR  (2015).Chinese ~ Water  Resources
Bulletin, Beijing, China (in Chinese).

NPSCB (2010).1" National Pollutant Source
Census Bulletin; China Press: Kuala Lumpur,
Malaysia,

Rizzo, L., W. Gernjak, P. Krzeminski, S.
Malato, C. McArdell, J. Perez, H. Schaar and
D. Fatta-Kassinos (2020). Best available
technologies and treatment trains to address
current challenges in urban wastewater reuse
for irrigation of crops in EU countries. Sci.
Total Environ., 710: 136312.

Seow, T., C. Lim, M. Nor, M. Mubarak, C.
Lam, A. Yahya and Z. lbrahim (2016).
Review on wastewater treatment technologies.
Int. J. Appl. Environ. Sci., 11: 111-126

Shakir, E., Z. Zahraw and A. Al-Obaidy
(2017).Environmental and health  risks
associated with reuse of wastewater for
irrigation. Egypt. J. Pet., 26: 95-102.

Sun, Y., Z. Chen, G. Wu, Q. Wu, F. Zhang, Z.
Niu and H.Y. Hu (2016). Characteristics of
water quality of municipal wastewater
treatment plants in China: Implications for
resources utilization and management. J.
Clean. Prod., 131: 1-9.

UNESCAP (2013). (United Nations Economic
and Social Commission for Asia and the
Pacific), Statistical Yearbook for Asia and
the Pacific. Available from: http://www.

unescap.org/stat/data/syb2013/ESCAP-syb
2013.pdf (accessed 27.09.2015, in Chinese).

UNESCO (2015). United Nations Educational,
Scientific and Cultural Organization. Water
for a sustainable world. The United Nations
World Water Development Report Available
from:http://
unesdoc.unesco.org/images/0023/002318/23
1823E.pdf(accessed 27.09.2015, in Chinese).

Uyttendaele, M., L.A. Jaykus, P. Amoah, A.
Chiodini, D. Cunliffe, L. Jacxsens, K.
Holvoet, L. Korsten, M. Lau and P. McClure
(2015). Microbial hazards in irrigation water:
Standards, norms, and testing to manage use
of water in fresh produce primary
production. Compr. Rev. Food Sci. Food
Saf., 14: 336-356.

Von Sperling, M. (2007). Wastewater
Characteristics, Treatment and Disposal;
IWA Publishing: London, UK,

Wada, Y. (2016). Modeling global water use for
the 21st century: water Futures and Solutions
(WFa$) initiative and its approaches .Geosci.
Model Dev. (GMD), 9 : 175-222.

Wang, Z., J. Li and Y. Li (2017). Using
reclaimed water for agricultural and
landscape irrigation in China: A review.
Irrig. Drain., 66: 672-686.

Wu, X., L.K. Dodgen, J.L. Conkle and J. Gan
(2015). Plant uptake of pharmaceutical and
personal care products from recycled water
and biosolids: A review. Sci. Total Environ.,
536: 655-666.

Ziajahromi, S., P.A. Neale, L. Rintoul and F.D.
Leusch (2017). Wastewater treatment plants
as a pathway for microplastics: Development
of a new approach to sample wastewater-
based microplastics. Water Res., 112: 93-99.




Zagazig J. Agric. Res., Vol. 49 No. (2) 2022 235
Cmall A ds) )3 A deadinal) dpllaall auall G pal) sl gailad Jea daa pe dud 40
2 AL 7 gian daaa —asaal) e daaa Jieland - AL sl il teal) 3 4t )
s =l 5 Alall 2 ) sall 351 35 - 2Ll 5 SlSuall dalias - 5 ) shall 5 )l) -]

Gl iy 8 elld e g Blall 3 50 aal Lajliiely 3 gie 332l 3ol Jlee W) Jsaa e 458 je dpa slaal) cilS

Al e olgall (e allall Clalae) (b eApalil (pladill 8 Aals g callall elail apen (8 At ) i A1 olal)
e siiall bl Joalaty ALl a3 ol jall sda b ol SV (Ao a5l e )3l callall Cassy 3 jhae (S5 (Bl
ol dglas agdl (@lld ) La g <l slall oy oy oamal) Cojaall slya Aadlae Cildasa 5 olall 53 52 Jia) saall ALy 5k
o yuall olya dallan g pan 558 () Ll @) ol Azl Lale o il A Cpnall A oangie (S olaall gl 3
Shliall (e S (89490 Aallaall S a2 ) slad ds dAadiall Jgall (5 e (e S 8 Gall (B aall
S Gl sl o il ol &5l JSUte () ) el A Tandl slyall Al 53 sl (ppesns o3 Ay skl 5 4y sl
axaall Jalall s ¢ Al gail) a5 ¢ ) GalaBY) gaill (LS L sale (galia) a0E5 (S e ¢(ppall (§
e olaall 2 ) g aladiid 5ol ) Gany g ¢ ST B slgall 3 ) e aladin) oy @l cpall bl Gl e 5yl
olaall 351 e 5L 3 By 1A Aadleall sbsall alasiiad sale ) (5585 o oSy Andleall auall o juall elie Jio cdgail
Ui dallas g 5 paall llall Al 8 sac busall (5 ) ) g0 (Al Zaaladl sbaall i gad lalill (pe daall &) 8 61384
o ol Caglaal iy (5 ) o Leal 125y A e Aling S llin colyall el dapada o ¢clld wa g olal
o o szl L) 8 LoDl ALLED Laal pall s2a Cilaal Jiabi dpand) jhlie g da glall oS) jig daall Hhilall
oalad s 4 il Ay pad o aaladin) HUT 4o Adel slpall iy jaiaeS (g 1) 8 dadleal) olall alasivl daal
e DBV (e el ad Ll o3 Jial Japaiall e aladiuV) o8 c@lld s Aalall daall g il 5 5,280 4 1)
olall alasinl aie 450 gall yoe Y oda Jolil Jyshall o) e dala el a5l e JS e A sall
Al Y (e 2all g jlal 5 aall (o paall sl aladiind sale Y dubiall calali ,Y) e lal cang ¢ 1) 8 dalladll

Somadl = Aae )3 Gl S e — Jualaall M P iyt A Aaal 3 -1
LB 3l Arala — Ao )31 K ¢ il Jualaal) S dal Al G e Uadlae a0 -2




