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Abstract

The Tigris River is one of Irag's most important water resources; therefore, its water quality
must be monitored continuously, especially from an environmental perspective. The current
study aimed to evaluate the quality of Tigris River water in Mosul before entering the filtered
Tigris River water and after the Tigris River water exits the Qayyarah filter. Water samples
were taken in September, November, January, and March at a rate of one sample per month
to study some physicochemical properties such as acidity, temperature, electrical
conductivity, total dissolved solids, turbidity, total hardness, calcium and magnesium
hardness, sulfate, nitrate, fats and lipids, biological oxygen demand, chemical oxygen
demand, lead, and cadmium. Some physical and chemical properties were within the



recommended Iraqi disposal limits for 2009, except for turbidity, biological oxygen demand,
total hardness, calcium, magnesium hardness, and lead and cadmium, which exceeded the
recommended Iraqi disposal limits for drinking water for 2009.

Keywords: Qayyarah Refinery, Tigris River, Water Pollution, Heavy Oil.
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Abstract

The current study aimed to evaluate the quality of the water of valley Salma Dara in Tal Afar
District within Nineveh Governorate/lraq seasonally and the possibility of using it for
irrigation purposes for the period from November 2023 to July 2024. Some physicochemical
and bacteriological properties were measured, which were represented by the acidity
function, electrical conductivity, total hardness concentration, total dissolved solids,
orthophosphate ions, sulfates, chloride and nitrate ions, and total bacterial counts and
coliform bacteria. The results of the current study showed a clear variation in the properties,
as the acidity function values ranged between (7-7.3), while the electrical conductivity values
ranged between (1124-1211) microsiemens/cm, and as for the total hardness concentrations,
the results showed that their range ranged between (730-806) mg/l, while the concentrations
of total dissolved solids ranged between (587-786) mg/l. The results of the current study also
showed that the concentrations of orthophosphate and sulfate ranged between (2.11-2.61)
(357-389) mg/l, respectively, while the concentrations of chloride and nitrate ions ranged
between (74-98) (20.124-22.145) mg/l, respectively. Finally, the results recorded that the
highest number of total bacteria and colonic bacteria, respectively, were (44x10%-22x10%)
cells/ml during the four seasons.

The results showed that the valley water, through some of the studied physicochemical and
bacteriological characteristics, falls within the determinants of Iragi water for irrigation
purposes.

Keywords: valley, Tal Afar, water pollution, physicochemical properties.
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Abstract

Solid waste management plays a vital role in enhancing public health and protecting the
environment by minimizing ecological hazards and social impacts. This study aims to determine
optimal landfill sites in the Tal Afar district using Geographic Information Systems (GIS) and
Multi-Criteria Decision Making (MCDM) techniques. Six key factors were analyzed: land cover,
road network, soil type, slope, elevation, and wind direction. Each factor was weighted using the
Analytic Hierarchy Process (AHP), and spatial analysis was performed using a weighted overlay
in a GIS environment. The resulting suitability maps identified highly appropriate areas for
landfill development, primarily located in the southwestern part of the Tal Afar district,
characterized by low population density, moderate slope, and road accessibility. The study
concludes that integrating GIS and MCDM provides a reliable framework for sustainable site
selection. It also recommends ongoing environmental monitoring and long-term waste
management planning.

Keywords: Solid waste, Geographic information systems, Multi-criteria analysis, Landfill sites.
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iali oLl Aalil) LY jalal eV algall apaail saciadl) clyiiall (1) Jsaall

Area_km2 Percent
Variables Sub- Variables Points Weights
%)
0% - 2% 10 147.11 13.84
2% - 7% 9 564.52 53.12
Slope 7% — 12% 6 244.89 23.04 10.77%
12% - 18% 3 70.46 6.63
18% > Restricted 35.74 3.36
Brown Soils Deep Phase 10 336.87 31.70
Soil Reddish Brown soils, deep phases 9 540.86 50.89 12.67%
Lithosolic Soils in Sand Stone & Gypsum 7 185.00 17.41
Barren land (Exposed Soil, Exposed Rocks
10 263.17 24.76
&The Foots of the Mountains Hills is Barren)
Grass land 8 173.49 16.32
Land cover Crops land, Cultivated Crops 7 585.88 55.13
19.01%
/tand use Orchards 3 2.73 0.26
Urban and Rural Settlement Land, Paved
Roadsé& Sediments of valleys Land Restricted 37.45 3.52
< 400m 10 551.80 51.92
400m — 450m 9 238.32 22.43
5.81%
Elevation 450m - 500m 8 184.54 17.36
500 - 550 6 62.07 5.84
550m> 3 26.00 2.45
0om — 300m Restricted 220.34 20.73
300m - 1000m 10 360.60 33.93
1000m - 2000m 8 220.36 20.73
Road network 10.14%
2000m — 3000m 6 114.09 10.74
3000m — 4000m 4 61.60 5.80
4000m> 2 85.75 8.07
om — 2000m Restricted 172.70 16.25
Residential areas 21.54%
2000m — 3000m 10 53.47 5.03
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3000m — 4000m 9 59.24 5.57
4000m - 5000m 8 65.35 6.15
5000m — 6000m 7 71.55 6.73
6000m — 7500m 6 119.05 11.20
7500> 4 200.61 18.88
>70m 10 747.99 70.38
_ 2
Groundwater 60m-70m 9 133.34 12.55
7 6.12%
Level 50m-60m 8 124.94 11.76
<50m 4 41.66 3.92
Very High 3 291.16 27.40
High 5 100.15 9.42
8 Wind Effect Moderate 7 165.64 15.59 13.94%
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Abstract

Plant resources are receiving increasing attention worldwide as a kind of renewable resources
with low cost and widely available, the preparation of activated carbon from these materials at low
cost from various natural raw materials has become a necessity now and in the future. This review
discussed different methods for obtaining activated carbon from different plant materials using
different activation methods and activation agents (chemical and physical). The results of the
review showed that the types of activated carbon obtained have large surface area and greater
adsorption capacity. The use of low-cost and widely available raw materials for the production of
activated carbon is the main objective of this study such as (corn cob, rice straw, peanut shell, oil
stones, and ficus leaves). It was found that chemical activation can develop both microporosity and
surface area. The best raw material used is peanut shell, which can then be used in the field of
environmental pollution (dyes, pesticides, heavy metal ions, phenolic compounds and other organic
and inorganic pollutants). It was found that the adsorption process using activated carbon is a
method that can be applied to remove various pollutants.

Keywords: Activated carbon, Carbonization, Activation, Environmental pollutants, Adsorption.
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Introduction

Activated carbon (AC) is a group of porous carbons that are physically or chemically activated to

prepare materials with a large pore size and a large internal surface area. For this reason, it is used
to treat various pollutants as it is an excellent absorbent (Salman et al., 2022). Activated carbon can
be found in many forms: granular, powdered, and fibrous(Ahmad & Azam, 2019). Activated carbon
was initially used in ancient Egypt, where the Egyptians used it for water purification and medical
purposes (Tadda et al., 2016). The specifications of the resulting activated carbon in terms of the
large surface area, which may reach a value of 3000 m?/g, and the high degree of surface interaction
are the main reason for the ability of activated carbon to remove organic and inorganic pollutants,
whether liquid or gaseous (Acevedo et al., 2020). AC is also known as a carbon substance
characterized by an amorphous structure, which consists mainly of carbon elements. Because of its
electronic configuration (1% 2s, 2p?) carbon has unique bonding capabilities with other elements
as well as with itself. The three most likely bonds are cubic diamond, hexagonal graphite, and
fullerene (C60).
Activated carbon is classified as graphite carbon due to its low density and porous structure. The
presence of heterogeneous atoms for example nitrogen, oxygen, hydrogen, sulfur, and phosphorus
on its surface to estimated its chemical characteristics, as these atoms and delocalized electrons
form good functional groups during activation of AC, which classifies it as acidic or basic
(Shafeeyan et al., 2010).
These functional groups affect the rate of adsorption, as activated carbon has two forms. The first
type, H, is naturally characterized by positive charges and has a hydrophobic nature. The second
type, L, is acidic, negatively charged, and hydrophilic (Yahya et al., 2018). Adsorption properties of
AC encourage researchers to use it in many fields. This is due to its simple design, easy operation,
high selectivity towards certain materials, and its ability to completely eliminate pollutants even in
the case of dilute solutions. It has led to increased strive to find permanent and preventive
alternatives to protect and preserve the environment. Biomass residue resulting from food, wood,
and other resources such as agricultural waste has increased interest in this field, and the
manufacture of activated carbon from natural material waste can enhance economic returns and
reduce pollution (Boopathy et al., 2013).
In this review, many different methods for preparing activated carbon using various natural plant
materials with low cost were discussed to produce activated carbon using carbonation methods,
activation methods and different activation agents and to clarify the possibility of using them in
removing different types of pollutants as we have a variety of applications such as purifying
drinking water, purifying air and gas, treating wastewater and the medical field by taking advantage
of this waste as well as reducing spending on waste recycling processes to reduce environmental
pollution in order to achieve the sustainable development goals that all researchers from around the
world seek to achieve.



Literature Review

There are many plant materials used and methods used in preparing activated carbon which are:

Sujitha & Ravindhranath, 2016 used barks of ficus racemose to prepare activated carbon (particle
size = 75uy) by carbonization in an electric furnace. It was used to remove coomassie brilliant
(C43H44N3NaO7S;) blue dye with molecular weight (825.97g/mol) with 100% effectiveness, pH =
2-4, it have a big surface area, and good adsorption capacity. Md Arshad et al., 2016 prepared
activated carbon from oil palm empty fruit bunch (EFB) by tearing these fibers, then dried it in an
oven and treated with HsPO,4. Then carbonization and activation were carried out at temperature
(100°C) for three hours, and a product with surface area (142 m?/g) was obtained. And use catalyst
support while Ooi et al., 2017 were able to prepare it by treating it with concentrated H,SOy, in ratio
[1:1.5] at temperature (400)°C for 60 minutes, then activating it with CO,, N gases, then heating it
to 900°C under CO,, N2 for an hour, then cooling it to room temperature. Use this product as an
effective absorbent to remove urea.

Kan et al., 2017 were able to use waste tea to prepare activated carbon by treating it with HsPO, at
ratio [1:1.5] temperature (450°C) for a time of one hour. It was found that surface area of product
was (880m*“/g). And it was used to remove gxytetracycline. Tharaneedhar et al., 2017 were able to
produce activated carbon from cornob via microwave-assisted pyrolysis, and the adsorption
capacity was (82.8mg/g) for methylene blue dye from its aqueous solution.

Ahsaine et al., 2018 prepared activated carbon from almond shell based on chemical activation
with KOH at a ratio of [1:2]. It was noted that the product had a high adsorption capacity for
methylene blue dye and crystal violet on the Zr;O/activated compound, and its kinetic models were
studied. Misran et al., 2018 prepared activated carbon from banana stem waste by chemical
activation with H3PO,4 acid. A removal efficiency of more than 99% was observed at room
temperature over a period of 90 minutes. The weight was 0.2g and used to absorb methylene blue
dye. Kar et al. in 2019 prepared AC from the wood of acacia auriculeaformis using the chemical
activation method and by changing the chemical agent (NaCl, NaOH, H3PQO,). The physicochemical
analysis indicated that the prepared activated carbon samples worked efficiently (6.60%, 26.25%,
41.81%) and the ash content low (6.60, 14.90, 5%) and iodine values ranged between (380.71-
190.35mg/g). Which indicates the good quality of the prepared activated carbon boehm's test was
used to detect the functional groups of the prepared samples. It was found that the best prepared
model was the one with H3PO,4 because of its good surface area and good pore size compared to
those found in the literature. And use as an absorbent material to treat liquid waste.

Khellouf et al., 2019 prepared activated carbon from the cyores cones plant by chemical activation
with H3PO, acid in two steps, including activation, carbonization, and an impregnation ratio of [1:1]
for 5 hours, and carbonation at (873 K) for 4 hours. The product was selected by batch adsorption of
methylene blue dye from its aqueous solutions. With an efficiency reaching 97.29%, It has proven
its efficiency in treating polluted water coming from the textile industry.

Khadhri et al., 2019 were able to prepare AC from date palm petiole by chemical activation with
NaOH at a ratio of [1:2] in two steps, the first being carbonization at temperature (600)°C for two
hours, the second step, activated at temperature (600)°C for two hours. The surface area of the
prepared activated carbon was estimated at approximately (655m?/g) and was used to adsorb indigo
carmine with good efficiency. Wang et al., 2020 used waste tangerine seed to prepare activated
carbon by chemical activation with HsPQO, at a ratio of [1:2.5] at an activation temperature of 600°C
for 4 hours in an inert atmosphere. The results showed that the surface area of the prepared carbon
amounted to (660 m?/g). ) and used in adsorption of carbamate from the water plant.

Queiroz et al., 2020 studied the possibility of producing activated carbon from tailings acai seed
through chemical activation with KOH at a ratio of [1:5] and in two steps. The first step includes
carbonization at temperature (600)°C for one hr., and at (850)°C for one hour in a nitrogen
atmosphere. The results showed that the surface area amounted (2774 m?/g), and the prepared
activated carbon was characterized by high adsorption properties, which enabled it to be used in the
adsorption of Fe(Il), Lead(ll), and Mg(ll) from contaminated water.
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Najmi et al., 2020 prepared activated carbon from glycyrrhiza glabra residue through chemical
activation using ZnCl, in a ratio of [1:2] at the optimum carbonation temperature, and the
impregnation rate reached (959.22 m%g) and studied the possibility of using the product in
adsorption nitrate, phosphates from contaminated water. Abate et al., 2020 were able to prepare
activated carbon from catha edulis stem by carbonizing it in an electric furnace for two hours at
(400°C) in the absence of air. After that, chemical activation was carried out with NaOH at a ratio
of [1:5] for an hour, and some measurements were made and the analysis showed the approximate
estimate is that the resulting adsorbent contains a very high percentage of carbon (83.65%) and its
surface area was estimated at (1735 m?/g). The efficiency of its adsorption of malachite green dye
from its aqueous solution (98.8%) was studied.

Guo et al.,, 2020 prepared activated carbon from waste sugarcane bagasse through physical
activation in the presence of air. The process was carried out in two steps: the first was
carbonization at temperature (750°C) for an hour in a nitrogen atmosphere, and the second step was
physical activation at temperature (850°C) for two hours with flow CO, and air. The results
explained that surface area of model (622 m?/g) that used for CO, adsorption.
Ahmad et al., 2021 prepared activated carbon from agricultural waste by chemical activation with
K,COj3 and with the help of microwave. The produced activated carbon was characterized using
(SEM and FTIR). The results showed that the adsorption capacity of carbon produced from tobacco
stems was (517.5 mg/g) yield was (80.99%), and total pore volume corresponded to (2557 m%/g)
and (1.647 cm®g) respectively, with a microwave power of (700 W) and an irradiation time (30
min).

Budianto et al., 2021 were able to manufacture activated carbon from empty palm oil bunvhes
waste through multiple activation processes: physical and chemical. Carbonization was performed
at (400°C) for 4 hrs. with flow of nitrogen gas. Physical activation was performed by heating for an
hour at temperature (700°C), it was found that the best concentration of H3PO, was 13%, which
produced high-quality activated carbon with the following specifications: moisture content 3%, ash
content 3.92%, surface area(272.9 m?/g), iodine number (945.47mg/g), and volatile matter 3.92%.
Genli et al., 2021 prepared carbon from chickpea stall using ZnCl,. Some factors were studied, for
example impregnation rate, time and temperature. lodine number was determined (734mg/g) under
conditions of impregnation time (24 hrs.). The temperature was (400°C) and time (45 min). It was
characterized by SEM images of chickpea stalk, hydrochar and AC are given in Figure (1), and
FTIR measurements shows in Figure (2). The surface area of the AC was (572 m?/g), and the
methylene blue number was obtained as (105 mg/g).

Figure 1: SEM images (a)Chickpea Stalk (b) Hydrochar (c) AC
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Figure 2: Results of FTIR analysis

Campos et al., 2021 were able to prepare carbon from coffee parchment and spent coffee by means
of Co-Calcination with CaCOs. Their absorbing efficiency in organic compounds was compared,
and its productivity was 9.0%. SEM measurements confirmed that this preparation method
improved the pore structure compared to the raw materials. The efficiency of coffee parchment in
adsorption of carboxylic acids was comparable to activated carbon prepared from spent coffee,
which in turn was higher in adsorption efficiency than commercial activated carbon. Bilal et al.,
2021 prepared activated carbon from capparis decidua by activation at a temperature ranging
between (700-500)°C. The heat treatment caused a significant change in shape and chemical
composition of carbon, and it had a high adsorption capacity for lead (I1) estimated at 719.42 mg/g.
The interaction of lead with activated carbon was of a physical nature.

Kaminska et al., 2021 studied the possibility of producing activated carbon from sunflower husks,
Coffee Grounds, and Orange Peels using KOH followed by a carbonization process at (800°C) in a
N, atmosphere. The prepared carbon materials were characterized by a surface area ranging from
(1566-1366 m?/g), a pore volume ranging (0.694—0.584 cm?®/g). Diagnostic techniques (XRD,
SEM, XRF, XPS) were demonstrated the prepared materials have an amorphous structure, have an
irregular surface shape, and a high degree of purity with small amounts of inorganic materials.
Therefore, they were used as catalysts for multiple industrial processes.

Neme et al., 2022 were able to prepare activated carbon from castor seed hull through chemical
activation with HzPO, at different impregnation rates (0.8-0.2), then it was heat treated at 900, 700,
and 600°C for different times (120, 90, 60 minutes). The effect of the impregnation rate was
studied. With H3POy,, activation time, and activation time on the production of activated carbon, it
was found that the activated carbon yield increased with an increase in the percentage of
impregnation with H3PO,4 and reached a maximum of 78.86% with an impregnation rate of 0.8, an
activation temperature of 700°C and an activation time of 60 minutes. The maximum surface area
was obtained (785.38 m?/g).

Madani et al., 2022 from stipa tenacissima prepared activated carbon by chemical activation using
H3PO,. The effect of activation temperature and impregnation rate on the structural and chemical
surface properties of the prepared activated carbon was studied. The indicating results that
temperatures activation (500,450)°C are the most suitable for producing activated carbon with an
advanced porous structure. It was found that its surface area is (1503 m%g) and pore size is (0.59
cm®/g). The best ratio of phosphoric acid is [1:2]. The optimal adsorption capacity for this prepared
activated carbon is (110 mg/g) for the drug atenol to be removed from its aqueous solution
compared to the presented commercial activated carbon from darco company.

Worldlight et al., 2023 prepared activated carbon from groundnut shells (arachis hypoheae) by
chemical activation using different ratios of H3PO,4 [1:1 , 1:2 , 2:1]. Then carbonization was
performed at temperatures of 400, 500, and 600 °C. Obtaining adsorption efficiency of prepared
carbon (11.57mg/g) for Tartrazine from its aqueous solutions. It was also shown from the results
that the adsorption technology using activated carbon on a large scale can be effective and less
expensive to remove Tartrazine from wastewater.
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Castaneda-Olivera et al., 2023 were able to prepare activated carbon from prun persica and persea
americana by exposing these materials to a temperature (800°C) for 30 min, then crushing and
sifting them (800u,) to obtained particle homogeneity the coal was then treated with (1mL)
phosphoric acid per gram of raw material at a temperature less than 500°C, then the it is purified
with water and using specification ASTMC136-01, then the grain size, porosity, moisture content,
and organic matter content of the prepared activated carbon samples are evaluated and used to
remove arsenic with an efficiency rate of 95.37%, 96.94%. Lead removal was 95.52% and 97.19%
due to its high porosity. This demonstrates the effectiveness of the prepared activated carbon in
water treatment applications.

Liang et al., 2024 studied plant-derived activated carbon for double-layer electrolytic capacitors.
Plant-derived raw materials for active carbon are classified into four distinct groups: forest,
agricultural residues, fruit peels, aquatic biomass, and plant particles. They described recent
advances in the use of plant materials as raw materials for active carbon production, and the use of
catalytic graphite techniques to enhance their electrochemical performance in double-layer
electrolytic capacitors, and identified potential application prospects in double-layer electrolytic
capacitors and future research directions for plant-derived active carbon.

Mandal et al., 2024 were able to prepare activated carbon from agricultural waste materials (peanut
shells (PSPA), betel nut fiber (AFPA)) and used phosphoric acid (H3PO4) at two different
concentrations (20% and 40%) to prepare activated carbon. The results showed that all the prepared
AC samples had high surface area ranging from (580-780) m?/g and porosity by Brunauer—Emmett—
Teller (BET) was measured as shown in the Table (1). The surface area of AC prepared from peanut
shells was higher than that prepared from betel nut fiber. Prepared activated carbon samples were
used for adsorption of amoxicillin, pharmaceuticals paracetamol and aspirin from their aqueous
solution where (90%) of paracetamol was adsorbed within (5 min) of contact.

Table 1: Porosity of AC and Specific surface by BET analyses

Adsorbent Specific surface area Total pore Average pore
(mg™) volume(cc.g?) | diameter(nm)
PSPA-20 689 0.56 3.27
PSPA-40 778 0.55 2.85
AFPA-20 586 0.36 2.47
AFPA-40 653 0.52 3.21

Preparation of Activated Carbon

Activated carbon can generally be prepared from various plant sources, and these materials are
rich in carbon. Carbonation processes (pyrolysis) and physical and chemical activation processes
have been clearly used to produce activated carbon from plant sources, as activation agents increase
the versatility of activated carbon in large range applications, for example acids, alkalis, metals,
gases rich in oxygen (Yahya et al., 2015).

Carbonization

Carbonization means thermal decomposition and the removal of non-carbon species from raw
materials (Shaheen et al., 2019). It can be defined as a process that leads to a decrease in the
material’s content of volatile compounds to prepare coal, which is characterized by its high carbon
content, by breaking the mutual bonds in the raw material. There are many factors that have a direct
impact on this process, such as heating rate and temperature (Wang et al., 2020).
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Here, grade of the raw material is raised from 300°C to 800°C, and thus three types of products can
be obtained: a solid carbonized material, a liquid material, and a gaseous material with non-
condensable specifications. For example CO, CO, , CH; or H; (Alonso et al., 2012). The
carbonization process can be divided into four stages depending on temperature, Survival time, and
speed of heating during carbonization for each stage, the components of the raw material (plants)
are subject to reactions for example crosslinking, dehydration, fragmentation, rearrangement,
depolymerization, repolymerization, condensation, carbonation (Quan et al., 2016). The slow
carbonization process is carried out in conditions that include low heating equipment and a longer
residence time, which leads to the production of products with compliant compositions show in
Table (2).

Table 2: Carbonation methods: types, conditions and products (Qambrani et al., 2017)

Conditions Products
Types Temp. (°C) Re. time Carb L G
(Yowt) (Yowt) | (Yowt)
Slow 300-700 Hrs. or days 35 30 35
Intermediate ~500 10-20 20 50 30
Fast 850-1250 0.5-10 12 75 13
Flash 1050-1300 <0.5 20 50 30

Re. time: residue time, Carb: Carbonized, L: Liquid, G: Gas

Slow carbonization is one of the most widely used methods for obtaining activated carbon because

it generates the largest amount of carbonized materials. For example, new methods can be used that
use microwaves to generate hot spots in carbon molecules, which represents a promising way to
obtain activated carbon. However, the carbon product obtained under (poor or zero) oxygen
conditions has a lower surface effectiveness compared to activated carbon, to predict product
properties and yield it is necessary to understand the effect of oxygen on the pyrolysis process of
the raw material because of its great and beneficial effect on this process, as its presence leads to
improving the quality of surface area, and increasing the total pore size of material (Zhang et al.,
2016, Shen et al., 2017).
There is another classification of the carbonization process, which includes classifying it into four
ranges of temperature: The first range (25-150)°C physical adsorption occurs about 12% of
absorbed water with simple change in order, the second range (150-240) °C dehydration of OH", H*
on the molecular scale, the third range (400-240) °C leads to thermal rupture of glycosidic bond and
the C-O, C=C bonds, the fourth stage (greater than 700)°C At these temperatures a structure similar
to graphite with irregular layers is obtained (Chen et al., 2020).

Activation

The basic properties of the carbon are determined during carburization and the next activation step
must be designed to complement the carburization step. Due to the formation and condensation of
hydrocarbons on the surface, carbon will have low porosity and surface area (Masoumi & Dalal,
2020). The activation agent has a major role in developing the carbon’s pores on a wide and large
scale through corrosion of its internal surfaces and leads to changing the shapes of the atoms on the
surface to surface functional groups without reducing the mechanical strength (Dong et al., 2018).
The process is carried out in two ways: physical or chemical activation to prepare activated carbon,
and in some cases sometimes the two methods can be combined.



Physical Activation

Physical activation, or what is called molecular gasification, takes place at high temperatures
ranging from (1100-800)°C using oxidizing materials for example steam(Zhang et al., 2011),
CO2(Zhu et al., 2012), air(Ould-Idriss et al., 2011), or a mixture of them. CI’, sulfur vapors and
ammonia are rarely used. The gasification process of carbonized material occurs through the use of
steam, CO,, and oxygen through endothermic reactions, as shown in the following equations:

I Steam
C+ H,0->H,+CO

CO +H,O0 - H, +CO,

C +2H, - CH,4
ii Carbon dioxide

C +CO; - 2CO
iii Oxygen

C+0, »CO,

2C+ 0, —»2CO
To obtain products with desirable properties in terms of pore development, which plays a major role
in the pore size distributions and activity level of carbon, this is done by manipulating the activation
process, such as changing the temperature and rate of flows of steam and carbon dioxide (Ouyang et
al., 2020). Table (3) shows the characteristics of some carbons produced by physical activation,
Figure (3) shows the physical activation process.

Argon or Nitrogen
(600-900°C)

Raw material TP TP PP PP PP PY PP PP ET PP
oo Oxygen or Steam

(600-1200°C)

Activation /
Oxidation

Carbonation

Activated Carbon

Figure 3: Physical activation process (Ganjoo et al., 2023)

Table 3: Characterization of AC prepared by physical activation

Raw materials Agent Seer(m?/g) Reference
Oil palm shell CO, 905 (Herawan et al.,
2013)
Cocoa shell CO; 558.25 (Ahmad et al., 2013)
Oil palm empty fruit bunch Steam 718 (Kadir et al., 2014)
Rubber wood sawdust CO; 465 (Mazlan et al., 2016)
Waste tea Steam 995 (Zhou et al., 2018)
Coconut shell CO,/Steam 610 (Chandana et al.,
2019)
Rice straw Steam 243 (Yang et al., 2020)




Chemical Activation

There are a series of steps required before activation to achieve a sufficient and rapid production

process. The raw material is washed with deionized water to ensure that it is free of dust and other
impurities, then drying it at temperature ranging (65-105)°C, then grinding it to reduce the particle
size (Surugau et al.,2019).
The process of chemical activation is carried out in three steps: pumping, mixing, and permeation of
the solution a dried chemical is used that is characterized by its ability to stimulate the
decomposition of materials and increase its speed through pyrolysis to prevent the formation of
volatile materials before the activation process. The activation factors used include: phosphoric
acid, sodium hydroxide, sodium chloride, zinc chloride, and in some cases the raw material is
carbonized in one step, then these materials are added, the treated coal is then heated in a nitrogen
atmosphere. The requirements of temperature for chemical activation process between (800-400)°C,
which is Lower than average temperature for physical activation process (Xin-hui et al., 2011). The
activation process can be used in two sequential steps: the first is to treat the primary plant material
with the activation factor, followed by heat treatment according to conditions listed in Table (4)
(Hoseinzadeh-Hesas et al., 2013).

Table 4: The models of chemical activation process

. Convention al Microwave
conventional One-step
Two-step
Temp. or power | (400-1200) °C (400-800) °C (300-1000) w
Heating & time (1-3) hrs. (400-1200) °C 5-30 min
Yield % (30-50)% (30-40)% (> 40)%
Corrosion H H L
Efficiency L H H
Flow process Continuous Batch Batch

The Figure(4) shows the process of chemical activation (Ganjoo et al., 2023).

High Temperature (400-800°C)

H;PO, (25%), Wood-based materials Activated

KOH (5%), NaOH (5%) Carbon
CaCl; (25%) and ZnClz

(25%)

(sawidust, wood, chips,
otc)

Figure 4: Chemical activation process

Table (5) shows the characterization of some carbon's prepared by chemical activation process.
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Table 5: Characterization of activated carbons prepared by chemical activation

Raw materials Agent | Sger(mg/g) Reference
Oil palm shell ZnCl; 1254 (Hoseinzadeh Hesas et
al., 2013)
Cocoa shells H3;PO, 1077 (Pereira et al., 2014)
Rubber seed shell KOH 620 (Pagketanang et al.,
2015)
Kenaf stem HsPO, 1154 (Meryemoglu et al.,
2016)
Coconut shell KOH 265 (Purnomo et al., 2018)
Coconut spathe KOH 1705 (Prashanthakumar et al.,
2018)
Rice husk NaOH 2786 (Zhang et al., 2020)

Activated Carbon Applications

Its use is not limited to a specific aspect of the industry and daily life, but rather expands to
include many fields because of its large surface area, high adsorption capacity, surface
effectiveness, and microporous structure. Activated carbon is used in the treatment of drinking
water and industrial water, and its main applications include removing odor, color, and other
unwanted (inorganic, organic) impurities. in liquid phase applications approximately 80% of total
activated carbon (granular and powdered) is consumed. while granular activated carbon is optimal
choice in gas phase applications (Nawaz et al., 2019).

Use of activated carbon to remove dyes

As a result of the harmful and carcinogenic effects on living organisms due to contamination of
wastewater with dyes issued by the textile, printing, dyeing, cosmetics and paper industries, the
disposal of these colored liquid wastes is a major environmental challenge, and in order to get rid of
dyes and other pollutants, the absorption of activated carbon is very successful (Ahmad et al.,
2011). There are many examples of removing dye from polluted water using activated carbon, as
shown in Table (6).

Table 6 : Previous studies on activated carbon prepared from different plant materials used
to remove dyes

. Adsorption
Raw Activation .
materials Method factor Dyes capacity Ref.
(mg/g)
. . Methylene (Bell-Hutle
Castile nutshells Chemical H3PO,4 blue 169.5 et al., 2010)
Basic Red18
Oak cups pul Chemical ZnCl, Acid Red111 14801'582 (Timur et
bs pulp H3PO, Methylene . al., 2010)
384.60
blue
. Calcium . (Hernandez
Pecan nut shells Chemical solution Acid blue25 48 “Montoya et
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H3PO, al., 2011)
Posidonia
oceanica(L) Chemical ZnCl, Methylene 285.7 (Dural et
blue al., 2011)
dead leaves
Pineapple waste . Methylene (Mahamad
biomass Chemical ZnCl, blue 288.34 et al., 2015)
Reative (Sellaoui et
Cocoa shell Physiochemical ZnCl,/FeCls Violet5 | = -—---
al., 2017)
RV-5
Hydrothermal (Islam et
Coconut shell Carbonization& NaOH Methylene 200.01
: al., 2017)
Chemical
. Malachite (Guo et
Peanut shell Chemical FeCls/MgCl, green(catioic) 4031.96 al. 2020)

Using activated carbon to remove pesticides

There are many materials used for the chemical preparation of pesticides and these products aim to
prevent damage caused by pests. Such as herbicides, insecticides, fungicides, algaecides,
antimicrobials, miticides, rodenticides, and viricides (Foo et al., 2010). This organic material is
used based on its chemical and physical properties and method of application to kill target pests.
The most commonly used pesticides in agriculture are organophosphorus pesticides (OPs) and are
considered the main cause of cancer. The continuous and excessive use of pesticides leads to an
impact on the environment and health due to their continuous nature (Chavoshani et al., 2020).
Chemical, physical processes were used to remove pesticides from contaminated water. Adsorption
is the most widely used method. There are many examples of using activated carbon produced from
various plant sources to remove pesticides, as shown in Table (7).

Table 7 : Previous studies on activated carbon prepared from different plant materials used
to remove pesticides

Activation AEEETIEn
Raw materials | Method £ Pesticides capacity Ref.
actor
(mg/g) ( -
. loannidou et
Corn cobs Physical Steam Bromopropylate 0.189 al., 2010)
Oil palm shell | Chemical NaOH 4-Choroguaiacol 454.45 (Hanzwggoe)t al.,
. 2,4- :
Oil palm Chemical KOH dichlorophenoxyacetic 352.89 (Sulaiman et
frond acid al., 2011)
Coconut frond | Chemical H3PO, Carbofuran 80 (Nj%ulg al,
Rice straw | Chemical | KOH Carbofuran 296.52 (Chzgglj)t al.
. . . . (Abdelhameed
Apricot kernel | Physical Hot air Prothiofos 1458+ 2.4 et al., 2020)
Waste . (Wang et al.,
tangerine seed Chemical H3PO,4 Carbamate 2020)
Diospyros . Atrazine herbicide (Salomon et
kaki fruit | Chemical | ZnCl ATZ 194.20 al., 2021)
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Using activated carbon to remove heavy metals

The most important serious environmental problem is the contamination of water with heavy
metals. The reason for this is due to their toxicity, accumulation, bio-magnification in the food
chain, and their persistence for a long period, even at relatively low concentrations (Wojanarovits et
al., 2010). Among the most dangerous metals that are commonly found in wastewater as a result of
many industries are cadmium, chromium, and lead. And using activated carbon to remove these
metals through adsorption is considered one of the most successful ways to achieve environmental
standards, and Table (8) includes some of these plant materials used in preparing activated carbon.

Table 8 : Previous studies on activated carbon prepared from different plant materials used
to remove heavy metals

: Activation | Heavy Adsorp'gion
Raw materials Method Capacity Ref.
factor metal
(mg/g) ( |
: Lietal.,
Cotton stalk Chemical H3PO4 Pb(ll) 119 2010)
(AL-
Peanut shell Chemical KOH Cr(VI) 16.26 Othman et
al., 2012)
: (Varsihini et
Corn style Chemical Ce(l11) 180.2 al., 2014)
(Obregon-
Olive fruit Chemical HsPO, cd 94.83 Valencia &
stones Sun-Kou,
2014)
Grapefruit Hydrothermal (Semercioz
peels Carbonization KOH Cu(ll) 48.22 etal., 2017)
. . . (Sajjadi et
Pistachio wood Chemical NHsNO3 Hg 190.2 al. 2018)
Limonia . (Das et al.,
acidissima shell Chemical H3PO, Fe(ll) 48.13 2020)
. (Wang et
Conconut shell Physical Cry03 Cr(VI) 45.2 al.. 2020)

Using activated carbon to remove phenolic compounds

The most common pollutants found in variety liquid wastes from disinfectant, plastics and
gasoline industries are phenol and its derivatives (Timur et al., 2010). Phenol is considered one of
the toxic pollutant compounds listed by the Environmental Protection Agency, so it must be
removed from wastewater. By referring to the literature, we find several studies in this field,
including shown in Table (9).

Table 9 : Previous studies on activated carbon prepared from different plant materials used
to remove phenolic compounds

. Adsorption
Raw materials Method A(;tlvatlng Pollutant capacity Ref.
actor
(mg/g)
Castile nutshell | Chemical |  HsPO, Phenol 53.2 (Bell-Hule
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2010)
. H3PO,4 (Timur et
Oak cups pulp | Chemical Zncl, Phenol 75.19 al., 2010)
. HNO3 Phenol 76-139 (Mourao et
Almond shell | Physical CO; P-nitrophenol |  154-224 al., 2011)
Avocado kernel :
seeds Chemical |  K,COs Phenol 0.215-0.134 | (Dejeneet
. al., 2016)
Presa americana
Olive-pit 4.39 .
e TR (Gilani et
Date-pit Physical Phenol 39.37 al.. 2019)
Oil stoens Chemical ZnCl Phenol 635 (Saleem et
2 al., 2019)
Ficus Leaf(ACF) | Chemical H2SO4 P-nitrophenol 0.6738 ;I}/Iaggég
Acacia mangium . (Alam et
wood Chemical HsPO, Phenol 53.8 al., 2023)

Using activated carbon to remove organic and inorganic pollutants

Organic & inorganic compounds such as vanadium, NO, fluorides, and SO4? are considered
toxic substances when present in drinking water. Many countries, such as India and China, suffer
from a major problem due to the presence of fluoride in drinking water in high concentrations.
Therefore, there was a need to use activated carbon to remove these pollutants (Hernandez-Montoya
et al., 2011). If the concentration is higher than 1.5mg/L, it may cause bone fluorosis in children. It
has been shown through previous studies that there is a strong relationship between the fluoride ion
and the ions of multivalent metals such as Zn*3, AL, it may interact with some divalent ions Ca*?
(Alagumuthu & Rajan, 2010). While recent studies have indicated that it is possible to remove
fluoride from water using carbon prepared from egg shell wastes, pecan nut shells. The results
showed that the presence of calcium chemical groups on the surface of the prepared activated
carbon played an important role in the fluoride removal process (Hernandez-Montoya et al., 2012).

Use of activated carbon in gas purification

Activated carbon is often used to purify gas, where hydrogen gas, sewage gas, carbon dioxide,
hydrogen sulphide, siloxanes and other things are removed from the air using activated carbon
compressed in certain filters, which are often placed in the middle of the filter and the purification
process takes place in either one or two steps of filtration. These gases are absorbed and fixed in
large layers of activated carbon due to their ability to quickly decompose into solid materials, thus
completing the air purification process (Ganjoo et al., 2023).

Using activated carbon in medical fields

World Health Organization has listed activated carbon produced from various materials as one of
the effective medicines in treating cases of poisoning and overdose resulting from taking
medications, except for cases of poisoning with cyanide, lithium, and iron. Taking into account the
consumption of activated carbon under health care, it is also used in teeth whitening (Ganjoo et al.,
2023).
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Conclusion

The wide applications for the production of activated carbon have led to a large demand for it in
various industrial applications. For this reason, research has increased to find alternatives to replace
commercial activated carbon, which is known for its high cost. In this review, it has been proven
that natural plant materials can be used to produce activated carbon and its use in removing
different types of pollutants by taking advantage of this waste. It is also possible to reduce spending
on waste management and improve the country’s economy. Many processes have been used to
activate carbon, chemical activation has proven successful compared to physical in terms of
activation temperature, cost lower, short processing time, big surface area, high porosity, and higher
carbon efficiency. This makes it an excellent adsorbent for many diverse pollutants, such as its use.
In removing dyes, pesticides, heavy metals, and highly toxic phenolic compounds, and removing
various organic and inorganic pollutants, in addition to using it in gas purification and various
medical preparations. The most important thing for the adsorption process is choosing the
appropriate starting material for its effective role in controlling the porous structure of the prepared
carbon.
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Abstract

Animal nutrition plays a crucial role in livestock productivity and health. This makes them
susceptible to poisoning when animals eat quantities of food that contain high levels of nitrates
because of excessive use or misuse of nitrogen fertilizers. This leads to the accumulation of nitrates
in plants, in addition to polluting surface and groundwater and creating environmental risks. The
research aimed to detect the percentage of nitrates in vegetables that are given to animal breeders in
the markets of the city of Mosul, and to find the vegetables that have the largest percentage of
nitrates. Nitrates were read using the instrument green test in vegetables (Tomato, onions,
cucumbers, chard and eggplant) as | showed that the highest percentage of nitrates is located in the
chard, which reached 3662.77mg/kg and the least in onions is 30mg/kg Which was measured within
10 months. Nitrate concentrations in the measured samples of tomatoes, onions, and cucumbers
were normal when compared with the values recorded by the World Health Organization. We found
concentration of nitrates in onions was stable Compared with other measured vegetables. The
results showed an increase in nitrate concentration levels above the permissible limit set by the
World Health Organization, in chard and eggplant 3662.77mg/kg and 854.3mg/kg. respectively.
From the above, it is clear that nitrates are dangerous in vegetables sold in Mosul markets and used
to feed indoor animals. It also gives an indication of the danger to human health when consuming
them. Which causes diseases such as colon cancer or death.

Keywords: vegetables, Nitrates, animals, nitrites, poisoning.
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INTRODUCTION

Today, the role of nitrogen fertilizers in agriculture is increasing due to the increased demand for
growth, performance and quality of products to achieve more productivity, and this leads to
excessive use or misuse of nitrogen fertilizers. This leads to the accumulation of nitrates in plants,
in addition to polluting surface and groundwater and creating environmental risks. Accumulation of
nitrates in plants causes various diseases in humans as well as animals, such as methemoglobinemia
as well as cancer of the digestive system in humans, through the ability of nitrates to interact with
amino acids in the body of living organisms and convert them into nitrosamines that cause cancer.
(Noorafkan et al., 2008; Raghimi et al., 2008; Pirsaheb et al., 2012) This is done by eating
particularly leafy vegetables such as lettuce and spinach leaves, which contain high concentrations
of nitrates. The accumulation of nitrates and nitrites is harmful, based on research and studies, and
the reason is that the effect of chemical fertilizers accumulated in the soil and which accumulate in
agricultural products is not immediately detected (Serpell., 2012).

Nitrates enter irrigation water in various ways through soil contaminated with high
concentrations of nitrate fertilizers, and from it to foods, especially vegetables, through
contaminated water, as well as fruits, dairy products, and grains, through which nitrates and nitrites
enter the human body.

Nitrite poisoning occurs when eating feed that contains high concentrations of nitrates like silage
or eating large quantities of feed vegetables provided by the breeder to the animal after collecting
them from markets selling agricultural products and then converting nitrate to nitrite by the action
of rumen normal flora (Cockburn et al., 2013; Al-Saffawi., 2020; AN et al., 2023; Khalil et al.,
2023). It is one of the foods that spoil easily if its sale or marketing is delayed. Animals are also fed
with fresh green fodder from the fields in spring and fall, especially those that sprout after the first
rain. One of these plants is Portulaca oleracea (Simdes et al., 2018), which is dangerous to animals
and causes confusing symptoms for breeders, especially in cows, as it gives a form similar to milk
fever but does not respond to calcium (Brender., 2020). Here is a distinctive sign, which is a loud
heart sound compared to a weak heartbeat milk fever condition. Nitrate concentration of 0.5% is
considered hazard and severe toxicity appeared if the amount of nitrate is more than 1% (Puschner.,
2000). When the normal flora fails to reduce nitrite by converting it to ammonia the potential to as
well as reduced capacity to detoxify Methemoglobinemia (MetHb) back to haemoglobin (Hb) due
to the important clinical signs of poisoning by nitrites are cyanotic, bloat, diarrhoea, loss of appetite,
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drowsiness, weakness of the limbs, tachypnea and tachycardia and recumbence followed by death
within days (Thornton and Abrahams.,1983; Simdes et al., 2018; Al-Quwaie et al., 2023). Humans
cause the accumulation of nitrates in plants, as well as polluting surface water and then penetrating
groundwater, causing environmental risks (AbuElHassan et al., 2022; hazim sabry., 2022; Al-
Hussein et al., 2023). Accumulation of nitrates in plants causes various diseases in humans, such as
gastrointestinal cancer in adults and causes methemoglobinemia in adults and children (Dezfouli
and Abdollahi 2009; Afali and Elahi., 2014; Al-Bhar and Al-Saffawi., 2021). Therefore, the
research focused on detecting types of vegetables that contain high concentrations of nitrates to
protect the consumer by protecting animals that feed on feed tazken mainly from local markets,
where large amounts are disposed of, causing poisoning of animals and thus transferring these high
concentrations. Via milk and meat to humans.

MATERIALS AND METHODS

Samples of vegetables (Tomato, onions, cucumbers, chard and eggplant) were collected, and
their total number reached 750 Of every type of vegetable sample was distributed among 150 each
type of vegetables from the markets of the city of Mosul for the period from 10/1/2022 to 31/7/2023
after randomly collecting a sample. It was measured after purchase using the green test. Zhejiang,
China device.

Greentest ECO 6 Features

h’ f » Measures nitrates in 64 product types
Po .uer switch
» Tests water hardness
\
Probe ——; @

Fower plug —I

» Detects beta radiation

* Fast and accurate results in 3 seconds

* Has 2 super thin probes that da not leave marks on fond
» User-Friendly Interfac

T T

Protection cap —

* Long battery life, USB hium ion 720mAh

batiery can provide up to 20 hours use time

Figure 1. The figure above represents the device (Greentest) and its specifications used to conduct
the research

RESULTS

Table 1. shows the values measured with the green test device in milligrams/kg for each of the
vegetables (tomatoes, cucumbers, and Swiss chard), where the highest value in chard was 3662.77
mg/kg and the lowest in tomatoes was 51 mg/kg.

N Tomato Onions Cucumbers Eggplant Chard
1 Number of samples 150 150 150 150 150
2 Min 30 30 30 150 100
3 Max 140 30 320 1030 7600
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4 Sum

5 Mean

6 Std.error
7 Variance
8 Stand. dev
9 Median

7650 4500 17110 128145 549416

51 30 114.067 854.3 *3662.77
2.0067 0 5.7635 18.7238 164.862
604.027 0 4982.7 52587  4.07692E06
24577 0 70.5882  229.319 2019.14
50 30 95 910 4100

*The highest- measured value of nitrate concentration appears in chard.
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Figure 1. shows the average values of nitrate concentration in the measured vegetables

Table 2. shows the values measured with the green test device in milligrams/kg for tomatoes over
ten months. The highest value of nitrate concentration in tomato plants was 63 mg/kg, and the
lowest in tomatoes was 34 mg/kg.

N Months

10 11 12 1 2 3 4 5 6 7

1. Numberof samples 15 15 15 15 15 15 15 15 15 15

2. Sum
3. Mean

880 670 950 910 730 950 840 640 570 510
59 45 *63 61 49 *63 56 43 38 34

*The highest- value of nitrate concentration that measured in tomatoes appears within ten months.
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Figure 2. shows the nitrate values that measured in tomatoes, milligrams/kg, during ten months

1
mdl. s5g

Table 3. shows the values measured with the green test device in mg/kg for Onions over ten
months, where we show Consistency in values of nitrate concentration in the Onion was 450 mg/kg,

N Months 10 11 12 1 2 3 4 ) 6 7

1 Number of samples 15 15 15 15 15 15 15 15 15 15
2 Sum 450 450 450 450 450 450 450 450 450 450
3 Mean 30 30 30 30 30 30 30 30 30 30

30 30 30 30 30 30 30 30 30
2 3 4 5 6 7 8 9 10
30 30 30 30 30 30 30 30 30

Figure 3. shows the nitrate values that measured in cucumbers (mg/kg) over ten months.
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Table 4. shows the values measured with the green test device in mg/kg for cucumbers over ten
months, where the highest value of nitrate concentration in the cucumber plant was 290 mg/kg, and
the lowest in tomatoes was 68 mg/kg.

N Months 10 11 12 1 2 3 4 5 6 7
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1. Number of samples 15 15 15 15 15 15 15 15 15 15
2. Sum 4356 1610 1040 1680 2050 2220 2090 1560 1020 1850
3. Mean 290* 107 69 112 137 148 139 104 68 123

*The highest- measured value of nitrate concentration in cucumber appears within ten months.
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Figure 4. shows the nitrate values measured in cucumbers (mg/kg) over ten months.

Table 5. shows the values measured with the Greentest device in milligrams/kg for chard over ten
months. The highest value of nitrate concentration in Swiss chard plants was 4967 mg/kg, and the
lowest in chard was 290 mg/kg.

N Months 10 11 12 1 2 3 4 5 6 7

1 Number of 15 15 15 15 15 15 15 15 15 15
samples

2 Sum 4356 8839 56300 68700 64421 74500 72700 74200 68800 56600

3 Mean 290 589 3753 4580 4295 *4967 4847 4947 4587 3773

*The highest- measured value of nitrate concentration in chard appears within ten months.
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Figure 5. shows the nitrate values measured in chard, mg/kg, over four months
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Table 6. shows the values measured with the Greentest device in milligrams/kg for eggplant over
ten months. The highest value of nitrate concentration in Swiss chard plants was 1008 mg/kg, and
the lowest in eggplant was 277 mg/kg.

N Months 10 11 12 1 2 3 4 5 6 7

1 Number of 15 15 15 15 15 15 15 15 15 15
samples

2 Sum 13500 14410 14855 15120 14550 13950 13600 13500 10500 4160
3 Mean 900 961 990 *1008 970 930 907 900 700 277

*The highest- measured value of nitrate concentration in eggplant appears within ten months.
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Figure 6. shows the nitrate values measured in chard, mg/kg, over four months

DISCUSSION

The study showed that the values of nitrates in tomato, onion, and cucumber vegetables fall
within the normal values with the values shown in the World Health Organization bulletin: 300
mg/kg, 80 mg/kg, and 150 mg/kg, respectively (WHO.2009), but in chard and eggplant, they exceed
the recommended normal values, which are 2000 mg/kg, 300 mg/kg, reaching 3662.77 mg/kg and
854.3 mg/kg. Respectively, this is consistent with (Nowrouz et al., 2012; Salehzadeh et al., 2020;
AbuEIHassan et al., 2022). The permissible limit of nitrate in the daily diet is 3.3 mg/kg body
weight per day for nitrite in livestock (Cockburn et al., 2013). From the above, it is clear that the
concentrations in some vegetables are very high and can cause diseases in field animals as well as
in humans, where the permissible concentrations of nitrates in humans’ food daily diet are between
0-07 mg/kg of body weight per day (Al-Hamdani., 2021; Cockburn et al., 2013). These results give
danger signals from the presence of high levels of nitrate concentrations in some vegetables sold in
Mosul markets.
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Abstract

The current study was conducted with the aim of isolating and diagnosing the strain Escherichia
coli O157:H7 from water in the city of Mosul, and studying the possibility of inhibiting its toxin
Shiga toxin (STX) using different materials and compounds. for this purpose 55 water samples was
collected (30 Tigris River water, 25 sewage water).

Isolation and diagnosis results showed that 29 isolates of E.coli O157:H7 strain were obtained
using the selective medium Sorbitol MacConkey Agar (SMAC) , distributed over river water (50%)
and sewage water (56%). The molecular technique (PCR) polymerase chain reaction was used by
adopting the 16srRNA gene to confirm the diagnosis of cultured isolates, the same technique was
also used to investigate the genes encoding both types of shiga toxin, and it was found that the
prevalence of the stx2 gene encoding the shiga toxin Stx2 is higher compared to the stx1 gene
encoding the shiga toxin Stx1.

The inhibitory effect on the shiga toxins of the E.coliO157:H7 strain was studied using a group
of materials represented by alcoholic plant extracts of mint leaves, pomegranate peels, and natural
materials, namely honey, gum arabic, and propolis, in addition to using some essential oils, namely
cinnamon oil, watercress seed oil, and gum arabic oil. The inhibitory materials used showed a high
inhibitory ability against the growth of the selected isolates.

The possibility of inhibiting shiga toxins was investigated at the molecular level by
investigating the possibility of inhibiting gene expression for the stx1 and stx2 genes, and
Quantitative Real Time PCR technology was used for this purpose. The results showed that the
alcoholic pomegranate peel extract was able to inhibit gene expression. for the stx1 and stx2 genes
by approximately half, with values ranging between 0.35 for the first gene and 0.41 for the second
gene, compared to the gene expression of the untreated control samples, while the rest of the studied
materials did not affect the inhibition of gene expression.

The cytotoxicity of the studied shiga toxins was detected on a cell line (hormal lymphocytes) for
the first time locally using the MTT cytotoxicity assay method. The method succeeded in showing
the cytotoxicity of the shiga toxins and confirming the ability of the alcoholic pomegranate peel
extract to inhibit the shiga toxins of the studied isolates compared to the control sample without
treatment.

Keywords: E.coliO157:H7, Shiga toxin, Sorbitol MacConkey Agar, MTT cytotoxicity assay
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Introduction:

Water pollution intended for human use is one of the most dangerous cases of pollution because
of its direct relationship to the public health of human societies. About 80% of diseases are linked to
unsafe use of water, and more than a third of deaths in developing countries are caused by water
pollution. (Nega et al., 2021).

Intestinal bacteria constitute one of the most important causes of water-borne diseases. Perhaps
the most prominent and widespread of these bacteria is E.coli. This bacteria plays the primary role
in the issue of bacterial contamination of water, whether for its pathogenic role or as one of the
approved indicators of fecal contamination. E. coli O157: H7 is important strain, which is a
serotype belonging to the bacterial type E. coli from the enterohemorrhagic E. coli group (EHEC).
The most important characteristic of this bacterium distinguishes it from Other types of E.coli its
inability to sorbitol sugar. The pathogenicity of this strain is due to its possession of virulence
factors, the most important of which is its ability to produce Shiga toxin (STX), which is the main
factor responsible for bloody diarrhea (HC) and hemolytic uremic syndrome (HUS). It was found
that there is more than one type of STX toxin, and the most important types are STX1 and STX2
(Van Bree et al., 2018).
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Many immunological and molecular methods are used to diagnose these toxins, in addition to
biological methods based on laboratory animals. Live cell lines may be used to detect and determine
the effect of these toxins, including the use of the MT assay (3-(4,5-Dimethylthiazol-2-yl). -2,5-
Diphenyltetrazolium Bromide) based on tetrazolium dye that measures cytotoxicity or the degree of
cell inhibition (Mustafa, 2022).

Inhibiting bacterial toxins is one of the most important goals of anti-virulence drugs because the
majority of pathogenic bacteria cause disease by producing toxins that have a high effect on the
cells of the host’s body, and the effectiveness of targeting them with these anti-virulence agents
represents a tremendous progress in the field of treatments after the emergence of highly toxic
bacterial strains and resistant to many drugs (Krueger and Brown, 2019). Many substances and
compounds are mainly used for anti-virulence treatments, including plant extracts, because these
extracts contain various chemical and metabolic compounds that have antibacterial activity, such as
resins, gums, flavonoids, etc., and the effectiveness of these compounds has been proven on many
disease-causing bacterial species (Chew et al., 2018). Plant Essential Oils (EOs) are also used for
the same purpose, which are composed of volatile substances of an oily nature and consist of a
mixture of aldehydes, hydrocarbons, terpenes, and phenols (Qasim et al., 2021). Natural materials
such as honey, propolis, and Arabic gum are also included in many research studies that deal with
their use in killing and inhibiting microorganisms and as therapeutic alternatives, especially against
bacteria that are resistant to drugs. ( Rivera et al., 2021 ; Bains et al., 2020 )

In view of the epidemiological and health importance of the bacterial strain E. coli 0157:H7 and
the lack of extensive local studies on Shiga toxins, which are the most important factors of its
virulence, the study aimed to investigate molecularly the production of these toxins in the strain E.
coli O157:H7 isolated from river and sewage water, and studying the possibility of inhibiting these
toxins using a plant extracts, plant essential oils, and natural materials.

Materials and Methods:

Water samples

55 water samples were collected (30 Tigris River water, 25 sewage water) from different areas
of Mosul city.

Isolation and ldentification

Isolation was carried out using MacConkey agar medium (HIMEDIA\ India) by inoculating this
medium with the last dilutions of water from river water and sewage water samples, after
performing the decimal water dilutions, plates of MacConkey agar medium inoculated with the
aforementioned samples were incubated at a temperature of 37 °C for 24 hours. The pink colonies
were subjected to preliminary tests to isolate E. coli bacteria, represented by microscopic
examination with Gram stain and biochemical tests (IMVC), and they were cultured on Eosin
Methylene Blue (EMB) medium (HIMEDIA\India), and the colonies that had a metallic sheen were
observed (Atlas and Synder, 2006). E. coli isolates and its strain O157:H7 were grown on Sorbitol
MacConkey agar(SMAC) medium (HIMEDIA\India) which is selective for the E. coli O157:H7
strain, as this strain is distinguished from the rest of the E. coli strains by its inability to fermente
Sorbitol sugar, so transparent colonies appeared. The inoculated plates were incubated at 37 °C for
24 hours, and the results were recorded compared to the standard strain E. coli O157:H7 38884
Supplied by Media Medical Center / Erbil / Irag. The culture diagnosis of all E. coli O157:H7
isolates was confirmed using molecular diagnosis using conventional polymerase chain reaction
technology to diagnose the 16SrRNA gene of the strain. The genomic DNA of the isolates was
extracted using a special extraction kit (Presto™ Mini DNA Bacteria Kit Geneaid. USA). The
purity and concentration of the extracted DNA were measured using a BioDrop spectrophotometer
(Cambridge\ England), the primer supplied by the company (macrogen \Korea) F:
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(CCCCCTGGACGAAGACTGAC ), R: (ACCGCTGCAACAAAGGATA) . was used, and the
amplification steps for the PCR reaction were performed by using the following thermal steps.

Table(1)

Table (1) Thermal program PCR

Phase

Tm (°C) | Time | No. of cycles
Initial denaturation 95 mins |
Denaturation 95 Min1
Annealing 63 Min1 35
Extension 7 Min1
Final extension 7 Min7 1

The testing steps were completed by electrophoresis on an agarose gel, and the results were

photographed and recorded (Qamar et al., 2017; Sasagawa, 2020).

Detection of stx1 and stx2 genes using PC

Ten isolates were selected for each source (river water and sewage water) were identified
using molecular methods. DNA extracted as mentioned above and measuring the purity and

concentration of the DNA, and primers Supplied by Macrogen\Korea.

Genes | Primers Sequence size (bp)
SLTI-F | ACA CTG GAT GAT CTC AGT GG 614
SLTI-R | CTGAAT CCCCCTCCATTATG

SLT2-F | CCATGA CACA CGG ACAGCAGTT 779
SLT2-R | CCT GTC AACTGAGCACTT TG

The amplification steps of the PCR test were performed by the following thermal steps.Table (2).
Table (2) Thermal program PCR

Steps STX1 STX2
°C m:s | Cycle | °C | m:s | Cycle
Initial Denaturation | 94 | 10:00 1 95 | 5:00 1
Denaturation 94 | 00:45 35 95 | 00:45 35
Annealing 589 | 00:45| 35 |58 |0045| 35
Extension 72 | 11:00 35 72 | 00:45 35
Final extension 72 5:00 1 72 | 7:00 1

STX1 and STX2 toxin inhibition tests:

All plant extracts used in the current study were prepared in the form of an alcoholic extract,
according to the method (Al-saidy et al., 2013). While the concentrations of plant essential oils
were prepared using the solvent Dimethyl Sulfoxide (DMSO) and based on. (Hassanshahian et al.,
2020). As for natural materials, the aqueous extract of mountain honey and its concentrations were
prepared based on (Wasihun and Kasa, 2016). Aqueous and alcoholic extracts of Arabic gum were
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prepared using distilled water and 70% ethyl alcohol, according to the method (Bains et al., 2020).
While the alcoholic extract of propolis was prepared based on (Kubiliene et al., 2015) the minimum
inhibitory concentration (MIC) and the minimum inhibitory concentration (SMIC) for the tested
inhibitory substances were determined by the Microdilution method using a 96-well plate based on(
Hassan et al., 2020;Sato et al.,2018).

The effect of the studied inhibitors on the gene expression of the stx1 and stx2 genes.

One of the strains that had been confirmed to possess the two types of genes encoding shiga
toxins was chosen, this strain was treated with minimum inhibitory concentrations (SMIC) of
studied inhibitors, and then: RNA extraction from bacterial cells was performed using the Quick
RNA Bacterial MininprepTM Kit. The concentration and purity of the extracted RNA samples were
measured using a Nanodrop device, and the results were recorded. Usually, the ratio of 1.8-2 is
considered acceptable and indicates the purity of the RNA (Sanders, 2016) Then gene expression
measurement was performed using Quantitative Real Time PCR technology: This test was
conducted on previously extracted RNA samples to determine the gene expression of the Stx1 and
Stx2 genes encoding Shiga toxin in the presence and absence of the materials using for inhibition.
This reaction included several steps, which are: -

The first step: converting RNA to cDNA: | by using the Prime ScriptTM RT reagent kit to convert
RNA samples to cDNA as a first step to perform the quantitative real-time polymerase reaction. The
Master Mix reaction buffer was prepared according to the attached instructions, as follows:

The ingredients were mixed well with a micropipette, then the tubes were incubated in the
thermocycler for 47 minutes at 37°C. During this period, all the RNA would be converted into
cDNA.

The second step: Conducting the instantaneous polymerase reaction test: To perform this step, the
following was prepared:

1- Preparing the storage buffer for the primers: To complete the instantaneous polymerase reaction,
primers (forward and reverse) were used for each of the target genes stx2 and stx1 and the reference
gene, which is 16SrRNA primers were prepared by dissolving the forward and reverse primers in
250 pl of sterile distilled water and shaking well. Then they were diluted by taking 10 pl of each
primer (separately) and diluting it in 90 pl of sterile distilled water.

2- Conduct the reaction: To perform this step, | used the kit (TransStart R Green gPCR

After mixing the reaction components, 42 tubes were prepared, 14 of which were for the target
gene stx1, 14 of which were for the gene stx2, and 14 for the reference gene 16SrRNA for the
purpose of comparison. The tubes were inserted into the Real Time PCR device, where the reaction
conditions used were:

After the end of the reaction, which took an hour and a half, a curve was obtained showing the
number of cycles and the percentage of fluorescence that reflects the gene expression of the gene.
The preliminary results of the reaction were also obtained and entered into special calculations to
determine the relative gene expression. The delta-delta (AACT) Ct method is the simplest method.
As it is a direct comparison of Ct values between the target gene and the reference gene, the values
were compared between control samples for the target gene and the reference gene and between
samples treated for both genes as well, and the results were recorded in tabular form.

1- Bacterial suspension was prepared ( compare with McFarland tube No.1.), also pomegranate
peel extract was prepared at a SMIC concentration (8.33 mg/cm3).
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2- To tubes containing 0.5 cm3 of Mueller-Hinton MHB broth medium, 0.5 cm3 of pomegranate
peel extract was added, and 10 microliters of the bacterial suspension were added to it. The tubes
were shaken and incubated at 37 °C for 24 hours.

*Lymphocyte isolation and method MTT.

1- 100 microliters of lymphocyte culture at a concentration of (16x10° cells/ml) was placed in each
well of the plate and incubated in 5% CO, for 24 hours. and then100 microliters from the tubes of
Step No. (2) above , were added to the plate holes. positive control and negative control was
prepared , and the plate was incubated in 5% CO, for 24 hours.

2- 10 microliters of the previously prepared MTT dye was added to all the wells, and a yellow color
was observed in the wells. They were incubated in the dark at 37°C for 4 hours in CO,.

3- 100 microliters of SDS-HCL (Sodium Dodecyl Sulfate) was added to each well and incubated at
37°C for 4 hours in CO2 ,and by mixed each sample with a pipette violet color was observed in the
wells . The absorbance was read at 595 nm .

The percentage of cells number of cells was calculated as following :

The Number of cells % = average absorbance of samples OD / average absorbance of control OD x
100. (Vinken and Rogiers, 2015; Talukder et al., 2012).

Result and Discussion:

Isolation and diagnosis:-

In this study, 55 different water samples were collected, and 50 isolates of E.coli bacteria were
isolated and identified based on preliminary diagnosis (microscopic using Gram stain and culture
based on MacConkey agar and EMB medium) Eosin methylene blue, which yielded pink-colored
colonies fermenting the sugar lactose. On MacConkey medium, while when grown on EMB
medium, it gives colonies characterized by the green metallic sheen phenomenon (APHA, 2022; Al-
Dawmy and Yousif, 2013), Figure (1). Isolates were distributed during the initial diagnosis into (25)
river water and (25) sewage water. Using the selective medium (SMAC) Sorbitol MacConkey Agar
for the strain E. coli O157:H7, 29 isolates were identified, as they are distinguished from the rest
of the strains of E. coli by their inability to ferment the sugar Sorbitol within 71 hours. Therefore,
their colonies appear pale compared to the rest of the types of E. coli. that appear pink (Yadav et al.,
2018; Al-Taie, 2020) ,which confirms the sensitivity of this medium in diagnosing the strain, and
many other studies have confirmed this result (Avila et al., 2021) O157:H7). figure (2). Table (5)

Table (5) Number of E.coli isolates and its strain O157:H7 isolated from water samples.

Type strain
River water SHEES Total
0. water
NO. Samples 30 25 55
E.coli (%83)25 )25100(% (%90.90)50
E.coli 0157:H7 (%50) 15 (%56)14 (%52.72)29
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Figure (2) A: Colonies of strain E.coli O157:H7 on Serbitol-MacConkey Agar medium B: Colonies
of the rest of the strains of E.coli bacteria on this medium

In the current study, this strain was isolated from river water and sewage water at a rate of
(50%) and (56%) . This indicates the importance and risk of this strain and the possibility of it being
transmitted through contaminated water and causing infections through consumption of
contaminated water. Especially since this strain has the ability to live in a wide temperature and pH
range, thus it has become a waterborne pathogen that poses a serious threat to health around the
world (Avila et al.,2021). In a previous study, it was isolated from drinking water in Nineveh
Governorate, with a high isolation rate of (47.7%). (Al-Ogadyi and Al-Oqgadyi, 2019).

Molecular methods, including the PCR test used in the current study to detect the 16SrRNA
of the E.coli O157:H7 strain and using specific primers, Figure (3), are highly efficient, and this
method is considered one of the most important modern methods of diagnosis that is used in many
fields, the most important of which is detection. About pathogens. The most important feature of
this technology is the accuracy and speed of diagnosis compared to traditional tests. One study
found that two strains of serotype O157 out of 81 strains were non-motile when diagnosed
phenotypically and serologically, but PCR revealed that they possessed the gene encoding the
flagellar antigen (Shah, 2019). The diagnostic method based on the 16SrRNA gene and by means of
PCR technology is more accurate, faster and simpler, as it allows the distinction between the E.coli
0157:H7 strain and other types of E.coli, as ribosomal genetic diagnosis is more than 90% accurate
compared to With other diagnostic tests. The 16SrRNA gene contains hyper variable regions that are
important in distinguishing between different species more accurately. The 16SrRNA gene contains
about 1600 base pairs, and includes nine heterologous regions V1-V9, with the V2 and V8 regions
responsible for maintaining the structural stability of the ribosomal gene 16SrRNA (Bukin et al.,
2019; Shaebth, 2018).
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Figure (3) Results of 16SrRNA gene for diagnosis of E.coli O157:H7 strain

Detection of the sxtl and sxt2 genes encoding the shiga toxin

In this study, the stx2 and stx1 genes were detected, which encode the shiga toxin, which is
essential in the virulence of E. coli O157: H7 bacteria, using the traditional PCR technique and
primers for these two genes. Table (6) shows the number and percentage of strains that carry the
stxl and stx2 genes. In the strains studied, 20 isolates identified for this strain were tested,
distributed into 10 strains for each isolate source. It is noted from the results that is a variation in
the spread and distribution of both types of genes in the strains under study, which also reflects a
variation in the virulence of these strains, and that this variation is consistent with the results of
other local and foreign studies (Abdul-Hussein et al., 2018; Mohsen, 2022). (Loconsole, 2020)

Table (6) Number and percentage of strains carrying the stx1 and stx2 genes in the studied strains

Type gene

+ - + -

River water | (%10)1 | (%90)9 | (%3003 | (%70)7

Swage water | (%l10)1 | (%90)9 | (%303 | (%70)7
Total(%) | (%102 | (%90)18 | (%30)6 | (%70)14

STX2 toxin has greater diversity compared to STX1, which led to the emergence of many types of
STX2 toxin (Wang et al., 2014). Because of the importance of STX2 toxin in bacterial
pathogenesis, and to differentiate the strains that produce it into different types from other strains
that produce both types of toxin, STX1 remains cell-bound and is stored in the periplasmic zone
while STX2 is released from bacterial cells and is therefore usually detected at a higher titer ( Chui
et al., 2018 ). The results also showed that the strains under study that carried both genes stx2 and
stx1 were one isolate for each source of isolation, as in the Figure (4). These are consistent with
many studies (Joensen et al., 2014; Abdulrazzaq et al., 2021). The results also showed that the
strains under study that carried both genes stx2 and stx1 were one isolate for each source of
isolation, as in the Figure (5). These are consistent with many studies (Joensen et al., 2014;
Abdulrazzaq et al., 2021).
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Figure (4) A: the bands of the stx1 gene, B :the bands of the stx2

Inhibition of shiga toxin in the studied E.coli O157:H7 strains

The minimum inhibitory concentration (MIC) and the sub-minimum inhibitory concentration
(Sub-MIC) were determined for the inhibitory substances used, which were alcoholic plant extracts
of mint leaves, pomegranate peels, and natural materials, namely honey, gum arabic, and propolis,
in addition to the use of some vegetable oils, namely cinnamon oil and seed oil. Watercress and
gum arabic oil were tested for their effectiveness against 2 selected strains of E.coli O157:H7,
which contain both the stx1 and stx2 genes, in addition to the standard isolate. The results shown in
Table (7) showed that all the materials used had an inhibitory ability. On the strains under study,
including the standard isolate, this effect varied according to the type of inhibitory substance and
the source of the E.coli O157:H7 strain.

Regarding plant alcoholic extracts, the results showed that the alcoholic extract of mint leaves
was the most effective, as it was able to inhibit strains at concentrations of 6.25 - 12.5 mg/cm?,
compared to the alcoholic extract of pomegranate peels, whose effect ranged within concentrations
of 15.62 - 62.5 mg/cm® on the strains studied, which... It reflects the difference and diversity of their
content of compounds and aggregates, and these results support what was mentioned in the study
(Tafrihi et al., 2021) that the mint plant contains many active substances such as alkaloids, phenols,
and other compounds such as Carvone, Riboflavin, Cumaric acid, and others, which give the plant
therapeutic and antioxidant properties. And for bacteria, in another study it was proven that both the
aqueous and alcoholic extract of grape seeds and the alcoholic extract of mint led to the inhibition
of enterotoxin production in strains of S.aureus by 100%. (Kazim, 2022).

It is noted from the results of the inhibition of natural substances that mountain honey had the best
inhibitory effect compared to extracts of Arabic gum and propolis, as the inhibitory effect of
mountain honey ranged within concentrations of 3.125 - 25 mg/cm? in the strains under study, as
laboratory studies indicate that honey has microbial activity against many types of bacteria,
including Gram-positive and negative bacteria. The reason is that honey contains inhibitors due to
the presence of oxidative-reductase enzymes, phenolic acids, etc., in addition to the osmotic effect
of honey resulting from sugary components, which 2h causes the breakdown of cell walls and low
water stress, in addition to the low acidity that ranges from (4-3.6) and the high viscosity of honey,
which It prevents bacteria from penetrating and forming colonies on wound surfaces (Kazim, 2022),
as well as containing many active aggregates.

As for the effect of plant essential oils studied on the strains, the three oils, cinnamon oil,
watercress seed oil, and gum arabic oil, had a similar inhibitory effect, ranging from a concentration
of 3.125 - 6.12 mg/cm®. This reflects the diversity and difference in their content of active
compounds and groups. With regard to vegetable oils of both types (volatile and essential), their
mechanism of action against bacteria occurs through affecting the cell wall and membrane. Because
they are lipophilic, they affect the quantity and structure of unsaturated fatty acids in cell
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membranes, which works to Killing cells due to a difference in the process of entry and exit of
molecules and ions, and thus the cells explode or shrink and lose their vitality (Yu et al., 2020).

Table (7) The minimum and sub-minimum inhibitory concentration (mg/cm?®) for the various
inhibitory substances used against the E.coli O157:H7 strain under study.

Standard isolate | River water Swage water

Inhibitory substances

MIC | SMIC | MIC | SMIC | MIC | SMIC

Alcoholic extract of mint leaves 6.25 3.125 6.25 | 3.125 | 6.25 | 3.125

Alcoholic extract of pomegranate peels | 15.62 | 7.812 | 31.25 | 15.625 | 31.25 | 15.625

Honey 6.125 | 3.125 | 3.125 | 1.562 | 6.125 | 3.125

Water extract gum Arabic 50 25 50 25 50 25
Alcoholic extract of propolis 125 62.5 125 62.5 | 62.5 | 31.25
cinnamon oil 3.125 1.562 6.25 | 3.125 | 3.125 | 1.562
Seed oil 6.125 | 3.125 | 6.125 | 3.125 | 3.125 | 1.562
gum Arabic oil 6.125 | 3.125 | 6.125 | 3.125 | 6.125 | 1.562

Inhibition of gene expression of stx2 and stx1 genes in the studied E.coli O157:H7 strain.

The possibility of inhibiting the shiga toxin was detected at the molecular level by detecting the
possibility of inhibiting the gene expression of the stx1 and stx2 genes. Real-time quantitative
polymerase reaction technology was used for this purpose and an isolate was chosen that possessed
the two types of toxin representative of the rest of the strains. The ability of the studied inhibitors to
inhibit gene expression was tested at the SMIC concentration. The RNA of the selected isolate was
extracted before and after treating it with the inhibitory substances and the purity of the extracted
RNA samples ranged between 1.8-2.1. This means that the extracted samples are pure and free of
protein and contaminants, as the purity required to conduct molecular experiments ranges from 1.8-
2 (Sanders, 2016).

The results of the quantitative real-time polymerase chain reaction technique for measuring gene
expression, shown in Table (8), showed that only the alcoholic extract of pomegranate peels was
able to inhibit the gene expression of the stx2 and stx1 genes by approximately half, with values
ranging between 0.35 for the first gene and 0.41 for the second gene, compared to the gene
expression of the non-control samples. Treatment, which reflects the possession of this alcoholic
extract on active compounds affecting gene expression, such as the secondary amine, alkene, and
methyl, which are very effective groups that may have interfered with the process of genetic
expression of the gene, whether at the level of turning off the gene operator or at the level of
cloning. The process of inhibiting the production of toxins, including enterotoxin, can take place
through inhibiting their gene expression, which can occur at several levels, starting with inhibiting
the production of regulatory proteins and their function. It may also take place at the level of
inhibiting the production of cloning factors and their association with the gene operator, as the
region of the operator that is located Upstream promotor region is the main region that affects the
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genetic expression of the gene, and therefore other substances interfere with this region. It is one of
the important steps to suppress gene expression, and the process of toxin inhibition may then take
place by inhibiting the production and assembly of the toxin or even the process of maturation of
the toxin after translation by modification (Garland et al., 2017), as the active chemical groups and
compounds in plant extracts are characterized by properties, including their ability On chelating,
oxidation and reduction, it is associated with regulatory proteins and enzymes that contribute to the
process of reproduction and translation. Knabner and Amelung (2014). The results shown in Table
(4) also indicated that the natural materials (honey, propolis, and gum arabic) increased the gene
expression of the stx1 and stx2 genes alike, at much higher values than the control sample without
treatment.

Table (8) Effect of the studied inhibitory substances on the gene expression of the stx2 and stx1
genes.

- Reference
e gene sx1 | ACT | aacT | FOLP stx2 ACT AACT POl
substances Change Change
16SrRNA
Alcoholic
pomegranate | 18.3 43.7 254 15 0.35 44.8 26.5 -0.5 0.41
peels
Alcoholic mint |, g 5 384 |189 |5 32 39.5 20 7 128
leaves
Honey | 15.7 323 | 166 73 157.58 33.4 17.7 93 630.34
Water gum | 4 o 332 |139 |-10 1024 343 15 12 4096
Arabic
Alethiolie || ) - 338 |192 | -47 25.99 34.9 203 6.7 103.96
propolis
cinnamon oil | 17.1 335 | 16.4 75 181.01 34.6 175 95 724.07
Seed oil | 18.6 375 | 189 5 32 38.6 20 7 128
gum Arabic oil | 18.6 356 |17 6.9 119.42 36.7 181 89 4777

Also, the oils used (cinnamon oil, watercress seed oil, and arabic gum oil), despite their
inhibitory effect on the strain, increased the gene expression of both types of shiga toxin at very
high values compared to the control. It has been shown in a number of studies that it is possible to
increase the encoding of the shiga toxin by the influence of some substances, as it was found that
there is a close connection between the encoding of the toxin and multiple drug resistance. A study
(Crane et al, 2021) also indicated that antibiotics such as Ciprofloxacin and non-steroidal antibiotics
such as Fluoxetine and Paroxetine increase the encoding of the toxin. The STX2 toxin in E.coli
O157:H7 bacteria is approximately 1.4 fold greater compared to control samples and at
concentrations that ranged between 40-50 micrograms per cm3, in addition to the study (Sarmiento
et al., 2020) confirmed that some types of antibiotics such as ampicillin Ciprodar, methperim,
ceftazidine, and Quinolones stimulate the production of SXT2 toxin in the bacteria themselves,
which increases the risk of developing hemoglobin syndrome.

Some modern alternative methods to antibiotics rely on inhibiting the phenomenon of quorum
sensing (QS) or inhibiting virulence factors individually using natural products and plant extracts by
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extracting and purifying the active compounds in them and using them as alternative treatments
(Rahman, 2018). The development of anti-virulence agents helps in treating many diseases caused
by bacteria, in addition to reducing the selection pressure on them as a result of the frequent and
indiscriminate use of antibiotics, which reduces their resistance to these antibiotics and drugs over
time. The results of the current study differed from many studies on the benefits of plant extracts
containing phenolic groups, especially the orthophenol compound, which has the ability to inhibit
the encoding of many genes responsible for the various regulatory proteins controlling the process
of reproduction and translation (Kong et al., 2018), as the compounds have proven. Polyphenols
extracted from various plants, especially those containing hexahydroxybisphenol and caloyl groups,
have a high ability to interfere with the process of making toxin A and inhibit its production
(Shimamura et al., 2016). It has also been found that many plant compounds have the ability to
render bacterial toxins inactive. By competing for attachment to the target part of the host cell
(Upadhyay et al., 2015).

Evaluation of the inhibition of Shiga toxin using a lymphocyte toxicity test:

A lymphocyte toxicity test was used to confirm the inhibitory effect of alcoholic pomegranate
peel extract on the types of toxin STX1 and STX2 in the two selected strains of E.coli O157:H7
bacteria under study and isolated from water sources, in addition to the standard isolation.
Lymphocytes extracted from blood were used in this test, according to paragraph of the materials
and methods of work, such as a cell line, the MTT dye was also used to detect the vitality of the
tested cells, as this dye contains terazole, a yellow color that turns into violet formazan when treated
with living cells only. The absorbance of the colored solution can be determined by measuring the
absorbance on A wavelength between 500 and 600 nanometers, using a spectrophotometer, as the
degree of light absorption depends on the concentration of formazan accumulated inside the cell and
on the cell surface. The higher the concentration of formazan, the greater the violet color and the
greater the transmittance. The MTT test is used to measure the cytotoxicity or degree of cell
inhibition of active pharmaceutical agents and toxic substances. This test is usually performed in the
dark, because the test reagent is sensitive to light. (Vinken and Rogiers, 2015; Nazarpour et al.,
2012).

The results showed the ability of alcoholic pomegranate peel extract at (SMIC)
concentration to inhibit the production of shiga toxin, through the change in the color of the tetrazol
dye to violet in the test plate wells treated with the extract, and the white lymphocyte cells remained
alive and were not affected by shiga toxin compared to the wells that were not treated with the
extract, which appeared yellow color indicates the death of white cells due to the effect of shiga
toxin produced by the studied strains.

The absorbance results with the ELISA reader device at the wavelength of 595 nm showed
that the negative control sample (C2) after obtaining the average for the duplicates was 0.136 nm, as
the pits were purple in color. As for the positive control (C3), which is the standard strain that does
not contain shiga toxins treated at the sub-minimum concentration. The alcoholic pomegranate
peels also appeared in a purple color, indicating that the cells remained alive (lymphocytes), thus
turning the yellow-colored terazole into a purple-colored formazan. As for the two strains treated
with the subminimum inhibitory concentration of alcoholic pomegranate peels, the absorbance of
the river water strain was similar in absorbance to the positive control sample of 0.101 nm by 0.104,
while the sewage strain was similar in absorbance to the standard strain that does not contain toxins,
0.079, as in Figure (5).

STX1 has shown cytotoxic activity in various mammalian cells such as HelLa cells, mouse
embryonic fibroblasts (MEFs), and Caco-2 cells (human primary intestinal fibroblast line). This
toxin has been shown to induce DNA damage. In human endothelial cells, it is involved in cell
cycle arrest, DNA repair, and apoptosis (Talukder et al., 2012). Another study also showed the
cytotoxic effect of STX1 on two types of cells isolated from human colorectal cancer and the cancer
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cell line (NCM425). Ability of probiotics to inhibit STX1 toxin and cytotoxicity test using MTT
tetrazolium test showed that STX1 has a cytotoxic effect on cells and cell lines (Mustafa, 2022)
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Figure (5) The effect of alcoholic pomegranate peel extract on the inhibition of shiga toxins STX1
and STX2 in terms of the toxic effect on lymphocytes, C1 negative control lymphocytes only,
C2 negative control alcoholic pomegranate peel extract and lymphocytes, C3 positive
intermediate extract, standard strain
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ABSTRACT

This study aimed to assess the quality of groundwater used for garden irrigation in Kirkuk
Governorate. The study conducted a comprehensive field survey and chemical analysis of water
from twelve wells distributed across the governorate. The analyses focused on several key chemical
indicators that affect the suitability of water for irrigation purposes, such as sulfate (SO,%7), chloride
(CI"), and total hardness.

The results showed that the water extracted from all wells fell within acceptable limits according to
approved irrigation water standards, indicating its general feasibility for use in this field. However,
some wells recorded relatively high concentrations of certain chemical elements, particularly
sulfate, chloride, and hardness, which could negatively impact soil and plants in the long term if not
treated or diluted. To reduce the concentrations of these elements and improve water quality, an
environmental treatment approach was adopted using chemical adsorption techniques. This
approach utilized low-cost, highly effective adsorption materials: walnut shells (a natural organic
material rich in active groups such as hydroxyl and carboxyl) and activated carbon (known for its
high porosity and large surface area).

Activated charcoal and walnut shells were used for environmental remediation on the water samples
under study under controlled experimental conditions. The results showed a significant decrease in
the concentration of the target elements, confirming the effectiveness of adsorption processes in
removing pollutants from groundwater and effectively improving its quality.

This study highlights the importance of adopting sustainable environmental solutions for water
treatment, particularly those that rely on municipal solid waste such as walnut shells or locally
available materials, which combine economic efficiency with environmental effectiveness.

Keywords: Environment , Walnut shells , Charcoal , Well water.
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Introduction

One of the primary sources of water used to irrigate crops is well water, particularly in situations
where surface water is limited or nonexistent (Konstantina and Hrissi,2017). It is not surprising that
towns and cities grow up around these water sources, as anthropogenic activities exacerbate
geogenic variables that affect water quality, which poses a serious risk to human health and
agricultural methods. Whether it is found above ground or below, water is the most significant and
essential natural resource for maintaining life on Earth as well as for the sustainable growth of
socioeconomic sectors like irrigation and industry. The hydro-geo-ecological cycle and several
other metabolic, physiological, and ecological processes that occur in living things depend on water.
Due to immoral human activities in the planet's hydrosphere, geosphere, and biosphere, there is a
global discrepancy in water availability, putting the lives of a billion people and a variety of natural
ecosystems at danger (Mekonnen and Hoekstra,2016 and Falkenmark, etal.,2019). Additionally, the
geographical effects of drought, floods, low water quality, abstraction, unpredictable rainfall, etc. on
a large population have made the water deficit a worldwide problem (Boers, etal., 2017, Ellison,
etal., 2017 and Jain, etal., 2013). The largest source of water for both rural and urban populations,
mostly in the world's arid and semiarid regions, is groundwater aquifers (Rao, etal., 2020), Global
attention is drawn to the shortage of groundwater during dry seasons and the perceived risk posed
by anthropogenic activities such as excessive groundwater extraction for industrial, drinking, and
irrigation uses (Mekonnen, etal., 2015 and Adimalla, etal., 2020). Therefore, improper usage of
groundwater has an adverse impact on the quantity and general quality of water (Ray and
Elango,2019), Additionally, Anthropogenic activities and geogenic pollutants found in rocks and
soils can affect groundwater resources (Saha and Mukherjee, 2018), Inadequate management has
further upset the global water cycle, which is likely aggravating groundwater pollution and climate
change (Abbott, etal., 2019). The chemistry and features of groundwater systems at each place are
distinct and influenced by various factors, including surface water, recharge, precipitation, and
climatic variations. Water quality is greatly influenced by subterranean factors, as well as the
geochemical and lithological composition of the underlying rock (Magesh and Chandrasekar,
2013).

In general, well water contains varying levels of dissolved salts. Examining the quality of
groundwater is essential to comprehending the potential problems associated with using it for
agricultural irrigation since it is influenced by the salts and rocks in the subsurface crust that pass
through it (Iljumulana, etal., 2022).
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To assess the suitability of twelve well waters for agricultural use, water samples were collected
and analyzed using precise analytical techniques in accordance with international standards
approved by the World Health Organization (WHQO) and others. The analyses included measuring a
range of key physical and chemical properties, such as acidity (pH), electrical conductivity (EC),
and the concentration of major ions such as calcium, magnesium, sodium, chloride, and sulfate.
These analyses aimed to determine the suitability of this water for irrigating various crops and to
propose appropriate treatment procedures for wells whose results showed levels of contaminants or
properties that were not compatible with recognized agricultural standards.

In our study, activated charcoal was used because it represents an effective and cheap method
for removing many salts, suspended materials and turbidity, in addition to its availability in the
market.

Walnut shells from municipal solid waste are also used to treat water, which is considered an
environmentally sustainable method.

Chemicals and devices used in the study

Chemical Compounds : All chemicals used in this study were of analytical grade with a purity
of (99.9)% and were purchased from fluka and merck.

Devices used :.

PH meter ( PW-9418 , pH-meter — Hanna), It is considered a specialized water diagnostics
company, examining all types of water in the environment, including surface and groundwater pH,
industrial wastewater, and sewage water, etc.

Flame photometer (Pyunicom), It is one of the accurate and preferred methods, especially for
concentrations that are less than (10 ppm). This method is suitable for measuring the concentration
of sodium and potassium in surface water samples, drinking water samples, and domestic and
industrial wastewater.

Field Electrical Conduction Device (Hanna), The ability of water to conduct electricity is known as
conductivity. In other words, conductivity depends on the concentrations of ions present in the
solution. Conductivity is measured in the laboratory using electronic methods.

Turbidity meter, The effect of turbidity on the passage of light and blocking it from aquatic
organisms is one of the most important effects in the ecosystem. Its effect on plant growth is
through reducing the penetration of light that is used in the process of photosynthesis and through
the adhesion of suspended materials to plants.

Sensitive balance (Sartorius -Germany), Electrical oven (GallenKamp, England).
Experimental part :

Samples were collected from twelve irrigation wells, as shown in Figure (1), with depths ranging
from 55 to 100 meters, established by Kirkuk Municipality. Samples were stored in volumetric
glass containers according to the study protocol. Laboratory analyses were conducted to evaluate
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relevant indicators and parameters, according to international standard methods for water analysis
(Afah, etal., 1976).

e e e —] VAl &S

Figure (1):A map showing the study area in the city of Kirkuk

Chemical measurements :

Chemical measurements were carried out to analyze the elements present in water models using
the following analytical methods :

1-

The simple (conventional) analytical method: the titration process by forming
complexation titration was used to estimate the concentrations of ions (Mg*? , Ca*™ , SO,?)
this was done by using a solution of ethylene diamine tetra acetic acid (EDTA) at a
concentration of 0.001p and the precipitation precipitation titration was used to determine
the chloride (CI") ion using a silver nitrate solution (AgNO3) at a concentration of 0.001pu
using potassium dichromate as a guide (Gary, 2004).

Methods of automated analysis: the method of Flam photometer was used for the
determination of sodium and potassium ions, using a mixture of standard solutions of
sodium chloride and potassium chloride with concentrations ranging from 80-25 ppm,
respectively. The electrical conductivity of water was measured using a field conductivity
meter made by the same company above. The results were expressed in microsiemens/cm
(us) cm™. Chloride was measured by titration using silver nitrate and potassium chromate
indicator. Calcium was measured by titrating a certain volume of sample water with EDTA
and using Murexid dye as an indicator. Sulfates were measured using the turbidity method,
where the measurement is done using a spectrophotometer, and the results were expressed in
mg/l.
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Table No. (1) shows the well numbers, names, geographical locations, and the type of soil from
which the samples were collected.

Table No. (1) Shows the Numbers and Names of the Wells, their Geographical Coordinates

Well Region Soil tvpe North latitude | East longitude
number g yp (N) (E)
1 Tisein Clay soil 35°25'49,254" | 44° 21" 37,906™
2 Al Quds street Clay soil 35°26° 31,207 | 44°22" 37,228
3 Almas Clay soil 35°28" 53,381 | 44° 23" 26,991
4 Rahim awh Clay alluvial soil | 35°29" 48,083 | 44°23" 18,101"
5 Algalea (Ras Aljasir) Clay soil 35928 17,264 | 44° 23" 22,898""
6 Kasbhahkhana Clay coarse soil | 35°27" 30,997 | 44°24" 11,241"
7 Ronaki Coarse soil 35°26' 37,331 | 44° 23" 53,588""
8 Alnasr Mixed soil 35°24° 59,007 | 44° 23" 52,658
9 Algadisia Clay soil 35°26 10,369 | 44° 21" 37,316
10 Wahid adhar Dry clay soil 35°23"59,162"" | 44° 21" 25,683"
11 Alasraa walmafqudin Clay soil 35°24"51,700"" | 44° 23" 22,458""
12 Alwasty Clay soil 35°24" 47,175 | 44° 20" 56,408

processing methods

There are numerous well-known and contemporary techniques that can be applied to treat
groundwater and render it fit for human consumption. These techniques aim to sterilize and purify
well water, making it an excellent source for drinking. The kind of pollutants in the groundwater
and the cost of treatment will determine which of these approaches is selected (Towert, 2009).

Adsorption is a physical process widely used in water treatment. It is based on the principle that
contaminants move from water to the surface of a solid material known as an adsorbent, without
any chemical reaction occurring between them. This method uses materials with large, porous
surfaces, such as activated carbon and walnut shells, as these pores allow for the capture of the
largest possible amount of contaminants. When contaminated water passes through a layer of this
material, the contaminants are captured and retained, resulting in cleaner, purer water (Douha and
Yasser, 2024).

Here’s a simple graphical explanation on how activated carbon works.

Raw water
Organic

©
\ < ' . compounds
: Q

Virgin activated carbon granule Exhausted granule

Figure (2) represents the mechanism of pollutant treatment
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Results and Discussion

Water quality and composition are influenced by physical and chemical properties, water
volume, flow rate, and human activities. Geochemical processes, driven by interactions between
water and surrounding rocks, play a key role. These interactions depend on rock composition,
temperature, pressure, and dissolved substances like ions and heavy metals. As a result, water
properties such as pH, electrical conductivity, and chemical content are shaped, affecting its
suitability for human, agricultural, and industrial use, (Korany and Abd Rabou, 1995).

The acidity function (PH) of the samples was measured, as well as the electrical conductivity,
before treatment, where it was found that the acidity function PH>8 , that is, the solutions are
alkaline, and the ions (CI", SO42, Na*, K", Ca™ , Mg*?) were estimated before the treatment
process, as it was found that these concentrations were high in all samples.

Based on the proposed system for assessing irrigation water quality in relation to the specific
problems that directly affect plant growth and create unsuitable growing conditions, the analysis of
water from these wells indicates that it can be classified as irrigation water with either a rising
salinity issue or a severe salinity problem, (Korshid, 1998).

Water samples were classified based on electrical conductivity (EC) values into two main groups
for irrigation purposes: the first is water with medium salinity, and the second is water with high
salinity, according to the approved standards shown in Tables (2) and (3).

Water quality can also be classified according to the Scofield classification and the American
Salinity Laboratory for Irrigation according to electrical conductivity, as we see in Table (4).

Table No. (2) Chemical measurements of well water with high salinity

well | Mg™ | Ca™ | K' | Na' |SO,”| CI | EC | . | 1
No mg/I mg/l | mg/l | mg/l | mg/l | mg/l | ps/cm '

1 134 227 7.1 74 602 81 1850 | 8.1 728
114 221 3.1 62 459 63 1460 | 7.8 645
120 224 3.8 78 587 71 1760 | 8.2 737
138 229 3.9 80 622 87 1910 | 7.6 749
140 231 3.8 84 637 89 | 2150 | 7.7 599
116 215 3.8 65 536 67 1590 | 8.1 666
113 213 35 59 450 60 | 1480 | 7.6 640
118 219 3.6 71 554 69 1680 | 7.5 694

O N0 B WIN

Table No. (3) Chemical measurements of well water with medium salinity

well | Mg? | ca®” | K" | Na* | sOs?| CI' | EC |
No mg/I mg/l | mg/l | mg/l | mg/l | mg/l | us/icm '
1 82 151 2.1 43 360 44 685 8.1 422
2 63 159 2.3 39 392 52 680 7.8 480
3 76 142 1.4 32 288 40 564 7.9 410
4 98 160 2.4 48 478 57 748 7.6 503
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Figure (3) Total Hardness before and after treatment for the two methods

The study's findings make it feasible to observe how some of these wells' highly salinized water
directly affects the irrigation system's quality. These wells' water has salinity values that are higher
than what is considered globally allowed when compared to international criteria for salinity
(Taleea, 1976).

Table No. (4) represents the Scofield classification and the American Salinity Laboratory for
irrigation, according to the electrical conductivity

electrical conductivity N N
(us/cm) Irrigation water class Irrigation water type
<250 Low salinity excellent
750-250 average salinity good
2000-750 High salinity allowed
>2000 Very salinity unsuitable
2500
2000 é"
| I I | 1500 .g B Iraqi specifications
I § WHO
! M 1000 E B before treatment
I] 5 B activated charcoal
- 500 @
B walnut shells
: e = s

12 11 10 9 8 7 6 5 4 3 2 1
Well numbers

Figure (4) Electrical Conductivity before and after treatment for the two methods

Regarding the suitability of well water for domestic and drinking purposes, Table No. (5),
(Angham, etal., 2021), shows that the total hardness of all these wells, as well as the values of some
measured chemical indicators like sulfate, calcium, magnesium, and the value of sulfate, exceeded
the internationally permissible limit for drinking water specifications. These international standards
were established by the International Health Organization (Water Safety plan Manual WHO). The
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results can also be compared with Table (5). As a result, these wells are unfit for household or

drinking purposes.

(=]

12 1110 9 8 7 6 5 4 3 2 1
Well numbers
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140
i 120

- 100 5 B iraqi specifications
s0 @ WHO

- 60 g B before treatment

L a0 B activated charcoal
20 ® walnut shells

Figure (5) Magnesium before and after treatment for the two methods

Table No. (5) WHO global standards for drinking water

The highest limit allowed Permissible limits Chemical indicators
9.2-6.5 8.5-7.0 PH
200 75 Ca”
650 200 Cl
400 200 SO~
150 50 Mg**
500 100 TH

Post-treatment chemical measurements

The electrical conductivity of these models after the treatment process is much lower than their
conductivity before treatment due to the decrease in ion concentrations after the adsorption process
on activated charcoal. The same chemical measurements were repeated for the well water samples
under study after conducting the treatment process using activated charcoal as an adsorption media
for ions.

300
250
H- 200
% B Iragi specifications
- 150 & WHO
=
o 8 before treatment
- 100
B activated charcoal
T 50 B walnut shells
o _l_. —-— - L O

121110 9 8 7 6 5 4 3 2 1
Well nhumbers

Figure (6) Chloride before and after treatment for the two methods
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Additionally, after treating well water samples with walnut shells a sustainable green treatment
method—a decrease in electrical conductivity and ions was noted. This is because walnut shells
were used again to treat water samples without causing environmental pollution from the use of
chemicals that harm the environment. Tables (6) and (7) display the chemical measurements
following the treatment process using walnut shells and activated charcoal.

The comparison between the two treatments showed that the activated charcoal treatment was
relatively more effective. However, the performance of the walnut shell treatment could be
improved by applying specific acid concentrations to enhance pore formation on its surface, thereby
increasing its adsorption capacity for pollutants, (Yakout and Sharaf EI-Deen, 2012).

Table (6) Chemical measurements after the activated charcoal treatment process

well | Mg™ [ Ca™ | K' | Na' [SO| CI | EC | ., |+
No mg/I mg/l | mg/l | mg/l | mg/l | mg/l | ps/cm '
1 98 171 3.6 44 502 67 | 1120 | 75 566
2 76 155 2.4 41 388 51 962 7.3 510
3 102 185 2.2 49 477 60 | 1099 | 74 614
4 114 160 2.5 52 512 79 1234 | 75 630
5 105 159 1.9 50 494 74 963 7.4 488
6 95 147 2.3 46 464 56 912 7.3 524
7 91 162 1.8 39 376 51 908 7.4 512
8 87 167 2.6 52 402 48 | 1105 | 7.2 537
9 60 136 1.6 32 294 39 514 7.4 322
10 52 139 15 30 310 44 502 7.3 311
11 64 129 1.1 24 225 32 480 7.4 340
12 79 134 1.6 34 344 46 588 7.3 398

Table (7) Chemical measurements after the processing of walnut shells

wen | Mg” [ Ca® | K' | Na' [SO| CI | EC | o, [ 1+
No mg/I mg/l | mg/l | mg/l | mg/l | mg/l | us/cm '
1 112 190 4.8 62 649 72 1408 | 7.7 590
2 100 184 2.7 50 422 57 1246 7.5 562
3 105 210 3.0 64 522 62 1350 | 7.7 631
4 123 182 3.4 67 560 83 1438 | 7.6 653
5 116 201 2.9 73 554 77 1806 | 7.6 524
6 104 196 2.9 58 498 61 1155 | 75 586
7 102 187 2.6 42 397 54 1218 | 7.4 547
8 98 189 3.2 58 486 58 1344 | 7.3 572
9 68 140 1.7 46 312 42 561 7.5 394
10 54 145 1.8 33 345 48 542 7.3 365
11 66 134 1.1 30 267 37 494 7.5 397
12 84 151 2.0 44 405 50 601 7.4 436
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Conclusions

According to the study's findings, the water in the study area's wells has a high level of hardness
because it exceeds the allowable limit and has higher than average concentrations of calcium,
magnesium, sulfate, and chloride before treatment. These findings provide proof that the water in
the study area's wells is unfit for drinking and household use. The well water in this region has been
divided into two categories for agricultural purposes: medium salinity irrigation water, which is
appropriate for crops that can withstand salinity in moderation, and relatively high salinity irrigation
water, which is limited to crops that can withstand such ratios.

Following the adsorption process using activated charcoal and walnut shells, the straightforward
treatment method demonstrated that it is possible to improve the quality of the water entering
domestic and agricultural uses, with some ion concentrations falling within internationally
permissible limits. Activated charcoal is more effective than walnut shells when comparing the two
therapy modalities.
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Abstract

The study explores the integration of the Green Internet of Things (10T) into the development of
sustainable and eco-friendly smart cities. It highlights the challenges posed by urbanization, such as
pollution, congestion, and resource inefficiencies, and emphasizes the transformative role of 10T in
creating innovative urban systems. Green loT facilitates energy conservation, waste management,
air quality monitoring, and efficient transportation through innovative applications and
technologies. Key focus areas include leveraging renewable energy sources, optimizing resource
utilization, and implementing eco-friendly technologies to reduce greenhouse gas emissions and
promote sustainable practices. Despite its potential, challenges such as data management, security
concerns, and the energy consumption of 10T devices persist, necessitating the development of
advanced solutions. Case studies, including those in Singapore and Barcelona, illustrate the
successful implementation of green strategies and technologies in urban environments. The paper
concludes by emphasizing future research directions, including improving interoperability,
managing electronic waste, and developing energy-efficient Internet of Things (1oT) frameworks to
achieve smarter and greener cities. This research examines how the Green Internet of Things (1oT)
can make our cities cleaner, smarter, and more sustainable. It explores how smart technologies can
enhance everyday aspects such as energy use, waste management, and transportation. The goal is to
develop greener cities that are more beneficial for both people and the planet.

Keywords: Green IOT, Smart Cities, Eco-Friendly.
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Introduction

The increasing traffic and population growth in cities has become a significant issue that causes
diseases, pollution, and other major environmental concerns. To overcome these problems, 10T-
based smart cities are proposed. The world's population is growing primarily due to improved living
conditions and the widespread use of modern medications. With a population of over 11 million,
there are 25 major cities worldwide, see Figure 1(Yang et al., 2021). This figure shows how future
internet technologies and smart computing support smart city development. It highlights real-time data
processing and decision-making, and 1.5 million people relocate to cities daily. The Internet of Things
(10T) is expected to contribute to developing smart cities, ultimately leading to a more intelligent
world. The Internet of Things (10T) plays a significant role in enhancing smart cities and affecting
in different ways with its numerous applications for strengthening public transformation, reducing
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traffic congestion, creating cost-effective municipal services, keeping citizens safe and healthier,
reducing energy consumption, improving monitoring systems, and reducing pollution, as shown in
Figure 2(Almalki et al., 2023). Smart cities leverage the fact that many people use smartphones,
creating a specialized network infrastructure equipped with various sensors and intelligent systems
to collect and process information. However, the existing Internet of Things (10T) in smart cities
suffers from security challenges, increased traffic, high energy consumption, and a large number of
0T devices. Consequently, some critical issues related to loT-based networks must be addressed to
develop sustainable smart cities (Ketu and Mishra, 2022).

Internet of Things
Smart Cities

Figure 1: Future Internet and smart computing.

In this respect, this essay discusses and presents the findings of different green concepts and
potential future directions. First, various green loT-supported smart city applications and platforms
are explored. Next, green technologies, 10T platforms, and approaches supported by various green
communication paradigms are explored. After explaining the various future direct applications,
smart cities, and their supporting technologies, including 10T platforms and approaches, we have
discussed several green directions for established smart cities and provided recommendations for
future research. In summary, several future directions of green loT are explored, including the
interaction between the developed smart city and the transformed green smart city in loT-WMSNs
for green loT-supported smart city solutions. Existing and promising approaches for green smart
cities are also presented (Rani et al., 2022).

1.1. Background and Rationale

Green 10T is rapidly growing and offering benefits to the world. Factors such as the low cost of
devices and hardware, increased software usage, and the emergence of new business models drive
this phenomenon. Green 0T focuses on controlling energy resources, waste management, air
pollution, transportation, and water quality. It covers hardware, software, communication protocols,
and security for eco-friendly smart cities. However, research is needed to effectively manage Green
0T in smart cities and enhance energy efficiency, software, and security protocols (Albreem et al.,
2022; Ahmetoglu et al., 2022).

In the Industry 4.0 era, smart cities built on the Internet of Things (loT) are experiencing rapid
growth. Connected healthcare services for smart cities exemplify this paradigm shift. The feasibility
of smart smart-related towns and services is demonstrated. There is global pressure to develop
sustainable cities on an international scale. These cities require continuous systems, services, and
applications to optimize the utilization of their infrastructure. With over 70% of the population
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expected to live in urban areas by 2050, improving the rural-urban lifestyle is essential, with a focus
on sustainability. Cities will utilize fewer resources and operate more efficiently in the loT era,
while maintaining a reasonable quality of life for residents (Ren et al., 2023; Mahtta et al., 2022).

1.2. Scope and Importance

Cities globally are tackling environmental issues caused by excessive greenhouse gas emissions.
The effects of global warming and climate change are affecting urban populations. Smart cities are
being proposed as a solution for efficient energy management and reducing carbon footprints. The
Internet of Things (IoT) is crucial to future smart cities, aiding automated decision-making.
However, little attention has been given to green technologies in the research on smart cities. It is
essential to prioritize green technologies in future smart cities. Green 10T, the intersection of loT
and green technologies, can lead to eco-friendly and sustainable practices, offering benefits in terms
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of power consumption and reduced electromagnetic field exposure. This opens up opportunities for
green 10T in various aspects of life, such as sensor devices, networking, data transmission
techniques, transportation, health cloud, smart factories, underwater sensor networks, and security
and privacy. Green loT can be implemented at different levels to promote economic development
(Kim et al., 2021) (Chen et al., 2022).

Figure 2 presents key smart city applications such as energy management, transportation, and waste
control. It shows how IoT improves city sustainability and services.

1.3. Big Data Management

Managing the massive volumes of data generated by IoT devices requires a combination of efficient
storage architectures and advanced processing techniques. One key strategy is integrating sharded
blockchain systems, which allows parallel and distributed data storage, enhancing scalability and
performance in innovative building environments (Zheng et al., 2024). Additionally, hybrid data
management systems that combine edge, fog, and cloud computing are critical in minimizing
latency and optimizing resource use, especially in logistics and supply chain applications (Zrelli and
Rejeb, 2024). To tackle database-specific challenges, solutions such as dynamic indexing, real-time
filtering, and data deduplication have been proposed to handle loT data's high volume and velocity
(Fazil, 2024). l1oT frameworks integrated with big data analytics enable proactive decision-making
and automation in industrial management contexts, reducing processing overhead. Finally,
systematic data lifecycle strategies—including selective retention, compression, and archiving—are
crucial to maintain performance and cost-efficiency in industrial 10T platforms (Mu et al., 2024).

0T devices are rapidly increasing, with projections reaching over 30 billion by 2030, significantly
impacting global energy consumption. Green 10T mitigates this by using low-power technologies
like edge computing and energy harvesting. These methods can reduce device energy use by up to
35%, supporting sustainability and scalability in smart environments (Zheng et al., 2024).

Integrating Green loT technologies into urban planning requires comprehensive policy frameworks
that promote sustainability, data governance, and wise infrastructure investment. Governments play
a crucial role by setting regulatory standards, incentivizing eco-friendly innovation, and funding
research in low-energy 0T applications (Pliatsios et al., 2023). Urban policies must also address
interoperability, data privacy, and e-waste management to ensure long-term viability. For instance,
Singapore's innovative city model demonstrates how public policy and digital governance can
accelerate green technology deployment in transportation and energy systems (Quah and Tan,
2022). Collaborative efforts between policymakers, academia, and industry are vital for
transforming cities into sustainable, innovative ecosystems.

2. Green 10T in Smart Cities

IoT for smart cities is a new sensor network level that monitors, manages, and controls the smart
city environment. The constant expansion of smart city applications has increased energy
consumption and electromagnetic pollution. The increasing number of smart city applications and
actuator devices can lead to a higher energy consumption rate and increased CO2 emissions. The
concept of Green 10T has garnered considerable attention for reducing the hazardous impact of
smart cities. Green loT offers a novel approach to creating cost-effective, eco-friendly smart cities
(Aliero et al., 2021).

Green 10T reduces the energy consumption of devices in smart cities, creating a sustainable and
eco-friendly environment. It enables cities to adapt to demand, reduce energy consumption, and
minimize environmental impact. Traditional 10T focuses on user experience, while Green loT
prioritizes energy reduction and environmental impact. Developing easy-to-implement Green 0T
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solutions using common machine-learning approaches is a critical challenge in smart cities.
Individuals can program Green loT applications using existing resources. Traditional 10T systems
focus primarily on functionality and connectivity but often overlook energy efficiency, leading to
high power consumption and increased environmental impact. In contrast, Green loT integrates
energy-saving protocols, efficient data transmission, and eco-friendly design principles, resulting in
significantly lower carbon footprints (Almalki et al., 2023). Studies show that Green loT can reduce
energy usage by up to 40% in innovative city applications compared to conventional 10T models
(Roy et al., 2023). Moreover, Green loT emphasizes device longevity, responsible e-waste
handling, and sustainable urban integration. This makes it a more effective and sustainable option
for future smart city development.

2.1. Environmental Benefits

Smart cities utilize 10T technologies to address living, social, and economic challenges. They
monitor resources like electricity, energy, water, and air. These cities are environmentally friendly
and sustainable. Energy-efficient 10T sensors collect data from various areas, reducing travel time
and emissions. Smart cities also use recycled waste for environmental solutions (Oberascher et al.,
2022).

Implementing powerful technologies drastically improves smart cities' environmentally friendly and
sustainable urban living and surroundings through waste management, renewable energy, and
reduced carbon emissions. Another way to reduce electricity usage is through renewable energy
assets, often resulting in lower electricity consumption. Utilizing these energy sources in smart
cities can make them earthquake-resistant and environmentally friendly. Encouraging smart cities in
this way can support many other emergency or goodwill intentions, folks to apply renewable power
sources at their home level or in different uses to produce non-electric units, e.g., bio-gas (for
cooking, lighting, heating, etc.), bio-fertilizer, a mixture of petrol or diesel used in machinery at
industries, etc. Monitor and track pollution or environmental stress and inform the people using a
mobile application or information screen (such as LED screen in bus stations, railway stations, and
other public places or alert by siren in case of emergency) about the view of safe places (Almalki et
al., 2023) (Blasi et al., 2022).

2.2. Challenges and Limitations of Eco-Friendly and Sustainable Smart Cities

Although several benefits of Green loT have been discussed, various challenges need to be
addressed in smart cities to implement IoT for a sustainable environment; Figure 3 illustrates the
rapid growth of connected devices expected by 2025. It emphasizes the challenges of handling large
data volumes and energy use. The total number of active device connections globally—a large
statistic used in communications—is projected for 2025 and used by large data. One of the main
challenges is that many smart objects and intelligent devices can produce a significant volume of
data. To manage large volumes of data, machine learning techniques can effectively approach big
data. Various data analytic solutions can be adopted, including filtering, random sampling,
smoothing, dimensionality reduction, clustering, etc. Another challenge is ensuring the quality of
big data, which can be contaminated by random, partial, and other types of noise. Several open
research issues are associated with false positive and false negative decisions, data outliers, and
novelty (Benhamaid et al., 2021).
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Figure 3: Total number of active device (IoT and Non-10T) connections worldwide

The possibility of using loT as a hit-and-sleep solution is explored to address the primary
challenges associated with power consumption in wireless IoT. Other challenges, such as the
lifespan of batteries and the disposal of these devices when they become non-operational, can also
be explored. Security and privacy challenges are related to unauthorized access to data, devices, and
services. Several solutions have been adopted, including firewalls, encryption, and VPNs, to
address the challenges associated with security. A good policy is to keep the content close to the
user, provided that e-waste is managed correctly so that the device and network elements can be
reconditioned, rehabilitated, or recycled, ensuring open research. It is essential to raise awareness
among the population about the proper management of e-waste. E-waste is a serious and growing
problem, and addressing it has become increasingly urgent. Governments and businesses are
working to implement the policies and standards necessary to sustainably and responsibly manage
these devices. Many users must toss their devices haphazardly into the waste bin (Razip et al.,
2022) (Farjana et al., 2023).

Effective implementation of Green loT technologies requires addressing interoperability challenges
among heterogeneous systems, which hinder seamless data exchange and integration. One major
concern is the vulnerability of 10T ecosystems to cybersecurity threats, including unauthorized
access and data breaches, especially in cloud-based environments (Pliatsios et al., 2023). Moreover,
many low-power 10T devices face energy efficiency limitations due to battery constraints and
suboptimal communication protocols (Aliero et al., 2021). Researchers propose adopting semantic
standards, decentralized architectures, and secure, lightweight encryption models to mitigate these
issues. These strategies balance performance with sustainability, ensuring resilient and scalable
smart city deployments.

2.2.1 Technology Concerns

Smart cities often fall short of their goal of being efficient and sustainable. They fail to implement
good infrastructure, energy efficiency, and resource allocation. This limits the sustainability of
urban society and neglects the importance of resource sustainability. Additionally, the technological
capabilities of smart cities are often not fully realized, particularly in handling large amounts of data
(Aurigi et al., 2021).

2.2.2Interoperability

There is a growing interest in eco-friendly smart cities. Information technologies play a crucial role
in solving urban challenges. However, interoperability among smart city solutions remains a
concern. This relates to the ability of systems to exchange and use data. Government interference
and limited participation are also obstacles. To improve citizens' quality of life and achieve
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inclusive prosperity, the president should focus on the unique features of these places to enhance
economic growth (Pliatsios et al., 2023).

3. Related works

In 2022, S. Krishnapriya et al. highlighted the significance of loT-based systems in creating smart
cities that are efficient in resource management and contribute to improved quality of life for
residents through enhanced environmental monitoring, waste management, lighting efficiency,
pollution control, and traffic management (Sudhakaran et al., 2022).

Abhay et al., in 2023, emphasized the importance of transitioning towards Green loT for eco-
friendly and sustainable smart cities. They highlighted traditional 10T technologies' challenges, such
as power consumption, pollution, and e-waste generation, and stressed the need for environmentally
friendly smart city applications (Chaturvedi et al., 2023).

Siddhartha Roy et al., in 2023, delved into the concept of green Internet of Things (loT) for eco-
friendly and sustainable smart cities and discussed how IoT technologies can be leveraged to enable
sustainable practices in various urban aspects such as energy management, waste management,
transportation, and urban planning, also discusses the significance of addressing issues like
pollution, traffic congestion, energy consumption, public safety, resource management, and cost-
effectiveness through the implementation of Green IoT strategies. These strategies aim to enhance
quality of life, ensure environmental sustainability, and make cities smarter and more eco-friendly
(Roy et al., 2023).

Sangram and Milind, in 2023, used RFID and IoT technologies to implement smart solid waste
collection systems in Pune, aiming to make the city eco-friendly and smart and develop sustainable,
innovative technology to achieve 100% household collections and transportation and treatment of
waste so that to minimize waste to send landfill side (Patil and Gidde, 2023).

Naik et al., in 2023, discussed the significant impact of Internet of Things (IoT) devices and
applications in today's information society and also highlighted how IoT enables the automation of
research and development processes through the use of cutting-edge technologies like smart
sensors, smartphone-based instruments, and seamless networking (Bhaskar et al., 2023).

Nesma Abd El-mawla et al., in 2023, suggested that by embracing eco-friendly loT solutions, smart
cities can not only address current environmental challenges like e-waste management, climate
change adaptation, water crises, and natural disaster management but also pave the way for a more
sustainable and interconnected urban future (EI-Mawla and Badawy, 2023).

Rahaman and Azharuddin, in 2024, explored the integration of green IoT technologies in urban
infrastructure for sustainable development. It identifies key challenges, including technological
integration, data management, privacy concerns, and high implementation costs. The benefits
include improved resource efficiency, enhanced public services, and economic growth. The study
concludes that despite existing challenges, the long-term advantages make green smart cities a
promising direction for urban innovation (Rahaman and Azharuddin, 2024).

Siddhartha Roy discussed techniques in 2024, including Al-driven smart buildings, renewable
energy models, 10T deployment for sustainability, predictive analytics for infrastructure, and
optimizing transport mobility in smart cities using green computing technology (Roy, 2024).

Aman et al. proposed a Green Internet Architecture (GIA) to integrate 10T technologies with eco-
friendly practices in smart cities. The system utilizes ecological sensors, cloud computing, and
Blockchain to reduce energy consumption and carbon emissions. This approach promotes
sustainable resource management and long-term urban viability (Aman et al., 2024).
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Adaramola et al. discussed integrating Green loT with environmental sustainability to enhance
resource management in smart cities. They highlighted using real-time data and interconnected
sensors to optimize energy, water, and waste systems. The study also emphasized the role of Green
Fintech in promoting sustainable investments and reducing environmental impact (Adaramola et al.,
2024).

4. Energy Management in Smart Cities

Smart cities must be eco-friendly and use power efficiently due to the increasing use of electrical
gadgets. Energy generation is crucial for meeting power requirements, and utilizing limitless energy
sources can help mitigate power waste. While coal, oil, wind, water, and solar cells are used for
power generation, they also release greenhouse gases that are not eco-friendly. Smart communities
are now focusing on harnessing inexpensive power with minimal environmental impact. Green
power technologies aim to harness renewable resources to keep pace with modern advancements.
These communities promote sustainable energy preservation by effectively harnessing renewable
power. Utilizing renewable energy for homes will contribute to the sustainability of green cities
(Humayun et al., 2022) (Ismail et al., 2025).

Energy management differentiates between energy needs and budgets, utilizing available resources
and minimizing consumption. Effective management satisfies eco-friendly energy needs with
renewable resources and minimal greenhouse gas emissions. Green cities integrate renewable
resources and adaptable load infiltration for optimal production. Urban "smart energy" management
is key in mitigating climate change (Razmjoo et al., 2022).

4.1. Renewable Energy Sources

A sustainable city relies on clean, renewable energy sources, which reduce costs and minimize
pollution. Renewable energy is also efficient for low-power devices and has a positive
environmental impact. Solar, wind, and other sources, such as RF, are used. Sunlight is particularly
promising for modern networks (Ezhiljenekkha and MarsalineBeno, 2020).

Smart cities must prioritize environmental considerations during their development. Carbon
emissions, transportation, water, and energy management are crucial for sustainable development.
Waste, air, water quality, and CO2 reduction are also important. To combat urban pollution, cities
should adopt multifaceted approaches that generate renewable energy. Energy revival plays a key
role in supporting eco-friendly monitoring. This is achieved through renewable techniques and
energy-harvesting tools (Javed et al., 2021).

4.2. Proposed Quantum IoT Architecture for Smart Cities

Figure 4 illustrates a new conceptual framework for an energy-based quantum loT network
architecture. This figure proposes a layered quantum loT architecture for smart cities. Each layer
manages different tasks to improve energy efficiency and sustainability. The design has four layers,
each assigned specific tasks within the network. These layers are essential for facilitating
sustainable operations in smart cities (Mishra and Singh, 2023).
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Figure 4: An energy-based quantum Internet of Things (IoT) network architecture
designed to create sustainable smart cities.

5. Transportation Systems in Smart Cities

Transportation infrastructure is a significant problem in smart cities. To support the increasing
demand for public transportation, smart cities will implement more public-private collaboration in
public transportation, bike-sharing, and electric scooter services, among others. There are various
aspects of the public transportation system, some of which are as follows (Kuo et al., 2023):

1. Smart Management of Mass Transit System: The integrated management of the Intelligent
Transportation system in a metropolitan city has proven efficient for making essential operational
decisions through the smooth interaction of sensor data, inaccessible traffic control systems, and
mass transit systems. With the increasing residential and working density in the core areas of
metropolitan cities, the effort to improve transportation systems has led to a significant rise. Data
from smartphones and social media servers is also used to manage mass transit systems. In a
metropolitan city, travel times have varied significantly (Gohar and Nencioni, 2021).

2. Smart Parking Applications: The implementation of smart parking applications is widespread in a
few big cities. The various available parking options can directly help reduce traffic congestion in
megacities. Many projects should focus on a variety of big-data approaches that suggest where the
parking avenues are still less crowded. For instance, a new airport in Montevideo has parking
directed by field sensors. It displays guides in personal homes and analysts, revealing free parking
spots in blue (Vaslavskaya et al., 2023).

3. Smart Traffic Management: Smart city foundations will establish intelligent signals around major
public intersections. Traffic lights would be prepared to accept the initial contingent of vehicles
entering to speed up traffic. If returning foreign ministers are not required by a junction, three
vehicles will be notified after some time. Smart facility organizations should include individual
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infrastructure vehicles among their top devices. System mediators allow sites such as airports and
traffic districts to check when the light is green for them to go (Gonzalez et al., 2020).

5.1. Public Transportation Infrastructure

The growth of cities promotes the use of individual vehicles for transportation, increasing the
number of cars and motorcycles in urban areas. Developing public transportation infrastructure is
crucial for sustainable mobility in smart cities. Cities like Curitiba, Bogota, San Francisco, and
Paris reduced car usage by improving conditions for walking or using non-motorized transportation
and deploying BRT systems. Prioritizing public transportation infrastructure doesn't negate the need
for compact, mixed-use, and multifunctional urban areas. Traffic accidents cause 1.35 million
deaths annually, with pedestrians and cyclists being the majority. Livable streets are urgently
needed to reduce traffic problems and decrease car dependency. Bikeable cities like Copenhagen
and Malmo offer low-cost, comfortable cycling infrastructure. Car-sharing and bike-sharing
programs also decrease car dependency (Cugurullo et al., 2020).

5.2. Smart Traffic Management

Efficient traffic management is crucial for any smart city. Various strategies and technologies have
been developed, such as parking information systems, vehicle-to-infrastructure communication, and
reservation-based parking management. Let's discuss top traffic management strategies for
transportation optimization in big cities or smart cities. Result: 190 characters (Lee and Chiu, 2020).

Automated Traffic Light Signal System (ATLSS): Researchers propose enhancing traffic
management by leveraging real-time traffic density and vehicle-to-vehicle or vehicle-to-
infrastructure communication. ATLSS adjusts light duration based on vehicle count at intersections,
reducing congestion in urban centers (Zeadally et al., 2020).

Smart parking informs people about parking availability and costs, reducing traffic and crises in big
cities and tourist areas. It utilizes applications and smartphones to manage urban parking spots and
provide availability on terminals and smartphones. These parking spaces can be promoted near
commercial zones or event venues. Many parking managers and government authorities use
electronic parking meters to collect and send parking space information to servers (Canli and Toklu,
2022).

6. Waste Management and Recycling in Smart Cities

Municipal waste is a priority in urban waste management. Smart cities use different disposal
strategies. Solid waste management applies TCFM-EWM principles. Recycling is essential for a
clean environment. A legal framework, innovative strategy, and optimized processes contribute to
creating clean cities.

Smart cities implement control measures for waste management and recycling. However, these
measures are not comprehensive due to the complexities involved. This analysis examines various
approaches and the necessity for technological advancements in waste management and recycling.
This includes legislation and schemes to reduce automotive waste, evaluations for construction
projects, and a landscaping system designed to improve recycling. Sorting materials before
recycling has been proven to reduce pollution. We also analyze special facilities for handling
hazardous waste and assessing compliance with recycling (Lange, 2021).

7. Water Management and Conservation in Smart Cities

Desalination is a global topic in water management. ECM adoption can convert wastewater into
emission-free energy, resulting in cost savings. Current desalination technologies have limitations,
so future research should focus on waste heat recovery. "Green™ materials are necessary to mitigate
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the toxicity associated with specific desalination techniques. This chapter highlights eco-friendly
methods to convert city waste into energy with zero emissions. The ECD cycle treats organic waste
and produces biogas for power generation, reducing reliance on non-renewable energy sources.
Using biogas also cuts logistics costs for waste treatment. Additionally, treated water can be reused,
reducing freshwater usage. This progress will make the eco-friendly Smart City a notable
technological milestone (Diaz-Secades et al., 2023).

8. Urban Planning and Design for Sustainability

When planning and designing for urban sustainability, there are techniques to adopt, such as
integrating Service Oriented Architecture (SOA) into the Smart city network for easy integration
and updating of sensor systems. Mixed-use zoning stimulates non-motorized transportation and
social interaction. Incorporating parks and green spaces within urban areas improves oxygen levels
and enhances urban livability (Mishra and Sarkar, 2022).

Sustainable cities integrate economy, environment, and community with replicable management.
This creates a harmonious urban area that fulfills ecological, productive, and social aspects. Social
urban planning constructs a sense of place, interaction, and cooperation. It addresses multi-function
cities, business activity, land use, and partnerships (Quijano et al., 2022).

8.1. Mixed-Use Zoning

Mixed-use zoning has gained interest as it creates better urban spaces for living, working, and
recreation. It stimulates urbanization and sustainable growth. It can help address diverse needs and
prevent the underutilization of land. Mixed-use zoning is becoming increasingly influential in smart
cities, contributing to improved environmental quality and reduced harmful emissions. Smart cities
integrate technology and the Internet of Things (loT) with mixed-use zones, encompassing
residential, retail, and office areas. This offers unified development, efficiency, and diverse
resources. Ultimately, mixed-use zoning can lead to happiness and common goals (Grace et al.,
2023).

8.2. Green Spaces and Parks

Urban spaces are often covered with concrete, which can harm human lives. Green spaces and parks
offer numerous benefits, including air purification, noise reduction, and wildlife habitat. They are
crucial for maintaining ecological balance and sustainability. Green belts and parks also help absorb
CO2, preserving the environment (Liu and Russo, 2021).

A green belt with park facilities serves as a space for sports, recreation, education, tourism, and
aesthetics. It is important for the environment and quality of life in residential areas. Urban parks
modify microclimates and provide comfort during temperature increases and air pollution.
Makassar boasts large parks and city forests, complete with amenities such as jogging tracks, sports
arenas, and gardens. These areas have also developed other public facilities (Rosso et al., 2022).

9. Case Studies of Eco-Friendly Smart Cities

This paper presents, analyzes, and discusses the complexity of smart city concepts and eco-smart
city tendencies in a generic sense. Other studies have confirmed the importance of advanced
technologies in building a truly smart city. Still, they have also emphasized the critical role of
residents’ involvement, openness, good governance, and other issues. Furthermore, numerous
researchers worldwide have repeatedly demonstrated that an "ordinary™ smart city can often provide
higher comfort, quality, and safety than a city solely focusing on green or eco-considerations. This
supports the thesis that energy-saving does not necessarily have to be strictly associated with new
technologies, but rather with new ecological manners and lifestyles likely to become permanent
features of contemporary cities.
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With these strong interpretations in mind, this paper presents and analyzes dozens of case studies
and reviews solutions aimed at eco-friendly and sustainable urban tech park, spa, or resort design.
These studies originate from some of the most polluted cities in the world, including Bengaluru in
India and Chongging in China, as well as Scandinavian cities such as Oulu and Oslo, which serve as
models for modern, ecologically oriented urban policies. However, in the bottom-line section, two
highly technological Metropolitans are discussed: the Esch-sur—Alzette Metropolitan Area in
Luxembourg, which focuses on upgrading and repurposing former heavy industry locations, and the
Punggol Digital District in Singapore, which showcases the design and construction techniques of a
truly modern eco-friendly urban area at the district level (Liow and Sam, 2023) (Quah and Tan,
2022).

9.1. Singapore

Singapore is considered the world's first eco-friendly smart city. It is a state and a city in the
western Pacific. It is located at a crossroads of the world's major transportation routes. Singapore
boasts numerous blocks, breathtaking green spaces, rich natural surroundings, and vibrant dining
and shopping districts. The Ministry of the Environment and Water Resources (MEWR) works to
create a livable and sustainable environment, ensuring a steady supply of clean water to the people
of Singapore. Singapore has proposed eco-friendly initiatives, including regulating environmental
auditing, enhancing performance in nature parks, and promoting ecological restoration. Singapore
has a smart approach to transportation. The Singapore government has introduced policies to invest
substantially in improving and updating public transportation infrastructure, encouraging reduced
road usage. The momentum behind electric vehicles is beginning to gain traction. Singapore
encourages its citizens to drive fuel-efficient or electric hybrid vehicles. Singapore is mostly a state
composed of citizens who value the cultural traditions of their ethnicities (Arya, 2023).

9.2. Barcelona

Following an urban development plan in 1859, Barcelona implemented a system to protect its
natural resources, consisting of interconnected parks. This approach facilitated urban expansion
with square blocks, providing better solar exposure and mid-to-high residential densities to reduce
sprawling pollution caused by commuter traffic. The city built water channels to overcome the
water shortages and dramatically reduced leakages and consumption thanks to public policies and
local water companies. The Eixample is a good example of excellent urban growth since then
(Lopez-Morell et al., 2024).

Between 1858 and 1929, the population of the city had quintupled to 1 million, and the
octogenarian city walls had been successfully replaced by the not-so-newly incorporated Eixample,
a 7.5 km2 enlarged city grid and the conspicuous proof that Cerda's planners had put a lot of
intellectual resources into creating a new city outside the walls. However, Eixample took fifty years
to complete when the first sporadic buildings were built along the northern side of the Gran Via,
accompanied by a few properties along its southern limits (Smith and Smith, 2023).

Tiled street names refer to the pre-expansion agricultural fields each new wealthy urbanized
resident had bought for not-so-uninteresting profit. Cerda’'s new radial city was developed in various
phases with corresponding architectural styles, allowing citizens to choose Eixample neighborhoods
with a particular architectural identity. Cerda thought the streets would look identical regardless of
the buildings, but local architectural design made all the difference (Schenk, 2023).

Urban life flourished for the citizens of the Eixample. Car traffic was limited, and to address the
issue of the new Eixample's water shortage, exits were constructed from the city to the Besos and
Llobregat streams, each equipped with a filtration plant (Rodriguez-Rey, 2022).
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Abstract

With the aim of reducing or stopping the threats to ecosystems, the current study was designed to
investigate the ability of the tannase enzyme purified from the local isolate of ascomycete fungus
Helvella bachu in reducing the most dangerous toxin aflatoxin B1, using high-performance liquid
chromatography technique, aflatoxin Blconcentration was reduced to 3.4 ng/ml. Tannase enzyme
analyzed the aflatoxin into two compounds in terms of the appearance of two peaks at a retention time
2.08 minutes and 4.59 minutes, with a residual area percentage 13.8 and 86.6% respectively, compared
to standard aflatoxin, which appeared with one peak at a retention time 4.79 minutes. The
concentration of aflatoxin decreased to 1.2 ng/ml using the crude enzyme compared to aflatoxin before
treatment 1.32 pg/ml at the same retention times for the purified enzyme with a difference in the
remaining area 45.8 and 54.2% respectively. Moreover tannase enzyme analyzed the aflatoxin into two
new compounds . The ability of tannase enzyme to remove a number of industrial dyes was also
evaluated in a period of time ranging from (6-48) hours, the results showed that the enzyme was able
to remove 100% of the dyes: Reactive Yellow, Indigo Carmina, and Orange G. but with varying
percentages of the other dyes used after 48 hours of enzyme treatment.

The aim of this study was investigate the ability of the purified tannase enzyme from the ascomycete
fungus Helvella bachu to treat aflatoxin B1 and number of industrial dyes.

Keywords: Tannase enzyme, Aflatoxin B1, industrial dyes, Helvella bachu .
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Introduction

Environmental pollution has been and is still increasing at a rapid and alarming pace due to
the increase in human activities resulting from the population explosion, unsafe agricultural
practices, unplanned urbanization, deforestation, rapid industrialization and unwise use of energy
reservoirs and other human activities, not to mention the huge increase in toxic wastes that are
thrown into the environment every day indiscriminately due to industrial activity and human
dominance over the natural resources of the earth, all of which imposed on us the fact that the
consumption of chemicals has become an inevitable matter at present time(Vaksmaa, et al.,2023).
Among pollutants that present environmental and health risks due to their toxicity that worry
environmentalists include: chemical fertilizers, heavy metals, types of plastic, pesticides, herbicides,
industrial dyes, and hydrocarbon compounds such as oil and its derivatives(Abdel-Shafy and
Mansour, 2016) , that prompted specialists and researchers in this field to follow safe methods away
from chemicals and apply them in various industrial fields, the most important of which are
enzymes purified from natural sources such as bacteria, algae, yeasts and fungi. The tannase
enzyme came at the forefront of these enzymes, which gained the attention of many researchers.
Tannas enzyme which also know Tannin acyl hydrolase (E.C 3.1.1.20) is an important extracellular
fungal enzyme in biotechnology. It can be produced from different microbial bio sources. Tannase
has many advantages, such as its ease of production by submerged cultures or solid-state
fermentation using low-cost agricultural waste, its tolerance to a wide range of temperatures and
pH, and its high ability to hydrolyze toxic tannins and convert them into simpler and less harmful
compounds glucose and gallic acid. Therefore, it has been widely used globally in industrial and
food applications such as clarifying beverages and removing bitter taste, improving feed quality,
increasing the nutritional value of bean powder, as well as removing multiple phenolic compounds
from wastewater (Albuquerque, et al., 2020), in addition to environmentally friendly industrial
applications, bioremediation, and medical fields. It is worth noting that the use of enzymes
extracted from fungi represents one of the technical developments in bioremediation to reduce the
time of bioremediation and simplify the process further. Fungal biomass can also be used directly
on pollutants (Shome, 2020).

Bioremediation is promising, innovative, environmentally friendly and technology for controlling
polluted environments. It is successful ,an attractive cleaning technology for removing many toxic
wastes from polluted environments by degrading or detoxifying various hazardous physical and
chemical wastes from the environment through the biological activities of microorganisms at low
cost and without secondary pollution. Fungi play important roles in biological treatment
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(bioremediation) of pollutants, especially permanent organic pollutants, such as pharmaceuticals
,dyes, leather tanning waste, coal, personal care products, polycyclic aromatic compounds (diesel
and kerosene) and industrial wastewater. So, fungi take all these type pollutants as substrates and
decompose them effectively to get nitrogen , carbon or energy which they need for their metabolism
(Tomer et al., 2021). Due to the importance of the topic, this study was designed to investigate the
ability of the purified tannase enzyme from the ascomycete fungus Helvella bachu to treat aflatoxin
B1 and number of industrial dyes.

Materials and methods

1.Test organism

The research experiments were done using the ascomycete Helvella bachu, which was
morphologically and molecularly characterized by (Al-Rawi & Abdul-Hadi, 2022).

The fungus fruiting bodies figure (1) were obtained from Al- Nimrud area, which is located 30 km
south of Mosul city, Irag. H.bachu fruiting bodies were transport to the laboratory and then washed
several times with tap water until clean. The culture cabinet was prepared by sterilizing it with 70%
ethanol. H.bachu fruiting bodies were cut from different parts, stem, cap, and heart of it, using a
sterile scalpel into small pieces. The pieces were sterilized by immersed in 70% ethyl alcohol for 3
minutes, after which they were transferred using sterile forceps with alcohol to a volumetric beaker
containing sterile distilled water (D.W) for 5 minutes to remove trail of alcohol. Then the fruiting
body pieces were loaded onto sterile filter papers, type Whatman No. 1, and left them to
completely dry. The different fruiting body pieces were cultured in sterile Petri dishes which were
containing Potato Dextrose Agar (PDA) culture medium. The inoculated dishes were incubated
after covering them with foil paper in the incubator at a temperature of 28 + 2° C for 5-10 days until
dense, pure fungal hyphae were obtained during this period (Rana, 2016).

Figure 1: Morphological and microscopic diagnosis of the selected local fungal isolate, a: asci
and paraphysis at 40X magnification, b: fungal colony on culture medium, c-d: cyst spores
under the light microscope after staining with lactophenol. e-f: fruiting body.

2. Purified tannase enzyme

Tannase enzyme was purified to homogeneity by the following steps: precipitation with ammonium
sulfate, dialysis, DEAE-Cellulose ion exchange chromatography, the last purification step in which
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the enzyme was purified to homogeneity was devoted using Sephadex-G150 gel (Al-rawi & Abdul-
Hadi,2022).

3. Potato Dextrose Agar (PDA) culture medium

To prepare the culture medium , dissolving 39 g of PDA powder in 1 L of distilled water , mixing
well until complete dissolution, adjusting the pH to 5.6. The prepared medium was sterilized by
autoclaving at 121 °C and 1 atmosphere pressure for 15 minutes. 250 mg/liter of the antibiotic (
Chlormphenecol) which was sterilized with a membrane filter with a diameter of 0.45 microns, this
antibiotic added to the culture medium after sterilization and cooling in the laboratory temperature
,to avoid contamination with the bacteria . The medium had been distributed in sterile plastic (Petri
dishes) at a rate of 15 ml per dish, these dishes were kept in the refrigerator, until used for isolating
and culturing fungal isolates (1998, Atlas).

4. Tannase enzyme production medium

To produce tannase enzyme, the modified Czapeck—Dox medium described by Sena (2014) was
used. The medium was prepared by dissolving the following components in one liter of sterile
distilled water (g/liter). Sucrose 2, KCI 0.5, MgSO,4.7H,0 0.5, FeSO,.7H20 0.01, K;HPO, 0.1,
Tannic acid 10, pH adjusted to 6, the medium was distributed into 250 ml glass flasks at a rate of 50
ml per flask, the flasks were sterilized with an autoclave at a temperature of 121 °C and a pressure
of 1 atmosphere for 15 minutes, while Tannic acid was sterilized with a membrane filter with a
diameter of 0.45 microns and then added to the sterile medium cooled at room temperature. The
medium was inoculated with five discs of young fungal colony per flask, the flasks were incubated
in a shaking incubator at a shaking speed of 150 rpm for 5 days, the medium was used in the
experiments of the culture conditions.

5. Bioremediation Applications

5.1 Reduction of Aflatoxin B1

To demonstrate the ability of the crude and purified tannase enzyme from the fungal isolate H.
bachu to reduce the toxicity and concentration of commercially purified aflatoxin from the fungal
isolate Aspergillus sp., sterile test tubes were used and 1 ml of the purified and crude enzyme were
placed in each tube separately. Each tube was added 0.2 ml of aflatoxin at a concentration of 8
pg/ml so that each tube contained a final concentration of 1.33 pg/ml with manual mixing. The
tubes were placed in a shaking incubator at a shaking speed of 150 rpm and a temperature of 15°C
for 72 hours incubation. The tubes were removed from the shaking incubator after the incubation
period was over, their components were poured into a separating funnel and twice the volume of the
organic solvent chloroform was added to each tube with careful shaking. The addition process was
repeated three times and two layers were observed to form. The upper layer was concentrated by
rotary evaporator to obtain a dry powder. The obtained powder was stored in opaque glass bottles in
the refrigerator at 4 °C. Later, the characterization was carried out by injecting 20 pl of the reaction
mixture into a high-performance liquid chromatography column, the column type used was C18
with dimensions of 250%2.4 cm, the mobile phase was Acetonitrile: Water (70:30) at a flow rate of
1 ml/min (Alberts, et al., 2009).

5.2 Industrial dyes removal

The environmental damage caused by the use of industrial dyes is certainly countless, to preserve

the environment, a practical experiment was planned to remove the color of many industrial dyes

used in tissue factories using tannase enzyme. The experiment was carried out using many

industrial dyes including : (Reactive black- Reactive yellow- Reactive green- Aniline Blue-
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Bromophenol Blue- Congo Red - Phenol Red- Orange G - Bromocresol Purple- Indigo Carmine)
which were added at a concentration of (100) mg/L to the tannase enzyme production medium in
250 ml conical flasks at a rate of 50 ml for each flask, the pH of the different culture media was
adjusted to 6. Inoculated with fungal colony discs, the flasks were incubated in a shaking incubator
at a shaking speed of 150 rpm at a temperature of 28+2 °C. After the incubation period, the contents
of the flasks were filtered using Whatman No.1 filter papers fixed on a Buechner funnel. 1 ml of the
filtrate of each dye was taken in each test tube separately and the same amount of sodium acetate
buffer with a concentration of 0.2 M and pH 5.5 and 8 units/ml of the enzyme filtrate was added to
each tube with good mixing. The tubes were incubated for different incubation periods of 48, 42,
36, 30, 24, 18, 12, 6 hours. The mixture was centrifuged at a speed of 5000 rpm for 5 minutes. The
absorbance was measured by a spectrophotometer at the wavelength of each dye by taking 1 ml of
each dye. The percentage of dye removal was estimated according to the following equation: (Ado,
etal., 2019).

D% = [(Aini - Afin) / Aini] x100

Where: D = Decolourization

Aini = Initial absorbance

Afin = Final absorbance

Results and Discussion
1. Bioremediation Applications

1.1 Reduction of Aflatoxin B1

A lot of research and efforts have been devoted to removing or reducing the toxicity of aflatoxin.
Enzymes extracted from fungi have wide applications and play a positive role in the analysis of
pollutants related to human aspects. The most extensive application was their use in reducing the
most polluting toxin for agricultural products and foods, aflatoxin type B1, which colonizes grains
of various types. Aflatoxin was treated with the extracted and purified tannase enzyme from the
local isolate of the fungus H. bachu for 72 hours separately. The results of the analysis by high-
performance liquid chromatography, under the conditions designated for the detection of aflatoxin,
when treating aflatoxin with the purified enzyme (Figure 2B) showed a clear reduction of aflatoxin,
as its concentration decreased to 3.4 ng/ml. It also analyzed the aflatoxin into two compounds,
indicating the appearance of two peaks at a retention time of 2.08 min and 4.59 min with a residual
area percentage of 13.8 and 86.6%, respectively, compared to the standard aflatoxin with a single
peak at a retention time of 4.79 min. The crude enzyme was able to effectively and efficiently
reduce the aflatoxin B1 until its concentration decreased to 1.2 ng/ml at the same retention times as
the purified enzyme, with a difference in the residual area of 45.8 and 54.2%, respectively. It was
also able to fragment the aflatoxin B1 into two new compounds, as shown in Figure (C2).

From the above results, it is clear that the crude enzyme outperformed the purified enzyme in effect.
It is believed that the effectiveness of the crude enzyme is due to its containing other proteins and
some impurities that work synergistically with the enzyme to reduce the toxicity of aflatoxin B1 and
decrease its concentration. In fact, both of them (the crude and the purified) worked to split the
aflatoxin into two compounds: Aflatoxin epoxide and Dihydrodiol, and later to break down the
cyclic compound Difuran by splitting the double bond, thus turning it into a less toxic compound.
The reason may also be attributed to the generation of free radicals that interact with each other and
thus work to break down the aflatoxin and form non-toxic binary polymer compounds (Alberts,
2006). Thus, fungal enzymes, especially tannase enzyme, appear as one of the ideal solutions to get
rid of aflatoxin toxicity. Some studies are still being conducted at the University of Modern
Technology in Finland with the aim of benefiting from fungal enzymes in reducing toxins of
various types. In a study presented by the researcher Yehia (2014), it was confirmed that the
destruction of aflatoxin B1 by the manganese peroxidase enzyme purified from the edible white rot
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fungus Pleurotus ostreatus achieved a clear progress, as it reached 90% after 48 hours of incubation
and with an enzyme activity of 1.5 units / ml, as shown in the results of high-performance liquid
chromatography. The results obtained by the researchers Brana (2020) indicated the possibility of
destroying aflatoxin B1 by the enzymes laccase and Mn-peroxidase purified from the fungal isolate
Pleurotus eryngii, as the percentage of inhibition reached 90% after 72 hours of treatment with
enzymes and at a pH of 8 and a temperature of 25 °C. The researcher Muslim (2015) has been
proven the effectiveness of the purified tannase enzyme from the bacterial isolate Citrobacter
freundii in reducing the toxicity of Zearalenone produced from the fungus isolate F. graminearum
at different concentrations ranging from 200 to 700 pg/ml, as the enzyme was able to reduce the
toxicity up to a concentration of 500 pg/ml, while treating the toxin with the tannase enzyme had no
ability to reduce the toxin at higher concentrations.
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Figure 2: curves and peaks of the degradation products of aflatoxin B1 using HPLC
technique, where A: control sample, B: purified enzyme from Helvella bachu, C: crude
enzyme

1.2 Removal of industrial dyes

Water pollution takes different forms, dyes are among the most important pollutants of water
resources. This is likely due to their wide use in various industries (food, textile, printing, oil, etc.
and countless other fields). Therefore, the process of removing dyes from polluted water before
disposing of it is extremely important. Because water is the basis of life, this problem, which
represents a real crisis, requires the use of efforts to reduce it and treat it at the lowest cost. Despite
the diversity of physical and chemical methods for treating water pollution with industrial dyes,
biological methods are the most efficient, and perhaps the most important of them is the use of
fungal enzymes.

In order to solve this problem, a laboratory experiment was conducted to investigate the ability of
the purified tannase enzyme from the H. bachu fungus isolate to remove several types of dyes in a
period of time ranging from (6-48) hours with a 6-hour interval between each period. By carefully
examining the results recorded in Table (1), it becomes clear that the tannase enzyme provides an
alternative strategy to treat the problem of environmental pollution by industrial dyes, as the
enzyme was able, after 24 hours of treatment, to completely remove the Orang G dye (100)%, and
the percentage of dye removal for all types used increased with increasing time for enzyme
treatment, with differences between them. The enzyme was also able to remove the color of each of
the dyes (Reactive yellow and Indigo carmina) by 100%, respectively, after 48 hours of treatment. It
was also able to remove 96.2% of the Reactive black dye. The lowest percentage of dye removal
was for Congo red dye, reaching 38.3% after 48 hours. The ability of the tannase enzyme to remove
artificial dyes can be explained by the high potential of the enzyme to adsorb dyes after dismantling
the complex bonds that make up their structure. Among the research that enriches the study and is
similar to the experimental conditions is the research published by Abd-elmotey (2022) in which the
tannase enzyme extracted from the fungal isolate Aspergillus niger SWP33 and P.griseoroseum
T11 by solid-state fermentation was able to remove Reactive blue 19 and Red 24 dyes after 6 hours
of incubation.

Table 1 Removal of industrial dyes using biomass of local isolate of Helvella bachu

(%) Percentage of removal of industrial dyes The dye used
Time (hour .

48 | 42 | 36 | 30 ( 24) 18 | 12 | 6 | Absorption
843 | 805 | 76.2 | 58.2 | 481 | 36.6 | 227 | 17.3 585 Aniline Blue
73.8 | 63.2 | 559 | 485 | 428 | 36.1 | 30.3 | 22.3 427 Bromophenol Blue
383 | 335 | 286 | 269 | 22.7 | 185 | 135 | 47 487 Congo Red
885 | 77.2 | 689 | 526 | 455 | 385 | 253 | 175 497 Phenol Red
100 | 100 | 100 | 100 | 100 | 67.0 | 544 | 37.6 475 Orange G
96.2 | 948 | 90.0 | 858 | 73.6 | 71.7 | 64.8 | 385 600 Reactive black
100 | 99.3 | 95.0 | 883 | 804 | 76,5 | 624 | 42.7 600 Reactive Yellow
56.4 | 483 | 448 | 37.7 | 26.8 | 18.0 | 135 7.3 460 Neolan yellow
895 | 835 | 779 | 635 | 582 | 436 | 37.6 | 28.2 588 Bromocresol Purple
100 | 974 | 925 | 86.3 | 83.1 | 66.0 | 553 | 325 609 Indigo Carmine
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Conclusions

Tannase enzyme purified from the local isolate of ascomycete fungus Helvella bachu
demonstrated an effective ability to bioremediation the most dangerous toxin
aflatoxin B1. The crude enzyme was more effective than the purified enzyme in
effectively reduce the aflatoxin B1 that its concentration decreased to 1.2 ng/ml at
the same retention times as the purified enzyme. It was also able to fragment the
aflatoxin Bl into two new compounds less toxic. After 24 hours of treatment, the
enzyme was able to completely remove a number of synthetic dyes. The percentage
of dye removal for all types used increased with increasing enzyme treatment time,
although there were differences between them. The enzyme was also able to
completely remove the color of each of the dyes Reactive Yellow, Indigo Carmina,
and Orange G, and varying percentages of the other dyes used after 48 hours of
enzyme treatment. Under the experimental conditions of the current research, tannase
enzyme has been proven to be highly efficient in treating aflatoxin B1 and synthetic
dyes, which are considered among the most dangerous sources of environmental
pollution.

References

Abdel-Shafy, H. ., & Mansour, M. S. (2016). A review on polycyclic aromatic
hydrocarbons: source, environmental impact, effect on human health and
remediation. Egyptian journal of petroleum, 25(1), 107-123.

Albuquerque, K. K., Albuguerque, W. W., Costa, R. M., Batista, J. M. S., Marques,
D. A, Bezerra, R. P., Herculano, P.N. & Porto, A. L. (2020). Biotechnological
potential of a novel tannase-acyl hydrolase from Aspergillus sydowii using waste
coir  residue:  Aqueous  two-phase system and  chromatographic
techniques. Biocatalysis and Agricultural Biotechnology, 23, 101453.

Al-rawi, J. M. & Abdul-Hadi, S.Y. (2022). Purification and Characterization of
Tannase from New Local Isolate Fungus Helvella bachu and its Application to
Remove Stains from Cotton Fabrics. International Journal of Special Education,
37(3),16149- 16163.

Al-Rawi, J. M., & Abdul-Hadi, S. Y. (2022). First new record and molecular
identification ~ of  Helvella  bachu  (Ascomycetes) isolated  from
Irag/Mosul. International Journal for Research in Applied Sciences and
Biotechnology, 9(3), 143-148.

Alberts, J. F., Engelbrecht, Y., Steyn, P. S., Holzapfel, W. H., & Van Zyl, W. H.
(2006). Biological degradation of aflatoxin B1 by Rhodococcus erythropolis
cultures. International journal of food microbiology, 109(1-2), 121-126.

85



Alberts, J. F., Gelderblom, W. C. A., Botha, A.,, & Van Zyl, W. H. (2009).
Degradation of aflatoxin B1 by fungal laccase enzymes. International journal of
food microbiology, 135(1), 47-52.

Ado, B. V., Onilude, A. A., Oluma, H. O. A., & Mabitine, D. M. (2019). Production
of fungal laccase under solid state bioprocessing of agroindustrial waste and its
application in decolourization of synthetic dyes. Journal of Advances in Biology &
Biotechnology, 4, 1-17.

Abd-Elmotey, S., Nasar, F. R., Nasar, S. A., & Abou-Taleb, K. A. (2022). Tannase
and gallic acid production by Aspergillus niger SWP33 and Penicillium
griseoroseum T11 using agricultural wastes under submerged and solid-state
fermentation and its application. Egyptian Journal of Chemistry, 65(9), 21-35.

Atlas, R. M. (1998). Pathogenesis of Infection Diseases. Principles of Microbiology.
1st ed. Louis: Mosby-Yearbook, Inc.

Brana, M. T., Sergio, L., Haidukowski, M., Logrieco, A. F., & Altomare, C. (2020).
Degradation of aflatoxin B1 by a sustainable enzymatic extract from spent
mushroom substrate of Pleurotus eryngii. Toxins, 12(1), 49.

Rana, R. (2016). Studies on growth conditions of wild edible mushroom Helvella
crispa fries selected from north west Himalayan region. Int J Curr Res, 8(9),
38079-38085.

Muslim, S. N., Mahammed, A. N., & Al-kadmy, I. M. S. (2015). Detoxification of
zearalenone produced by Fusarium graminearum by purified tannase from
Citrobacter freundii. Greener Journal of Biochemistry and Biotechnology, 2(1),
001-008.

Shome, R. (2020). Role of microbial enzymes in Bioremediation. ELifePress, 1(1),
15-20.

de Sena, A. R., Dos Santos, A. C. D. B., Gouveia, M. J., de Mello, M. R. F., Leite, T.
C. C., Moreira, K. A., & de Assis, S. A. (2014). Production, characterization and
application of a thermostable tannase from Pestalotiopsis guepinii URM
7114. Food Technology and Biotechnology, 52(4), 459.

Tomer, A., Singh, R., Singh, S. K., Dwivedi, S. A., Reddy, C. U., Keloth, M. R. A,
& Rachel, R. (2021). Role of fungi in bioremediation and environmental
sustainability. Mycoremediation and Environmental Sustainability: Volume 3,
187-200.

86



Yehia, R. S. (2014). Aflatoxin detoxification by manganese peroxidase purified from
Pleurotus ostreatus. Brazilian Journal of Microbiology, 45, 127-134.

Vaksmaa, A., Guerrero-Cruz, S., Ghosh, P., Zeghal, E., Hernando-Morales, V., &
Niemann, H. (2023). Role of fungi in bioremediation of emerging
pollutants. Frontiers in Marine Science, 10, 1070905.
https://doi.org/10.3389/fmars.2023.1070905

87


https://doi.org/10.3389/fmars.2023.1070905

Journal of Rafidain Environment, Vol. 3, No.2, pp 88-103, 2025

Environmental Assessment of Selected Groundwater Wells InAbu
Ghraib District, West of Baghdad, for The Year 2023

Raad Mahmoud Nasif ALkhafaji*", Mahmoud Abd Meshan Al-Alwani', Battol Cheachan?,
Ali Abd Alrahem Obeed®,Fatma Abdel Amir', Mustafa Shaker Mohammad*

! Department of Biology, College of Eduction for Pure Science (Ibn Al-Haitham), University of Baghdad, Baghdad,
Iraqg.
% General High school, Baghdad, Iraq
® General Commission for Groundwater, Ministry of water Resources, Baghdad, Iraq

“Corresponding Author: E-mail: raad.m.n@ihcoedu.uobaghdad.edu.iq

Received 28/2/2025 , Revised 22/3/2025 , Accepted 25/3/2025

ABSTRACT

Water security is a basic human need, and its impact on the ecosystem is a major issue worldwide,
especially groundwater in areas lacking surface water. Therefore, the aim of this study was to
identify the chemical and physical properties of groundwater and its various possible uses in the
Abu Ghraib area. Eight groundwater samples were collected and analyzed for physical and
chemical parameters (pH, total dissolved solids, electrical conductivity, sodium, potassium,
calcium, magnesium, sulfur, chlorine, and hydrogen). The pH was found to be neutral to slightly
alkaline, and the water was slightly saline according to the values of total dissolved solids and
excess minerals according to the European Commission's electrical conductivity. The groundwater
samples in the area were found to be unsuitable for drinking and various industrial purposes, and all
water samples were suitable for construction. The water was also found to be suitable for livestock.
The concentrations of total solids and electrical conductivity were found to be high, making it

unsuitable for irrigation. The suitability of groundwater for agricultural purposes was found.
Keywords: Physicochemical properties,groundwater quality,, Abu Ghraib,uses of groundwater.
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INTRODUCTION

Currently, groundwater is considered one of the major and important natural resources due to the
increasing demand for water with limited surface water supply and decreasing rainfall. It has
become very important to obtain large quantities of good quality groundwater (Mahmoud and Al-
Shamma'a, 2023), Hydrogeological studies are an important task in areas where groundwater is the
only source of water, which is used for various purposes, especially in agriculture (Al-Khafaji et al.,
2021) or As a result of using modern methods to extract groundwater, which is considered an
important economic resource. (Al-Salh, 2016),. As a result, groundwater is an important and viable
alternative resource in these environments (Li et al., 2018) Iraq is one of the Middle Eastern
countries suffering from severe water shortages (Alkhafaji, 2018). Due to the world's growing
population, we need to extract vast quantities of groundwater for various human purposes. This
leads to water depletion and a decline in groundwater levels due to depletion of recharge (Zahid et
al., 2008; Bouderbala et al., 2014). Therefore, both natural and human processes affect groundwater
pollution (Aravinthasamy et al., 2020). Water quality testing is crucial because both natural and
anthropogenic influences can contaminate aquatic resources (Ase et al., 2022). Water quality
depends on the intensity of chemical weathering, the direction of groundwater flow, and the
interaction between rocks and water during recharge periods, all of which depend on geological
features that influence groundwater chemistry. The presence of salinity in water resources is an
important factor, especially in arid and semi-arid regions with groundwater (Zarei et al., 2013).
Groundwater with high salt concentrations was found in wells in many areas that were abandoned
(Cotecchia and Polemio 1999). It is difficult to predict the location and quality of groundwater in
such environments, so the source of salts in these wells must be known over geological time (Lee,
2010). The quality of salt ions is due to their natural source or various human activities (Panno et
al., 1994). The Abu Ghraib area is considered one of the areas that lack surface water and is an
agricultural area, so groundwater was relied upon for its various uses. Therefore, many studies were
conducted that included the study area, including the study conducted by the researcher (Hussein,
2015) on the water of some wells in the study area, where a high percentage of dissolved solids and
a low level of minerals was found. Another study conducted by (Abbas, 2021) on soil moisture in
the study area, and it was found that increased moisture leads to significant damage to the growth of
vegetable crops, as they are exposed to diseases and pests. of the study was to determine the
physical properties of acidity, electrical conductivity, and total dissolved solids, as well as to study
the chemical properties of various key elements, including calcium, magnesium, sodium, potassium,
sulfates, chlorides, bicarbonates, nitrates, and phosphates. Therefore, water samples were taken
from some wells spread across the region in different locations, with the aim of studying them,
identifying their properties, and the extent to which they can be used for various purposes.

Description of the Study Area

The Abu Ghraib area is part of the Mesopotamian alluvial plain, where the lower part consists of

Holocene sediments, mainly forming part of the Euphrates River floodplain, with a narrow strip

containing sediments from the Dahleh River to the east (Mohammed et al., 2014; Ali, 2023). Abu

Ghraib covers an area of approximately 90,293 hectares. It is located approximately 20 km west of

Baghdad, between latitudes 33°06' and 33°50' north and longitudes 43°50' and 44°25' east. The
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elevation of the plain ranges from 45 m above sea level in the northwest to 42 m above sea level
(Saleem et al., 2014),

The irrigation system mainly uses the water of the Euphrates and the Tigris rivers on a large scale
for irrigation purposes in the project area. Currently, due to water scarcity, Groundwater is used to
fill the shortage for irrigation purposes. The climate of the study area is hot and dry subtropical,
with long rainless summers from May to October, and a relatively short, cold winter from
December to February. The average annual rainfall is 126.6 mm and the average annual temperature
is 22.5 degrees Celsius. The study area lies under a subtropical desert (Papadakis., 1966;in Ali,
2023). The soil temperature is high (Baillie, 2001) and the soil moisture is Toric or Aridic (dry
climate) (NEDECO, 1978). as shown in Figure 1.
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GEOLOGICAL formation

The geology of the study area will be studied through of Structural and tectonic setting and
deposits. It is well known that tectonic movements occur on a regional scale and over large areas.
Since a tectonic study of an area such as this is not feasible, we will study the tectonics of Iraq,
particularly the tectonics of the alluvial plain, to study the tectonics in the study area. The study area
forms part of this area The study area is tectonically located in the unstable shelf zone of the
Mesopotamian region, or the Tigris sub-region, which is part of the Tigris sub-belt. Subsurface
structures are present in the area; they may not have reached the bottom of the sedimentary layer,
but may lie deep within the basement rocks. Few studies indicate ongoing tectonic activity.
According to Abdullah (1982), the tectonic nature of the alluvial plain is quite clear. This nature is
reflected in the ability of marshes and swamps to persist for long periods without extinction. Had it
not been for the continuous downward movement, these marshes would have been filled and buried
by the sediments of the Tigris and Euphrates rivers (Abdullah, 2006).

The soil of the study area is rich in calcareous silt materials and is a permeable soil. Despite the
establishment of an irrigation and drainage system but the soil salinity is a problem until now. The
topography of the area is often flat, although the topography of the area is medium, formed due to
the extensive history of irrigation (Buringh, 1960) in the area.

MATERIALS AND METHODS

Eight wells were selected in the study area at different distances to cover the research area, where
water samples were collected on 3/5/2023. Water samples were taken using one-liter plastic bottles.
These bottles have been sterilized before use and washed. The bottles were washed several times
with well water before samples were taken. It was tightly closed and placed at 25 degrees Celsius
until analyzes were conducted in the laboratory. Analyses were conducted on samples from the
study area in the laboratories of the General Corporation for Groundwater, where the physical
properties (hydrogen, electrical conductivity, dissolved solids) and chemical properties included the
ions of the mager elements.. It included (Ca**, K*, Na*, Mg?*, SO, .HCOs and CI’) Field data
were collected using a Garmin eTrex 20 GPS device, Fig. 2 and Table 1 show the locations of the
study samples in order to Coordinates of each well.

 WATER WELL

Fig. 2. Locations of the wells in the study area.
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Table 1. The coordinates of wells in the study area.

N E Coordinates Well No
33°15'06.8"N 43°57'30.3"E 33.251884,43.958417 1
33°15'50.8"N 43°58'18.8"E 33.264115,43.971885 2
33°15'28.7"N 43°56'51.0"E 33.257971,43.947495 3
33°15'40.8"N 43°55'58.1"E 33.261339,43.932803 4
33°15'16.1"N 43°55'47.0"E 33.254483,43.929734 5
33°15'16.1"N 43°55'47.0"E 33.254483,43.929734 6
33°15'52.0"N 43°56'29.4"E 33.264454, 43.941492 7
33°16'25.9"N 43°56'22.9"E 33.273867,43.939696 8

ACCURACY

The symbel U defined as the degree is the degree which the exact value is similar to the actual value that was
measured. In order to verify the results, this is done by calculating the absolute error that may be caused by
the method of work or intervention during the analyses. The method described by (Appelo and Postm, 2004).
Uncertainty can be calculated as in the following equation in units of epm.

U={r sum cations - r sum anions / r sum cations + r sum anions} x100

When (U > 5%), the results can be accepted for interpretation, but if (5% > U > 10%), the results
are acceptable with risk if the value is (U% > 10%). The hydrochemical interpretation of the results
cannot be relied upon in this case if (5<U15), the results are accepted with risk. The accuracy of the
water analysis results was as shown in Table 2 .

Table 2. Showing the accuracy of the water analysis results for the study area.

Sample U% Notes
1 3 Accepted
2 4 Accepted
3 9 Acceptable with risk
4 6 Acceptable with risk
5 -9 Accepted
6 25 Accept results with risk
7 9 Acceptable with risk
8 -18 Unaccepted

Results

Physical properties

The pH is considered a very important measure as it affects the quality of water.. Many factors may
be affected by water pH including bioavailability and the importance of evaluating drinking water
(WHO., 2007) The groundwater in this area was neutral to slightly alkaline, with recorded pH
values ranging from 7 to 8.1, with an average value. 7.5 As in Table 2. The pH values were within
the permissible limits (6.5-8.5) set by the World Health Organization and Iragi quality standard
(1QS) (2009) in all sites.

Total Dissolved Solids: They are the minerals of salt, metals, calcium, other organic as well as
inorganic composition in water (Altoviski, 1962). The maximum TDS values were recorded in well
number 7 (3389 mg/L) and, the minimum value was recorded in wel 8( 983mg/L) with mean value
of 18403 as in Table 3. By comparing the TDS values with studies (Altoviski, 1962; Drever, 1997;
Tood, 2007) they were concluded that the water in the type is often Slightly water mineralization
(Boyd, 2000).Table 4.
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Table 3. Physical properties of the samples of the study area

No. of well Physical properties
Code PH Ec(uS\cm) TDS.(mg/l)
1 7.1 1008 1310
2 7.3 11003 1546
3 7.1 998 2129
4 7.8 11400 1094
5 7.6 11252 2827
6 8 11508 3389
7 7.9 11500 1445
8 75 11362 983
Average 7-8 998 - 11508 983 — 3389
Mean 7.5 8753.5 1840.3

Table 4. Classification of water salinity according to the TDS (ppm) (Drever, 1997; Tood, 2007
Altoviski ,1962).

Altoviski Drever
(1962) (1997) Tood (2007) Water class Samples of study
0-1000 <1000 10-1000 Fresh water Well no. 8
1000-3000 1000-2000 | = ----------- Slightly water Wells no 1,2,3,4,5,7
3000-10000 | 2000-20000 | 1000-10000 S“ghtx;tBerraCk'Sh Well no. 6
10000-100000 |  --==------- 10000-100000 Brackish water
------------ 20000-35000 Saline water
>100000 >35000 >100000 Brine water

Electrical conductivity (EC): The EC is an indirect measurement of salinity, which is established
by the total concentration of ions in water (APhA, 1998). It depends on the temperature as well
(Hem, 1985). The relationship between TDS and EC is dependent on the type and nature of cations
and anions dissolved in water (Thirumalini and Joseph, 2009). In water of the study area, EC ranges
from 998 to 3150 ps/cm with mean 1878.5us/cm, as in Table 3. The relationship between electrical
conductivity and mineralization Located within Excessively Mineralized Water Except number 4,
Table 5.

Table 5. Relation between EC and

EC (uS\cm) Mineralization The Study area
<100 Very weakly mineralized water(granite terrains)
100-200 Weakly mineralized water
200-400 Slightly mineralized water (limestone terrains)
400-600 Moderately mineralized water
600-1000 Highly mineralized water
>1000 Excessively mineralized water All samples Except number 3
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Chemical Properties

The chemical properties in the present study include the Major lons such as Major Cations (Ca®",
Mg**, Na*, K*), Major Anions (CI', SO4?, and HCO3)) .
Mean and range values of chemical analysis of Well water of the study area are presented in Table 5
while Major lons: are showing lons values Some of the metals such as calcium, magnesium,
potassium and sodium are essential to sustaining life and must be present for normal body functions
(Al-Jaberi et al., 2016). The abundance of the major ions is as follow Na+ > Ca2+> Mg2> K+ and
S042- > CL-> HCO-. Most of samples had higher values of Na, Ca, Mg, CL, and SO4 which were
beyond the acceptable limits of (WHO, 2011).

Table 6. Represents chemical properties of the samples of the study area.

w S S .
S |2 gl €| & | E|+wE|wE|E|l+E|l_E|_E| & |%E|SE|SE
o | 55|58 < |25|=k|=28|vE|v5|ok|c8 L |55(0E|85
1 | 141 | 705 | 101 | 828 | 148 | 643 | 7 | 018 | 264 | 7.44 | 573 129 76 | i2s5
2 | 182 | 910 | 69 | 566 | 245 1%6 12 | 031 | 299 | 842 | 589 127'2 150 | 2.46
3 | 209 1%'4 19 1?'3 272 113'8 14 | 036 | 513 1‘;4 722 13'0 200 | 3.28
4 | 131 | 655 | 89 | 730 | 112 | 487 | 5 | 043 | 209 | 589 | 474 | 988 | 74 | 121
5 | 299 1‘;9 131 1?1'7 449 | 952 | 18 | 064 | 634 128 812 12'9 484 | 7.93
29.9 18.9 197 203 | 102 | 213
6 | 509 | 22% | 231 [ 189 | uss [ 197 a0 |ozs | 722 | 203|192 23| an0 | 541
7 | 137 | 685 | 72 | 590 | 274 111'9 6 | 015 | 211 | 594 | 560 117'6 185 | 3.03
8 | 76 | 380 | 73 | 598 | 91 | 396 | 3 | 008 | 182 | 513 | 446 | 920 | 112 | 184
Mim. 5.66 3.96 513 | 446 | 9.29
I\"jlgi 6 |55 eo |~ o1 | - |, |oos |18 | - | - | - | 74-|
| 599 | 299 | 231 | 189 | 453 | 197 077 | 722 | 203 | 102 | 213 | 484 | L
value 5 -7.93
3 0 4 | 4 | 3
S
221, | 110 | 120. 255, 379. | 106 | 650 | 135 | 201
Mean | 22 0| 1201 ggg | 2| 982 | 118 | 030 | T . 30 1 29 | 330

Calcium (Ca®"): It is consder one of the most widespread alkaline earth elements, and is considered
one of the essential elements for plants and animals. The highest concentration of calcium ion in the
water of the study area was 599 mg/L in well (6), while the lowest concentration of calcium was 76
mg/L in well (8), as in Table 6. The average was 221.7 mg/L. Most values of the study area within
the global value of drinking water in Table 7,, according to international standards (WHO, 2011).

Table 7. Permissible values limits for parameters and comparing with study area (WHO, 2011).

Parameters’ DeSlrab('\e/\-/F:jgn;l(S)Silf)le limits Sample number of the Study area
pH 6.5-8.5 All samples
TDS 1000 8
EC 500-1500 13
Na 200-600 1,2,3,5,6,7
K 10-12 14,78
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Ca 75-200 1,2,4,7,8
Mg 50-100 2,3,4,7,8
CL 250-500 1,2,4,7,8
SO, 200-250 No samples
HCO; 200-500 All samples

Magnesium (Mg?*):The main source of magnesium ion in surface waters is the result of erosion of
dolomite rocks, and human activities such as industrial waste and sewage (Davis and Dewiest,
1966; Todd, 1970). The highest concentration of magnesium ion in the water of the study area was
251 mg/L in well (6), while the lowest concentration of magnesium ion was 69 mg/L in well (2),
with an average value of 120.6, as in Table 6. There are some examples of the highest concentration
of global drinking water values found in Table 7.

Sodium (Na*):Sodium is a highly soluble chemical component that occurs naturally in water (Hem,
1991). The highest concentration of sodium in the water of the study area was 453 mg/L in well (6),
while the lowest concentration was 91 mg/L in well (8), with an average value of 255.5 as in Table
1.

Potassium (K*):Potassium is an essential nutrient for humans. It is a soluble cation that makes water
have a salty taste. It rarely occurs in high concentrations in natural waters due to the high stability
of potassium-bearing aluminosilicate minerals (Hem, 1989). The highest concentration of potassium
ions in the water of the study area was 30 mg/L in well (6), while the lowest concentration of
potassium was 3 mg. /I in well (8), Some value are within the global scale in Table 7.

Chloride (CIM): It is a widespread component of all rock types (Braide et al., 2004) The
decomposition of evaporated minerals such as halite (NaCl) is the main source of chloride ions in
water (Todd, 1970). The highest concentration of chloride in the water of the study area was 722
mg/L in well (6), while the lowest concentration of chloride was 182 mg/L in well (8), with an
average value of 397.2 n Table 6. Most values of the study area within the global value of drinking
water in Table 7 according to international standards (WHO, 2011).

Sulphate (SO4%): High sulfate values may be the result of dissolution of sediments or sulfate-
bearing minerals such as gypsum (CaSO,4.2H,0) and anhydrite (CaSQO,), rainfall, and fertilizers
(Hamdan, 2012).

The water of the study area is characterized by an abundance of sulfates. The highest concentration
of sulfate was 1024 mg/L in well (6), while the lowest concentration of sulfate was 446 mg/L in
well (8), with an average value of 650 . We note that the concentrations in the study area are higher
than what is shown in Table 7.

Bicarbonate (HCOg3-): The primary source of bicarbonate ion in groundwater is the dissolution of
limestone rocks in water that containing dissolved carbon dioxide from dissolved carbon and the
presence of hydrogen ions resulting from the dissolution of carbonic acid. The highest concentration
of bicarbonate ion in the water of the study area was 484 mg/L in well (5), while the lowest
concentration of bicarbonate ion was 74 mg/L in well (24), with an average value of 201.3, as Table
6 shows. All of the samples fall within the permissible limits..as Table 8.

USABILITY OF GROUNDWATER IN THE STUDY AREA

Groundwater is using for several purposhes which depends on the type of water and its content of
anions and cations that change it from one type to another. Therefore, it is necessary to evaluate the
water according to the local and world standard specifications to determine the suitability of water
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to the different uses like domestic, agricultural and industrial (Todd, 1970). In order to assess their
suitability for different utilities the water constituents are compared with standard water qualities.
Standard is the concentration of constituent that does not result in significant risks (negative impact)
to the health of the consumer over the lifetime of consumption (Qannam., 2003).

usability of Groundwater for Drinking Purpose

Drinking water standards are generally based on two main criteria, first, the presence of undesirable
tastes, odor and color, second, the presence of substances with harmful physiological properties
(health effects) (WHO, 2011) The use of water for drinking depends on the ionic concentration of
water, dissolved solids (TDS) and other components. Groundwater is considered very important
because it can be used for drinking in some arid and semi-arid areas. The results of the study area
were compared with international standards. It is not fit for human drinking as in Table 8 (WHO,
2007; 1QS, 2009).

Table 8. Standard specifications for drinking water (WHO, 2007; 1QS, 2009)

No. of parameter | Component | 1QS (2009) | WHO (2007) Range values of samples

1 Ca™ 150 75 76-599

2 Mg* 100 125 69-251

3 Na" 200 200 91-453

4 K* - 12 3-30

5 CL 350 250 182 — 722

6 SO,” 400 250 446 — 1024

7 TDS ppm 1000 1000 983 — 3389

8 pH 6.5-8.5 6.5-8.5 7-8

usability of Groundwater for Industrial purpose:

The uses of groundwater for industrial purposes require water that has several characteristics in
terms of quality, because any error in determining its composition as it will reflect negatively on
the quality of production for a particular industry (Hem, 1986) Formulating some standard
specifications for the type of water used in various industries (Crist and Lowry, 1972). These
standards represent the recommended upper limits before adding any additional ingredients. Table 9
represents the uses of water quality for industrial purposes according to standard specifications
according to (Hem, 1986) According to this classification, all water samples are not suitable for all
types of industries as in Table 9.

Table 9. Standard specifications for Industrial purpose water ( Hem, 1986).

Indestory type Ca Mg Cl HCO; | SO, | TDS pH
ppm | Ppm | ppm Ppm ppm | Ppm
Petroleum products 75 30 300 - - 1000 6 -9
Cement Industry - - 250 - 250 600 6.5-8.5
Wood Chemical 100 50 500 250 100 | 1000 6.5-8
Leathers Industry - - 250 - 250 - 6-8
Soft drinks bottling 100 - 500 - 500 - -
Fruit Icing - - 250 - 250 500 6.5-8.5
Synthetic rubber 80 36 - - - - 6.5-8.5
Chemical pulp Unbleached 20 12 200 - - - 6-10
& papers Bleached 20 12 200 - - - 610
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usability of Groundwater for building

The ratings were used to evaluate the suitability of water samples for construction purposes.
Limited proposal from Al-Tufiski Company for building uses Table 10. It is clear from the results
of Table 10 that all groundwater samples in the study area are suitable except HCOj3  is Unsuitable
for construction

Table 10. Limited suggestion for the building uses, by Altoviski (1962).

Cations Concentration | suitability Anions Concentration Water of the
Ho/L (ppm) Hg/L Study
Na* 1160 Suitable Crl 2187 Suitable
Ca™ 437 Suitable S0,” 1460 Suitable
Mg"™ 271 Suitable HCO5 150 Unsuitable

usability of Groundwater for Livestock

Using the proposed standard (Altoviski., 1962; WHO, 2011) which is based on ions and cation to
total hardness and dissolved solids, and according to these standards, when comparing the average
concentrations of the element with what is in Table 11, it was found that the water which suitable
for drinking livestock at a very good rate. By comparing the average concentrations of dissolved
solids with what shown in Table 12, it was found that the water is suitable for livestock and horses.

Table 11. Standards suggested by Altoviski (1962 ) for livestock uses in ppm.

Elements | Very good Recommended Can be | Upper | Wet season | Dry season
Ppm water Good Uses water use limit (ppm) (ppm)
acceptable
Na" 800 1500 2000 2500 4000 76- 858 98 — 888
Ca* 350 700 800 900 1000 81-533 100 — 545
Mg* 150 350 500 600 700 84 -178 105 — 196
CI 900 2000 3000 4000 6000 99 -1335 | 1121350
S0, 1000 2500 3000 4000 6000 | 886-1634 | 900 — 1654
T.D.S 3000 5000 7000 10000 | 15000 | 1506 - 3940 | 1603 — 4045
TH 1500 3200 4000 4700 | 54000 | 1940 - 1399 | 1200 — 3300
Table 12. Standard specifications for animal drinking according to the classification of 29 (WHO,
2011).
ppm TDS Animal type Rang of values of samples (ppm)
2860 Livestock
6435 Horses
7150 Milk cattle 983 - 3389
10000 Meat cattle
12900 Sheep

Usability of Groundwater for Irrigation Purposes:

The chemical and physical properties of water used for irrigation are similar to the types of water
used in agriculture in that it contains dissolved solids, sodium, and toxic ions. The Agricultural
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Nutrition Organization classification FAO (1997).was adopted to evaluate groundwater samples in
the region. The study area and its acceptance of the irrigation schedule 13. We note that the TDS
percentage is very high and is not suitable for irrigation, and the EC values are also high and not
suitable for irrigation as well.

Table 13. Water type accepted for Irrigation according to FAO (1997).

E.c uS/cm DS I;Egrgrdlng Characterizes
100-250 Less than 200 Water little salinity and suitable irrigate
250-750 200-500 Moderately salinity and need filtration
750-2250 500-1500 High salinity and cant use near
9950-5000 1500-3000 Very high and not suitable |;[)|ﬁate and need to desalination
More than . .
5000 More than 3000 Not a actionable irrigate

usability of Groundwater for agricultural purposes:

TDS plays an influential role in groundwater if it reaches plant roots, which reduces their
productivity and increases the soil's ability to filter (Levy and Kearney, 1999). If the concentration
of Na% increases, it reduces soil permeability. If the exchange rate between sodium and calcium
ions increases, the high concentration of bicarbonate may lead to the precipitation of calcium and
magnesium, and thus to an increase in their proportion in calcium, which leads to a decrease in soil
porosity (Heim, 1986). The percentage of sodium (Na%) is calculated from the following equation
(Hamil and Bill, 1986) with a value of epm.

Nao = — Na+K g9
Ca+Mg+Na+K (1)

If Na% exceeds 60%, the water is considered poor quality. Comparing the values in the study
area, we find that all values are less than 60%, and therefore the water is considered good, as shown
in Table 13. Sodium absorption ratio (SAR): It is considered an important criterion for determining
the suitability of water for agriculture because it is a measure of the risk of alkalis/sodium
(Subramani et al., 2005). Richards (1954) defined the sodium absorption ratio (SAR) of water as
follows .

SAR =Na/,/(Ca+Mg)/2 2

Where concentration are reported in (meg/l).

Concentrations are recorded in milliequivalents per liter. The specific absorption rate (SAR)
measures the tendency of irrigation water to undergo exchange reactions in the soil. A high SAR
value indicates the risk of sodium being replaced by absorbed calcium and magnesium, ultimately
damaging the soil structure (Heim, 1985). Water is classified into four categories based on the SAR
values in Table 14. Comparing the SAR results for the study area in Table 14 with Table 15 reveals
that all well water was of excellent quality .
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Table 14. Values of (SAR, Na %) for water samples in study area

Samples no. SAR Na%
1 1.64 30.1%
2 2.77 42.6%
3 2.28 31.3%
4 1.30 26.5%
5 3.85 43.7%
6 2.81 29.5%
7 3.33 48,5%
8 1.26 27.2%

When comparing the results of the SAR in Table 14 for the samples of the study area with the
values in Table 15, as result that the SAR values in the entire study area fall under < 10, and
therefore it all under the first category S1, that, the water quality is excellent.

Table 15. Alkalinity hazard classes of water (Subramani et al., 2005).

SAR Alkalinity hazard Water class Representing samples
<10 S1 Excellent All ground water Samples
10- 18 S2 Good W38 in dry season
18-26 S3 Doubtful | e
> 26 S4 Unsuitable |  —eeeeee

When comparing the results of the study with what is found in Table 16, it is found that samples (1,
2, 3 and 5) show that the water quality is Doubtful, and samples (3and7) that the water quality is
unsuitable, and that samples (4, 8) show that the quality of the water is permissible.

Table 16. Classification of irrigation waters according to (Don, 1995).

EC uS\cm TDS ppm SAR Na% pH Water Quality
250 175 3 20 6.5 Excellent
250-750 175-525 3-5 20-40 | 6.5-6.8 Good
750-2000 525-1400 5-10 | 40-60 | 6.8-7.0 Permissible
2000-3000 1400-2100 | 10-15 | 60-80 7-8 Doubtful
>3000 >2100 >15 >80 >8 Unsuitable

DISCUSSION OF RESULTS

The results were obtained from various analyzes of the water of the study area, where it was found
that the pH values were neutral to slightly alkaline, falling within international standards, The
dissolved solids values in most samples were found to be at lower concentrations when compared to
the international standard values.. Its source may be due to Agricultural runoff/pesticide and sewage
discharge. Or from natural sources such as weathering of rocks. The electrical conductivity values,
when compared with an international standard, were found to be excessively mineral water, with the
exception of the value of well No. (3). As for the validity values of the results obtained, they are
from Table 3, We find that there are some values that fall within the acceptable values, and there are
Some values fall within acceptable risks.

It was found that some calcium ion concentrations in some samples are so high that they exceed the
values of international specifications for drinking water (WHO, 2007). The reason may be due to an
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increase in the ion exchange process between calcium and sodium ions. It is possible that this
increase is the result of groundwater mixing with wastewater in some urban areas in the study area.
When these materials are oxidized, large amounts of carbon dioxide are released, leading to an
increase in calcium ions (WHO, 2007). As for the magnesium ion concentration, it was found that
there are some examples of a higher concentration than the global values for drinking water found
in Table 7. The reason may be due to the ion exchange process and the effect of the evaporation
process, or it is originally present from natural sources from the melting of dolomite rocks. The
most valuable sodium ion is present in the global values of drinking water. Its natural source is
concentrated in sedimentary rocks containing evaporate minerals such as halite (Banat and Howari,
2002), in addition to human activities that have a significant impact on sodium levels in surface and
groundwater (Hem, 1989) and human activities affect sodium concentration. This is due to the
extensive use of salts by households in addition to irrigation water (WHO, 2006). When comparing
the presence of potassium ions in the water of the study area to international standards for drinking
purposes, some of the water contains high concentrations of potassium ions in excess of the
permissible limit. The reason is either from a natural source or due to the presence of wastewater,
irrigation water discharges, and the use of fertilizers (Daly, 1994). The increase may also be due to
the dissolution of sodium bicarbonate in the soil as a result of irrigation operations. Most of the
chloride ion value is higher than what is shown in Table 6. The reason for its high levels may be
due to pollution resulting from industrial wastewater, sewage outlets, irrigation drains, fertilizers,
and water treatment with chloride, which has an effect in increasing the concentration of chloride
ions in the water (WHO, 1996). Or sulfate ions, All the values of the study models are higher than
what is shown in Table 6. The reason may be due to either their natural confiscation or to the
release of sulfate ions by water as a result of their washing from the upper layers of the soil and
their transfer to groundwater. Also, the falling rain contains sulfate ions. Its concentration in
groundwater in the gypsum layer was found to be 1360 ppm. Its concentration in natural waters is
less than 200 parts per million (Richards, 1954). The concentration of bicarbonates was found to be
within the global resource values, and its source was either natural or anthropogenic. The pH of
water indicates the presence of dissolved carbon dioxide, and the presence of carbonic acid is an
indicator. When the pH is below 4.5, bicarbonates are present, and between 4.5 and 8.2, carbonates
are present. When the pH exceeds 8.2, the water is charged with carbon dioxide, which dissolves
carbonate minerals (Davis and DeWest, 1966). Regarding the various uses of the water in the study
area, it was found to be unsuitable for drinking and industrial purposes. However, its use in
construction, cattle and horse grazing, and agriculture was deemed appropriate, based on a
comparison of its concentrations with local and international standards. Finally, the water was
found to be unsuitable for irrigation due to its high total dissolved salts concentrations and electrical
conductivity values, which are too high compared to international standards, and should be disposed
of in the soil.

CONCLUSIONS

The study concludes that water quality depends on its physical properties, including pH, which
ranges from neutral to slightly alkaline. The water is highly saline and mineralized, according to the
electrical conductivity values. The chemical properties reveal that the source of the elemental ions
is either natural or anthropogenic. The water is unsuitable for drinking and industrial purposes, but
is also unsuitable for construction, livestock drinking, and irrigation. Some wells in the study area
are of questionable safety, and some are unsuitable for irrigation. Compared to international
standards, the water is suitable for agriculture, and the water quality is good, based on the values of
the electrical conductivity (EC), total dissolved solids (TDS), specific absorption ratio (SAR),
sodium (Na%), chloride (Cl-), and sulfur dioxide (SO4).
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