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Abstract

In the last period, the Iragi environment witnessed many events and problems caused by the
wars and the destruction of the infrastructure and research systems, including the electricity
system, the spread of these generators caused major problems, especially in the environmental
aspect, with regard to the issue of pollution. In this study, the city of Mosul was chosen for the
purpose of measurement gas (H2S), gas (SO2) and gas (NO2) resulting from the exhaust of
the generator, as (18) generators were selected in each side of the city with an average of (36)
generators. The process of measuring the gases coming out of the generator exhausts was
done with the height of the exhaust, and this method is the best way to measure the gases, but
taking into account the different dimensions, which are (2, 5, and 8) meters. The research
concluded that there are clear differences between the concentrations of gases from one
generator to another, and the reason for this is due to the difference in the generating capacity
of the generators in addition to the age of the generator, and the results of the study showed
that most of the results for gases (sulfur dioxide, nitrogen dioxide and hydrogen sulfide) were
higher than the permissible global and Iragi limits for gaseous pollutants.

Keywords: Air pollution, Electric generators, SO,, NO,, H,S, Mosul.
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Abstract

This study evaluated soil pollution by some heavy metals and statistically analyzed it in
industrial and residential areas within the city of Mosul for two seasons (autumn and spring
2023). Six different sites were selected from the city of Mosul, with a total of (48) samples at
a depth of (0-15) cm of surface soil. The research included measuring the physical and
chemical properties that control the distribution of heavy metals in the soil and comparing
them with global standards, and observing the impact of industrial and human pollution
sources that are deposited in the soil without treatment, which negatively affects the properties
of the soil and its different uses.

Physical tests of soil texture showed that it ranges between (mixed, sandy mixed, sandy-
clay mixed). The results of chemical tests showed that the soil acidity was neutral to alkaline,
as its rates varied between (7.09-7.88) and its highest value was in the autumn season. While
the rates of soil electrical conductivity values ranged between (0.75-4.04) milli/cm, in addition
to the rates of organic matter values, which were between (1.53-2.43)%.Soil sample analysis
revealed that all industrial areas were contaminated with zinc, with concentrations surpassing
global standards at 1187 parts per million. The Valley of Akkab Industrial area exhibited the
highest zinc pollution, followed by the Karameh Industrial area. Nickel concentrations
exceeded global standards in both industrial and residential areas, decreasing during the spring
due to rainfall. The study indicated that cadmium concentrations did not surpass globally
allowed limits, ranging between 0.08 to 0.17 parts per million. Additionally, arsenic
concentrations increased during the spring in both industrial and residential areas, reaching a

peak of 55.10 parts per million in the Kokjli area during autumn.

Keywords: Soil pollution, heavy metals, statistical analysis, industrial areas, pollution
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Abstract

This study aimed to find the mechanical recycling of plastic waste to product plastic slices
and cylindrical shape plastic materials as raw plastic with simple, low-cost, environmentally
friendly processes with safe disposal of plastic waste, which is a practical approach to reduce
their volume by 55%, and maintain the depletion of natural resources to reach the concept of
sustainability, through the mechanical recycling of many plastic waste such as polyethylene
terephthalate (PET), high-density and low-density polyethylene(PE). Plastic waste types were
founded in different quantities as a result of the multiple uses of plastic materials, which
included according to their chemical composition the main types of plastic, polyethylene
terephthalate(PET), high-density and low-density polyethylene(PE), polyvinyl chloride
(PVC), polypropylene(PP), polystyrene(PS) and other(O). These types of plastic were
represented in different plastic materials in multi-uses for each type. The results showed that
the productivity of plastic waste types per person each day in Al Hawija district affiliated to
Kirkuk Governorate ranged from (0.41 Kkg), to (0.21kg), with an average of (0.24
kg/person/day), and that were due to the difference of families in terms of the economic,
subsistence and cultural level which affected waste productivity, as well as the difference in
the numbers of persons for each family. Among the different types of plastic materials,
polyethylene tetravailate, low and high density polyethylene represented the large percentage
of plastic waste productive with(16-40%) according to (0.225- 0.008 kg/ person/day), while

other types of plastic materials were mostly found in close quantities.

Keywords: Plastic waste, polyethylene terephthalate (PET), Hawija district
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ABSTRACT

This study was conducted to investigate the effect of continuous exposure to
environmental pollutants on the liver and kidney functions of individuals living in
the city of Mosul (urban area) and Sheikhan district (rural area). In the current study,
(80) blood samples were collected from males only, non-smokers, non-drinkers, and
healthy individuals with chronic diseases, their ages ranged between (21-55) years.
The samples were divided into two groups, where the first group included (40) blood
samples from individuals from the city Mosul, while the second group included (40)
blood samples for individuals from the Sheikhan district and the same age groups.
Venous blood samples were collected at a rate of (4-6) ml from each person, taking
into account the exclusion of any decomposing samples (Hemolysis) in order to
exclude any false result.

The results in this study showed that there was a significant increase in Alkaline
Phosphatase (ALP) enzyme activity, Aspartate Transminase (AST) enzyme activity,
The activity of Alanine Aminotransferase (ALT) enzyme, Urea concentration,
Creatinine concentration and Glucose concentration in the group of males living in
Mosul city compared with the group of males living in Sheikhan district.

Keywords: Air Pollution, ALP , AST, Creatinine.
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Abstract

The catalytic reaction unit (reactor) is an essential component of any industrial unit. The
correct selection and design of this part of the project affects the success of the entire
industrial unit while transferring the laboratory experiment of the proposed sulfur purification
method (thermal catalytic method) from the limited laboratory quantity to the industrial scale.
In such a case, the information available is rather limited and is mostly determined by
detection and comparison. It makes the use of a trigger in the process more difficult because
it increases the number of variables that must be taken into account. This study examines the
catalytic effect of metallic salt, which has a positive and significant impact on the operational
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conditions of the reaction. A high percentage of purity of sulfur was obtained by isolating it
from hydrocarbons by choosing the best conditions for the added catalyst, such as
temperature, concentration, and time. The catalytic pattern of the material was deduced
through a number of experiments and measurements using Scanning electron microscope,
Infrared spectrum and thermogravimetric analysis. Comparing the emission of hydrogen
sulfide gas with previous methods and the catalytic method.

Key words: Hydrocarbon, Hydrogen Sulfide, Reactor, Catalyst, thermal carbonization
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Abstract

In this research, some materials were used, including poly methyl methacrylate (PMMA) as
a base material with chloroform as a pure solvent (99.8%) in addition to Copper (II) Sulfate
(CuS0Q,) as an activator for the base material in percentages (25%, 50%,75%), the samples
were subjected to several tests including X-ray diffraction (XRD). On the other hand, the
results from the highest level of crystallization through the distinctive peaks at the activation
percentage (25%) through the scanning electron microscopy (SEM) images, the nodal
structures liberating gases appear with dimensions (0.24 pum - 0.27 um) mostly it is a result of
the overlapping the surface interactions between the activation material and the base material
at the activation percentage (25%),through the atomic force microscopy (AFM) images, the
lowest surface roughness of the thick film at the activation percentage (75%) is around (46.4
nm), that is it gave the highest correlation between the activation material and the base
material, and this reflects the stability of the activation material with the base material.

Keywords: Copper (1) Sulfate, Poly Methyl Methacrylate(PMMA) , Thick Films ,
Casting Method.
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Introduction

Poly methyl methacrylate(PMMA) a thermoplastic polyester with outstanding
characteristics such as lightweight, low price, easy processing, excellent transparency, and
biocompatibility(Ogonczyk et al., 2020).

Based on these excellent properties, it is widely used for the production of medicine and
dentistry materials, photosensitive plastics, electrically conductive composite materials,
thermally conductive composite materials (Gupta et al., 2021).

Polymers are the most common materials in industries with medical, construction, energy,
and electronic applications (Govindarajan., 2014).

In particular, thermoplastic polymers such as polystyrene (PMMA), have become a material
mainly used for microfluidic devices due to advantages such as transparency and
biocompatibility (Saman et al., 2021).

Poly methyl methacrylate has received great attention due its unique properties such as,
excellent mechanical properties (Tsai et al., 2008), thermal capability and electrical
performance low optical absorption, simple synthesis and low cost , high transparency in the
visible region, low refractive index possible to use in nonlinear optics (Poornesh et al., 2010).

Research to obtain surface properties suitable for each application has been actively carried
out while maintaining the advantages of polymer. In addition, surface modification techniques
have broadened the applications and have been used effectively (Valandro et al., 2014).

In this study (PMMA) was the focus, which is one of the most common plastics for to its
excellent biocompatibility, high optical transparency, and suitability for mass production, the
wettability of polymers is an important property directly related to adhesion, color ability,
biocompatibility, and electrical properties (Bel et al., 2021).

Various surface treatment methods, such as physical chemical, plasma, annealing, and
patterning, have been developed and reported to increase the surface energy of (PMMA) to
enhance the wettability of poly methyl methacrylate (PMMA) and to positively affect its
adhesive characteristics (Scheicher et al., 2014).

Materials and Methods

- Poly methyl methacrylate(PMMA) which was used in this study was obtained from (sigma-
aldrich, 99.5%).
- Chloroform pure (99.8%).

- Copper(Il) Sulfate (CuSQOy,).

The polymer which used (PMMA) thick films preparation in this study was poly methyl
methacrylate (PMMA) and chloroform with a purity of (99.8%) as a solvent for the polymer,
grinding the polymer to facilitate the dissolution process into small granules by dissolving
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each (5gm) of the polymer In (100ml) of chloroform in well-closed glass containers for (24hr)
to complete the dissolution process then, adding the activation material to the polymer, which
is (CuSQy4), As in the table (1), an amount by weight depending on the percentages
(25%,50%,75%) after adding a activation material (CuSQ,) to the dissolved polymer, the
mixing process manually takes place for (15min), the casting method was used to prepare the
samples, after which the manufactured models are left for (48hr) to dry completely.

The thickness of the films produced (1mm) using a digital thickness gauge vernier caliper,
with the use of a (2.5cm*2.5cm) template to get the surface area (6.25 cm?).

Table (1) Weights and percentages of CuSO,

CuSOq, Weights(gm) %
1 1.25 25
2 2.5 50
3 3.75 75

Results and Discussion

1. X-ray diffraction (XRD) Analysis

Analysis of the X-ray examinations of the sample, the base material, with of (25%0) of
Copper (1) Sulfate (CuSQ,) is added.

Figure (1) shows X-ray diffraction (XRD) spectrum of the sample, with the activation
percentage (25%) of Copper (1) Sulfate (CuSO,4) from the weight of the raw material
(PMMA), from figure (1) some distinct peaks appeared with fine ends, which reflect the
purity of the activation material, as the highest peak appeared at (16) degree with intensity
(1750) and another distinct one at (48) degree with intensity (1500) to conclude that this
percentage of activation caused this degree of bonding with the basic material on the one
hand, and the appearance of crystallization on the other hand.
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Figure 1: The X-ray spectrum of the substrate of the base material in which
(25%) of CuSO, is added.
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Analysis of the X-ray examinations of the sample, the base material, with of (50%0) of
Copper(ll) Sulfate (CuSQ,) is added.

Figure (2) shows the X-ray diffraction (XDR) spectrum of a base material sample with an
activation percentage of (50%) of Copper (Il) Sulfate (CuSO,), and it is possible to clarify the
most important observations that appeared represented by the appearance of a clear random
spectrum with some significantly lower peaks, the intensities of spectrum ranges from (100-
1100) this percentage of activation gave a random spectrum, as a result of the high correlation

between the support material, Copper (I1) Sulfate (CuSO,4) with the poly methyl methacrylate
(PMMA).
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Figure 2: The X-ray spectrum of the substrate of the base material in which (50%) of CuSQO, is added

Analysis of the X-ray examinations of the sample, the base material, with of (75%0) of
Copper(ll) Sulfate (CuSQ,) is added.

Figure (3) shows X-ray diffraction (XRD) spectrum of the base material sample activation
percentage (75%) Copper (11) Sulfate (CuSQO,) by weight of the base material (PMMA) through
figure (3) there are some characteristic
Figure (3) shows the (15) degree, which gave the characteristic crystallinity in particular, with
very weak peaks along the spectrum, whose intensity ranges from (500-750), with a random
spectrum between these peaks, and the intensity of the spectrum the spectrum is high (20-
1000).

This case can be explained by the effect of the activating material in certain locations on the X-
ray spectrum through the interactions that occur between the activating material Copper (1)
Sulfate (CuSO,) and the base material, poly methyl methacrylate (Lapshin et al ., 2010).
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Figure 3: The X-ray spectrum of the substrate of the base material in which (75%) of CuSO, is added
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2. Scanning Electron Microscopy(SEM) Analysis

Scanning electron microscopy analysis of the base material to which (25%) of Copper (1)
Sulfate (CuSO,) was added.

Image (a) of figure (4) shows the scanning electron microscopy (SEM) of the sample
activated with (25%) of Copper (Il) Sulfate (CuSO,) at magnification of (1um) where the
straight structures appeared in a distinctive way that is the result of the interaction of membrane
materials in between them.

Image (b) of figure (4) shows the scanning electron microscopy of a sample with an
activation percentage of (25%) for (CuSO,) at a magnification linear structures (2pm) ranging
from (0.24pm - 0.27um).

Image (c) of figure (4) shows a scanning electron microscopy (SEM) of a (25%) activated
sample of Copper (I1) Sulfate (CuSO,) at a magnification (5um) It gives an image of the pattern
indicating a disturbance that takes the form of a bottom and contains structures within it. In
addition, these structures are scattered in different locations, and these structures are the result
of the interaction of thick film materials as well.

& .
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Figure 4: SEM Images base material with (25%) CuSO, added

Scanning electron microscopy analysis of the base material to which (50%) of Copper (1)
Sulfate (CuSO,) was added.

Image (a) of figure (5) shows a scanning electron microscopy (SEM) of the substrate with an
activation percentage (50%) of Copper (Il) Sulfate (CuSO,) at magnification (200 nm) some
structures appeared with dimensions ranging from (68.00 nm - 91.28 nm) in addition to the
presence of gaps and pore openings as a result of the release of gases due to surface interactions
between the thick film materials between them (Akhtar et al., 2018).

Image (b) of figure (5) which gives an image of the shape with a magnification of (1pum) and it
is noted from the figure that there are some objects and structures that are in the form of nodular
clusters, which represent sites with surface energy resulting from the release of gases as a result
of interactions between the activation material and the base materials as well.
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Image (c) of figure (5) at magnification (2um) shows that some structures appeared more
extensive which is likely due to gas release as a result of interactions between the base material
and the activation material.
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Figure 5: SEM Images base material with (50%) CuSO, added

Scanning electron microscopy analysis of the base material to which (75%) of Copper
(I1) Sulfate (CuSQO,) was added.

Image (a) of figure (6) shows a scanning electron microscopy (SEM) of a sample of the
substrate activated by (75%) Copper (1) Sulfate (CuSO,) and at magnification (200nm)
nodular structures with dimensions (57.59nm - 65.01 nm) which represents the effect of the
activating material on the base material as a result of increasing the addition.

Image (b) of figure (6) of the sample at magnification (1um) shows that the same
observations appeared in sample (a) and the nodular structures appeared in a more extensive
manner.

Image (c) of figure (6) of the sample when magnified (20um), a dislocation was observed in
the structure of the base material, taking a concave oval shape in which the cortical structures
are densely concentrated, which is what usually causes the surface interactions between the
activation material and the base material to be high (Drzezdzon et al., 2019).
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Figure 6: SEM Images base material with (75%) CuSO, added

3. Atomic Force Microscopy(AFM) Analysis

Analysis of the atomic force microscopy examination of the samples with the addition
percentages of (25%, 50%,75%) of CuSO,.

Image (a) from figure (7) an image of the surface roughness of the sample with activated
(25%) Copper (Il) Sulfate (CuSO,) hologram shows clearly showing the presence of pores
within the scanned area (12.4um * 12.4um), as well as the pore size or the structures on the
surface, the measured sample is about (561nm), the reason for this roughness is due to the fact
that the atoms of the activation material are few, and thus the interfacial distances between the
atoms are large (Xue et al., 2020).

Image (b) figure (7), which represents the surface roughness of the model with an activation
percentage (50%) of Copper (Il) Sulfate to (CuSQO,4) by weight of the base material.It is a
three-dimensional image that clearly shows the presence of pores inside the scanned area,
which is (16.1um * 16.1um) in addition to the size of the pores or structures on the surface of
the measured sample about (206 nm), and this means that increasing the percentage of the
activation material led to a decrease in roughness as a result of interference The atoms bond to
each other due to the close interfacial distances.

Image (c) of figure (7) represents the surface roughness of the sample with the activation
percentage (75%) of its Copper (Il) Sulfate (CuSQ,), a three-dimensional image that clearly
shows the presence of pores inside the scanned area (7.37um * 7.56um), in addition to the
size of the pores or structures on the surface are almost the same (46.4nm), this means that the
more the activation material is added to the substrate, this contributes to reducing the
roughness of the surface of the sample, which reflects the increased bonding of the activation
material with the matrix.
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Conclusions

After analyzing and interpreting the results of this study, the conclusions were as follows:
The highest value of crystallinity in the X-ray diffraction(XRD) examination at the

activation percentage of (25%) is due to the characteristic peaks of the spectrum through the
scanning electron microscopy (SEM) images, the nodal structures liberating gases appear with
dimensions (0.24pm - 0.27um) mostly it is a result of the overlapping the surface interactions
between the activation material and the base material at the activation percentage (25%),
Increasing the activation rate led to a reduction in the surface roughness of the membrane, as
atomic force microscopy (AFM) images showed that the lowest surface roughness of the thick
membrane was at the activation percentage (75%), which is about (46.4nm), meaning that it
gave the highest bond between the activation material (CuSO,4) and the base material

(PMMA), and this reflects stability of the activation material with the base material.
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Abstract

Co-pyrolysis of waste tires (WT) and date seeds (DS) in a batch-vertical reactor under an
inert atmosphere was accomplished to produce pyrolytic chat (PC), which was employed in
producing activated carbon (AC) by the optimized method with KOH. The operating
circumstances for the KOH-activation route were optimized, such as the ratio of KOH: PC,
temperature of activation (500 - 900 °C), and period of activation (30 to 150 min).
Impregnating the PC with 2:1 KOH: PC with activation at 700 °C for 1h produced the best
AC sample. The latter was identified for its ~ FESEM, XRD, BET surface area, EDX, and
pore volume, and the outcomes showed that it possessed 371.56 m?/g surface area with a
3.81nm mean pore diameter, signifying its mesoporosity. Stripping DBT form model gasoline
(200 ppm DBT/hexane) besides purifying polluted water from 200 ppm Erichrome Black T
(EBT) dye were achieved by the as-synthesized AC. A removal efficiency of 95.45 %
employing 0.30 g of AC at 25 °C for 30 min was achieved with model gasoline, while
stripping EBT from the contaminated water amounted to 98.97 % at 25 °C for 60 min with
0.20 g of the AC. Finally, the AC showed a reasonable reusability for several cycles with a
considerable efficiency.

Keyword: Co-pyrolysis; Waste tires; Date stones; Activated carbon; Adsorption of DBT and
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Introduction

Adsorption has proven its efficiency in eliminating numerous contaminants from various
liquid phases. Most industries, including textiles, cosmetics, rubber, fabric, plastics, and
printing, employ dyes in producing colored goods. Among the most effective adsorbents that
gained more concern is the activated carbon (AC), which proved its ability to be a promising
adsorbent for eliminating inorganic and organic pollutants from various phases as an outcome
of its thermal stability besides its high porosity and surface area [1]. It could be synthesized
from multiple feedstocks, including bio-wastes, particularly lignocellulosic wastes [2] and
synthetic wastes, like waste polymers[1]. The production of AC from aforementioned
precursors is usually accomplished by the physical or chemical activation routes [2]. The AC
was widely applied in the purification of liquid phases from various pollutants. One of the
most utilization of the AC in the treatment of liquid phase is the elimination of organic dyes.
It was estimated that 7 x 10° tons of dyes are produced annually worldwide, and
approximately 2% of these dyes end up in aqueous environments [3]. The presence of dyes in
water is associated with multiple undesirable effects, including inhibiting bacteria growth and
photosynthesis in aquatic plants. It is responsible for both short and long-term diseases that
threaten humankind's life, such as skin allergies, cancer, dermatitis, mutations, and irritation
of the skin [4]. Moreover, these dyes, even in low concentrations, can affect marine life and
the food chain. In addition, most of the dyes are either highly carcinogenic or highly
poisonous [5].

The combustion of fuel oils results in the emission of sulfur oxides (SOx), which are known
to negatively influence the surrounding environment. Acid rain, respiratory difficulties, and
smog are among the most problematic consequences of releasing SOy into the atmosphere.
Besides the former effects, the combustion of fuels containing S-compounds causes
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equipment corrosion in addition to the deactivation of the catalyst [5]. As such, several
countries restricted the total amount of S-compounds in fuels, including the Europe Union, to
10 ppmw at maximum [5]. Numerous technologies, including hydrodesulfurization (HDS),
extractive desulfurization, biodesulfurization (BDS), oxidative desulfurization (ODS), and
adsorptive desulfurization (ADS), were applied in lessening S-compounds below an allowable
threshold following regulatory requirements. In this regard, the ADS has received more
concern based on utilizing multiple adsorbents [6]. Among the most effective adsorbents
employed in the ADS is the AC. Nonetheless, employing KOH-activation method for
producing AC from a binary blend of waste tires (WT) and date seeds (DS) has not been
established in the literature. Additionally, stripping dibenzothiophene (DBT) from synthetic
model of gasoline besides eliminating Erichrome Black T (EBT) dye from wastewater, have
not been announced yet to the best of our knowledge far as we concerned, which inspired us
to adopt this research work. Herein, a mixture of WT and DS was co-pyrolyzed to yield
pyrolytic char (PC), which was later converted into AC using KOH as an activator. The AC
was produced according to the optimized method, and the best sample of the AC was
characterized employing many techniques. The AC was employed in the stripping DBT from
model fuel besides removing EBT dye from synthetic wastewater as well.

Materials and methods

1. Materials

The DS were collected from the local market, while the ground WT were brought from the
industrial area in Mosul city, Irag, and sieved to obtain 60 mesh particles. The DS was
pulverized and screened to attain a particle size of 60 mesh. The particles of DS and WT were
thoroughly washed with tap water to strip impurities attached to them, followed by drying in
an oven at 80 °C for 24h. Analytical reagent grades chemicals, like iodine solution (0.05
mol/1,0.1 N), NaOH, pellets (98.50 %), Na,S,03.5H,0 (99.0 — 100.5 %), HCI (36.5 — 38.0 %),
and n-Hexane (99.0 %) were acquired from Scharlab (Scharlab, Barcelona, Espafa), while
dibenzothiophene (DBT,98%) was brought from Sigma-Aldrich. Chemicals were
implemented without any pre-treatment.

2. Co-pyrolysis experiments of WT and DS

Thermal pyrolysis experiments were accomplished using an equal blend of WT and DS
(50:50 WT:DS w/w). The pyrolysis experiments of the said blend were carried out in a
vertical fixed-bed reactor with a 5 cm internal diameter and a 50 cm height. About 30 g of the
mixture reactor was placed into the reactor, which was then flushed with nitrogen for 10

minutes before heating the feed so as to generate an inert environment. After the reaction was
complete, the reactor was left for 30 minutes at room temperature to cool down. The PC were
then taken out and weighed. The yield of the PC was calculated as follows [7]:

Vield of lytic char (%) = Weight of char produced (g) % 100 1
leld ofpyrolytic char (%) = Total weight of blend utilized (g) M
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3. AC synthesis and identification

The PC left after co-pyrolysis of the WT and DS was implemented as a precursor for
creating AC using KOH as the activating agent. At first, the char was pulverized and sieved to
attain 60 mesh particle size. The char (5.0 g) and the KOH were mixed at multiple mass ratios
(1:1, 1.5:1, 2:1, 2.5:1, 2.5:1, and 3:1). To homogenize the mixture, water was added to assure
that the KOH was entirely dissolved. The attained blends were stirred for 5h at room
temperature at a 300 rpm stirring rate. Afterward, water was removed from the mixtures
through evaporation. After drying, the samples were thermally activated at the appropriate
temperature for a period of time at a 20 °C/min heating rate. After activation, the samples
were allowed to cool to ambient temperature. Next, they were immersed in 0.1 M HCI to
eliminate the unreacted KOH, followed by consecutive washing with warm DW until getting
natural water [8]. After dying them at 105 °C for 5h, the AC samples were stored in a well-
sealed co Calculating the yield of AC was done employing the following formula [9]:

AC yield (%) = Mass of the AC produced (g) X 100 5
yie /™ " Mass of PC employed (g) @

Optimizing AC creation was done by inspecting the influence of the impregnation ratio of
KOH: PC, the activation temperature (500 — 900 °C), as well as the duration of activation (30-
150 minibus) on the AC yield and iodine number (IN), which was measured as per the GB/T
12496.8-2015 test method [10].

4. Diagnosis of the optimal AC

To detect the energetic groups on the AC surface, the KBr pellet method was implemented
employing an FTIR spectrophotometer (JASCO V-630, USA) in the 4000-400 cm™ range.
The AC surface morphology was scanned on a FESEM (TESCAN MIRA FESEM, the Czech
Republic), which was linked to an energy-dispersive X-ray spectroscopy (EDX, Oxford
instrument, UK) to quantify the elemental composition of the AC. Specifying the textural
features, pore volume besides the specific surface area (SAger) and the pore diameter of the
perfect AC, was recorded on a BELSORP MINI I1I, Japan,. At the same time, the was
quantified employing was employed to identify. The SAger of the best AC was specified by
fitting the N, isotherms to the Brunauer-Emmett-Teller (BET) equation. AC XRD pattern was
acquired using a Malvern Panalytical X-ray diffractometer, the UK, employing
monochromated Cu Ka radiation.
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5. Adsorption trials

The adsorptive efficiency (AE) of the previously mentioned AC was tested by its ability to
adsorb DBT from model fuel and EBT dye from its aqueous phase. All the adsorption tests
were accomplished in a temperature-controlled shaker. Preparing the stock solutions of DBT
and EBT were carried out through dissolving 0.50 g of DBT in 1L of n-hexane and DW,
respectively. The adsorption experiments were accomplished using 25 mL of DBT solution
and 100mL of EBT solution after being mixed with the proper mass of the AC. The mixtures
were shaken at 30 °C and 250 rpm. When the equilibrium was attained, the samples were
centrifuged at 5000 rpm for 5 minutes, and the residual concentration of the aliquots was
spectrophotometrically determined on a UV—Vis spectrophotometer (Shimadzu model, Japan)
at the maximum wavelength of 325 nm for DBT [11] and 498 nm for EBT [12]. Eq.(6) was
applied in determining the AE (%) of DBT or EBT. At the same time, equation (7) was
utilized to specify mount of DBT or EBT adsorbed (ge, mg/g) at equilibrium.

AE (%) = @x 100 ......(3)
0
(Co - Ce) \Y%
Qe = 2 4)

where, Co and C. represent, respectively, the initial and equilibrium concentrations of the
pollutant (mg/L), whereas V and W indicate the volume of the pollutant solution and quantity
of the AC implemnated upon the adsorption. The DBT or EBT initial concentration (50, 75,
100,125,150,175, and 200 mg/L) and AC mass (0.1- 0.4 g), temperature of adsorption (10°-60
°C), and period of adsorption (30-350 minutes). Adjusting pH of the EBT solutions was
perforemd employing (0.1N) of HCI or NaOH.

Results and Discussion

1. Synthesis of AC

The transformation of the PC leftover the thermal destruction of mixed WT+DS at 500 °C for
60 minutes using 40 mesh particles size into AC using KOH as an activator was accomplished
through exploring impact of the impregnation ratio of KOH besides the activation temperature
and duration on the yield and IN of the AC.
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Figure 1. Effect of (a) impregnation ratio of KOH, (b) activation temperature, and (c) activation duration
on the yield and IN of AC.

Assessing the effect of the activator: feed impregnation ratio was carried out by trying
multiple impregnation ratios ranged from (1:1 — 1:3 feed: KOH), while the activation
temperature, activation period, and rate of heating were maintained fixed presented in the
legend of Fig.1(a), which showed that the yield of the AC diminished with a further increase
in the amount of the activator employed in the preparation as an outcome of the intense action
of KOH promoted the oxidation and gasification reactions of the char, causing a decline in the
AC vyield [13]. The outcomes achieved here were analogous to those established for AC
samples created from the coke obtained by the thermal destruction of atmospheric distillation
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residue besides the biochar creating from waste peels of potatoes via KOH- activation [11,14],
respectively. Increasing the impregnation ratio of KOH from 1:1 to 2:1 improved the IN of the
resulting AC from 345.12 mg/g to 486.23 mg/g, as presented in Fig.1(a) This finding may be
due to the conversion of KOH into K,COgs, which is further decomposed into CO, and K;0.
Thus, the intercalation of potassium compounds in the carbon lattice will increase, creating a
more porous structure. Thus, the IN of the resultant AC increases [13]. The impregnation
ratios of KOH above 2:1 lessened the IN. The overdose of KOH promotes the further reaction
of KOH to the carbon and destroys the as-created microporous structure into meso- and
macropores, leading to a decrease in the IN [15].

Evaluating the activation temperature influence was performed by carrying out the
activation of the samples at different temperatures in the range of 500-900 °C, with preserving
other variables fixed as demonstrated in the legend of Fig.1(b). The AC yield lessened when
the activation temperature increased from 500 °C to 900 °C as an outcome of further thermal
decomposition the carbon structure of the PC with raising the activation temperature, leading
to the maximum elimination of non-carbon ingredients in the form of volatiles. Thus a new
pure carbon skeleton with a lower yield will be created [16]. Also, higher activation
temperatures with a high amount of the activator will accelerate the gasification of more C
atoms from the pyrolytic char composition, giving rise to a lower AC vyield[11]. Hasan and
Fadhil[11] declared similar observations. Fig.1(b) also exhibited that the IN of the
synthesized AC improved from 375.12 mg/g to 486.23 mg/g as the activation temperature
increased from 500 °C to 700 °C. The pyrolytic char will suffer from further thermal
decomposition with increased activation temperature. This will enhance the creation of AC
with a higher porous structure as an outcome of eliminating the non-carbon gases from the
authentic skeleton of the char, besides further gasification of the C-atoms leading to an
increase in the IN[16]. Nonetheless, activation temperature above 700 °C dropped the IN of
the produced AC due to the micropores widening besides the decomposition of microporous
structure at higher temperatures into larger pores (meso and macro-pores)[17]. These findings
aligned with those established in the literature [11,15,17].

Multiple periods ranged from 30-150 min were tried upon the activation of the samples,
with keeping other variables fixed, as illustrated in the legend of Fig.1(c). It was noticed that
extending the activation period was accompanied by a diminish in the yield of AC. The
prolonged activation time causes a severe decomposition of the PC. Also, with considerable
amounts of the activator besides the high activation temperature, extending the activation
period will cause further removal of non-carbon elements from the char structure, causing a
decrease in the AC yield [11,14]. These outcomes were also announced by several researchers
[11,17]. The IN of the resulting AC improved from 455.23 mg/g to 525.41 mg/g with
extending the activation duration from 30 minutes to 60 minutes, as presented in Fig.1(c). The
porous composition of the resulting AC will damage with the exposure of AC carbon at the
elevated temperatures for extending periods [18,19]. The outcomes are comparable to those
declared by other rebreathers [11,16].
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2. Diagenesis of the AC

The AC sample created employing 2:1 KOH: PC impregnation ratio at 700 °C for 1h at a
heating rate of 20 °C/min, was examined by numerous techniques to examine its texture,
morphology, chemical, and physical features. The FESEM, whose images are demonstrated in
Fig.2 at various magnifications, was employed to identify the morphological characteristics of
the as-obtained AC. The AC surface was rough and unequal. It also contained multiple pores
and cavities of various sizes with the occurrence of some grains. Such a rough and porous

structure surface helps to eliminate numerous pollutants in the liquid phase.

. - s
W 4 W T 3 A TR

2, " 0 o S
| 'WD: 7.01 mm SEMHV:50kV | WD: 7.01 mm
SEM MAG: 25.0 kx | Det: In-Beam SE 2 ym SEM MAG: 100 kx | Det: In-Beam SE 500 nm

Figure 2. FESEM images of the prepared AC at different magnifications.

The EDX map, which shows the elemental analysis of the as-created AC, is presented in
Fig.3. The main elements that formed the AC were, C (88.20%), O (9.20 %), K (1.20 %), Si
(0.60 %), CI (0.30 %), Al (0.30 %), and Ca (0.20 %). Based on these outcomes, the
occurrence of K and O demonstrates the formation of K,CO3 as an intermediate phase upon
activation.

Element WL%

c 88.20
9.20
1.20

0.60

0.30
0.30
0.20

Figure 3. The EDX map of the resulting AC.
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The XRD diffractogram of the so-acquired AC is offered in Fig.4, which displayed a binary
very broad reflection peaks at nearly 20 = 26.15 © and 20 = 43.32 °. These brad reflection
peaks are typical peaks of disordered aromatic rings structure, designating the amorphous
nature of the AC [8]. With an amorphous nature, the AC is essential for adsorption as more
adsorbate species will be trapped in its empty pores and voids [20].

500 -
400 +
300

200

Intensity (counts)

100

o T T T T 1
20 40 60 80 100

2theta (deg)

Figure 4. The XRD diffractogram of the resulting AC.

Fig.5 refers to the N, adsorption-desorption isotherms besides the pore size distributions for
synthesized AC. The isothermal profile of the AC coincided with Type IV with Type H4
hysteresis as per the IUPAC classifications [21].
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Figure 5. No-adsorption-desorption isotherms and pore size distribution of the AC.

The mismatch of the adsorption-desorption isotherms curves of the adsorbent is responsible
for mesoporosity in the adsorbent due to particles' aggregation. It is not an essential
mesoporosity (pores inside the particle) but the melting of several merged carbon particles [8].
The specific surface area calculated following the BET method (SAger) for the AC was
371.56 m?/g. The mean pore diameter of the AC was 3.81nm, demonstrating the mesoporous
nature of the as-obtained AC. The BHJ surface area for the AC was 78.60 m?/g, indicating
mesoporosity participation of 21.15 %.
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3. The AR experiments

The AR trials of DBT and EBT from synthetic models of fuel and water, respectively, were
accomplished by the typical AC. The effect of utilizing various concentrations of DBT or
EBT (25-200 mg/L) on their adsorption capacity over the AC is demonstrated in Fig.6(a) with
keeping the AC mass, temperature, and time fixed at 0.25 g, 35 °C, and 120 min, respectively.
It is evident from Fig.6(a) that the adsorptive capacity of DBT and EBT enhanced as their
initial concentrations increased from 25 ppm to 200 ppm. The finding could be due to an
increase in the adsorbate driving power, including Vander Waal's force to the adsorption
positions of the AC surface at the elevated concentrations of the adsorbate. Similar
consequences were established by Hasan and Fadhil[11] and Zeydouni et al.[22] during the
elimination of DBT from model fuel and EBT from wastewater over the AC originated from
atmospheric distillation residue and surfactant-modified clay, respectively.

Several experimental trials were carried out with varying dosages of the AC (0.05 — 0.50 g)
at 200 mg/L of the adsorbates (DBT or EBT) mg to determine the effect of adsorbent dosage
on the AR % of both pollutants. These tests were accomplished employing 200 mg/L of DBT
or EBT solution at 35 °C for 120 min. Fig.6(b) revealed that an increment in the AR % of
both pollutants accompanied the increasing AC dosage. This is because the increase in the
adsorbent dosage is linked to an increase in its surface area and the number of adsorption-
effective binding positions [12]. However, the dosage that led to the maximum elimination of
DBT from the liquid was 0.35 g, while 0.20 g of the AC was enough to achieve the ultimate
removal of EBT from water. The variation in the amount of AC required to achieve the best
elimination of pollutants from the liquid medium could be ascribed to many reasons,
including the molecular size of the adsorbate, pore size of the adsorbent, and nature of the
medium (water or hexane). Nevertheless, an overdose of AC caused a drop in the entire
surface area accessible for adsorption and an expansion of the diffusion path, resulting in a
decline in the AR % of both pollutants from their liquid phases. Also, overlapping of the
significant places on the AC surface could happen at the overdose of AC, which diminishes
the number of energetic sites on the AC surface ready for adsorption [11]. Following the
literature, DBT elimination by the AC created from atmospheric distillation residue [11] and
EBT removal from the aqueous phase over the AC developed from waste tires rubber [12]
announced similar consequences.
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Figure 6. Impact of (a) DBT and DBT initial concentration, (b) AC dosage, ()

Temperature, and (d) time on the adsorption process.

Assessing the temperature’s influence on the AR % of DBT and EBT employing the so-
prepared AC was accomplished by conducting several experiments at multiple temperatures
(10 - 60 °C) using 200 mg/L of DBT or EBT solution and 0.20 g of AC for DBT and 0.30 g of
AC for EBT for 120 min. Fig.6(c) showed rising the adsorption temperature was accompanied
by a decline in the AR % of both pollutants, suggesting the exothermic nature of the
adsorption process. The diminish in the AR% of DBT and EBT with rising temperature may
be ascribed to multiple factors, including the tendency of the adsorbed species of pollutants to
be desorbed from the AC surface in the liquid phase [23]. Moreover, with the rising
adsorption temperature, shrinkage and alteration of the AC surface's energetic positions may
occur, which then increases the mobility of the pollutant species, and lessens the AC energetic
surface area [23]. The adsorption of DBT and EBT over AC samples created respectively
from atmospheric distillation residue [11] waste tires rubber [12] exhibited similar
consequences.

Diverse experiments were performed at multiple durations (5-120 min) to inspect the impact
of the contact period on the AR% of DBT and EBT from their liquids. At the same time, other
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conditions were maintained at their typical values. The data illustrated in Fig.6(d) showed that
increasing the contact period enhanced the AR % of both DBT and EBT. However, the AC's
best AR % of DBT was attained at 35 minutes, while 60 minutes was enough to exhibit the
maximum AR % of EBT over the AC. These differences in the period required to eliminate
pollutants from its liquid phase entirely could be ascribed to factors shown previously.
Nonetheless, contact periods above the typical periods did not influence the AE % of both
pollutants. These outcomes were similar to studies on eliminating DBT and EBT using AC
samples developed from various model fuel and aqueous phases [11,15].

4. Comparison between adsorbents

One of the criteria that can influence the adsorbent's practical use in industry is its maximum
adsorption capacity (gmax). Adsorbents' efficacy in cleaning up aqueous solutions is affected
by variables, including the number and nature of their active surface site, the contaminants
themselves, the type of precursor utilized in creating adsorbent, and modification approaches

Table 2: The adsorptive capacity of EBT and DBT compared to other adsorbents.

Adsorbent Adsorbed amount of EBT (mg/g) Reference
NiFe,O, magnetic NPs 47.0 [90]
Alumina 57.25 [91]
Activated clay 24.04 [92]
NaOH-modified steel dust 119.02 [93]
AC from WT 76.92 [94]

AC from mixed WT+DS 129.87 This study

Adsorbent Adsorbed amount of DBT (mg/g) Reference
AC 9.0 [95]
2.5AI/AC 14.19 [96]
Corncob activated carbon 9.68 [97]
ACznci2 16.26 [99]

AC from mixed WT+DS 34.48 This study

Several studies focused on boosting the adsorption capacity of adsorbents while decreasing
their cost. As such, we employed a mixture of waste materials as a cheap precursor for
creating AC. The gmax values for DBT and EBT adsorption over the as-obtained AC were
compared with those established for the adsorption of these pollutants from their liquid
phases. It is evident from Table 2 that the gmax Values for DBT and EBT adsorption over the
AC were comparable to those established in the literature and sometimes better. The
difference in the gmax Values among various adsorbents may belong to numerous factors, such
as the total surface area and average pore diameter of the adsorbent, besides sorts of
influential efficient groups existing on its surface. As presented in Table 2, the qmax value for
the AC synthesized here possesses a good position among the other adsorbents announced in
the literature.
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5. Reusability and regeneration of AC

A significant quantity of the adsorbates would be continuously discarded into the
environment if the consumed adsorbents were thrown away. Furthermore, obtaining new
adsorbents for each adsorptive elimination operation is prohibitively expensive. It is
consequently necessary to examine the regeneration capability of the spent adsorbent [24].
The regeneration outcomes of the spent AC, which are presented in Fig.7 exhibited that the
regenerated AC was operative in excluding DBT from the fuel with an acceptable efficiency
until the 5™ cycle. In contrast, there was a steep decrease in the adsorptive efficiency of the
regenerated AC in removing EBT with increasing reusability. Nonetheless, the as-created AC
can be recommended for eliminating pollutants from the liquid phase.
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Figure 7. Reusability tests of the spent AC.

Conclusions

Co-pyrolysis of an equal blend of WT and DS in a batch vertical reactor for the production
the pyrolytic char was successfully performed. The PC was converted into mesoporous AC
employing a 2:1 KOH: PC impregnation ratio at 700 °C for 1h. The AC was efficient in
removing DBT from model gasoline (200 ppm DBT/hexane) and EBT dye from synthetic
water (200 ppm EBT/water). Eliminating DBT from model fuel was 95.45 % at 25 °C for 30
min utilizng 0.30 g of AC, while maximum removal of EBT from water reached 98.97 %
using 0.20 g of AC at 25 °C for 60 min. The regeneration tests disclosed that this AC can be
recycled for multiple times with a good adsorption capability.
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Abstract

To identify the causal agent, a total of 8 symptomatic fruits were collected. The features
were as follow: green-blue fungus growth on the fruitiness superficial, after that fruit decaying
finally. The fungi were grown on Cazepek yeast extract agar, Malt extract media, and
Glycerol nitrate agar, Incubation in different temperature (4, 25, and 37 °C). Molecular
identification of P. halotolerans was uitilized for the genomic DNA extraction by utilizing an
extraction kit (Zymo Research environmental purification, Quick-DNA™ Miniprep Plus Kit).
The sequences of isolate MBJ1 were deposited in GenBank (OR622875), which was first
report of green mould disease cuased by P. halotolerans infecting Citrus latifolia in Iraq.
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Introduction

The name of this fungus has been linked to the antibiotic penicillin, as it is extracted from it
(Purohit & Mukherji, 1985). Penicillum is a widespread fungus grows on various food sources
causing spoil. It causes damage to wood and cotton fabrics because of its ability to decompose
cellulose. Some types of Penicillium are used in cheese making, such as P. requefort, another

specieses also used in the manufacture of citric and oxalic acid (Meena et al., 2018).

This fungus has filaments spread in all directions. There are some filaments grow far from
the culture medium called conidiophore, which are divided by septa. The conidiophore begins
to branch into primary sterigmata are covered by secondary sterigmata, which are responsible
for producing conidia colored blue or green and are shaped like penicillus, which

distinguishes penicillium (Pitt et al., 1997).

These fungi lives a saproghytic nutrition, growing on rotting fruits, especially lemons and
oranges. The affected fruits appear soft and saturated with water, and the white-colored
mycelium of the fungus is revealed on the fruits, then the blue-colored fungus spores are
revealed, and the disease is known as blue mold disease, or the olive-green conidial fungus

spores are revealed, and the disease is known as green mold (Papoutsis et al., 2019).

P.halotolerans is a kind of the gender of penicillium has the ability to tolerate 5% NaCl. The
fungus remains from one season to another in crops in the form of conidial spores. The
primary infection occurs through conidial spores that are transmitted through the air and infect
fruits from affected areas. Colonies on potato dextrose agar medium at first seemed as
colorless mycelium then form bluish-grey conidia with colorless margins (Houbraken et al.,
2012).

The hyphae of P. halotolerans are transparent, narrow, tubular and branched. They have
cross walls, that separate different areas. Cytoplasm, organelles and nutrients can move freely
between filamentous compartments by the porous nature of these barriers Mycelium filaments
can intertwine with each other to form complex networks. P. halotolerans usually starts out as

a white, powdery mass that later turns green mold(Park et al., 2020).
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Materials and Methods

1. Fungi isolation

To identify the causative factor, a total 8 infected fruits were came for. Short pieces (1 cmx1
cm) were remedy by surface disinfection 70% ethanol and 1 percent of NaOCI, then drain
three times with sterilized filtered water, and transport onto (PDA) media then incubated at
28 °C for seven days. neat cultures were gained by the single-spore isolation pattern.(Lee et
al., 2019).

3. Fungi identification

3-1. Morphological identification of fungi:- A portion of the fungal colony took by using a
sterile needle and placed on a glass slide containing a drop of methylene blue dye and
examined under a microscope to identify the shape of conidia and characteristics of the
mycelium. After that, the fungi were grown on the following media (Cazepek yeast extract
agar, Malt extract media, and Glycerol nitrate agar) and incubation under different
temperature (4, 25, and 37 °C) (Pitt & Hocking, 2009).

3-2 :- Molecular identification of fungi:- total 40 mg of P. halotolerans was uitilized for
DNA extraction by utilizing an extracting kit (Zymo Research ecological purity, Quick-DNA™
Miniprep Plus Kit) based on Kit’s information, depending on the primer (Figure 1) and specific

program (Figure 2) (Allawi, 2022).

primer Sequences
Forward | TCGATGAAGAACTCACTCTTTGC
Revers TTCCTTTATACTTTCCGCTTATTGT

Figure 1:- Specific primer

No. Stages Temperature Time Cycles
1 Initial denaturation 95 5 min. 1
2 denaturation 90 45 sec.
3 Annealing 50 1 min. 40
4 Extension 70 1 min.
5 Final extension 70 7 min. 1

Figure 2:- Specific program for reaction
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Results and Discussion

Citrus latifolia is considered an important cultivated species of citrus in Iraq and has
become the preferred joice of citrus species due to its desired flavour which gives it high
economic value (Lopes et al., 2020). From 2012 to 2023, postharvest green mould disease

was observed in the locally harvested lime at many locations in Mosul, Ninawa Governorate,

Iraq (Figure 3).

Figure 3: Symptoms observed on lime fruit Citrus latifolia

The features were as follow: green-blue fungus growth on the fruitiness superficial, after
that fruit decaying finally. Colonies on (PDA) media at first seemed as colorless filements

then form bluish-grey conidia with white or colorless margins on (PDA) media (Figure 4).

Figure 4: The morphology of the isolated species P. halotolerans on (PDA) media.
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On malt extract agar, the diameter of the fungal colonies was about 2.2-2.4 cm at 25°C, and
it was noted that no dye was added to the medium, while at 4°C there was no growth (Figure
5).

Figure 5:- A) P.halotolerans growth on Malt extract agar media at 25 °C.

B) P.halotolerans growth on Malt extract agar media at 4 °C.

On glycerol nitrate agar medium, the fungal colonies appeared gray color and varied in
diameter about 2.2-3.3 cm at 25 °C (Figure 6).

Figure 6:- P.halotolerans growth on Glycerol nitrate agar media at 25 °C.

The vegetative part of a fungus was having partitioned by a septum and uncolored. A
conidium-bearing hypha (Conidiophores) were mostly monoverticillate, sometime
biverticillate. Stipes were tall and accurate. Conidia were sleek-walled and paly green, with

spherical to ellipsoidal form (Figure 7).
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Figure 7: Microscopic field of P.halotolerans at 40X

Relating to the form or structure of P.halotolerans, the isolates correspond the
characterizationof the gender Penicillium (Xiao et al., 2022). Genomic DNAs from isolate

(MBJ1) were take out with a fungal genomic DNA kit of extraction (Figure 8).

The rDNA ITS area was louden utilize the primer ITS1/ITS4 (Bellemain et al., 2010). The
data bases of isolate MBJ1 were banked in GenBank (OR622875).

100 bp
200 bp

300 bp

Figure 8: DNA band of P.halotolerans at 256 bp

All data bases appeared about 98.29% likeness to P. chrysogenum (partial data base;
internal transcribed spacer 1, 5.8S ribosomal RNA factor). The isolate was thus fixed as P.
halotolerant according to form or structure and molecular features of fungus. Causing disease
tests were carry out in triplicate by fertilizing the injured lime fruit with 20 pl of suspension of

conidial (106 conidia/ml) of the MBJ1 isolate. The test was carry out twice. All the injected
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fruits were put in sterile Petri dishes with wet condition, and keep them at 28 °C. Fruit
showed the identical features as noticed in the previously situation. The re-isolated fungi
from the artificially rotten fruit molds were idetified as P. halotolerans utilize the procedure
described on top of, while the standard fruit which remedy with sterlized water not show
features, proving Koch's postulates, this consider the first determination of P. halotolerans
bring about rot disease on C. latifolia in Iraq, which would be a potentially novel menace to

the crops.
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Abstract

Pomegranate (Punica granatum L.) fruit is being cultivated since the civilization is known,
and its production and consumption have been increased since the last century due to the
scientific confirmation of its health benefits. Pomegranate fruits, juice, its seeds, and peels are
known to have higher contents of bioactive compounds, viz., phenolic acids, flavonoids, and
hydrolysable tannins. Capacity to scavenge free radicals for each of the five extracts (hot
alcoholic, hot water, cold alcoholic, cold water, and juice extract). At 400 pg/mL, the highest
percentage of scavenging activity was found in hot alcoholic extract (77.97, 69.43, 51.54,
46.12, and 44.21%), respectively. The antimicrobial activity was evaluated by agar diffusion
method. All concentrations of Punica granatum extracts had antibacterial activity against
Bacillus subtitles, Staphylococcus aureus, Staphylococcus epidemics, Escherichia coli,
Klebsiella spp., and Pseudomonas aeruginosa. the highest antibacterial activity of Peel Hot
alcoholic extract at concentration 200 pg/ml was the highest effective against bacteria under
study inhibition zone was (28, 22, 32,16 mm).

Keywords: Pomegranate Peel, Extracts, Bacteria
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Introduction

Recent studies on the antibacterial properties of conventional plant-based medications have
been carried out within the previous ten years (Jazaniet el al.,2007). It has been demonstrated
that various medical plants are efficient against bacteria, such as Staphylococcus aureus and
E. coli. Many plants have been tested for their ability to inhibit the growth of bacteria,
including S. aureus and E. col(Kumar et al., 2012).

Exciting characteristics of plant secondary metabolites may offer fresh ammunition in the
battle against microbial resistance (Kuok et al., 2017 ). Phytoconstituents such as alkaloids,
flavonoids, polyphenols, and tannins can function as antimicrobials and resistance modifiers.
It's important to highlight that plant extracts can bind to protein domains, which may suppress
or alter protein-protein interactions. Because they can kill microbial cells and reduce the
chance that bacteria may become resistant to botanical plant products, and their extracts can
be used as modulators of cellular processes (Lee et al., 2017).
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However, P. granatum fruit and its parts are most universally used because of its
antibacterial properties (Hussain et al., 2012 ). Peels, seeds, and juice of P. granatum have
been shown to have antimicrobial activity against a variety of waterborne and foodborne
bacteria as well as human pathogens, such as Candida albicans, Escherichia coli, Bacillus
subtilis, Clostridium spp., Helicobacter pylori, Klebsiella pneumoniae, Listeria
monocytogenes, Pseudomonas aeruginosa, Salmonella typhi, Shigella spp., Staphylococcus
aureus, Vibrio cholera, and others (Gupta et al.,2017)

Material and Methods
plant Material and Sample Preparation

Pomegranate fruits were harvested from Al-Rashidiya/Baghdad trees. After being divided
into groups, they were cleaned using distilled water after first using tap water. For the first
group, the pomegranate fruit was peeled, and we took the peel; second, we made juice from
the seeds; third, the fruit and peels was dried in the shade, but the liquid was divided into
dishes and dried for 72 hours at 40 C° in an oven. After being roughly ground with a grinder,
the ground sections are kept out of the light, heat, and moisture in clean plastic containers
until needed. Additional information was printed on containers designated for a certain plant.

Preparing plant extracts
Five extracts of P. granatum were prepared as follows:
Cold water extract

One hundered of P. granatum whole fruit, peel, and juice powder, Were transfered it in a
particular beaker for each, and then 500 ml of DW. After that beaker was placed in the
vibrating incubator for 24 hours at 37 °C, the water extract was first filtered using a Buchner
funnel and a piece of gauze. Following a 15-minute centrifugation at 2500 rpm, the filtrate
was incubated at 37 °C for 48—72 hours. Until it is needed, the dried filtrate is stored in the
refrigerator at 4 °C (Gupta et al.,2017).

Hot water extract

Hot water extract entails weighing 100 g of whole fruit, peel, and juice powder and mixing
them with 500 ml of sterile distilled water. The extract is filtered and dried at 40°C after being
in the Soxhlet apparatus for 24 hours. It is then kept at four °C until needed(Rummun et al.,
2013).

Cold alcoholic extract

To prepare the cold alcoholic extract, 100 grams of whole fruit, peel, and juice powder,
were transferred into a baker, 600 mililiters of ethanol were added. After placing the cup in
the vibrating incubator for a full day at 37 °C, the alcoholic extracts were filtered twice: once
using Whatman No. 1 filter paper and once using a Buchner funnel with a piece of gauze.
After centrifuging the filtrate for 15 minutes at 2500 rpm, it was incubated for 48—72 hours at
40-45 °C to produce a dry extract. It was then stored at 4 °C in the refrigerator until needed
(Aviram et al., 2020).
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Hot alcoholic extract

A 100 g of powdered fruit, peel, and juice powder, which were weighed and wrapped in
gauze, and incubated for 24 hours in the soxhlet apparatus before being mixed with 99%
ethanol. After the process was done multiple times an adequate amount of active
componentswere appeared, the final product was dried in an incubator at 40 to 45 °C before
being used (Jurenka et al., 2008).

Qualitative analysis of some bioactive components of plant extracts:
Glycosides

Benedict's reagent and 1 milliliter of the plant extract were combined in a test tube for
detection. It is well shaken before the solution is submerged for five minutes in a bath of hot
water. Glycosides are apparent as a red sediment that forms in the tube when cooled (Grady et
al., 2014).

Tannins

A test tube containing 0.5 ml of the extract was filled with a few drops of a 1% FeCI3
solution, and the formation of a bluish-green color indicated the presence of tannins (Adiga et
al., 2014 ).

Phenols

Adding a few drops of a 1% FeClI3 solution to a test tube containing 0.5 ml of the extract,
one might identify tannins by watching for the formation of a bluish-green color (Guerrero-
Solano et al., 2020 ).

Flavonoids: Equal parts of the solution and the plant extract are combined to create the
detection solution, which is then created by adding 10 milliliters of 50% ethyl alcohol to 10
milliliters of 50% potassium hydroxide (KOH) solution. The yellow color's appearance
indicated the presence of flavonoids (Al-Zoreky, 2009).

Saponins
The test is administered using the following two procedures:

A distinct and in-depth plant powder aqueous solution is prepared. After adding the solution,
the test tube was shaken ferociously. The long-lasting formation of dense, persistent foam
could be used to identify the presence of soap (Dahham,2010).

When B-(1-3) ml of 1% mercuric chloride solution (HgCI2) was applied to 5 ml
of the plant extract, a white precipitate developed as evidence of positive
detection (Malviya and Jha, 2014).

Resins

10 ml of each extract was combined with (20) ml of distilled water that had been acidified
with hydrochloric acid (4% HCI). The appearance of turbidity indicated the possibility of
resins.
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Alkaloids

Two methods exist for detecting something: First, take one milliliter of the extract and a few
drops of Marquis Reagent. The color turned gritty gray, indicating the presence of alkaloids.

Secondly, Mayer's reagent was added to one milliliter of the extract, and the resultant white
precipitate or cream showed that alkaloids were present.

Proteins

The test solution was treated with a 4% NaOH solution. According to (Jurenka, 2008) ),
the presence of proteins is shown by the emergence of a violet color after adding 1% CuSo4
solution.

Culture of microorganisms

According to the protocol developed by the Veterinary Drugs Research and Production
Center, the bacteria isolates were cultivated on Muller Hinton Agar (MHA) medium,
incubated for twenty-four hours at 37 °C, and then stored at four °C until needed.

Bacterial isolates

Bacillus subtills, Staphylococcus aureus, Staphylococcus epidemids, Echerichia coli,
Klebsiella spp., and Pseudomona aeruginosa

The antibacterial activity of the plant extracts was evaluated using the agar-well diffusion
method (Elshafie et al.,2021). Following production and plating onto the Petri dishes, a
bacterial solution containing approximately 106 CFU/mL was swabbed onto the Muller
Hinton agar medium using a sterile cotton swab. The wells were punched with a conventional,
sterile cork borer with a 6 mm diameter before being filled with 50 mL of plant extract. The
plates were incubated at 35°C for 20 to 24 hours. To assess the antibacterial activity, the
inhibition zone's diameter was evaluated. The average was determined following three
attempts at each test.

Estimation of Free Radical Scavenging Activity by DPPH Method (Antioxidant)

Using 1,1 difenyl-2-picryl-hydrazyl, the extract's antioxidant activity was evaluated (DPPH).
Essentially, the extract's stock solution (10 mg/mL) was diluted with diluent until it reached a
final concentration of (100-400) g/mL, at which point ascorbic acid was added. After adding
2.5 mL of the sample solution in various concentrations to 1 mL of 0.3 mM DPPH in
methanol, the mixture remained at room temperature for 30 minutes in the dark. The
inhibitory effect of DPPH was calculated using the formula [(Ac-As)/Ac] 100% free radical
scavenging activity (Tanveer et al.,2021). Control absorbance is represented by the letter Ac,
and extract-preserved absorbance is represented by the letter As. All samples were compared
to a methanol blank at 517 nm for measurement.

Statistical analysis

The resulting of this study was analyzed related to objectives and presented under the
following headings:
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A general descriptive of the sample. Statistics Package for Social Science (SPSS), version 25
for Windows software, was used for statistics analysis, Microsoft package (Excel & Word).
The data are normally distributed and expressed as mean + standard deviation (SD)

The data are normally distributed and analyzed by using frequency and percentage
distribution.

% = frequency/n * 100

Student’s t-test was performed to analyze the statistical significance of the difference between
groups (1 and 2). Significant was considered whenever the p-value was equal to or less than
(0.05)

HO:p I=p 2
HO:p 1#n 2

Way Analysis of Variance (ANOVA) is used to compare the parameters among groups,
followed by post hoc test Least Significant Difference (LSD)

A difference among groups was defined to be statistically significant if the corresponding p-
value was less than 0.05

HO:p 1=p 2=:p 3=p 4=p 5=p 6
H_0: At least there is one unequal pair(20).

Result and discussion

Detection of phytochemical compounds in pomegranate fruit and juice extracts table (1)
revealed the phytochemical component of pomegranate extracts; results were, flavonoids, and
coumarins are present in all extracts but the tannins, glycosides, and carbohydrates were
absent from cold alcoholic, hot alcoholic, and al coholic water extracts. Cold alcoholic, hot
alcoholic, and cold water extracts all contain flavonoids; hot alcoholic extracts contain

alkaloid saponin, and cold alcoholic extracts contain flavonoids.

The active component in peel

Alcoholic water extract, hot and cold alcohol, and cold alcohol all include carbohydrates.
Glycosides in alcoholic water, hot alcoholic water, cold alcoholic water, and Alkaloid was
present in both hot and cold alcoholic extracts; flavonoids are present in all extracts except for
hot alcoholic; phenols are absent from cold alcoholic extract; and commarine is present in
cold alcoholic extract. Table (2).
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Table2: phytochemical compound in pomegranate friute and juice extracts

Seq. | Detection Cold Cold water | Hot ~ water | Hot juice
Type Alcoholic Extract Extract Alcoholic
Extract Extract
1 Tannins + + + + +
2 Carbohydrate + + + + +
3 Glycosides + + + + +
4 Phenols + + + + _
5 Resins _ _ + _ —
6 Flavonoids + + + _ +
7 Saponin _ _ + _ _
8 Alkaloid _ _ _ + +
9 Coumarins + _ + + +
Table3: phytochemical compound in pomegranate peel extracts
Seq. | Detection Cold Cold water | Hot water | Hot Alcoholic
Type Alcoholic Extract Extract Extract
Extract
1 Tannins + + ++ +
2 Carbohydrate + + + +
3 Glycosides + + _ +
4 Phenols _ + +++ +
5 Resins _ _ + -
6 Flavonoids + + ++ _
Saponin _ _ _ _
Alkaloid + _ _ +
9 Coumarins + _ _ _
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Estimation of Free Radical Scavenging Activity by DPPH Method (Antioxidant)

Table ( 3) displayed the pomegranate fruit and juice extracts' capacity to scavenge free
radicals for each of the five extracts (hot alcoholic, hot water, cold alcoholic, cold water, and
juice extract). At 400 pg/mL, the highest percentage of scavenging activity was found in hot
alcoholic extract (77.97, 69.43, 51.54, 46.12, and 44.21%), respectively. Table (4) displayed,
at a concentration of 400 pug/mL, the free radical scavenging activity of the four extracts (hot
alcoholic, cold alcoholic, hot water, and cold water extract) from pomegranate peels with the
highest activity. The pomegranate extract's antioxidant capacity was different in all of the
solvents. We found that the hot alcoholic extract gave the highest scavenging activity(89.4%),
probably due to a maximum quantity of flavonoids, phenols, and tannins in the peels
(Bialonska et al ., 2009).

Table 3: AntiOxidantof pomegranate fruit and juice extracts’

Extracts Concentration s(ug/m | Mean + Sd / LSD P value
Alcoholic cold 100 22.85+0.79 D 0.000**
extract 200 33.00+1.36 C
300 48.14+0.24 B
400 51.28+0.28 A 0.000**
Watery cold Extract | 100 13.97+0.27 D
200 27.07+£0.26 C
300 33.06+0.46 B 0.000**
400 44.22+0.43 A
Watery HOT extract | 100 35.04+0.19 D
200 46.51+0.34 C
300 54.16+0.18 B 0.000**
400 68.71+0.63 A
Hot alcohol extract. | 100 42.87+0.55 D
200 54.42+0.96 C
300 64.3£0.29 B 0.000**
400 78.41+0.49 A
juice 100 16.14+0.23 D
200 23.14+0.67 C 0.000**
300 34.32+0.62 B

Table 4: AntiOxidantof pomegranate peel extracts'

Extracts Concentrations Mean + Sd P value
(Hg/ml)
Alcoholic cold 100 34.61+0.55 D 0.000**
extract 200 44.64+0.98 C
300 50.17+0.45B
400 64.07+0.56 A
Watery cold Extract | 100 24.62+0.16 C 0.000**
200 37.23+0.3 B
300 41.52+5.83 B
400 54.08+0.53 A
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Watery HOT | 100 48.07+0.64 D 0.000**
extract 200 52.9+1.09 C
300 63.81+0.63 B
400 79.11+0.59 A
Hot alcohol extract | 100 55.72+1.06 D 0.000**
200 67.95+0.61 C
300 73.01+0.56 B
400 89.4+0.12 A 0.000**

Table 5: Antimicrobial activity (Inhibition Zone)

Extract | ug/ | S.aureus S.epidemids B.subtills E.coli P.aeruginosa
S mi
Con
C.
Mean = | P Mean = | P Mean = | P Mean = | P Mean = | P
Sd value | Sd value | Sd value | Sd value | Sd value
HOT 50 | 15.67+0 | 0.000 | 12+1 C | 0.000 | 15.33+0 | 0.000 | 4.67+1. | 0.000 | 19+1B | 0.000
Alcoh .58C ** ** .58C *x 53C el *x
olic 100 | 21.67+1 16.33+1 26.33+1 11.67+0 2521 A
.53 B 15B .53 B .58 B
200 | 28+1 A 22+1 A 32.67+1 16.33+0 14+1C
bH3A 58 A
HOT 50 |91 C 0.000 | 4.67£1. | 0.000 | 3.33+0. | 0.000 0.000 | 16.67+1 | 0.000
water *x 15C *x 58 C *x *x .15B *x
100 | 16¥1 B 14.33+0 9+1B 6.33+1. 16.67+1
.58 B 15B 15B
200 | 24.67+1 20.67+1 15.33+0 11.67+1 24.33+1
b3 A b3 A .58 C A5 A 53 A

Punica granatum has antibacterial activity. In the current study (Table 6), MIC values for
crude Punica granatum extracts Following what was mentioned by Fischer et al.( 2011 ), the
tables ( 7), and (8 ) demonstrated that the values of the minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) increase with the concentration of
extracts in the medium. This indicates that the process of reducing the growth of bacteria is
directly influenced by the increase in the concentration of the plant extract, and this may be
due to the increase in the concentration of the active substance in it. The MIC & MBC for Hot
Alcoholic extract were determined to be 100 pug/ml for B. subtilis and E. coli bacteria and 200
pg/ml for S. aureus, S. pneumoniae, and Klebsiella spp. MIC and MBC at concentrations of
50 and 100ug/ml. Additionally, we discovered that the MIC and MBC for hot water extract
were 100 and 200ug/ml for E. Coli, P.aeruginosa, S. epidemics, and Klebsiella spp., and 100
and 200 pg/ml for B. subtilis and 50 and 100 pg/ml for S. aureus, respectively.

Following what was mentioned by Gil (2020), tables ( 7 ) and ( 8 ) demonstrated that the
values of the minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) increase with the concentration of extracts in the medium. This indicates
that the process of reducing the growth of bacteria is directly influenced by the increase in the
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concentration of the plant extract, and this may be due to the increase in the concentration of
the active substance in it. The MIC & MBC for Hot Alcoholic extract were determined to be
100 pg/ml for B. subtilis and E. coli bacteria and 200 pg/ml for S. aureus, S. pneumoniae, and
Klebsiella spp. MIC and MBC at concentrations of 50 and 100ug/ml. Additionally, we
discovered that the MIC and MBC for hot water extract were 100 and 200ug/ml for E. Coli,
P.aeruginosa, S. epidemics, and Klebsiella spp., and 100 and 200 pg/ml for B. subtilis and 50
and 100 pg/ml for S. aureus, respectively.

Punica granate is one of these herbs used extensively in traditional medicine. Because of its
antiparasitic, antibacterial, antifungal, antiproliferative, apoptotic, and anti-cancer
properties—as well as its ability to ward off herpes virus, inhibit LDL oxidation, reduce the
formation of atheromatous plaque, and lower systolic blood pressure—pomegranate is well-
known for having a wealth of pharmacological properties. It has been shown that the
pomegranate extract's hydrolyzable tannins and polyphenolics, notably punicalagin and
gallagic acid, may be responsible for its antibacterial activity .This indicates that tannins'
toxicity and molecular makeup are linked to their antimicrobial activity (Reddy et al ., 2007).

Because tannins can precipitate proteins, they can act on the cell wall and across the cell
membrane. Moreover, they might inhibit a variety of enzymes, including glycosyltransferases
(Gosset-Erard et al., 2021). Gallic acid, a tannic acid, has the strongest antibacterial action
against tested sensitive species, even at low doses, as shown (Singh et al.,2018) Therefore,
polyphenol structures may impact the bacterial cell wall, block enzymes through oxidizing
agents, interact with proteins, and disrupt the co-aggregation of microorganisms, all of which
may be connected to Punica granatum's antibacterial activity (Robinson et al., 2015).

Table(7) MIC Punica granatum combined extracts.

Extracts | E.coli P.aeruginosa | B.subtilis | S.epidermids | S.aureus | Klebsiella
spp.

HOT 100A |50B 100 A 50B 50 A 50B

Alcoholic

HOT 100A |100A 50B 100 A 25B 100 A

Water

P value 0.000** | 0.000** 0.000** | 0.000** 0.000** | 0.000**

Table ( 8) MBC Punica granatum combined extracts.

Extract E.coli P.aeruginosa | B.subtilis | S.epidermids | S.aureus | Klebsiella
spp.

HOT 200 A 100 B 200 A 100 B 100 A 100 B
Alcoholic
HOT 200 A 200 A 100 B 200 A 50B 200 A
WATER

0.000** | 0.000** 0.000** | 0.000** 0.000** | 0.000**
P value
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