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Abstract:

This study was done in Wassit province, Al-Kut city in December 2023. Two groups were
selected in this study: the first one consists of 25 people who have lived near the Al-Ahdab oil field,
while the second one consists of controls with no significant difference in age between them and of
both genders. This study aims to detect the influence of environmental pollution on the measured
parameters of the blood (Urea, Creatinine, Hb, PCV, and CRP) with the presence of a significant
relation among them. The results indicate that there is a highly significant relationship between Urea
and creatinine and between Hb and PCV in both study groups. There is also a significant correlation
between Urea and both Hb and PCV in the exposed group. While it was a significant correlation

between Urea and CRP was detected in the control group only.

Keywords: Renal function, Hb, CRP, Wassit.
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1. Introduction:

Irag has suffered in recent periods of wars and the introduction of various pollutants in large
quantities to the ecosystem and thus arrived at the man either directly or cumulatively or through
food and water, air and soil and then suffering from disease never encountered, in the forefront
of their cancer and respiratory diseases, in the modern era [1]. Some scientific studies have
reported that the city of Kut was one of the cities exposed to radiation in 2003, as mentioned by
UN reports about the environment in the United Nations Environmental Programs (UNEP) and
WHO [2]. Air pollution has long been thought to exacerbate minor acute illnesses, recent studies
have suggested that air pollution, particularly hydrocarbon-related pollution, is associated with
high levels of mortality and the development of certain disorders in areas where particle
concentrations have fallen [3]. Although many of these associations seem likely to be causal,

others require and warrant additional investigation because although the role of air pollution in
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exacerbating existing illness has been well established, recent evidence has implicated pollution

exposure with the development of chronic disease or impairments [4]. For several decades,
studies tended to determine the relationship of biological indicators and hydrocarbon
environmental contaminants, previous studies have highlighted natural emission exposure
(environmental) or in other areas such as industry and medicine [5]. In general, the effect was
strongly associated with immune system disorders and more mixed results have been reported
mainly in the levels of some blood components. It was discovered that exposure to
environmental pollutants has a toxic effect on the immune system and its effect on the vitality
and functions of immune cells, rendering the intact human cells into cancerous ones [6]. Several
proteins and biomarkers were measured for the efficient work of the kidneys where the structural
change of the nephron (functional and structural unit of the kidney) by taking an autopsy. The
same procedure was done by taking samples of renal biopsy from some people within the scope
of exposure showed that several histological changes of renal cells even in the absence of a
direct cause of the emergence of kidney damage; but when exposed to constant increase, the
chance the continued evolution of this damage [7]. This study aimed to measure some blood
factors in both groups (study and control group) and find the interactions between factors
measured in terms of the correlated effects among all factors.

2. Materials and methods:

The systematic execution of the research included the following steps:

1) The creation of scientific and material supplies: the creation of laboratory supplies for the
withdrawal of blood and look at the scientific sources, considering that the city of Kut from
cities exposed to radiation in 2003, and recorded a high rate of environmental pollution by
sources [2,8]

2) Collection of blood samples from people in the surrounding areas Ahdab oil field (residents
and staff) and filling in the questionnaires, and people living in areas far from Kut as a control
group.

The samples were collected from the people near the Al-Ahdab area and people far from the
city of Kut and considered as a control group. Sera were separated from blood samples and then
frozen until use [9]. The levels of urea, creatinine, and C-reactive protein were measured. Blood
hemoglobin ratio and packed cell volume were also applied (all were done according to the
manufacturing companies' instructions). These tests reveal the performance of the kidneys and
the nature of the blood and immune components in each of the exposed people and the control

group for comparison.
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3. Statistical analysis:

The results were analyzed statistically by SPSS ver. 17 using Chi-square for the parameter
within the same category, and T-Test in parameters comparison between two categories.
4. Results and discussion:

As seen in Tables 1 and 2, the results show that a significant relation was recorded between
urea and creatinine in both the exposed and control groups. Also, a significant correlation was
detected between each of the hemoglobin and packed cell volume in both groups. There was no

significant difference between age and smoking in both groups.

Table 1: Correlations of parameters in the exposed group

Urea | Creatinine | Hb PCV | CRP | Age

Pearson Correlation 1 .608™ 406" | 408" |-.104-| .131

Urea Sig. (2-tailed) .001 044 | 043 | 622 | 532
N 25 25 25 25 25 25

Pearson Correlation |.608" 1 .344 .344 | -.014- | -.060-

Creatinine Sig. (2-tailed) .001 092 | .093 | .948 | .777
N 25 25 25 25 25 25

Pearson Correlation | .406" 344 1 1.000™ | .341 | .356

Hb Sig. (2-tailed) 044 .092 .000 | .096 | .081
N 25 25 25 25 25 25

Pearson Correlation | .408" .344 1.000™ 1 .336 | .358

PCV Sig. (2-tailed) 043 .093 .000 101 | .079
N 25 25 25 25 25 25

Pearson Correlation | -.104- -.014- .341 .336 1 .099

CRP Sig. (2-tailed) 622 948 096 | .101 636
N 25 25 25 25 25 25
Pearson Correlation | .131 -.060- .356 .358 | .099 1

Age Sig. (2-tailed) 532 777 081 | .079 | .636

N 25 25 25 25 25 25

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

The relation between urea and creatinine indicates the linear relationship between these two
indicators of renal function. In the exposed group, there was a rise in urea accompanied by a
rise in creatinine where they are affected together in the same pattern. There were natural values
of urea and creatinine in the healthy range, and this demonstrates the safety of renal function
[10,11]. These results coincided with the results of each of [12.13]on renal function assessment
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and the role of each of urea and creatinine in the credibility of the measure, as reflected in turn

damage caused in the nephron, the structural and functional unit of the kidney, by its two parts:

glomeruli and tubule [7]. These recordings agreed with [14] and [15].

Table (2): Correlations of parameters in the control group

Urea Creatinine Hb PCV CRP Age
Pearson Correlation 1 -476-* .022 .024 -490-*  |-.025-
Urea Sig. (2-tailed) .016 917 911 .013 .906
N 25 25 25 25 25 25
Pearson Correlation -476-* |1 .318 315 189 -.022-
Creatinine |sijg. (2-tailed) 016 121 125 365 917
N 25 25 25 25 25 25
Pearson Correlation .022 .318 1 1.000**  |-.183- .097
Hb Sig. (2-tailed) 017 121 .000 381 645
N 25 25 25 25 25 25
Pearson Correlation .024 315 1.000** |1 -.186- .099
PCV Sig. (2-tailed) 911 125 .000 372 636
N 25 25 25 25 25 25
Pearson Correlation -490-* |.189 -.183- -.186- 1 .029
CRP Sig. (2-tailed) .013 .365 .381 372 .889
N 25 25 25 25 25 25
Pearson Correlation -.025- -.022- .097 .099 .029 1
Age Sig. (2-tailed) .906 917 .645 .636 .889
N 25 25 25 25 25 25

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

Urea is one of the important tests to assess renal function as it has a standard rise in many
cases, including factors related to the kidney and its performance, or other factors that are not
directly related to it such as the nature of food and metabolism of proteins, drought and lack of
fluid intake. The rise in urea level reflects the state of the kidneys and the possibility of being
affected negatively by certain stimuli in the urinary system hindering his performance properly
[16]. Creatinine is deemed to be the most honest cursor in the expression of the efficiency of
renal function because it is not affected by the nature of the food, or metabolism and because it

raises through the kidney only and not through other outlets such as skin and intestine like urea,
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so the height is a clear indication of a defect in renal function and effect and evolve it to real

renal disease [17].

Numerous studies have found that these percentages have increased with time or dose
exposure to environmental pollutants, as gene expression of the components of the blood
increases excessively so the body will consider it as an inflammatory state [18]. Hemoglobin
levels are associated with the packed cell volume of red blood cells in both groups. Because
hemoglobin is a certain size of the red blood cells, it means that the change in the total size of
the cells will be affected by a parallel pattern and there will be a regular effect on hemoglobin,
and the relationship between these two variables would be according to the following equation
(equation.1) as mentioned by Connor et al. (1994) as it is simple and scientifically supported
method [19]: Hb (g/dl)+PCV/(L/L)/3.

The hemoglobin rose steadily as in the study of Hemoglobin and hematocrit values are age-
dependent [3]. The strong relationship recorded only in the exposed group is the urea
relationship with both hemoglobin and packed cell volume. According to the equation above,
the effect of urea with both variables is linked by the fixed pattern with both hemoglobin and
packed cell volume. When urea rises will cause an increase "in blood pressure and this refers
to the injury shocked size (increase in size is controlled by the body) as in cases of deterioration
of renal function itself. [20,21]. The style of life and inhalation of toxic materials and gases,
affected by the ecosystem and the kind of food, will lead to genetic mutations and
overproduction of blood cells after free radicals' formation [22].

Finally, a significant relationship was recorded between urea and C-reactive protein in the
control group. That can be explained by the relationship between these two variables is that the
urea is produced by the liver which also produces a protein called C-reactive protein [18]. This
last one has a natural level in the blood and so as long as the function of the liver is intact, the
production of these two hematological will be less than the allowable limit, without any effect
or infection [22]. While this relation was not detected in the exposed group due to non-intact
healthy function, agreed with [13].

Increased human exposure to pollutants leads to an imbalance in the proportions of blood
components in humans according to potions and exposure time [1,23]. A mechanism was
suggested to give a certain explanation, about blood components that are not within normal
limits, which is an irregular and frequent production of proteins and cellular secretions by
recurrent exposure to toxic materials or pollutants. So, recurrent exposure to emitted airborne
particulate matter (PM) and gaseous pollutants leads the body to suffer an inflammatory or

infectious case which results in a wide range of health hazardous problems, including
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respiratory and cardiovascular diseases [5]. Other factors, like poor diet, low exercise,

underlying diseases, and individual diversity of human genes, may worsen the effects of air

pollution and bring on adverse chronic organ pathology [24].

5. Conclusions:

1) The presence of a high-significant correlation between renal function parameters (urea,
creatinine) as well as blood indicators (hemoglobin and PCV) in the exposed group and the
control group.

2) There was a significant relationship between urea and the level of each of the hemoglobin
and the PCV in the exposed group.

3) There was a significant relationship between urea and C-reactive protein in the control group.

6. Recommendations:

Periodic hematological and genetic tests should be performed particularly for people who live

near oil fields or workers in industry and energy generation fields.
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Abstract:

(CMoM

The use of soap is one of the most important means of ionic cleansing and getting rid of some
types of bacteria that may be harmful and present on the skin, especially after using the toilet, as
part of them may remain on the surface of the skin, causing some pathological injuries, and the
ability of soap to remove or eliminate these germs varies according to the soap type and the period
of its use in washing, the study aimed to determine the ability of some types of liquid soap to
eliminate different types of Gram-positive and gram-negative bacteria.

The plate method was used to find out the sensitivity of each of the types of bacteria(Klebsiella,
E.coli Staph aureus, Pseudomonas, Streptococcus,) towards types of liquid soaps produced by
international companies, including Bivy, Dettol, ActiveX, Lifebuoy, Oud, using the tablet method,
and it was determined The minimum inhibitory concentration for each type of liquid soap
(depending on the bacterial species used). Klebsiella E.coli showed high sensitivity to Dettol soap,
while Pseudomonas and Staph aureus bacteria showed high sensitivity to Bivy soap. Streptococcus
bacteria appeared to be highly sensitive to Lifebuoy soap, and the sensitivity of bacterial species
to the rest of the soaps varied between medium and weak.

Keywords: sensitivity test, detergent, gram-positive bacteria, gram-negative bacteria,

antibacterial agents.
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1. Introduction:

As the body's initial line of defense, skin contains most of the bacteria that cause skin
infections, including Pseudomonas aeruginosa and Staphylococcus aureus. According to health
care professionals, hand washing with antibacterial soap is particularly crucial since it may be
the primary source of bacterial contamination from infections or opportunistic germs. [1-2].
Staphylococcus aureus and other gram-negative bacterial species cause pyogenic skin
infections, and soaps include active chemicals that are both antibacterial and have reducing
action. [3]. According to studies, antibacterial soap removes bacteria more effectively than
regular soap [4]. There is a wide variety of chemicals that may kill germs and prevent their
development. There may be as many as 10,000 different compounds, with just around 1,000 of

them seeing regular usage in healthcare facilities and private residences. All three of those states
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are possible for these chemical substances. There are several classes of compounds used to kill

or inhibit microorganisms.

When it comes to stopping the spread of disease, few things have been as useful as
detergents, which are chemicals with both lipophilic and hydrophilic components that can Kill
or inhibit the growth of microorganisms on inanimate objects. Soap is a chemical molecule
formed when fatty acids, oils, and salt mix [5, 6]. Soap, liquid hand-wash, detergent, etc. are
only a few examples of the many cleaning chemicals that have been in use for centuries all
around us. For decades, antibacterial soaps have been helping people keep their hygiene in
check. Some antibacterial soaps can eradicate as much as 85% of germs from the skin with a
single use. [7]. It was recommended in a 1961 report by the U.S. Public Health Service that
Before and after having contact with customers, staff members spend one to two minutes using
soap and water. When it comes to healthcare providers, hand hygiene is of the utmost
importance because of the prevalence of harmful and opportunistic microorganisms in the
workplace [8].

Products with antimicrobial components are referred to as "antiseptics” because of their
ability to prevent the spread of bacteria and other pathogens. Antimicrobials are available
without a prescription and fall under this category. Their usefulness and safety are legal in the
United States according to the Food and Drug Administration. Antibacterial soaps, hand
washes, body washes, sanitizers, surface sprays, and mouthwashes are only some of the
consumer antiseptic medication items available in stores today [9]. Chloroxylenol, triclosan,
and triclocarban are some of the active components in these products, and the US Food and
Drug Administration [10] names them as active ingredients in over-the-counter antiseptics, but
further study is required to confirm their safety and effectiveness. Antiseptic body washes and
other consumer antiseptic products get heavy daily use [11]. That's why it's so important to
track how well this product works so we can keep an eye out for any signs of a resistance pattern
developing over time. [11]. Soaps containing antimicrobial compounds are another option,
although those without are the most common. Medicated soaps feature antimicrobial chemicals
in addition to the soap base [12]. Microorganisms may be found almost anywhere in the air,
water, soil, and rock, as well as in plants, animals, and people [13], and they play an essential
role in maintaining human health [14]. Bacteria from the environment, both Gram-positive and
--negative, may cause skin infections when they settle on the skin's surface [17].

2. Material and methods :

The work was done in the Department of Biology College of Science University of Mosul

and used the disc method to process different soaps to types of bacteria [15].
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1 -Sample Collection: Five types of liquid soap have been prepared from different international

origins available in the local markets, namely Dettol soap, Activex, Lifebuoy, Bivy, and
Oud. Use the double dilution method by taking 1 ml of liquid soap and adding 9 ml of
distilled water. Several concentrations: 1/2, 1/4, 1/8, 1/16, 1/32. it was sterilized in a water
bath at 80°C for 1/2 hour.

2 -Bacterial use: The bacterial used were obtained from postgraduate students in the department
and were previously diagnosed and included E.coli, Klebsiella sp, Pseudomonas sp, Staph
aureus, Streptococcus sp was isolated on Nutrient agar (N.a).

3 -Paper discs: Prepared from What Man No. 1 filter paper, 100 tablets were dispensed into a
vial and sterilized in an autoclave at 121 and 15 degrees for 15 minutes, then 10 ml of the
prepared dilution of liquid soap was added so that each tablet was saturated with 100 pl.
They were sterilized by pasteurization in a water bath at 80°C for half an hour.

4 Bacterial activity: Bacteria were cultured on a Nutrient agar medium. Distribute the bacteria
evenly on the plate by swab. The tablets saturated with soap were placed in the dish at
equal and appropriate distances and incubated at 37 °C for 24 hours and then read by
measuring the inhibition zone. Each experiment was repeated three times.

3.Results and discussion:

The effect of liquid soaps of international origin was tested on five species of bacteria,

including Gr+ and Gr-, and the preliminary results were shown in the following table.

Table 1: Inhibitory effect of liquid soaps on gram-positive and negative bacteria

Bacteria type Oud/mm | Bivy/mm | Lifebuoy/mm | Activex/mm | Dettol/mm
E.coli 15 17 25 21 23
Klebsiella sp. 14 13 17 14 19
Pseudomonas Sp 23 40 30 18 32
Staph aureus 20 27 25 14 24
?geptococcus 15 1 29 22 22

The results showed an inhibitory effect of (Dettol) liquid soap at a concentration of 1/2 on
each of (E.coli, Klebsiella sp, Pseudomonas sp, Staph aureus, Streptococcus sp) Inhibitory
diameters amounted to 23 mm, 19 mm, 32 mm, 24 mm, and 22 mm, respectively; the highest
effect was on the bacteria Pseudomonas. The effect of (Activex) soap appeared at a
concentration of 1/2 to highly inhibit specially Streptococcus in diameter 22 mm Also, the
results showed an inhibitory effect of (Lifebuoy) liquid soap at a concentration of 1/2 on
bacteria,(E.coli, Klebsiella sp, Pseudomonas sp, Staph aureus, Streptococcus sp) Inhibitory
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diameters amounted to 25mm,17mm, 30mm, 25mm, 29mm respectively, the highest effect was
on bacteria Pseudomonas.

Also, Pseudomonas bacteria were highly sensitive to each of Bivy and Oud soap, with
inhibition diameters of 40 mm and 23 mm, respectively, while type of the bacteria showed
lower inhibition diameters from both types of soap.

Table 2: the minimum inhibitory concentration of E.coli bacteria for the types of
soaps used Dilutions.

Dilutions/mm

Soap type
1\2 1\4 1\8 1\16 1\23
Dettol 23 21 18 16
Activex | 57 18 13 11
Lifebuoy 25 19 9 7
Bivy 17 12 8
Oud 15 10 8

When tested on E. coli bacteria, the MIC for Dettol soap was at a dilution of 1/32, whereas
the MICs for Activex and Lifebuoy soap were at a dilution of 1/16. Bivy and Oud soaps showed
a MIC against E. coli at a dilution of 1/8. These results show that the effect of Dettol soap was

higher than other types of soaps on E.coli bacteria, followed by Activex and Lifebuoy soaps,
while the effect of Bivy and Oud was less on the same bacteria.

Table 3: the minimum inhibitory concentration of Klebsiella sp bacteria for the
types of soaps used.

Dilutions /mm
Soap type
1\2 1\4 1\8 1\16 1\23
Dettol 19 6
Activex 14 9 7
Lifebuoy 17 16 11
Bivy 13 9
Oud 14 13 7

The Klebsiella bacteria appeared with a high resistance to the most used types of soap, as
the Mic appeared to Dettol soap at a dilution of 1/4, while the MIC of actives soap appeared at
a dilution of 1/8, and the MIC of Lifebuoy soap appeared at a dilution of 1/8. Likewise, the

MIC of Bivysoap appeared on Klebsiella sp at a dilution of 1/4, while the MIC of Oud soap
appeared at a dilution of 1/8.
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Table 4: the minimum inhibitory concentration (MIC) of Pseudomonas sp for the types of soaps used.

Dilutions/mm
Soap type
1\2 1\4 1\8 1\16 1\23

Dettol 23 16 14 12 -
Activex 18 20 18 15 12
Lifebuoy 30 18 15 12 18

Bivy 40 10 8 7 -

Oud 23 15 10 8 -

Pseudomonas bacteria appeared with average sensitivity to the types of soaps used, as the
mic appeared Dettol soap at a dilution of 1/16, while the MIC of Activex soap at a dilution of
1/32, and the MIC of Lifebuoy soap appeared at a dilution of 1/32. Likewise, the MIC of Bivy
soap appeared on Pseudomonas sp at a 1/16 dilution, while the MIC of Oud soap appeared at a
1/16 dilution.

Table 5: the minimum inhibitory concentration (MIC) of Staph aureus bacteria for the
types of soaps used.

Dilutions /mm
Soap type
1\2 1\4 1\8 1\16 1\23

Dettol 24 11 9 - -
Activex 14 9 - - -
Lifebuoy 25 14 9 - -
Bivy 27 10 - - -
Oud 20 14 11 - -

The Staph aureus bacteria had more resistance to soap types than the while type of the
bacteria, as the mic appeared Dettol soap on Staph aureus at a dilution of 1/8, while the MIC of
Activex soap appeared at a dilution of 1/4, and the MIC of Lifebuoy soap at a dilution of 1/8.
Likewise, the MIC of Bivy soap appeared on Staph aureus at a dilution of 1/4, while the MIC
of Oud soap appeared at a dilution of 1/8.

Table (6) the minimum inhibitory concentration of Streptococcus sp. for the types of

soaps used.
Dilutions /mm
Soap type
1\2 1\4 1\8 1\16 1\23
Dettol 22 16 12 8 -
Activex 22 - - - -
Lifebuoy 29 20 15 15 11
Bivy 11 8 - - -
Oud 15 12 9 9 -
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Our results in Table (1) agreed with the results of the scientist Ecor in 2018 [16] and the

scientist Bashir in 2018 [17] on the effect of Dettol soap on different types of bacteria.

The results of Table (2) agreed with the results of the scientist Ishur T. In Nigeria in 2018
[16] and the scientist Bashir in Algeria in 2018 [17] and the scientist Abbas in Pakistan in 2016
[18] about the effect of Dettol soap on different types of bacteria, where the study concluded
that according to our results, the width of the inhibitory zones increased with increasing amount
or concentration of liquid soap applied. The above-mentioned inhibition diameters appeared
with increasing concentration.

The results of Table (3) also agreed with the results of the scientist EcoR in 2018 [16] on
the effect of Dettol soap on different types of bacteria, as the study concluded that the diameters
of inhibition increase with the increase in the volume or concentration of the liquid soap added,
and this is consistent with our results, as the diameters of inhibition appeared the above
inhibition increases with increasing concentration .

The results of Table (4) are consistent with the results of the scientist Ecore T. In Nigeria in
2018 [16] and the scientist Bashir in Algeria in 2018 [17] about the effect of Dettol soap on
different types of bacteria. Above with increasing concentration .

The results of Table (5) agreed with the results of the scientist Ecore T. In Nigeria in 2018
[16], the scientist Bashir in Algeria in 2018 [17], and the scientist Abbas in Pakistan in 2016
[18] about the effect of Dettol soap on different types of bacteria, where the study concluded
that the diameters of inhibition increase with the increase in the volume or concentration of the
added liquid soap. This is consistent with our results, as the inhibition diameters appeared
higher with increasing concentration .

The results of Table (6) agreed with a study conducted by the scientist Ishur T. In Nigeria
in 2018 [16], scientist Bashir in Algeria in 2018 [17], and scientist Abbas in Pakistan in 2016
[18] about the effect of Dettol soap and Lifebuoy soap on different types of bacteria. The
diameters of inhibition are higher depending on the concentration, or proportionally to the
amount of soap used the species Streptococcus showed high sensitivity to each of Oud, Life,
and Dettol soaps, as the MIC appeared for each of them at a dilution of 1/32, while it appeared

for the whole type of the soaps with an amount of O respectively .
4. CONCLUSION:

The ability of soap to remove or eliminate harmful bacteria varies depending on the type of
soap and how long it is used for washing. Using soap is one of the most important ways to
achieve ionic cleansing and get rid of some types of bacteria that may be present on the skin,

especially after using the restroom. Some of these germs may remain on the skin's surface and
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cause pathological injuries. the bacterial species used). Klebsiella E.coli showed high

sensitivity to Dettol soap, while Pseudomonas and Staph aureus bacteria showed high

sensitivity to Bivy soap. Streptococcus bacteria appeared to be highly sensitive to Lifebuoy

soap, and the sensitivity of bacterial species to the rest of the soaps varied between medium and

weak .
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Abstract:

Ascorbic acid (AA) plays roles in many biological functions, such as participating in the
production of collagen by taking a role in proline and lysine hydroxylation. AA works by removing
the reactive oxygen species, thus removing the adhesion of neutrophils to endothelium. The present
study investigates the protective effects of AA on the testis tissue damage induced by paracetamol
in rats. Thirty-two male rats were equally divided into four groups, with eight rats in each. Group
(1) regular control group, group (2) was received 500 mg/kg/b.w. of AA orally for two weeks, group
(3) was received 500 mg/kg/b.w. of paracetamol orally for two weeks, group (4) was treated with
the AA (500 mg/kg/b.w.) and paracetamol (500 mg/kg/b.w.) orally for two weeks. The
histopathological investigations of the testis tissues from the paracetamol group showed atrophy and
degeneration of seminiferous tubules with an absence of spermatozoa, presence of cell debris, and
loss of the Sertoli cells in some seminiferous tubules when compared with control animals. The
testis tissues from a protective group showed less damage in the tubules and germ cells when
compared with the paracetamol group. This study indicates that AA protects against paracetamol-

induced testis damage in adult male rats.

Keywords: Testis tissues, Ascorbic acid, Histopathology, Paracetamol, Rats.
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1. Introduction:

Antioxidants assist in guarding cells from damage produced by oxidative stress (OS) and
improve the body's protection systems against degenerative illnesses. Thus, there is a pressing
need to recognize more active and safe antiulcer mediators [1, 2]. The biologically essential
antioxidants are vitamins B12, C, and E, giving electrons to free radicals, and the mechanism
contains the deduction of initiators of nitrogen species or reactive oxygen [3].

Ascorbic acid (AA) naturally occurs for many biological roles in the body. It is the most
antioxidant in plants and is used in agriculture to enhance plant oxidative stress confrontation

[4, 5]. AA is an essential antioxidant in extracellular liquid; it protects plasma lipids from
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peroxidative damage produced by peroxyl radicals [6]. Moreover, AA has the aptitude to

counteract free radicals and defend the structure and function of DNA, proteins, and
chromosomes against oxidation injury. They are the most influential in reducing the storage
and harmfulness of reactive oxygen species (ROS) [7].

Paracetamol (PC) is usually known as acetaminophen. It is a commonly used antipyretic
drug and painkilling [8]. PC is processed in the liver by cytochrome P450 (CYP450) enzymes
to N-acetyl-benzoquinone imine (NAPQI), where NAPQI reacts with glutathione (GSH). So,
the overdoses of PC may lead to a depletion of hepatocellular GSH [9, 2]. PC has an action
similar to that of non-steroidal anti-inflammatory drugs (NSAIDs). Likewise, the
cyclooxygenase type 2 (COX-2) selective inhibitors are weaker analgesics than NSAIDs or
COX-2 selective inhibitors. [10, 11, 12]. Acute overdose of PC could be the reason for the
toxicity of testis in men and male animals [13]. Furthermore, the long-term uses of PC cause
toxicity effects in the organs, such as the liver, kidney, and testis, and it also affects the blood
structures and reproductive hormones. [14,15], such as semen quality, particularly the sperm
morphology and fertilizing ability [16]. Moreover, [14, 10] suggested that the long-term of PC
caused an increased risk of OS, testicular tubules and blood cell damage, heart infarction, and
high blood pressure. The present study investigates the protective effects of AA on the testis
tissue damage induced by PC in male albino rats.

2. Material and Methods:
Drugs and chemicals: Ascorbic acid (AA) (CsHsOs) (500 mg) and paracetamol (PC)
(CsH9NO2) (500 mg) were purchased from the local pharmacy.
Animals and treatments: For this study, thirty-two male albino rats (Rattus norvegicus)
weight 200-250 g were taken from the Central Animal House, College of Veterinary, University
of Omar Al-Mokhtar, El-Beida, Libya and were kept in cages at room temperature (22 + 2°C).
Rats were fed with diet and water ad libitum for free intake.
Rats were equally divided into four groups (eight rats):
Group (1): In the standard control group (NC), rats were kept under common laboratory
conditions as normal control rats with no treatment.
Group (2): In the ascorbic acid-treated group (AA), rats were administrated AA at a dose of
500 mg/kg/b.w [17, 18] orally by gavage for two weeks.
Group (3): In the Paracetamol-treated group (PC), PC was administered to rats at 500
mg/kg/b.w. [19, 18] orally by gavage for two weeks.
Group (4): Protective group (PRO), rats were administered AA at a dose of 500 mg/kg/b.w.,

then they administered PC at a dose of 500 mg/kg/b.w. Orally by gavage for two weeks.
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Rats were given the treatments six days a week [18], and at the end of the study, rats were

sacrificed, and then the testes were detached.
Histopathological preparation:

Testis tissue samples were washed in normal saline, fixed in the buffered formalin (10%) for
general histological examination, and studied under a light microscope [20]. The changes in the
histopathological of the testis tissues were classified as follows: (—) shows regular, (+) shows

mild, (++) shows moderate, and (+++) shows severe changes [21, 22].

3. Results:

The result of this research showed a typical structure of the seminiferous tubules in the testis
tissues of the standard control group (Figure 1), where the seminiferous tubules had normal
spermatogenic cells and Sertoli cells, and everyday interstitial spaces had normal Leydig cells
(Figure 2). On the other hand, the testis tissues in the AA group revealed a standard histological
structure, such as normal seminiferous tubules (Figure 3), having normal spermatogonial cells
and Sertoli cells, as well as everyday interstitial spaces with normal cells of Leydig (Figure 4)
as similar is the standard control group.

Whereas, histological examination of the testis section in the treated rats with PC showed
different histopathological variations when compared with the standard control group, such as
atrophy degeneration and necrosis of spermatogonial cells lining seminiferous tubules, with
reduced diameter of seminiferous tubules as well as sloughing of germinal epithelium,
congestion in testicular vessel. In addition, some tubules showed a marked reduction in the
thickness of the germinal epithelium with loss of sperms in their lumen and focal tubular
necrosis (Figure 5). Additionally, (Figure 6)showed that testicular atrophy degeneration
appeared in most seminiferous tubules with fewer sperms in their lumen, and irregularly
organized sperm cells with distortions of sperm cells as well as sloughing of germinal
epithelium, degenerative changes like vacuoles of the interstitial tissue. So, the testis of the
male adult rats, when given the PC at two weeks, showed severe damage in the testicular tissues.

Nevertheless, the testis sections of rats treated in the PRO group for two weeks showed
minor damage in the testis tubules and germ cells compared to the PC group. Improve testicular
arrangement with normal spermatozoa in their lumen, normal seminiferous epithelium with
spermatogonia, reorganization of the germinal cells layer with some seminiferous tubules have
a few intraepithelial empty spaces, normal Sertoli cells are seen with attached sperms,
interstitial spaces were within a standard limit, and Leydig cells these were apparent in the
(Figure 7, 8). Finally, in many parts of the testis tissues in PRO rats, they showed almost normal

structures.
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Figure 1: Microscopic image of the testis section of NC rats
showing normal seminiferous tubules (stars). (H & E stain,
X100).

Figure 2: Microscopic image of the testis section of NC rats
showing normal seminiferous tubule with standard
germinal cell layer (thick arrow), spermatozoa (stars), and
normal Leydig cells (arrow) (H & E, X400).

Figure 3: Microscopic image of the testis section of AA rats
showing normal seminiferous tubules (star) and standard
interstitial spaces (arrow). (H & E stain, X100).

<= SN -

Figure 5: Microscopic image of the testis section of PC rats
showing atrophy degeneration and necrosis of
spermatogonial cells lining seminiferous tubules, with
reduced diameter of seminiferous tubules (stars), widening
of the interstitial tissue (X), as well as sloughing of germinal
epithelium (small arrows), congestion in testicular vessel
(thin arrows). Some tubules show a marked reduction in
the thickness of the germinal epithelium with loss of sperms
(head arrows) and focal tubular necrosis (thick arrows). (H
& E, X100).

Figure 6: Microscopic image of the testis section of PRO
rats showing improved testicular arrangement with normal
tubules and germinal cells, repair of some seminiferous
tubules with a few intraepithelial empty spaces (thick
arrows), normal sperms in the lumen (stars), and standard
interstitial spaces within normal Leydig cells (arrow) (H &
E, X100).

Figure 4: Microscopic image of the testis section of AA rats
showing normal seminiferous tubule with standard
germinal cell layer (thick arrow), sperms (stars), and
everyday interstitial spaces with normal Leydig cells
(arrow) (H & E, X400).

Figure 6: Microscopic image of the testis section of PC rats
showing atrophy degeneration of the seminiferous
epithelium (arrows) with fewer sperms in the lumen (stars)
and irregularly organized sperm cells with alterations of
sperm cells (head arrows) as well as sloughing of germinal
epithelium (thick arrows), degenerative changes like
vacuoles of the interstitial tissue (long arrow). (H & E,
X400).

Figure 7: Microscopic image of the testis section of PRO
rats showing normal spermatozoa in their lumen (star),
seminiferous epithelium with spermatogonia (thick arrow),
repair of some seminiferous tubules with a few
intraepithelial empty spaces and reorganization of
germinal cell layer (arrows). (H & E, X400).
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Histopathological variations:
The histopathological variations of the testis tissues are given in (Table. 1). The testis tissues
of the PRO rats showed a significant improvement in their tissue structure when compared with

the PC group.

Table 1: Incidence of histopathological changes in the testis tissues in the normal

control and experimental groups.

organs Lesions NC AA PC PRO
Degeneration of seminiferous tubules - - +++ -
Widening of the interstitial tissue - - ++ -
Reduction of spermatozoa - - ++ -
Necrosis - - ++ -

Testis -
Absence of spermatogenesis - - ++ -

Tissues - -
Degeneration of germinal cells - - Saiat 4
Vacuolations - - ++ -
Reduction of Sertoli cells - - ++ -
Atrophy of seminiferous tubules - - +++ -
Absence of the spermatozoa - - ++ -
Reduction of Leydig cells - - ++ -

*(—) shows normal, (+) shows mild, (++) shows moderate, (+++) shows severe changes.
*NC is the standard control group, AA is the ascorbic acid group, PC is the paracetamol group, and PRO
is protective.

4. Discussion:

Results obtained in the present study showed histopathological changes in treated rats with
PC for two weeks when compared with the NC rats, such as atrophy degeneration and necrosis
of spermatogonial cells lining seminiferous tubules, with a reduced diameter of seminiferous
tubules as well as a marked reduction in the thickness of the germinal epithelium with loss of
sperms in their lumen, and irregularly arranged sperm cells with distortions of sperm cells as
well as sloughing of germinal epithelium, degenerative changes like vacuoles of the interstitial
tissue which is in agreement with other studies [23], who found that the taken of the PC showed
many histopathological variations in testes rats. They said that giving PC to the male rats'
gnawers is mainly due to testicular degeneration and difficulty of spermatogenesis—these
effects on the testis by prostaglandins on male maturity and spermatogenesis [24]. Moreover,
the PC may cause impaired fertility by testicular toxicity. Also, the toxic effects of an overdose
of PC on the reproductive organs of male animals may induce several changes and damagingly
affect the tissue structure of the testis tubules [25, 26, 13]. So, the results showed that the PC
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can potentially cause reproductive toxicity when high and long-term treatment. Research by

[27] indicates that high doses of PC lead to unwanted side effects, such as the production of
ROS that leads to OS. Furthermore, ROS may similarly affect the Sertoli cells, which impacts
the protein mixture hardware required to depart the germ cells [28]. Besides that, the PC could
pervade the blood of the testis barrier with alteration in the microenvironment of the
seminiferous tubules, thus creating a different microenvironment in the testicular functions and
the barrier of the seminiferous tubules [29].

Meanwhile, the testis tissues of the POR rats showed improved testicular structure with
normal spermatozoa, seminiferous tubules, and typical structures of the Leydig cells compared
to the PC group. AA protects against PC by removing the OS and reducing cell apoptosis [30,
31]. Moreover, it has been reported that AA inhibited OS. It reduced the lipid products and
protein peroxidation [31]. Also, Heikal 2014 showed the protective properties of the AA in
lowering the levels of biochemical changes and histopathological assessments.

Moreover, histopathological variations of the testis tissues in the albino rats showed that the

AA was protective against PC-induced testis injury.

5. Conclusion:

The present results determine that histopathological variations in the testis tissues of the
albino rats cause PC. In addition, the AA has protective roles against PC-induced testis injury

in male rats.
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Abstract:

Vaginitis is a prevalent medical illness that affects a substantial proportion of women, mostly
attributed to the excessive proliferation of bacteria and fungi. The objective of this study was to
assess the antimicrobial effectiveness of Apple Cider Vinegar against bacteria and fungi that were
obtained from cases of vaginitis. 50 vaginal swabs were collected from vaginitis patients at private
clinics in Kirkuk City, Iraq (10 pregnant women and 40 non-pregnant women). The research
included the isolation and identification of bacterial and fungal isolates. All isolates performed the
Minimum Inhibitory Concentration and disc diffusion techniques tests. Different concentrations of
apple cider vinegar (20%, 30%, 40%, 50% and 100%) were tested against the isolates and Standard
antibiotic drugs were used as positive controls. The results of 50 patients were examined, showing
that 22 (44%) had bacterial vaginitis and 39 (78%) had fungal vaginitis. Vaginitis was more
prevalent in pregnant women compared with non-pregnant. Staphylococcus aureus recorded 14
(24.9%) out of the 54 bacterial isolates, followed by Echerichia coli, Group B- Streptococcus,
Klebsiella pneumoniae, Staphylococcus epidermidis and Pseudomonas aeruginosa respectively.
whereas Candida albicans recorded 30 (61.2%) out of the 49 fungal isolates, followed by Candida
tropicalis and Candida parapsilosis, respectively. The findings showed a range of sensitivity to apple
cider vinegar among the isolated samples. The efficacy of apple cider vinegar was found to be

greater against fungal isolates compared to bacterial isolates, with a higher effectiveness observed
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against gram-negative bacteria in comparison to gram-positive bacteria. The highest MIC values

were found for Gram-positive bacteria, which recorded 125 (ug/mL), followed by Gram-negative

bacteria, 62.5 ug/ml. While the lowest MIC values for the isolated fungi were (31.25 ug/ml). A

comparison to traditional antimicrobial drugs has highlighted ACV's potential as an alternative

treatment for vaginitis. According to these findings, ACV may be an effective treatment choice for

vaginitis.

Keywords: ACV, bacteria, fungi, Vaginitis.
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1. Introduction:

Vaginitis, often known as external genital inflammation, is an inflammation of the vaginal
mucosa. ltching, burning, irritation, discharge, and discomfort are common side effects of the
inflammation. It's one of the most common causes of doctor visits among females [1]. Many
different things, including irritants, hormones, foreign bodies, sexually transmitted diseases,
and infections, can cause vaginitis. All of these factors have the potential to cause discomfort
for sick women [2]. Bacteria, fungi, parasites, and viruses can all contribute to the development
of infected vaginitis, in addition to Chlamydia, Staph aureus, Group B streptococcus (GBS),
E.coli, Klebsiella pneumonia, Listeria monocytogenes, Acinetobacter spp., and Neisseria
gonorrhoea are the most common bacteria that cause vaginitis [3]. Candida albicans, an
opportunistic polymorphic fungal species that is a leading cause of vulvovaginal candidiasis
(VVC), which causes major quality-of-life issues for women around the world, can also cause
vaginitis. VVC is characterized by burning, itching, and redness of the vulva and vaginal
mucosa, often accompanied by a thick white vaginal discharge. About 75% of all women will
experience VVC at some point in their life [4]. Antimicrobial drug resistance is an established
and pervasive issue worldwide. There has been a rise in a variety of infections that are resistant
to different kinds of antimicrobials [5]. Warns that the development of resistance to
antimicrobial drugs could threaten our ability to treat many diseases that are currently treatable.
Because of this, natural antimicrobials have attracted a lot of attention in recent years to be used
for immune-compromised and high-risk patients [6]. Apple cider vinegar has been the subject
of extensive research into its pharmacological qualities and applications as a natural product
that is its growing usage in the pharmaceutical, food, and cosmetic industries, and its
antimicrobial, antioxidant, anti-diabetic, anti-inflammatory, anti-hypertensive, immune-
stimulating, and anticancer properties are only some of the many biological effects
demonstrated by apple cider vinegar [7]. It has a long history of usage in alternative medicine.
Numerous applications have been found for it due to the widespread acceptance of its purported
antimicrobial, antiseptic, and antiviral properties [8]. The aim of this study is to evaluate the

antibacterial and antifungal efficacy of apple cider vinegar for vaginitis isolates

2. Material and Methods:

1- Patients and Specimen Collection: 50 vaginal swabs have been obtained from vaginitis
patients at private clinics in Kirkuk city, Iraq. Including 10 pregnant women and 40 non

pregnant women. Each sample was inoculated onto blood agar plate, chocolate agar, nutrient
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agar, McConkey agar and Sabouraud’s Dextrose-Agar. The plates were incubated at 37°C for

24 hours, and Sabouraud’s Dextrose agar plates were incubated at 27°C for 48 hours.

2- ldentification of bacterial and fungal isolates: Colony morphology, Gram stain, and
biochemical testing were used to diagnose bacteria in the patient's vaginal swabs, and the API
20 test was utilized for verifying the isolate's identity [9]. According to Murray et al., fungi
were diagnosed using a series of tests based on their microscopic and cultural characteristics as

well as biochemical tests [10].

3- Preparation of Apple Cider Vinegar extract: The natural apple cider vinegar utilised in
this research was acquired from a local supermarket. At 0.12 atm and -82 °C, the water content
of a 1000 mL sample of vinegar was completely evaporated using a freeze dryer (Christ,
Germany). After being freeze-dried, the sample of apple cider vinegar yielded 18 gm. A 1
mg/mL stock solution was prepared using distilled water, and then the solutions were sterilised
by filtering them through a 0.45 um filter [11].

4- Inoculum Preparation: Candida spp. was incubated at 27°C for 48 hours, while all bacterial
strains were incubated at 37°C for 24 hours [12, 13]. By transferring the bacteria and fungi in
0.9% sterile saline solution and adjusting to a 0.5 McFarland standard for each, the inoculum
were standardised to contain around 10 cfu/mL for bacteria and 107 cfu/mL for Candida spp
[14, 15].

5- Minimum Inhibitory Concentration Test: The broth dilution method was used to
determine the minimum inhibitory concentration (MIC) [16, 17]. The concentration range was
obtained by making serial 2-fold dilutions, from (500 to 15.62) pug /mL. The (MIC) has been
defined as the lowest concentration of extract required to inhibit the growth of bacteria and
fungi. A tube without apple cider vinegar was considered as a positive control, while a tube
with only broth was considered as a negative control. Triplicates of every test were done.

Finally, the MIC for each isolated organism was recorded.

6- Preparation of concentrate solutions: Different concentrations of ACV extract (20%, 30%,
40%, 50% and 100%) were prepared [18].

7- Disk diffusion method: Antibacterial and antifungal activity of ACV was measured using
this method. In brief, sterile paper discs (6 mm) were saturated with 10 pl of each concentrate
of ACV and then placed on inoculation plates (nutrient agar for bacteria and Sabouraud agar

for fungus) that had already been prepared. Plates with bacteria were incubated at 37°C for 24
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hours, while those with fungi were incubated at 27°C for 48 hours. Diameters of the microbial

growth inhibitory zone were clearly measured in millimetres. However, fluconazole (25
pg/disc) and clindamycin (2ug /disc) have been employed as positive controls for fungi and

bacteria, respectively. Every test was performed in triplicate [19].

8- Statistical analysis: Calculations of means, standard deviation and percentages were
performed in SPSS version 18 and Microsoft excel 2013.

3. Results:

Numbers and percentages of bacteria and fungi isolated from vaginitis patients: 50
vaginitis specimens were cultured during the study period. 10 samples were of pregnant women
and 40 samples were of non-pregnant women. Bacterial vaginitis included 22 (44%) samples,
distributed among 15 (37.5%) non-pregnant women and 7 (70%) pregnant women. While
fungal vaginitis included 39 (78%) samples, distributed among 31 (77.5%) non-pregnant
women and 8 (80%) pregnant women. As shown in Table (1).

Table (1): Numbers and percentages of (bacterial and fungal) vaginitis in pregnant

and non-pregnant women

) ) Non pregnant Pregnant women
Microorganisms Total no. (50)
women (40) (10)
) 15 7 22
Bacteria

37.5% 70% 44%

. 31 8 39

Fungi

77.5% 80% 78%

Vaginitis can be caused by a wide variety of microbes, including bacteria and fungi, and
often results from an imbalance or interference between the types of organisms that cause
inflammation and the normal vaginal flora [20]. Pregnant women had a higher rate of vaginitis
(fungal and bacterial infections) than other women. Vaginitis is the most frequent genital
infection in pregnant and breastfeeding women [21, 22], because estrogen stimulates and
activates the growth and integration of the vaginal epithelial membrane, a normal level of
estrogen is necessary to maintain the vaginal balance and its resistance to microbial infections.
This is because estrogen is a potent anti-inflammatory [23]. According to Dybas et al., study
most cases of vaginitis have been reported by pregnant women [24]. As for bacteria, 54 isolates
were isolated from infected women: 14 (25.9%) Staphylococcus aureus isolates, 11(20.4%)
Echerichia coli, 9 (16.7%) Group B- Streptococcus, 8 (14.8%) Klebsiella pneumoniae, 7 (13%)
Staphylococcus epidermidis, and 5 (9.3%) Pseudomonas aeruginosa isolates. In addition, 49
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fungal isolates were isolated from infected women, including 30 (61.2%) Candida albicans,

11(22.4%) Candida tropicalis, and 8 (16.3%) Candida parapsilosis isolates. As shown in Table
(2).

Table (2): The percentage of bacteria and fungi that cause vaginitis

Bacteria No. (54 Isolates) %
Staphylococcus aureus 14 25.9%
Echerichia coli 11 20.4%
Group B- Streptococcus 9 16.7%
Klebsiella pneumoniae 8 14.8%
Staphylococcus epidermidis 7 13%
Pseudomonas aeruginosa 5 9.3%
Fungi No. (49 Isolates) %
Candida albicans 30 61.2%
Candida tropicalis 11 22.4%
Candida parapsilosis 8 16.3%

The results of the current study agreed with Razzak, et al.’s, study, as Staphylococcus
aureus, Pseudomonas aeruginosa, Staphylococcus epidermidis, Group B- Streptococcus,
Klebsiella pneumonia, and Echerichia coli were isolated, where they found that the presence
of probiotics, which stimulated the production of defence components, correlated inversely with
the organism that caused vaginitis [25]. Therefore, Antibiotics for vaginitis treatment must be
carefully chosen so as not to eliminate the beneficial probiotics that play an essential role in
keeping the vagina and its environment in a healthy order. The current study also agreed with
the results of Hussein's study, Candida albicans that had the largest percentage of Candida

species isolated from vaginitis, followed by Candida tropicalis and Candida parapsilosis [26].

Minimum Inhibition Concentration value and antimicrobial activity of apple cider
vinegar: The MIC test is commonly used to determine the minimum concentration of apple
cider vinegar that inhibits isolates from vaginitis patients. The highest MIC values were found
for gram positive bacteria (Staphylococcus aureus, Staphylococcus epidermidis and Group B-

Streptococcus,), all of which were 125 (ug/mL).

Gram-negative bacteria recorded 62.5 (ug/mL) for (Escherichia coli, Klebsiella pneumonia
and Pseudomonas aeruginosa). While the lowest MIC values were found for the isolated fungi
(31.25 pg /mL) for (Candida albicans, Candida parapsilosis, and Candida tropicalis), as shown
in Table (3).
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Table (3): MIC values for apple cider vinegar against isolates (ng/mL)

Isolates 500 250 125 62.5 31.25 15.62 +ve -ve
(ng/mL) | (ng/mL) | (pg/mL) | (ng/mL) | (ng/mL) | (ng/mL) | control | control
Staphylococcus i ) ] R .\ .
aureus
Echerichia coli - - - - + +
Group B-
- - - + + +
Streptococcus
Klebsiella
. - - - - + +
pneumoniae
Staphylococcus + ;
- - - - - - + + +
epidermidis
Pseudomonas
. - - - - + +
aeruginosa
Candida albicans - - - - - +
Candida tropicalis - - - - - +
Candida i ) ] ] ] .\
parapsilosis

The antimicrobial properties of apple cider vinegar were tested on all isolates, and the

results are presented in Table (4).

Table (4): The (Mean £ SD) of Diameter zones of inhibition (mm) at different concentrations of apple
cider vinegar by the desk diffusion method.

Bacterial Isolates 20% | 30% 40% 50% | 10006 | CoMtrol Clindamycin (2
pg/disc)

Staphylococcus aureus - - 3+1.6 6.5+1.4 8+2.4 20+9.1

Echerichia coli - 0.5+0.4 2+1.2 9+5.1 14134 14+3.5

Group B- . . 15106 | 7+35 | 9+42 16+5.1

Streptococcus

Klebsiella pneumoniae - 3+14 6.5+2.3 10+£3.2 13+4.1 14+3.4

Staphylococcus - | 05+03 | 3+14 | 6+23 | 8532 17+4.1

epidermidis

Pseudomonas 1604 | 421 | 6532 | 952 | 13:4.2 15443

aeruginosa

Fungi Isolates 20% | 30% 40% 50% | 10006 | Control fluconazole (25
pg/disc)

Candida albicans 7+2.3 9+3.2 13+3.4 15+4.1 19+7.1 25+9.2

Candida tropicalis 8+2.3 10£3.3 13.5¢4.1 15+4.2 17+4.3 23+7.2

Candida parapsilosis 6+2.1 8+2.4 12+3.4 13+4.1 16+4.4 20+5.1

*Values are the mean + standard error of 5 replicates

In this study, apple vinegar was found to have significant antibacterial activity against the

vaginitis isolates (as shown in Table 4). Apple cider vinegar acts on bacteria by penetrating

their cell wall and destroying their DNA, which prevents them from reproducing [27]. Apple

cider vinegar showed antibacterial activity from (13+£4.1) — (14+3.4) mm in gram-negative

bacteria and from (8+2.4) — (9£4.2) mm in gram-positive bacteria. Zones of inhibition were
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found to be significantly larger for gram negative bacteria compared to gram positive bacteria,

Peptidoglycan layers around Gram-positive bacteria were many times thicker than those
surrounding Gram-negative bacteria. Long anionic polymers called teichoic acids made up
primarily of repetitions of glycerophosphate, glucosyl phosphate, or ribitol phosphate, served
as the threads between the peptidoglycan layers. Furthermore, Gram-positive microbes had a
wide range of proteins on their surfaces, some of which were comparable to proteins found near
Gram-negative species and might offer further antimicrobial action [28]. The current study
agreed with the results of Kalaba et al.’s, study, which had reported an inhibitory zone of 11.33
mm for Staphylococcus aureus and of 13.00, 14.00, and 12.66 mm for Enterobacter kobei, E.
cloacae, and E. coli, respectively [7]. Apple cider vinegar had been shown to be more effective
against isolated fungi than against isolated bacteria. Inhibition zones at 100% concentration
were between (16+4.4) and (19+7.1) mm in diameter. Some authors claimed that the
widespread use of conventional antifungals for the treatment of systemic and superficial
infections had contributed to the development of resistant strains among people at risk of
contracting a disseminated Candida spp. Infection [29]. The objective of this study was not to
ascertain the mechanism via which apple cider vinegar exerted its effects. However, according
to other scientists, acetate had been shown to inhibit 14-lanosterol-demethylase, Toxic
concentrations of acetic acid that could build up inside a cell because it could pass through
intact cell membranes and reached its molecular target. As a result of this process, H+-ATPase
got activated, consequently, the acidity of the medium increased, which was toxic to fungi [30,
31]. Flow cytometer was used in another study to show that prolonged exposure to high
concentrations of acetic acid loss of cell integrity [32]. The results of the current study agreed
with the findings of Ousaaid et al., and Patole et al.’s, Apple cider vinegar which recorded

antibacterial and antifungal activity [33, 34].

4. Conclusion:

This study found that Apple cider vinegar was efficient against vaginitis-causing bacteria
and fungus. This finding suggests that ACV may be used as a safe and effective natural remedy
for vaginitis. More research is needed to establish the mechanism by which ACV produces its

antimicrobial properties and evaluate its therapeutic efficacy.
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Abstract:

Passwords serve as a vital means to safeguard our digital accounts. Many individuals resort to
conventional methods like writing down passwords on paper or storing them on cloud services,
often overlooking security risks, forgetting, and divulging is the most notable, which leads to loss
of access to accounts, or potential breaches. In this paper, we propose the development of an Android
application named "BANK OF PASSWORD" to address this issue. Our work focuses on creating a
lightweight app equipped with essential functionalities desired by users, including password
addition, updating, copying, searching, and deletion. To ensure the security of stored passwords, our
approach incorporates various protective measures, such as access restriction through a login
process and the utilization of SHA256 hashing and AES256 encryption for password encryption,
where stored passwords are securely encrypted and stored as ciphertexts within an SQL.ite database.
A fingerprint authentication was implemented as a second login method. Extensive testing of the
application demonstrates the successful functioning of all proposed features and requirements on

devices running API level 26 or above.

Keywords: Secure warehouse for passwords, Passwords vault, Passwords keeper app, Android

application.
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1. INTRODUCTION:

In today’s digital landscape, individuals possess multiple private accounts, including
significant ones such as banking, social networks, websites, emails, and even Wi-Fi networks.
These accounts are typically protected by private passwords, known only to the account holder,
serving as a barrier against unauthorized access. However, the management of these passwords
has become a significant challenge, leading to a pressing need for a secure and efficient
solution. This paper is motivated by the desire to address this issue and enhance the security
and convenience of password management for Android device users. It is worth noting that
many users often tend to reuse the same password across multiple accounts for the sake of
convenience. This practice poses a significant security risk, as a compromise of one password
can lead to unauthorized access to several accounts [1]. Therefore, it is highly recommended to
utilize unique and complex passwords for each user account [2].

Managing multiple passwords can become a challenging task, potentially resulting in users
forgetting their passwords and losing access to their accounts. Some individuals resort to

writing down details of their passwords on paper, or storing them in a text file in cloud services
e —
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like Google Drive, or OneDrive, attempting to keep them secure. However, these traditional

methods are still susceptible to security threats, including loss, damage, or unauthorized access
to sensitive information.

Motivated by the need to provide a secure and user-friendly solution to these challenges, we
propose developing a mobile application that provides a secure storage environment for user
passwords. Given that most users employ devices powered by Android OS, which holds a
significant market share of 67.72% [3], the proposed application will be tailored specifically
for Android OS devices. The ‘Bank of Passwords’ app aims to provide a secure solution for
Android users to manage their passwords, where, focuses on simplicity, usability, offline, free-
cost, open-source, and available for most Android devices while still implementing robust
security features. To ensure a satisfactory user experience, the application should offer
convenient password management functionalities while prioritizing security. This necessitates
a thorough determination of the requirements before the implementation process .

This paper aims to outline the application's design and implementation processes,
demonstrating how it addresses the challenges of password management while enhancing user
security. The paper is organized as follows: Section 2 covers user requirements and technical
requirements for the app, Section 3 provides a brief implementation plan, Section 4 addresses
the Ul design processes, Section 5 covers the implementation of background processes, Section

6 is dedicated to test the application, and Section 7 concludes the paper.

2. CORE REQUIREMENTS:

For developing useful and usable applications, we have to understand user needs; and the
techniques for implementing them, which means there are user requirements and technical
requirements [4].

2.1 User Requirements: User requirements can be written from the perspective of what the

users need to satisfy them [4]. In our approach, we will adopt the following requirements:

« The application offers users two login methods, either by entering a password or by using
their fingerprint if supported.

« The user can assign a login password when the application launches for the first time for
security purposes.

« The application forces the user to login every time he runs the application.

« For every new password to be added, the app must store a name and value.

« The application forces the user to use a unique name for every new password to be stored.

« The application can display all stored passwords as a scrollable list.
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—
« The user should be able to copy any password value stored inside the application and paste

it where needed.
« The application provides the user with the ability to edit any stored password easily (name
or value or both).
« The application allows the user to delete any password stored inside the application.
« The user can search for any password stored inside the app.
« The application allows the user to change the login password.
« The user can erase (reset) all stored data inside the application with one click.
« The user can exit the application.
« The login-password length should be a minimum of eight characters.
« There is no need to get any access permissions from the user.
« The language of this application is English.
« The application Works offline.
2.2 Technical Requirements: To meet users’ requirements in Sec. 2.1, and make it feasible,
we need to define some technical requirements for describing how the application will be
implemented practically [4], plus illustrate how the background processes would be performed
in this application. For such an application, our approach adopts the following technical

requirements:

« For development, a reliable IDE should be used.

« A recommended Android API level must be used for development.

« The programming language that is used for development is preferred to be a popular and
easy option for beginners and hobbyists.

- For storing the data of the user passwords, the application should use an efficient storage
technic.

« The application must check and confirm that the new stored password has a unique name.

« The stored data (especially password values) must be secured by encrypting the plaintext of
all stored passwords.

« The application must have the ability to decrypt all encrypted passwords to their plaintext
again when needed to display them in the GUI.

 To assign a password for login, such an app must have the ability to store this kind of
password and retrieve it when compared with the entered value in the login process.

« When a login password is assigned, the application must force the user to write this password

twice in two different fields for more confirmation.
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« For security level increase, the login password should be encrypted and stored as a

ciphertext.
« The ciphertext of the login password should be used as a key for encrypting all stored

passwords.

3. IMPLEMENTATION PLAN:

Before proceeding with designing and programming, it’s essential to prepare an appropriate
IDE, where we intend to use Android Studio because it’s the official IDE for developing
Android applications [5]. According to a Google announcement on 19 November 2020, Google
Play Console will require all new apps to target API level 30 (Android 11) or above as reported
by Android Developers [6].

For that reason, our app will be developed with API level 32 (Android 11) as a target, and
API level 26 as minimum. For programming, there are many languages for developing Android
apps such as Java, Kotlin, and C++. We plan to develop this app with Java, to produce a small
apk file size [7], and as being the better option from the beginner’s point of view [8]. Based on
the common architectural principles mentioned by Android developers for best application
development practices, each application should have at least two layers:

1.a Ul layer.

2.a data layer.

The Ul layer is accountable for presenting the application data on the screen, while the data
layer encompasses the business logic, consisting of rules that govern the creation, storage, and
manipulation of data within the application [8]. These processes occur independently of the
user in the backend. Drawing from the aforementioned information, we can divide the
implementation approach into two essential components:

1. Ul Design.

2. Back-end Processes Implementation.

As we transition from the theoretical framework and requirements, it becomes pivotal to
visualize the operational flow of the application to grasp its comprehensive functionality and
user interaction dynamics, as described in Figure 1. This diagram will serve as a preliminary
roadmap in the next phases, guiding the development process and ensuring that all user
requirements are met effectively and efficiently.
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FIGURE 1: A Flowchart depicts the core functions and their processes in the ‘Bank of Password’ app.

4. Ul DESIGN:

In this context, it is essential to gain a graphical design perspective to better comprehend the

user requirements outlined in Section 2.1. This understanding allows us to visualize and create

a feasible graphical user interface (GUI). Before embarking on the design phase, it is crucial to

identify the primary tasks that the application will be carrying out based on the user

requirements. Additionally, establishing the execution workflow, as depicted in Figure 2, helps

to delineate the sequence of actions and interactions within the application.

4.1 Application’s Main Tasks:

1. Assigning Login-password for the first time.

Login process.

Add a new password.

Delete

password.

2
3
4. Display the stored passwords.
5
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Copy password.
Update stored passwords.

Search for a password.

© © N o

Change the login password.
10. Reset to default.

11. Exit.
copy password
display stored » delete password
passwords
e add password update password
first-time a]élggm 9
app running password search for
password
main Ul
» change login
assword
regu‘lar —»| login p
running
reset the app
exit

FIGURE 2: Diagram illustrating the workflow of Ul functions execution.

Determining the main tasks and Ul execution workflow provides a clear understanding and
serves as a foundation for GUI building. These insights play a crucial role in shaping the
background processes and programming logic required to implement all the application tasks.
From a design perspective, each task can be visually represented on a single screen, and the
most effective approach in Android development is to leverage the concept of activities. An
Android activity represents a single screen that users see and interact with on their device [9],
serving as a window for the application to present its user interface.

Considering the nature of the tasks at hand, it becomes evident that certain tasks in our
application necessitate dedicated activities, such as the login task and changing the login
password. In contrast, others can be accommodated within the same activity, such as displaying
the password list and performing a search. To address this situation, adopting a multiple-activity
approach is recommended to ensure the appropriate graphical interface is built to cater to all
tasks effectively.

4.2 Login-Password-Assigning Activity Design: Although this activity is not designated as
the launch activity, it serves as the initial screen displayed to users after installing the
application. The reason behind this design choice stems from the user requirements outlined in

Section 2.1. Our application necessitates a login process to gain access, which, in turn, requires
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a login password. Therefore, it is crucial to prompt the user to assign a login password before

proceeding with any other actions within the application. The suggested layout components for

this activity are depicted in Figure 3.

Welcome to you in

BANK OF PASSWORDS

To protect your privacy, you must assign a password
]

for login

Password

Re Enter Password

NEXT

FIGURE 3: Layout design of the login-password-assigning activity.
(This layout consists of five TextViews for labeling, two EditText for getting login-password values, and a Button for executing.)
4.3 Login Activity Design: Once the user has been assigned a login password during the
initial launch of the application, our app ensures user access verification in subsequent runs
by initiating a login process. The user is granted entry only when the login password matches
the correct value, as specified in the user requirements outlined in Section 2.1. Therefore, in
regular app launches, it is imperative to display this activity as the first screen. The layout

components for this activity are visually depicted in Figure 4.

BANK OF PASSWORDS

Enter Your Access Password m_m

FIGURE 4: Layout design of the Login Activity

(This layout consists of five TextViews for labeling, two EditText for getting the values, on a Button for executing.)
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4.4 Main Activity Design: The main activity is the central hub where the primary operations

of the app take place, aligning with the execution workflow illustrated in Figure 2. The final
Ul layout design for this activity can be observed in Figure 7. The layout of this activity
incorporates the following components:

- A constraint layout is utilized as the container for organizing all the elements.

- A TextView is positioned in the top left corner, dedicated to displaying the application
name.

- An ImageView, clickable and located in the top right corner, features a settings icon. When
clicked, it triggers the emergence of a Popup Menu, as demonstrated in Figure 5.

- A RecyclerView is situated in the middle of the screen, serving as a list to showcase the
stored passwords. The proper functioning of this element requires the creation of a
ViewHolder and an Adapter. The ViewHolder allows for customization of the appearance
and behavior of each list element (list rows), while the Adapter is responsible for
associating the data with the ViewHolder views. In our context, we recommend designing
a custom ViewHolder layout that presents the information of each stored password
(including the name and value), along with the relevant operations (update, copy, delete)
for each list element, as depicted in Figure 6.

- A FloatingButton is included to facilitate the addition of new passwords.

. At the bottom of the screen, a SearchView is provided to enable password searching

s

Change Login Password |

functionality.

Reset

Exit

FIGURE 5: Layout design of the Setting Menu and its items.

(This layout consists of three items: change the login password, reset the application, and exit.)

Password Name :

'_Ell’xl

Password Value :

Fassvoraame: ]

Pesorguaie ]

FIGURE 6: Layout design of the ViewHolder
(This layout contains: a constraint layout to hold all components; two TextViews for labeling; two TextViews for displaying password info; three
clickable ImageViews for operations (copy, edit, delete)
L
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FIGURE 7. - Final layout design of the Main Activity.

4.5 Store-New-Password Dialog Design: When the user clicks on the floating button '+' in
the main activity, depicted in Figure 7, a dialog containing a custom layout will be displayed.
This dialog enables the user to add a new password. As per the user requirements mentioned
in Section 2.1, each stored password should include two essential pieces of information: the

name and the value. The layout design for this dialog is illustrated in Figure 8.

store new password

password name
password value

confirm value

FIGURE 8: Layout design of the Store-New-Password Dialog

(This layout consists of a constraint layout for holding all components; four TextViews for labeling; three EditTexts to get the values; two buttons for

actions (one for cancel and the other for adding)

4.6 Edit-Selected-Password Dialog Design: As depicted in Figure 6, the application
provides the user with the capability to update the stored information (name or value) of any
password listed by selecting the corresponding update button (pen icon) associated with that
specific password. To accomplish this process, we need to design a suitable dialog that allows
the user to enter the new values. The design of this dialog is presented in Figure 9.

e
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Edit Selected Password

Password Name

Password Value

CANCEL UPDATE

FIGURE 9: Layout design of the Edit-Selected-Password Dialog.

(This layout consists of a constant layout for containing all components; three TextView for labeling; two EditText to display the current values and
edit them at the same time; two buttons one for cancellation, and the other for updating.)

4.7 Change-Login-Password Dialog Design: To enable the user to change the login
password, a dialog should appear on the screen when the user selects the corresponding item
in the setting menu (labeled as 'change login password' as shown in Figure 5). The design

details of this dialog can be found in Figure 10.

change login password

old password

new password

confirm password

CANCEL

CHANGE

FIGURE 10: Layout design of the Change-Login-Password dialog.

(This dialog layout consists of a constant layout for containing all components; four TextView for labeling; three EditText to get the values; two buttons

one for cancellation, and the other to change.)

4.8 The Rest of The Tasks: Upon revisiting the user requirements (in Sec.2.1), it becomes
evident that the remaining tasks in our app (copying a password, deleting a password, resetting)
do not necessitate the use of activities to fulfill their functions. These tasks no longer require
data input or output. Instead, they may involve confirming or notifying dialogs (such as
AlertDialog or Toast) to inform the user about their actions. The handling of these processes
will be discussed in detail during the implementation of the back-end processes.
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5. BACKGROUND PROCESSES IMPLEMENTATION:

Once the Ul designing phase is finished, it is essential to establish the necessary connection

between all application Ul components and the corresponding programming logic to ensure
their functionality aligns with user and technical requirements. To create a feasible roadmap for
implementing the back-end processes, we propose defining a sequential flow for the execution
of the application Ul, starting from launch until exit. This planned sequence will serve as a
guide for the implementation phase, as illustrated in Figure 11.

no yes

if login password
has been assigned

[assngn a login password ] [ Login ]

[ |
v 3

[ Main activity ]

do something
(operations)

FIGURE 11: Sequential flow of application Ul execution processes.

By examining the processing sequence depicted in Figure 11, we can deduce that the initial
logic in our application involves verifying the state of the login password to determine the
appropriate activity to launch. This situation encompasses two possible states: either the login
password has been assigned or it hasn't. To accomplish this straightforwardly, we can create an
empty activity (referred to as the Launch activity in Section 5.1) that solely performs the check

to determine the true case, and subsequently deploys the corresponding activity accordingly.

5.1 Launch Activity: The Launch Activity serves as an empty activity running in a background
thread. Its primary purpose is to check whether a login password has been previously saved or
not, without the need for displaying any graphical user interface (GUI). This involves retrieving
the stored login password, which requires determining the appropriate method of storing it
within the application. In our case, the recommended approach is utilizing the
SharedPreferences APIs, as suggested by the Android developers' website, as it is suitable for
storing a small collection of data within our app [10]. Assuming the SharedPreferences APIs

are employed, the role of this activity is to search the SharedPreferences for a previously stored

P,
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login password, allowing it to make the necessary decision, as illustrated in Figure 12.

Consequently, this activity is designated as the default launch activity in our application,

requiring modifications to be made to the manifest file.

start app

Launch Activity

get the login password from
SharedPreferences

yes if login password no

was assigned

~
{ launch assign-login-

[Iaunch login activity ] password activity

FIGURE 12: Flowchart illustrating the logic of the Launch Activity.

5.2 Login-Password Assigning Process: When the Login-password-assigning activity (in

Sec. 6.2) is triggered (as depicted in Figure 3), the user is prompted to enter his password and

proceed by tapping the 'NEXT' button. At this point, in accordance with the technical

requirements (detailed in Sec. 2.2), the subsequent procedures should be sequentially executed

in a background thread of the invoked activity:

1.

2.

Get password value: where two fields are holding the passwords that must be obtained
(One for the password, and the other for confirming as shown in Figure 3).

Verify password value: checking the identically and length of the two values, where the
length is a minimum of eight characters according to the user requirements (see Sec. 2.1).
If those conditions are true, then the application can take any one of the two values as a
login password.

Encrypt password value: In general, one-way hashing is one of the best security options
in cryptography, where there are a lot of functions in this field such as MD5 and SHA256
[11]. In Android, the MessageDigest class provides the functionality of a message digest
algorithm. Based on some recommendations to improve the security of the login process
[12], we intend to use the SHA-256 Hash function to generate a digest from the login
password.

Store the generated digest: The generated digest will be stored as a Hex string in the
SharedPreferences, as described clearly in Figure 13.
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invoke assign-login-
password activity

¥
__get entered password
/ value

if password field equals to
confirm-password field
and password length == 8

notify user

encrypt password
value using SHA-256

v
launch Main store the digest in
Activty SharedPreferences

FIGURE 13: A flowchart illustrating the Login-password Assigning Process.

5.3 Login Process: Upon invocation of the login activity (as depicted in Figure 3), the user
is prompted to enter his login password. Our objective in this stage is to generate a digest
using SHA-256 from the entered value. This is achieved by converting the entered value to a
Hex String as the initial step. Subsequently, the generated digest is compared with the stored
digest. If the two digests are found to be identical, the login process is deemed successful,

allowing the user to proceed to the main activity as outlined in the steps illustrated in Figure

14.
[ invoke login activity ]
v

a

get entered password
value

\ J

v

generate digest from entered i
value using SHA-256

!

retrieve stored digest
from SharedPreferences

if the generated digest
equals to stored

notify user

launch Main
Activty

FIGURE 14: A Flowchart illustrating the login process.
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5.4 Additional Login Method: In several cases, login using the traditional password method
is not enough to provide the security level required to protect the data, because the login
password is exposed to disclosure, which means we should employ other techniques and
methods to increase the security level to protect user data (passwords). In this section, we will
explore another technic that will be included with our app to enable login securely relying on

user biometrics.

5.4.1 Login with fingerprint: Fingerprint technology in Android has become increasingly
popular for authentication and authorization purposes, particularly in securing smartphones
and protecting security-sensitive operations. It refers to biometric-based authentication and
authorization using the fingerprint APIl. This API allows mobile apps to recognize and
authenticate users based on fingerprints, providing better security for security-sensitive
operations [17].

To implement this feature in our app, first add the required dependencies, then get the
necessary permissions:

e <uses-permission android:name="android.permission.USE_BIOMETRIC"/>

e <uses-permission android:name="android.permission.USE_FINGERPRINT"/>

To check if the user device can authenticate using fingerprint, android includes a class
called "BiometricManager™ which provides access to the biometric hardware and software on
the device. If the checking process is complete with success (there is a sensor and stored
fingerprint), it means that the device is ready for biometric authentication and waiting for the
user to put his finger on the sensor. To execute the authentication task on a specific thread, we

can use the 'Executor’ class.

To handle the biometric authentication process, we can use the 'BiometricPrompt' class. To
hold the information for the biometric prompt such as the title, the description, and the
negative button text, we can use 'Promptinfo’ class. Also, it is necessary to call
‘onAuthenticationError' method for handling errors that occur during the authentication
process, which is a useful process, especially for displaying the error message to the user. For
checking the success or failure of authentication, the ‘onAuthenticationSuccess’ and
"onAuthenticationFailed' methods are called to handle the two situations. Finally, If the
fingerprint matches, the app will directly switch to the main activity, as explained clearly in

Figure 15.
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launch login activity I

‘exist hardware
for biometric

show authentication window ]

launch main
activity

FIGURE 15: A flowchart describes the process of login using the fingerprint technique

biometric
hardware
available

yes

authentication
success

fingerprint
assigned

y
notify the user

stay on login activity

5.5 Main Activity Processes: The main activity serves as the central component of our app,
responsible for implementing the majority of its functions. The workflow within this activity
starts by retrieving any stored passwords, if available, and preparing the RecyclerView to
display them. To accomplish these tasks, it is crucial to establish an efficient storage

mechanism for managing user passwords.

5.5.1 Passwords Storing Mechanism: To efficiently save data, the database concept is
widely recognized, and in the context of Android OS, the SQLite database offers an ideal
solution for managing repeated or structured data [13]. In our case, utilizing an SQL.ite
database to store password information is highly suitable. Android treats the SQL.ite database
as files stored in the device's internal storage. The necessary APIs for creating such a database
can be found in the android.database.sglite package. To construct the database, we can extend
the SQLiteOpenHelper class and implement its methods. As stated in the user requirements
(in Sec.2.1), each stored password consists of a name and a value. Therefore, a single table
with two columns is sufficient for our needs, as depicted in Figure 16.

Once the implementation of the SQL.ite database is completed, the next step is to create an
instance, either readable or writable, in the main activity. This instance will be responsible for
building the database in a background thread to prevent any long-running operations. With
the database successfully created, we gain the flexibility to perform various operations such

as reading, inserting, deleting, or updating the database from any part of our application code.

Password Name * TEXT
Password value TEXT

FIGURE 16. — SQL.ite database schema for password storage
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5.5.2 Storing New Passwords: When the user clicks on the °+’ button as illustrated in

Figure 7, the main activity should launch the corresponding dialog to enable the user to add
new passwords as shown in Figure 8. Adhering to the technical requirements outlined in
Section 2.2, the following procedures are performed in the background to facilitate the
addition of new passwords:

1. Get and Confirm: First, get the entered name and check if other stored passwords have
the same name by searching the database, then notify the user. Second, get the two
entered passwords’ values; and verify their identically, where this process is critical in
case of users’ mistype. If identical is approved, one of the values will be adopted.

2. Displaying: Add the new passwords to the RecyclerView.

3. Encrypting: For encrypting new passwords, we intend to use AES in CBC mode with
256-bit keys to provide a higher level of security and robustness against attacks. Using
AES in CBC mode with a 256-bit key will ensure the data’s confidentiality and integrity,
making it suitable for applications requiring high-security levels [14]. The CBC mode
has been modified to enhance the security of encrypted data by protecting against bit-
flipping attacks and adding an integrity approach using the keyed-hash function [15]
[16]. Also, using a 256-bit key in AES further strengthens the security of the encryption,
making it more resistant to brute-force attacks and Grover's quantum search algorithm
[14]. To meet technical requirements (in Sec. 2.2), the digest of the login password will
be used for encrypting with this algorithm as a key, noting that the algorithm and the
digest have the same length.

4. Storing: Store generated bytes from the encrypted password value with its
corresponding name in the SQL.ite database, then dismiss the dialog (shown in Figure
8). Moreover, executing the encryption and storing processes in a separate thread would
avoid hanging the Ul thread. The sequence of the entire process is shown clearly in

Figure 17.

[ launch Add_New_Password Dialog ]

v

/ get password name and values /

add the new password to the recycler view

check name
if not exist &
password values are,
identical

notify user from the shared preference

refrieve Iugln password digest ]

mode with 256 bit keys

[encwpt password value using AES in CBC

| dismiss dialog Ir‘

FIGURE 17: A flowchart describes the Storing-New-Passwords process

store generated bytes from with password
name in the SQLite database

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

e

56



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Saleh HA./ Al-Kitab Journal for Pure Sciences (2024); 8(1):40-62.
e —
5.5.3 Displaying stored passwords: Upon launching the main activity, a checking process

is initiated to verify the presence of any stored passwords within the SQL.ite database. If
passwords are found, they are retrieved as a List containing password information such as
names and values. Subsequently, the password values in the list are decrypted using a
reversed encryption approach. Finally, the resulting list is utilized to populate the
RecyclerView, ensuring the display of the stored passwords. The sequential workflow for

this process is depicted in Figure 18.

check if stored

launch Main Activity nasswords exist

[ get all stored passwords from database ]

Y

[decrypt passwords values using AES 256 with Login-password digest as a key
+ F

[ refrieve a List with passwords info (names, values) ]

)
[ feed the recycler view with the resulting List ]

FIGURE 18A: flowchart depicts the execution process of displaying stored passwords.

Let us recall that each stored password will be accompanied by three buttons (icons) - delete,
edit, and copy - as depicted in Figure 6. The implementation of those procedures should be
incorporated within the RecyclerView adapter class, specifically in the onBindViewHolder
method, as outlined below:

- Delete password: Remove the selected password from the database after receiving user
confirmation, and then update the RecyclerView to reflect the changes.

- Edit password: Launch the Edit-Selected-Password Dialog (as depicted in Figure 10) to
obtain new values from the user. Encrypt the password value and store it, along with its
name, in the SQL.ite database. Finally, update the information of the respective password,
as illustrated in Figure 19.

- Copy password: Copy the value of the selected password to the clipboard.
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[iaunch Edit—SeIected-Password]

Dialog
{ R
encrypt new password value
getthe values —»| using AES 256 with the login-
password digest as a key
\ r,
f “\
store the new password info
check if changes yes (name, encrypted value) in the
were made on password \ SQLite database
info (name, value)
g n Y
update password info in the
recycler view
\ r,

| miss daiog |

FIGURE 19: A flowchart outlining the Edit-Stored-Passwords process

5.5.4 Search for Passwords: To enable users to search for a stored password within the
application, we have incorporated a SearchView widget. The SearchView located at the
bottom of the main activity layout as depicted in Figure 7, allows users to enter a password
name and view suggestions or results. When the user enters a password name in the search
view, the RecyclerView is filtered based on the input text to display matching passwords,

ensuring relevant results are displayed.

5.5.5 Setting Menu Items: As depicted in Figure 5, the setting menu consists of three
items: "Change login password," "Reset," and "Exit." When the user selects any of these
items, the corresponding functionality is executed in the background of the Main Activity.
The implementation logic for each setting menu item is as follows:

e Change login password: To change the login password, the associated dialog (as shown
in Figure 10) is displayed. The user must enter the valid old password along with the
new password values, ensuring that the new password fields match and meet the
required length conditions. The next step involves generating a new SHA256 digest
from the new password value and replacing the old stored digest (in shared preference)
with the new one. However, the process doesn't end here. After changing the login
password and relaunching the application, the Main Activity (as shown in Figure 18)
attempts to decrypt all password values (in the SQL.ite database) using the old digest as

a key, resulting in incorrect plaintext. Therefore, it becomes necessary to retrieve and
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re-encrypt all stored passwords with the

new digest using the same AES 256 encryption

approach, as described in detail in Figure 20.

Reset: Resetting the app involves droppi

ng the passwords table in the SQL.ite database,

removing the stored login-password digest from shared preference, and returning the

application to the Launch Activity, as demonstrated in Figure 21.

Exit: This task entails finishing all activities and exiting the application.

[ launch Change_Login_Password Dialog ]

A
[ get old and new values ]

verify old password &
new password length >= 8 &
confirm new password

generate SHA256 digest from
the new password value

replace stored digest in the
shared preference with the new one

[ ]

nofify user

[ dismiss dialog HR

e-encrypt all user passwords stored
using the new digest

FIGURE 20: A Flowchart illustrating

the Change-Login-Password process

launch alert dialog to
confirm Reset

[ ]

Reset confirm

4 B

drop password table in
the database

v

[ remove login password )
digest from
| the shared preferance |

v

. »

™ ™

go to launch-Activity

. o

FIGURE 21: A flowchart describes how the reset process will be executed

6. TEST THE APP:

After generating the APK file, the app size was 3.91 MB. When testing the app on Android

devices running with API levels 26 to 32, all

the required functions worked correctly. The

testing began with the first launch, where a login password needed to be assigned. Assuming

the login password value was set to '12345678",

SharedPreferences after encoding

its bytes with Base64,

the generated digest was stored directly in the

resulting in the value
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"7318gRjwLftklgfdXT+MdiIMEjJWGPVMsyVxel6iYpk8=". Also, The user can login using his
fingerprint if it was assigned to the device, where this feature works perfectly on devices with
Android 7.1 (Nougatl) and above.

During the testing of adding a new password, the password value was encrypted correctly
using the stored digest as a key for the AES algorithm. For example, if a new password with
the value 'pass1234' was added, the encrypted value to be stored after encoding its bytes with
Base64 would be '6mOedekTY3MSbe+20VhdaQ==". When relaunching the app, the login
procedure had to be followed by entering the correct login password. The app was then able to
decrypt and display all the stored passwords in the SQL.ite database correctly.

In the testing phase, the login password was changed to ‘computer’. The old digest was
replaced directly with the new one, resulting in the value
'qpcwlVD86BFCXNhFNWKKWwVjfi8TYqlFpR1Gfhev3Jw=" The value of the previously
added password "pass1234" was re-encrypted using the newly generated digest, resulting in the
value 'JTFOUOE7BE/MIRpQt20D/Q==". However, when attempting to run the application on
older devices with API level 25 or lower, it failed to launch due to the minSdk version used

during development.

7. CONCLUSIONS:

As individuals, we often encounter difficulties in managing and remembering multiple
passwords. The more passwords we have, the greater the risk of forgetting them and losing
access to our accounts, which is a common scenario. To address this challenge, some people
resort to traditional methods such as writing passwords on paper or storing them in cloud
services like Google Drive. However, these approaches are flawed and can easily lead to

unauthorized access by attackers or malicious individuals.

Instead of relying on traditional methods, developing an Android application specifically
designed for users with Android OS devices can provide a convenient and portable solution.
However, implementing such an application requires careful consideration of security aspects
and usability. To ensure secure access, a login process must be enforced, requiring users to

verify their identity with a password.

Storing passwords in their raw form within the device is not advisable as it poses the same
risks as traditional methods. The passwords' values would be easily accessible in the database,

making them vulnerable to inspection or cracking attempts. Therefore, it is crucial to store
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passwords securely, and encryption is a reliable solution. Similarly, the login password should

not be stored in plaintext. Hashing is an appropriate approach to make the login password

unreadable.

Using the SHA256 algorithm for hashing the login password and AES for encrypting the

user's stored passwords is recommended to increase the security level. Utilizing the generated

digest from the login password as a key for AES encryption further strengthens the overall

encryption process. By adopting these measures, users can benefit from a more secure and

robust password management solution.
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Abstract:

The objective of the present research was to enrich yogurt with amygdalin (vitamin B17) and
increase the nutritional value of yogurt using apricot and a by-product of apricot fruit kernels.
Amygdalin was considered an antibacterial, hepatic protecting, anti-tumor, antifungal, anti-
inflammatory, anti-coagulant, anticancer, antiaging, antidiabetic, anti-atherosclerotic, anti-angina,
and antioxidant. Apricots that were mixed in a blinder for 3 min and filtered were used as a source
of dietary fiber, lipids, proteins, minerals, and vitamins. Apricot kernels that were heated for 2
minutes at 120 °C. then cold and grind in a blender were used as a source of amygdalin (B17).
Obtained results showed that the incorporation of apricot and apricot kernel is considerably

impacted by the addition of apricot and apricot kernel 5% Apricot pulp + 1% Apricot kernel and
10% Apricot pulp + 2% Apricot kernel 1.42, 2,92 mg/100gm respectively.

Keywords: Yogurt, Apricot, Apricot kernel, Amygdalin, nutritive value.
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1. Introduction:

Each person's eating habits determine how they should be fed, although all humans eat to
maintain their health by consuming the nutrients found in food, particularly in fruits and
vegetables [1, 2]. One of the most well-known fruits is apricot, which holds significant value
due to its composition, which allows it to have a significant role in human nutrition and be
utilized in a variety of non-food products. In terms of proteins (8%), sugars (more than 60%),
crude fat (2%), crude fibers (11.50%), total minerals (4%), vitamins (vitamins A, C, K, and B),
and reasonable levels of organic acids (malic and citric acids) [3]. Apricots are a fruit with a
high nutritional richness [4, 5]. The apricot kernel contains exceptional nutritional value, much
like the fruit. Particularly high in fat, protein, and dietary fiber overall, apricot kernels may be
beneficial for human nutrition. Numerous research organizations have extensively examined
the chemical and nutritional properties of apricot kernels [6].

Rosaceae nuclei are the source of the naturally occurring chemical amygdalin (D-
mandelonitrile-b-D-glucoside-6 b-glucoside) [7]. It's a cyanogenic glycoside present in several
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fruits, including apricots. Amygdalin views it as a natural cancer treatment [8], antibacterial,

hepatic protecting, anti-tumor, antifungal, anti-inflammatory, anti-coagulant, anticancer,
antiaging, antidiabetic, anti-atherosclerotic, anti-angina, and antioxidant are only a few of the
pharmacological properties of apricot kernels that have been documented [9, 12]. Additionally,
apricot kernels have a significant role in both the management and prevention of chronic
illnesses [5, 13].

These advantageous health effects are brought about by the presence of bioactive ingrediens
such as cyanogenic glycosides, Carotenoids, fatty acids, volatile substances, and polyphenols
[5- 14]. Algeriais one of the world's top producers of apricots [15]. The majority of the country's
apricot crop is used for fresh or dried fruit, as well as for making jam and juice. Apricot kernels
have long been regarded as trash in all these applications. Because agricultural wastes are
readily available, biodegradable, and most importantly, less expensive, there has been an
increased focus on their utilization in recent times [16, 17]. Because of this, researchers have
invested in the value-adding of apricot fruits by recovering and using their seeds [18, 19].
Nevertheless, because apricot kernels contain amygdalin (cyanogenic glycoside, commonly
referred to as laetrile or vitamin B17), which is hazardous when ingested in quantities higher
than recommended, their usage in food is restricted. Despite this, considering their
advantageous health effects, researchers have suggested that apricot kernels can be added to
specific meal preparations [10-20].

This study focuses on increasing Amygdalin and the nutritional value of yogurt by using
apricots and apricot kernels supplement, as they represent some of the waste resulting from the
manufacture of juice, jam, etc. The Purpose for apricot juices is also to mask apricot kernel

taste.

2. Materials:
The Ministry of Agriculture's Animal Production Research Institute herd provided fresh

cow's milk. Apricots and sucrose sugar were acquired from a local marketplace. The
laboratories of Chr. Hansen in Copenhagen, Denmark. CMC. provided a yogurt culture
including Streptococcus thermophiles and Lactobacillus delbrueckii subsp. bulgaricus. Sigma-
Aldrich was the source of amygdalin (98% purity), diethyl ether (98%), methanol, and HPLC-
grade ethanol (98%).
3. Methods:
3.1 Preparation of apricot yogurt:

To make apricot pulp, mix in a blinder for three minutes, then filter. The apricot kernel was

heated for 2 minutes at 120 °C., then let it cool after that grind it in a blinder. For 20 minutes,
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fresh cow milk and 5% sugar were heated to 80°C. This milk was split into three identical

portions. The 1st considered as control, 5 % Apricot juice + 1 % apricot kernel and 10 % Apricot
juice + 2 % apricot kernel were added to the 2nd and the 3rd portions respectively. The three
portions were inoculated with 3% yogurt culture. The chemical properties of the made apricot
yogurt and its control were evaluated both during its fresh state and after a week of refrigeration
at 6= 1°C.

3.2 Chemical analysis:

Total protein, fiber and Total lipids, Cyanide content and acidity were determined [21]. Total
flavonoids were determined [22]. Total phenolics were determined [23]. Mg, K, and Ca: An
innovative microwave digestion system was used to determine the values of Mg, K, and Ca.
Thermo Scientific's 1cap6000 series inductively coupled plasma (ICP-AES) is used to
determine calcium, magnesium, and potassium. Argon gas excites an elemental atom. For every
element, the sample values assumed the blank values. potassium calculated using the formula
[24]. Amygdalin calibration curve: A stock 1, solution of 100 pg ml -1 was created by
dissolving the amygdalin standard in water, and it was kept at 20 C until analysis. Six standard
solutions containing 1, 5, 10, 20, 40, and 50 pg ml -1 of amygdalin were used to create a
calibration curve [25]. Amygdalin extraction: Five grams of apricot kernels were blended, and
two grams were weighed into a 200-milliliter conical flask. After adding 50 ml of water, the
flask was put in a water bath with shaking at 37 °C. The extraction of amygdalin used
40,80,100,120, and 180 minutes. After filtering via Whatman No. 1 filter paper, the extracts
were put into 50 ml plastic polypropylene tubes. Three times fat extractions were made by
vortexing (20 ml) of n-hexane for one minute. The tubes were spun for 10 minutes at 3250 g
using a benchtop Eppendorf 5810R centrifuge. Supernatants were combined and thrown away.
The remaining hexane was removed from the sample using a rotary evaporator operating at low
pressure, 35 degrees Celsius, and 7 millibars [25].

Sensory evaluation: All samples were evaluated as the organoleptic properties included
flavor (20 points); body & texture (10 points) and Color and appearance (10 points) [7].

4., Statistical analysis:
Differences between samples were tested using a one-way analysis of variance using the

COSTAT program and Standard deviation (SD) was calculated by Excel program.
4.1 The functional properties and chemical composition of apricot and apricot kernel:

Table 1 illustrates the chemical composition of apricot pulp and kernel while the Total
protein was 6.4, 14.04 g/100 gm. These results are in accordance with the findings of [26].

Chemical composition results are in accordance with the findings of [5]. Amygdalin is not
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detected in Apricot pulp. Apricot pulp contains 0.001 £ 0.10 HCN mg/gm on the other wise

Apricot kernel contains 0.005 = 0.001 gm/100 gm. Given that the lethal dose of HCN for an

adult is 0.54 mg/kg of body weight, this is safe [27].

Table 1. Chemical composition of Apricot pulp and Apricot kernel

Apricot pul (g/100gm) Apricot kernel (g/100gm)

Total phenols 0.072 + 0.001 0.18 + 0.001
Total flavonoids 0.012 £+ 0.001 0.05 = 0.000
Total protein 06.41 £ 0.02 14.04 £ 0.02
Total lipid 01.40+0.01 08.34 £ 0.01
Total fiber 14.04 £ 0.02 30.54 +£0.01
Ca 0.17 £ 0.001 0.20 £ 0.001
K 2.94 £ 0.001 0.65 + 0.001

Fe 0.0031 £ 0.002 0.0004 + 0.000
Amygdalin Not Detected 0.16 £ 0.01

HCN 0.001 + 0.001 0.005 + 0.001

4.2 Chemical composition of apricot yogurt:

The chemical composition of the control and yogurt supplemented with different treatments
of Apricot and apricot kernel is presented in Table 2 for fresh and stored yogurt. The data show
that Amygdalin that is not detected in control and treatment 10% Apricot pulp + 2% Apricot
kernel yogurt had a higher total protein, Total lipid, and Amygdalin contents being 4.32, 4.73,
and 2.92 respectively .

The mean average of total protein, total lipid, and amygdalin contents of 5% Apricot pulp +
1% Apricot kernel yogurt and 10% Apricot pulp + 2% Apricot kernel yogurt samples increased
with the advancing storage period at 6 £ 1 °C for 7 days which may be due to the evaporation

of water and loss of moisture during the storage period.

Table 2. Chemical composition of apricot yogurt

. 10% Apricot pulp +
0, [0)
Treatments Control S0 Aprlcot o > 1% 2% Apricot kernel
Apricot kernel yogurt yogurt
Fresh Yogurt
. 341+
Total protein 0.0Lcw* 3.86 £ 0.01b** 4.32 £ 0.01a*
.. 39+ * *
Total lipid 0.01c* 4.36 +0.01b 4.73+0.01a
Amygdalin Not Detected 1.42 £ 0.01b* 2.92 +0.01a*
Stored yogurt (After 7 days
Total protein 3.44 £ 0.01c* 3.95 + b* 4.34 +0.01a*
Total lipid 3.93+0.01c* 4.36 + 0.01b* 4.9 £0.01a**
Amygdalin Not Detected 1.44 + 0.02b* 2.93 £ 0.01a*

Each value represents the mean £ S.E (Standard Error) and mean of three replicates. Values

in the same column with the same letter are not significant at p<0.05.
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4.3 The acidity of apricot yogurt:

Table 3 indicated that significant increase in acidity with added 5 and 10 % apricot pulp and
1+ 2 % apricot kernel in fresh. The acidity percentage of 5% Apricot pulp + 1% Apricot kernel
yogurt and 10% Apricot pulp + 2% Apricot kernel yogurt samples increased with the advancing
storage period at 6 = 1 °C for 7 days which may be due to the Production of lactic acid by yogurt
culture during the storage period for 7 days at 6 = 1 °C.

Table 3. The acidity of apricot yogurt

Treatments Control 5% Apricot pulp + 1% 10% Apricot pulp + 2%
Apricot kernel yogurt Apricot kernel yogurt
Fresh Yogurt
Acidity % | 0.6 +0.1a** | 0.8+0.1p** | 0.9 % 0.1a**
Stored yogurt (After 7 days)
Acidity % | 0.7 +0.1a* | 0.9+0.1b* | 1.0+0.1a*

Each value represents the mean + S.E (Standard Error) and mean of three replicates. Values

in the same column with the same letter are not significant at p<0.05.

4.4 Sensory evaluation of apricot yogurt:

Scores of sensory properties of yogurt are given in Table 4. Sensory properties were
evaluated in fresh and after 7 days of storage period. Higher values were given by the panelists
for the flavor, texture, and appearance of fresh control yogurt than stored yogurt. At fresh
yogurt, 5% Apricot pulp + 1% Apricot kernel recorded the highest total scores (37 and 37)
followed by treatment 10% Apricot pulp + 2% Apricot kernel. The same trend was also
recorded after the storage period (7 days). Fresh control yogurt and fresh 5% Apricot pulp +

1% Apricot kernel are the best values than other treatments after storage.

Table 4. sensory evaluation of adding apricot kernels and pulp on yogurt

Flavor Body and Color and Total scores
Treatments (20) texture (10) appearance (10) (40)
Fresh yogurt

Control 191 8x1 9x1 37
5% Apricot pulp + 19+1 9+1 9+1
1% Apricot kernel 37
10% Apricot pulp + 17+ 1 8x1 8x1
2% Apricot kernel 33

Stored yogurt (After 7 days)

Control 19+1 8+1 9+1 36
5% Apricot pulp + 17+1 8x1 8x1 33
1% Apricot kernel
10% Apricot pulp + 16+1 71 71 30
2% Apricot kernel
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5. Conclusion
It could be concluded through this study, that it is possible to produce yogurt supplemented

with apricot and apricot kernel rich in many important nutritional components such as vitamins

such as amygdalin, minerals, protein, fat, and fibers.
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Abstract:

Given the backdrop of the Corona pandemic, the objective of this study was to identify some
of the heavy metal presence in specific herbs collected from local markets in Irag. Eight samples
were selected, with four (Chamomile, Laurus nobilis, Artemisia, and Borage) used for COVID-19
prevention and the remaining four (Quince, Clove, Thyme, and Propolis) for treating COVID-19
patients. For the detection of metals in the selected specimens, EDX (energy-dispersive X-ray
spectroscopy) was employed. The results revealed the existence of (Ca), (K), (S), (Si), (Al), (Mg),
and (Zn) in Chamomile; (K), (Si), (Al), and (Zn) in Laurus nobilis; (Ca), (K), (S), (Si), (Al), (Mg),
and (Zn) in Artemisia; (Ca), (K), (P), (Si), (Al), (Mg), and (Zn) in Borage; (Ca), (K), (S), (Si), (Mg),
and zinc (Zn) in Quince; (Ca), (K), (Mg), and zinc (Zn) in Clove; (Ca), (K), (Si), (Al), and (Zn) in
Thyme; and (Si) in Propolis. All the detected elements are considered essential metals, which are
crucial for living biological systems and needed in relatively low concentrations. It is worth
mentioning that the selected samples did not contain toxic heavy metals such as (Cd), (Pb), and
(Hg), which are regarded as biochemically nonessential. Further analysis for heavy metal content,

starting from acid digestion. This process aimed to liberate heavy metals from organic components
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in the herb samples. The results obtained through atomic absorption confirmed the absence of toxic

heavy elements (Cd, Pb, and Hg). This is considered a positive thing as far as these toxic elements

are concerned.

Keywords: Heavy metals, Herbs, Toxicity, Corona pandemic.
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1. Introduction:

Heavy metals are distinguished by their relatively high density (leastwise 5g /cm?) and their
relatively high atomic mass (greater the 23) [1]. In biochemical systems, metals might be
classified as essential like (Mn, Fe, Cu, and Zn) because they are significant for living
organisms and are needed in the body in very low quantities and nonessential such as (Cd, Pb,
and Hg) which up to now, have not been proven to have known essential biological role in
living organisms and considered toxic elements [2]. Excess or deficiency of metals in the human
body may lead to abnormal conditions or diseases [3]. Accumulation of metals especially heavy
ones in plants is highly dependent on the availability or concentration in the soil, also from the
air pollution as in excused of cars or factory [4] in other words, there is an increased chance of
the metal to accumulate in plant tissues as the concentration of heavy metals in the soil is bigger
[5]. Also, heavy metals percentages are wastewater treatment will be increasing because of the
contaminated soil, they interfere with the plant roots and eventually end up in the food chain,
when consumed by living things [6]. Heavy metal usually absorbed from soil by plants and
piloe up in the roots and migrates in small portions to all other parts [7]. Several factors affect
element migration to plants such as: soil chemistry, plant type, kinds of fertilizer used, and
climate changes on the earth surface, but eventually, the most dominant element is metal
concentrations and types in soil. The availability of the metals can also be directly affected by
the plant independently [8]. Plants which considered medicinal and their sub-products
(distillates, extracts, mixtures, etc.) are defined as herbal medicines; at the present time herbs
in various species are extensively used as raw materials in the pharmaceutical preparations and
widely used as in home remedies [9].

Currently, herbal medicines usage has been always in increase mainly because of the popular
belief that the herbal remedies are natural and consequently, inherently safer if compared to
synthetic medicines [10]. Aromatic herbs and volatile oils are known for their antifungal and
antibacterial properties. Also, herbal based medicine is originated purely from nature, so its
known to provoke fewer side effects [11]. Herbal medicines and other known natural products
have long history in treatment of respiratory infections and are deemed as drugs. Mostly, those
plant-based medicines have acceptable safety profiles due to their low toxicity in addition; some
toxicity of herbal-based plants may be back in relation to contaminants that came from
microbes, pesticides, adulterants, and chemical toxins [12].

The main known symptoms of COVID-19 might include cough, fever, and sometimes
shortness of breath. Thyme can be one of the remedies for simple lung issues like coughs
because, backed by the fact that it contains volatile oils that stimulate tissues inside the lungs,

ease up congestion, struggle against viruses and bacteria, in addition to stimulating
P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

—

73



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Al-Dahhan WH, Ali MA, Hasan AA, Hashim HN, Altimmime BA, Imran Y], Jawad AH, Yousif EA./ Al-Kitab Journal for Pure Sciences (2024); 8(1):71-80.
P,

expectoration [13]. Essential oils might be used in different ways like using a diffuser or directly

inhaled or used to thin mucus by steam, resulting in better fighting against microbes,
expectoration boosting, and increase the response of immune system. Plants like Laurus
Nobilis, have been pleasing smelling oil and might be used specifically for boosting immune
cells and exhilarating lymph drainage. Also, Chamomile as an herb is known for its calming
abilities that can be consumed to ease pain and reduce inflammations. It is usually marvelous
for treating children especially those who are sensitive, irritable, and anxious to pain. Moving
towards Borage which has seeds oil known as a plant source of GLA, which might actively
reduce inflammation. Artemisia oils besides its antioxidant abilities inhibits growth of bacteria,
dermatophytes, yeast, and microspore [14].

Cooling and anti-inflammatory effects are also reported in Clove oil, which is also used to
clear the breathing passages. This expectorant is useful in many disorders in the respiratory
system like asthma, coughs, colds, sinusitis, bronchitis, and tuberculosis. As illustrated in
countless studies, Propolis have an exceptional capability to destroy bacteria instantly, not to
mention other abilities in fighting against viruses, fungi, and even against penicillin-resistant
staphylococcus. Researchers have been even looking recently at the abilities of bee propolis for
stimulating immune system. They used a different dose of propolis measure the response in the
immune systems., 3 g/kg of propolis in the daily diet showed a significant boost in antibody
levels which otherwise stated increased immune activity [15]. Further looking toward zinc
which has been to have the ability to stimulate immunity system during a virus infection.
Moreover, Zn supplements are favored in terms of COVID-19 treatment protocols. The abilities
of Zn might be improved by using chloroquine as an ionophore, while Zn if reached inside the
infected cell would be able to stop replications of SARS-CoV-2 [16]. Cadmium on the other
hand, accumulate in human body which develops many problems includes for instance;
nervous, kidney, cardiovascular and bone problem have extra portions might severely irritates
stomach, which might lead to severe side effects like diarrhea and vomiting, while long-term
exposure to fewer amounts might lead to metal accumulations in liver and kidneys. Eventually
possible liver, kidney, and obstructive lung disease, and has been also likened to more serious

diseases like lung cancer, and osteoporosis in living subjects [17].

2. Aim of the study:

This study aims to determine heavy metals in some types of herbs used in medical
treatments. Experimental & Sampling. Eight samples of common herbs that use d through
covid-19 period from local Iraqi markets in Baghdad include: Chamomile, Laurus nobilis,
Artemisia, borage, Quince, clove, Thyme and propolis. The first four samples (Chamomile,
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Laurus nobilis, Artemisia and borage) have been chosen on the basis that they were used for

preventive purposes from the Corona virus, while the other four (Quince, clove, Thyme and
propolis) were chosen on the basis that they were used as medicinal herbs for Corona virus

patients.
Table 1: The selected samples with its origin

Sample No. Herb Type Country
1 Chamomile India
2 Laurus nobilis India
3 Artemisia Thailand
4 Borage Thailand
5 Quince Iran
6 Clove Iraq
7 Thyme Iraq
8 Propolis Iraq

Figures 1 to 14 illustrate the herbs used in this project and their original plants while Figures

15 and 16 show the beehive and propolis which extracted from it.

Figure 1: Chamomile herb Figure 3: Laurus Nobilis herb Figure 5: Artemisia herb Figure 7: Borage herb

Figure 2: Chamomile flowers Figure 4: Laurus Nobilis plant Figure 6: Artemisia flowers Figure 8: Borage flowers

Figure 9: Quince herb Figure 11: Clove herb Figure 13: Thyme herb Figure 15: Propolis

1 p
a®

Figure 10: Quince Seeds Figure 12: Clove flowers Figure 14: Thyme plant Figure 16: Propolis in the
beehive

.
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3. Reagents and Chemicals:

Nitric acid (Analytical grade, 65%, Sigma Aldrich) and HCI (Analytical grade, 37%, Sigma
Aldrich) were deployed to prepare samples. All the solutions were prepared using deionized
water. Reference solutions (Mg, Zn, K, Cu, Cr, Ni, Co, Cd, Pb and Fe) were prepared from
1000 mg/l in deionized water from Standard Stock Solution of GFS Fishers’ (AAS Reference
Standard for calibration). Dilution correction as required was implemented for samples during
analysis.

3.1 Samples Drying

One gram of each sample was dried from water by putting them separately in a watch glasses,
then further dried by putting them an electrical oven at 100 °C and later weighed, then the
samples marked with numbers 1, 2, 3, 5, 6, 7, 8 in the same time 0.5g of sample 4 were prepared
separately in the same procedure.

3.2 Grinding and Sieving

To increase the surface area for more efficient acid digestion, an electric grinder was used
to grind the dried plants. Afterward sieving was implemented for the grinded samples to
separate the preferred size of particles for digestion .

3.3 Acid Digestion

A sample of 1g of 1,2,3,5,6,7,8 and 0.5g of 4 of the selected dry samples were placed
separately into 200ml beakers. A 15ml of 65% HNO3 with 10ml of 37% HCL was added. The
contents were placed in a beaker and stirred thoroughly on a hot plate surface. The process was
ongoing until the contents were mostly dissolved. The digested solution was filtered using
Whatman filter paper No.41. After cooling filtrate solutions were later diluted with deionized
water to 100ml. The prepared solution was used as samples for spectrophotometric
determination of various metal analyses. According to laboratory safety regulations, this
procedure was entirely accomplished in fume hood.

3.4 Energy-Dispersive X-Ray Spectroscopy (EDX) Analysis

Energy-dispersive X-ray spectroscopy (EDS, EDX, or XEDS) Bruker model XFlash6110, is

the analytical technique employed for the elemental characterization of the samples. The tests

were conducted at Al-Nahrain University.

4. Result and Discussion:
4.1 EDX Analysis

Chamomile, Laurus nobilis, Artemisia, Borage, Quince, Clove, Thyme and Propolis herb
samples were tested in an EDX instrument to determine elements of interest. Results obtained
for this test shown in the figures 17, 18, 19, 20, 21, 22, 23 and 24 respectively.
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Figure 17. EDX, spectrum for Chamomile herb sample
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Figure 18. EDX, spectrum for Laurus nobilis herb sample
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Figure 19. EDX, spectrum for Artemisia herb sample
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Figure 20. EDX, spectrum for Borage herb sample
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Figure 21.EDX, spectrum for Quince herb sample
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Figure 23. EDX, spectrum for Thyme herb sample

x 0.001 cps/eV

400+
3505
3005
2505
2005
150%
100;

50

alE . SR N, - "

0.5 10 15 2’0 2’5 30 35 a0 a's 5.0
Kev

Figure 24. EDX, spectrum for Propolis sample
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EDX analysis shows the presence of (Ca, K, S, Si, Al, Mg and Zn) in Chamomile, (K, Si, Al
and Zn) in Laurus nobilis, (Ca, K, S, Si, Al, and Mg) in Artemisia, (Ca, K, P, Si, Al, Mg and
Zn) in Borage, (Ca, K, S, Si, Mg and Zn) in Quince, (Ca, K, Mg and Zn) in Clove, (Ca, K, Si,

Al and Zn) in Thyme and (Si) in Propolis. All the elements that were detected were considered

as essential heavy metals which are crucial for living bodies and required in bodies in very low
concentrations.

It is very important to notice that the selected samples did not content heavy metals like (Cd,

Pb, and Hg) which are poisonous and are regarded as biochemically nonessential.
The clarification here that the concentrations of zinc in some herb samples are very simple,
while the other samples lack zinc element. In both cases, all herbs used as preventive from the
Corona virus or curative for Corona patients require the use of zinc separately in a dose
estimated by the doctor.

To find out the exact concentrations of the elements that were diagnosed in the EDX device
with others that research and studies indicated their presence and may be in low concentrations
that were not detected by the EDX due to their concentrations may be outside the sensitivity
limits of the device, a digestion process was carried out for the selected samples. Acid digestion
with a mixture of (65% HNOz with 37% HCL) was carried out to free metals from the organic
constituents in herb samples to be tested in atomic absorption instrument for metal detection
and concentration determination. Atomic absorption results confirmed the absence of toxic
heavy elements (Cd, Pb, and Hg) in the concentration level of mg/Kg as in EDX results.

5. Conclusion:

The eight herb samples which were selected from Iragi markets were researched using
Energy-dispersive X-ray spectroscopy (EDX). EDX data shows the existence of (Ca, K, S, Si,
Al, Mg and Zn) in Chamomile, (K, Si, Al and Zn) in Laurus nobilis, (Ca, K, S, Si, Al, and Mg)
in Artemisia, (Ca, K, P, Si, Al, Mg and Zn) in Borage, (Ca, K, S, Si, Mg and Zn) in Quince,
(Ca, K, Mg and Zn) in Clove, (Ca, K, Si, Al and Zn) in Thyme and (Si) in Propolis. All the
elements detected are considered essential metals which are crucial for living organisms’
activities nevertheless in specifically low concentrations. It is very important to notice that the
selected samples did not contain heavy metals like (Cd, Pb, and Hg) which even at these low
levels are considered very toxic and are categorized as biologically nonessential. Atomic
absorption results confirmed the unavailability of the toxic heavy elements (Cd, Pb, and Hg) at
the concentration level of mg/Kg as in EDX results.
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Abstract:

The structural properties of thin films prepared with different thicknesses before and after
the annealing process and at different temperatures were studied. X-ray diffraction (XRD),
atomic force microscopy (AFM), and emission scanning electron microscopy (FESEM) were
used to study the structural properties. X-ray diffraction analysis revealed that the thin films
prepared with different thicknesses, as well as those annealed at temperatures of 300 and 373
K, were composed of the 3-phase, which is widely known as the most stable phase. The analysis
also showed that the material has a polycrystalline structure characterized by a monoclinic
crystal system. The density shows a constant increase in all thin films, with the dominant trend
being (312) for all films. Atomic force microscopy (AFM) measurement results indicated that
there was an increase in roughness with a change in the thickness of the thin films. In addition,
there was an increase in the crystalline size of the thin films that underwent annealing at 300

and 373 K. However, there was a decrease in crystallite size at the annealing temperature of

473 K due to the phase change of the thin film material.

Keywords: CuPc thin films, vacuum thermal evaporation technique (PVD), atomic force

microscope (AFM), thickness, root mean square (R.M.S.), structural characteristics.
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1. Introduction:

Phthalocyanine polymers, a type of organic material with highly functional properties, have
made them the subject of intense study in the fields of chemistry and physics. The prominent
feature of these materials is their great stability in the face of thermal changes and chemical
reactions, which makes them excellent candidates for diverse applications, especially in fields
requiring highly stable materials [1]. Phthalocyanine can take several crystalline forms, and
these different forms are known as polymorphic forms. The most common forms are a-, 3-, and
v-. Each of these forms has unique properties that affect how the material is used in practical
applications [2]. The differences between these shapes are due to the arrangement of atoms
within the crystal, which in turn affects the physical and chemical properties of the material [3].

The research highlights the structure properties of metal-modified or metal-free phthalocyanine
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polymers. Examples cited, such as MnPc (manganese phthalocyanine) [4], CuPc (copper

phthalocyanine) [5], NiPc (nickel phthalocyanine) [6], FePc (iron phthalocyanine) [7], and
CoPc (cobalt phthalocyanine) [8], reflect the diversity in the compositions of these polymers
and the resulting applications. One important use of these materials is in gas sensors, where
they take advantage of their high sensitivity to chemical changes. They are also used in optical
logic displays and in solar energy conversion applications, such as solar cells, due to their ability
to absorb and convert light efficiently. In addition, they are used in the manufacture of color

filters and as materials for organic lasers, where they provide unique optical properties [9].

The chemical nature of these materials makes them p-type semiconductors, which means
they contain electrical holes that facilitate the flow of electricity. The ability to easily evaporate
these materials allows the production of high-purity thin films without degradation, enhancing

the quality and efficiency of downstream applications [10].

Thermal evaporation was used to create thin film coatings of copper phthalocyanine on
quartz substrates in the work that is being presented here [11]. In this work, structural elements
were found and addressed. These characteristics include statements about considerations made
during research or analysis that are relevant to the study of thin films. X-ray diffraction is an
important method for analyzing the crystalline structure of thin films, as X-ray radiation can be
used to study the atomic and crystalline structure of materials [12]. Also, advanced techniques
like atomic force electron microscopy (AFM), which can show very clear, very small pictures
of thin film surfaces, and field scanning electron microscopy (FESEM), which can show very
fine details about the structure of surfaces at very high resolution, have been looked at and
reviewed [13].In this way, it is demonstrated that analytical aspects have been taken care of
using multiple techniques to understand and evaluate the structural and surface properties of
the studied thin films.

2. Experimental work:

2.1 Thin film deposition system:

The deposition method used a vacuum thermal evaporation technique, where copper
phthalocyanine is heated until it evaporates and then condenses on a colder surface, forming a
thin film [14]. Equipment used: An Edwards (E 306 A coating unit) was used, which is known
for its ability to achieve high-level vacuums of up to (2x10-5) Torr. The dimensions of the basin
used in the deposition process are arranged in a symmetrical and geometric manner with respect
to the target or foundation. This arrangement helps in achieving uniformity in the distribution

of the evaporated particles of copper phthalocyanine on the substrate. The main goal is to
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produce a homogeneous and even film of copper phthalocyanine. Achieving homogeneity in

the deposited film is essential to obtaining the desired properties and specifications in the final
film. Careful regulation of the bed and substrate contributes to ensuring the quality and

consistency of the deposited film [15].

2.2 Preparation of copper phthalocyanine films:

Copper phthalocyanine films with a thickness of 200, 215, 235, and 255 nanometers were
formed in a molybdenum metal boat when the evaporation chamber pressure reached 2.2 x 10-
5 Torr using a unit. The E306 Coating Unit deposits material on glass 18 cm from the
evaporation tank at a rate of 2.078813 nm sec-1 at normal temperature. A current transformer
sends a high current for deposition. After cooling in the evaporation chamber, the samples are
ready for thickness measurement. Subsequently, the lab tests these membranes for their

structural, optical, and electrical characteristics.

2.3 Measuring the thickness of thin films:

The researchers use the indirect gravimetric approach to measure the thickness of thin films
through mass measurement. Several steps were involved in this process. In this research, a
sensitive scale is used to weigh the substrate before applying the film, and a vacuum thermal
evaporation is also used to deposit the thin layer onto the substrate. The substrate is weighed
again on the sensitive balance after film deposition. This time, the substrate and thin films will
be weighed. To determine the mass of thin films, the researchers subtract the weight of the
substrate before deposition from its weight after deposition, and also use film density and mass
to calculate the volume of the thin film. The volume divided by the surface area of the film
deposit yields the film thickness [16].

This approach is precise and efficient for thin films. Measurement tools like scales must be
reliable and calibrated to produce accurate findings. Repeating measurements helps confirm

findings and decrease mistakes.

3. Results and discussion:
3.1 X-ray diffraction:

The results of X-ray diffraction (XRD) examinations of CuPc thin films deposited using the
thermal evaporation technique in vacuum on glass substrates with different thicknesses (200,
215, 235 and 255) nanometers show that it is a polycrystalline structure of the monoclinic type
[17], and compared with the standard values in the card (JCPDS: 00-037-1846), the (2 15), and
(213), respectively.
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Figure 1: X-ray diffraction pattern (XRD) of copper phthalocyanine CuPc films.

The characteristic and dominant direction was (312), as shown in Figure 1. The results also
had a good match between the calculated and measured surface area values and the crystal

diffraction angles, as shown in Table 1.
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Figure 2: illustrates the relationship between crystal size and the thickness of CuPc thin films.

Table 1 shows the structural parameters of CuPc films, where the results show that as the
thickness of the thin films increases, there will be an increase in crystal size due to columnar
growth with increasing film thickness, as shown in Figure 2, and an increase in density.

The average crystallite size was calculated, which agrees well with the estimated value
obtained from FESEM images.

A copper phthalocyanine (CuPc) film, measuring 255 nm in thickness, underwent annealing at
temperatures of 300, 373, and 473 Kelvin. The outcomes of X-ray diffraction (XRD) analyses

for these thin CuPc films are presented in Figure 3. By examining the XRD results, structural
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parameters for the CuPc films in the direction of the crystal peak (312) at varying annealing

temperatures can be inferred, as detailed in Table 1.
As the annealing temperatures rise, the full width at half maximum (FWHM) in the primary
orientation decreases significantly. This shows that the lattice quality has improved, as

explained in [18].
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Figure 3: displays the X-ray diffraction (XRD) patterns of copper phthalocyanine (CuPc) films that have
been annealed at various temperatures.
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Figure 4: depicts the variation in crystal size as a function of the annealing temperature for copper
phthalocyanine (CuPc) thin films.

This improvement allowed for the estimation of crystallite size using the Scherer equation.
According to the data in Table 1, there is an observable increase in crystal size at annealing
temperatures of 300 and 373 Kelvin. This increase can be attributed to regrowth involving
phthalocyanine, as the crystallization process of the films is temperature-dependent. However,
at a higher temperature of 473 Kelvin, a decrease in crystal size is observed, likely due to a

phase change. This pattern aligns with findings from previous research, as noted in [19].

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

86



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Alhiti LS, Jawad RA, Abd Alwaahed RA, Alhassan HM./ Al-Kitab Journal for Pure Sciences (2024); 8(1):81-91.
EE,———
Table 1: Results obtained from XRD for CuPc films and different thicknesses.
Thickn. | 20(std.) | 20(Exp.) I dhk(std.) | daa(Exp.) | FWHM | C.S.
(nm) ) ) (a.u) A A) ) (nm)
29.47 29.563 | 169.34 3.027 3.015 0.23 37.12 | 312
200 36.07 36.18 60.26 2.488 2.480 0.20 54.13 | 215
39.47 39.63 59.50 2.281 2.272 0.18 50.99 | 503
29.47 29.575 | 299.28 3.027 3.014 0.21 43.52 | 312
215 36.07 36.19 73.14 2.488 2.479 0.22 61.17 | 215
39.47 39.65 63.74 2.281 2.271 0.23 71.38 | 503
29.47 29.614 | 397.89 3.027 3.012 0.205 | 62.24 | 312
235 36.07 36.24 92.80 2.488 2.478 0.24 69.16 | 215
39.47 39.66 98.74 2.281 2.270 0.28 73.94 | 503
29.47 29.62 | 493.96 3.027 3.011 0.184 | 66.91 | 312
255 36.07 36.27 103.96 2.488 2.475 0.141 | 88.07 | 215
39.47 39.60 96.60 2.281 2.270 0.29 74.91 | 503

hkl

3.2 Results of atomic force microscopy (AFM) examinations:

The surface relief and topography of CuPc thin films with different thicknesses (200, 215,
235, (and) 255) nm were studied using atomic force microscopy (AFM). This microscope is
characterized by its high resolving power, which reaches (0.1-1.0) nanometers, and a
magnification power estimated at (5 * 10? - 10%), which enables the nature of the surface to be
examined accurately.

Table 2: displays the average grain size, surface roughness, and root mean square values for CuPc
films with different thicknesses, including 200, 215, 235, and 255 nanometers.

Thickness (nm) | D (hm) | Roughness Average (nm) R.M.S (nm)
200 62.80 3.26 3.9
215 73.01 4.28 4.95
235 80.98 5.25 6.29
255 88.80 7.75 8.99
10 95 T T T T
9 4 90 -
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Figure 6: shows the roughness rate as a function Figure 5: shows grain size as a function of
of varying thickness for CuPc thin films. varying thickness for CuPc thin films.
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The AFM provides statistical values for the average grain size and distribution on the

surface, in addition to the degree of surface roughness using the root mean square of roughness
(RMS). This also allows 2D and 3D images to be displayed for comprehensive surface
inspection. The grain size and average roughness were determined as a function of thickness,
as shown in Figures 5 and 6. The results showed an increase in grain size, which is consistent
with the results of XRD analysis, as well as an increase in average roughness with increasing
thickness.

215 nm , :
3 - “

255 nm

31.34

-153

Figure 7: shows three-dimensional atomic force microscopy (AFM) images of thin films of copper
phthalocyanine (CuPc) with different thicknesses.

Figures 7 A, B, and D show two-dimensional images from atomic force microscopy (AFM)
as well as grain distribution diagrams of the surface of CuPc thin films, which are 200, 215,
235, and 255 nm thick, respectively. The images taken at 25 °C, show the presence of a large
number of tubular-shaped CuPc grains. This pattern indicates a crystalline nature resulting from
the high active content of the expelled species, as described in ref [20].

3.3 Results of field emission scanning electron microscopy (FESEM)

Field emission scanning electron microscopy (FESEM) provides topographical and
elemental information at magnifications between 10X and 300,000X, with an almost unlimited
depth of field. Compared to scanning electron microscopy (SEM), FESEM produces sharper

images and less electrostatic distortion. All films prepared and deposited on glass substrates
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were examined using this technique to obtain a clear image of the features, which helps in

identifying the surface nature of the films and observing changes in grain size based on the
change in thickness.

The FESEM image shown in Figure 8 of the prepared film reveals particles of larger size,
ranging from 15 to 30 nm. There is a noticeable increase in particle size in parallel with the
increase in the thickness of the thin film, and this is consistent with the measurements extracted
from XRD and AFM analyses. It is noted that the granular size is larger than the existing

crystalline size.
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Figure 8: displays field emission scanning electron microscope (FESEM) images of copper phthalocyanine
(CuPC) films with varying thicknesses.

4. Conclusion:

The research revealed the effect of thin film thickness on the structural properties of copper
phthalocyanine (CuPc) films. It was found that there is a relationship between the structural
properties and the thickness of the thin films, as the best properties that were reached, were for
the thin films with a thickness of 255 nanometers. X-ray diffraction (XRD) analysis also
indicates changes in the size of crystalline grains with a change in the thickness of the prepared
thin films, which is a crucial factor that affects the structural integrity of the material. Atomic
force microscopy (AFM) has revealed valuable information on the evolution of surface features,
providing a comprehensive understanding of structural modifications whereby this tuning can
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be exploited to customize the material for specific applications in organic electronics and

optoelectronic devices.
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Abstract:

The unequal spatial and temporal distribution of precipitation, exacerbated by climate
change, has received significant attention. Rainfall is pivotal for crop growth and environmental
health, crucial in the water cycle, and essential to replenishing surface water sources vital for
drinking water supplies. Consequently, understanding this phenomenon is critical for future
planning. Evaluating spatial and temporal variations in rainfall is essential for the effective
management of water resources. This study employs a statistical analysis of rainfall data from
16 rain gauge stations to identify annual rainfall trends, Linear Regression Equations,
Coefficients of Determination (R?), Precipitation Concentration Index (PCI), and Rainfall
Variability Index (RVI). The findings of the study show that the PCI has indicated strongly
irregular rainfall concentration in Iraq. RV identifies 2017 and 1983 as notably dry years, while
2018 stands out as a particularly wet year within the 40 years from 1980 to 2019. RVI also
highlights that normal rainfall years predominate, with very dry years ranging from 2 to 13, dry

years from 3 to 11, wet years from 1 to 7, and very wet years from 6 to 10 within the study

period.

Keywords: Rainfall variability, drier years, deforestation, heterogeneity, temporal.
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1. Introduction:

Climate change is caused by a variety of human activities such as burning fossil fuels,
deforestation, and agricultural practices. These activities have led to an increase of carbon
dioxide and other greenhouse gases in the atmosphere, trapping more heat and causing an
increase in global temperatures. This has led to several changes in the earth’s climate, such as
more frequent and intense storms, floods, droughts, and heat waves. It can also lead to
significant changes in weather patterns .The unequal spatial and temporal distribution of
precipitation, which is exacerbated by climate change, has received a lot of attention recently
[1]. This is because climate change will alter all aspects of the hydrological cycle ranging from

evaporation through precipitation, run-off, and discharge [2].

Rain is considered one of the most critical components of weather and climate. Changes in
precipitation, including its decrease, can lead to climatic drought, which in turn causes
hydrological and agricultural droughts. These impacts affect the nation's environmental system,
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economic growth, and food security. Moreover, extreme rainfall events, such as floods,

highlight the importance of understanding rainfall variability and intensity [3].

Rain also plays a significant role in the hydrologic cycle, Both science and socioeconomics
place great emphasis on its fluctuation through time and geography. Although the annual total
rainfall may not change, a change in seasonal rainfall significantly impacts runoff,
evapotranspiration, and infiltration, which affects ecosystem management, stream flow, and
flood forecast [4].

Research into this phenomenon is a top priority when making plans for the future. Evaluation
of spatial and temporal variations in rainfall is crucial for the effective management of water
resources. The present study aims to examine the rainfall distribution characteristics of the Iraq
area, by utilizing time series data from 1980 to 2019. The study will analyze trends in annual
rainfall, which may show either decreasing or increasing patterns. The study will analyze trends
in annual rainfall, which may show either decreasing or increasing patterns. Additionally, the
research will use the rainfall concentration index to estimate the monthly heterogeneity of
rainfall, and the rainfall variability index, which is typically computed as the standardized

precipitation departure.

The findings of this study could help inform decision-making and water resource
management plans in Irag. For instance, they could provide insights into the spatial and
temporal variations in rainfall, enabling adjustments to water management plans. Furthermore,
the findings could enhance preparations for and management of floods, as well as inform

drought management strategies.

2. Location and Extent of Studied Area:

The Republic of Iraq is located in Southwest Asia, northeast of the Arab homeland. It is
bordered by Turkey to the north, Iran to the east, Syria, Jordan, and Saudi Arabia to the west,
and the Arab Gulf, Kuwait, and Saudi Arabia to the south. Iraq is divided into 18 governorates,
situated between latitudes 29° 5" and 37° 22" north, and longitudes 38" 45" and 48° 45" east,
covering an area of 435,052 square kilometers. Irag's climate is located within the northern
temperate region, but it is characterized as subtropical continental. Its rainfall pattern is similar
to that of the Mediterranean, with most rain falling in winter, autumn, and spring, and little to
none in summer. Data from the country's 16 weather stations were used to create a GIS database,

as shown in Figure 1.
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continents of Asia and Africa

Figure 1: The Study area

3. Data and Methodology:

The Iraqi Meteorological Organization and Seismology Department provided monthly
rainfall data for the period 1980-2019 from 16 rain gauge sites. Missing data in climate time
series can be addressed using the Inverse Distance Weighting (IDW) strategy, as described in

references [5] and [6].

Where, P, = missing rainfall value, Ry = rainfall value at k surrounding rainfall stations, n =
number of observations of surrounding stations, and d;, = Distance from missing rainfall station
to ki surrounding rainfall stations. The technique of examining historical rainfall data to
identify long-term trends in precipitation is known as rainfall trend analysis. Statistical methods
such as regression analysis and the coefficient of determination (R2) are used to determine the
significance of rainfall trends. The monthly rainfall heterogeneity was analyzed using the

rainfall concentration index, originally proposed by [7] and modified by [8].

12 2
P,
2,

PCl=100* &kt — o 1)

Where P; is the amount of rainfall in the i month. The index was calculated for each rain

gauge and for each year over the study period. The annual PCI values describe in the Table 1.

Table 1: classification of (PCl) [9,10]

Rang of precipitation concentration index (PCI) Value
PCI<10 | PCI >11 and < 15 PCI >16 and < 20 PCI >20
Uniform rainfall Moderate rainfall Irregular rainfall Strongly irregular rainfall
concentration concentration concentration concentration
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The available rainfall time series can be divided into different climatic regimes such as

"very dry climatic year," "normal climatic year," "wet climatic year," "very wet climatic

year," etc. using the rainfall variability index Eq. (2).

Where, V; is the rainfall variability index for a year i, R; is the annual rainfall for year i,
and m and o are the yearly precipitation series' mean and standard deviation for the given
duration of study station respectively[6]. The range of rainfall variability index is described in

Table 2.

Table 2: Rang of rainfall variability index

V;>1 V; = 0.5 and <I V;<0.5 and >-0.5 Vi>-0.5 and< -1 V,>-1

very wet year wet year normal year dry year very dry year

3. Results and discussion:

Using Excel software, a statistical analysis of rainfall was conducted for each of the sixteen
stations to identify any trends or persistence in the data. A linear regression test was performed,
revealing a rising tendency in all stations toward shortfall and sparse rainfall. The values of R2
ranged from 0.00004 to 0.0946, except for four stations (Baghdad, Samawa, Hilla, and Missan),
which showed a weak coefficient of determination and a positive trend (see Table 3). The table

also presents the linear regression equations for each station.

Table 3: Rainfall Trend

stations location Regression equation i) coeff_icie!'\t Trend sign
Latitude | Longitude of determination

Mosul 36.32° 43.15° y =-1.7782x +398.43 0.0247 Negative
Kirkuk 35.47° 44.40° y =-2.7581x + 401.51 0.0706 Negative
Tuz 34.88° 44.65° y =-1.3032x + 300.71 0.0248 Negative
Khanagin 34.35° 45.38° y =-1.799x + 334.72 0.0498 Negative
Tikrit 34.34° 43.42° y =-1.6888x + 218.96 0.0816 Negative
Alkhalls 33.83° 44.53° y =-0.6662x + 189.81 0.0181 Negative
Baghdad 33.30° 44.40° y =0.7979x + 103.92 0.0278 Positive
Rutba 33.03° 40.28° y =-0.9179x + 130.82 0.0409 Negative
Hilla 32.45° 44.45° y =0.4636x + 96.698 0.0172 Positive
Al- hai 32.13° 46.03° y =-0.03x + 135.29 0.00004 Negative
Najaf 31.95° 44.32° y =-0.6501x + 108.79 0.0291 Negative
Diwaniya 31.95° 4.95° y =-0.2284x + 108.69 0.0037 Negative
Samawa 31.27° 45.27° y =0.4431x + 89.533 0.0115 Positive
Nasiriya 31.02° 46.23° y =-0.3453x + 130.48 0.0051 Negative
Missan 31.83° 47.17° y = 1.008x + 154.13 0.0221 Positive
Basra 30.52° 47.78° y =-1.5156x + 160.62 0.0946 Negative
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The average annual total rainfall for all of Irag from 1980 to 2019 is represented by contour

lines in Figure 2. The highest amount of rainfall, 308 mm, was recorded in the north, while the
lowest, 95 mm, was in the southwest. The average rainfall amount, of 120 mm, was observed

in the west.

Average total annual
rainfall (mm) for the
period 1980-2019

contor line

[ 95.568 - 148.85
[]148586-202.13
[ 20214 - 25541
[ 255 42 - 308.69
[ ]3087-36197
’_! Iraq

0 90 180 360 Kilometers
+ + t 4

Figure 2: Average total annual rainfall (mm) for the period 1980-2019

Oliver's definition of the Precipitation Concentration Index (PCI) describes it as a potent
measure of the temporal distribution of precipitation (7). Eq. (1) is used to calculate the yearly
PCI for all stations (see Table 4). The number of years for each PCI class is determined based
on the PCI value, as shown in Table 5. It is observed that no years have a PCI value less than
10. Kirkuk and Baghdad fall into the PCI class >11 and <15, with one and two years of moderate
rainfall concentration, respectively. All stations have the number of years in the class PCI >16
and <20, indicating irregular rainfall concentration. The largest number of years is located in

the PCI class larger than 20, indicating strongly irregular rainfall concentration.

From Figure 2, we observe that the average annual PCI values in Iraq range from 22.4 to
31.4. The highest PCI values are concentrated in the southern region, specifically in the
governorates of Samawa and Nasiriya, while the lowest values are in the northern region,
particularly in the governorates of Mosul and Kirkuk. This indicates that the majority of rainy

years in Iraq between 1980 and 2019 are characterized by strong irregularity.
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L
Table 4: PCI level of precipitation concentration measured on an annual scale for a specific year

Year Mosul Kirkuk Tuz Khanagin Tikrit Alkhalls Baghdad Rutha Hilla Alhai Najaf Diwaniya Samawa Nasiriya Missan Basra
1980 20.3 17.0 18.4 19.7 18.7 18.4 21.2 22.0 39.6 52.0 45.1 45.5 57.3 47.2 46.6 40.8
1981 16.3 16.9 17.1 18.8 18.1 17.0 215 20.4 20.2 35.9 27.8 25.2 424 31.2 34.6 271.2
1982 17.2 158 15.1 16.8 16.6 16.0 14.5 15.6 23.6 29.4 17.7 22.5 239 29.0 34.3 24.0
1983 16.0 15.6 15.8 209 18.0 18.6 19.0 17.9 18.4 22.8 28.1 25.6 36.7 26.5 28.0 29.1
1984 254 30.1 29.4 310 37.2 30.3 25.7 19.1 20.4 32.8 31.2 24.2 29.9 38.8 30.4 33.2
1985 18.0 19.7 18.9 216 24.8 24.7 26.2 19.5 18.0 239 27.8 18.7 64.0 319 31.6 38.1
1986 18.2 232 20.0 18.9 20.7 21.4 22.3 16.1 28.4 19.5 26.2 22.1 29.1 235 19.1 18.8
1987 23.9 26.1 27.8 253 22.4 21.7 26.3 46.8 317 24.0 33.8 215 20.6 27.1 253 27.0
1988 215 195 19.4 18.5 24.7 18.6 20.7 18.8 22.7 19.9 22.2 20.2 224 26.1 20.7 21.7
1989 28.0 25.7 21.6 259 35.4 21.6 28.7 27.8 28.4 24.8 41.7 28.1 35.6 25.8 24.2 24.0
1990 20.5 26.8 24.2 28.7 33.2 18.0 23.0 45.1 32.1 33.6 45.4 35.4 38.1 29.9 18.3 23.0
1991 324 145 19.0 221 19.0 30.8 16.2 34.1 25.6 29.4 19.2 20.0 233 185 15.2 22.0
1992 17.7 18.6 17.5 20.0 19.4 19.9 20.3 18.9 30.0 24.8 24.3 38.9 234 231 284 22.2
1993 17.6 135 23.7 159 179 28.1 38.6 16.4 25.1 217 34.6 21.7 213 20.6 20.2 247
1994 159 171 19.2 19.7 215 18.9 19.1 35.8 21.7 28.5 25.6 35.8 253 25.1 29.9 20.4
1995 22.0 247 211 203 25.7 209 329 52.3 39.7 214 245 30.3 253 191 219 26.6
1996 22.7 238 22.1 26.4 29.5 22.6 25.2 20.1 26.2 28.0 29.7 239 271 28.0 25.7 23.6
1997 16.9 159 20.1 19.2 213 26.1 26.5 27.2 32.8 29.3 24.6 210 218 20.6 24.6 223
1998 22.7 26.7 33.9 353 48.8 38.1 26.0 232 314 514 35.3 34.4 49.9 42.0 34.1 47.8
1999 19.0 30.1 30.9 36.1 28.8 33.6 37.2 275 28.8 254 26.3 22.8 374 27.8 310 225
2000 19.0 251 21.6 35.7 235 355 30.6 23.6 30.5 29.5 30.2 26.2 229 43.3 38.6 39.3
2001 18.9 197 235 20.7 17.6 17.8 20.0 324 19.3 224 231 22.7 195 48.6 319 334
2002 22.1 245 22.9 18.2 16.6 22.0 24.3 19.6 26.7 28.6 212 379 251 50.8 26.5 20.0
2003 18.9 187 18.2 203 237 18.6 17.8 16.8 38.1 26.1 237 333 18.1 334 19.7 222
2004 20.7 242 23.9 258 30.1 19.5 21.2 16.4 35.7 318 30.8 349 19.2 253 30.2 229
2005 21.8 238 26.4 254 29.1 27.4 36.8 21.0 29.5 26.7 24.1 279 219 32.8 345 375
2006 19.9 25.7 22.2 226 27.1 27.2 239 19.9 17.0 19.3 18.4 19.1 32.1 20.8 23.0 26.0
2007 23.5 24.7 26.7 217 31.0 317 22.8 16.7 38.8 27.6 30.4 25.6 26.0 50.1 24.1 253
2008 19.3 231 26.4 213 231 274 28.1 19.5 33.1 20.6 20.7 20.5 36.3 35.7 36.3 44.4
2009 24.2 18.6 18.2 17.4 175 22.5 16.4 22.4 20.0 273 21.0 239 19.4 284 36.7 28.3
2010 17.6 18.6 18.9 18.5 18.0 20.1 24.8 25.5 19.9 229 21.3 22.9 252 34.3 36.3 23.7
2011 25.7 223 24.4 216 235 233 22.8 37.5 35.2 26.8 27.0 26.5 316 18.7 311 23.7
2012 19.0 19.9 22.9 36.2 26.2 20.8 35.8 27.3 44.2 32.8 31.8 40.9 28.0 32.2 44.7 29.3
2013 20.1 22.0 29.9 33.8 23.2 31.6 40.7 27.6 62.6 255 48.6 35.2 50.5 56.5 39.4 34.2
2014 19.1 175 17.7 17.2 20.7 16.7 213 16.5 26.2 19.1 255 27.9 23.0 29.2 231 46.1
2015 18.4 16.8 18.4 23.7 19.4 33.7 27.0 20.3 21.7 26.6 24.7 335 26.1 25.7 18.6 25.6
2016 17.7 212 18.6 17.7 24.1 23.6 235 213 29.3 25.6 26.1 23.7 39.0 274 19.7 19.8
2017 25.7 29.4 35.2 29.7 39.6 46.8 39.5 359 25.6 57.9 25.3 45.2 48.1 44.1 36.2 56.0
2018 18.9 224 213 239 20.5 239 235 218 22.3 30.7 18.7 212 33.8 38.8 28.1 231
2019 219 191 20.1 18.2 234 18.7 22.5 154 26.1 20.0 22.3 175 22.6 18.6 27.2 19.8

Table 5: Number of years for each class of Precipitation Concentration Index (PCI)

Number of years

Stations | PCI<10 | PClI>10and <15 | PCI>15and <20 | PCI>20
Mosul 0 0 0 40
Kirkuk 0 2 3 35
Tuz 0 0 20 20
Khanagin 0 0 15 25
Tikrit 0 0 12 28
Alkhalls 0 0 14 26
Baghdad 0 1 6 33
Rutba 0 0 19 21
Hilla 0 0 6 34
Al- hai 0 0 5 35
Najaf 0 0 4 36
Diwaniya 0 0 5 35
Samawa 0 0 4 36
Nasiriya 0 0 4 36
Missan 0 0 7 33
Basra 0 0 4 36
Y ( | @misic

)
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Figure 3: Annually Average Precipitation Concentration Index (PCI)
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The Rainfall Variability Index (RVI) Eq. (2) is used to classify the climatic systems of the

40-year data series for Irag. Based on the RVI values, the periods are classified as shown in the
table in the data and methodology section. The rainfall variability index plots for each station
are presented in Figures 4, 5, and 6. In these plots, values above the positive red dashed line
represent very wet years, values between the solid red line and the dashed red line represent
wet years, values between the solid red line and the solid green line represent normal years, and
negative values between the solid green line and the dashed green line represent dry years.

Negative values below -1 indicate very dry years.

It has been observed that the years 2017 and 1983 were the driest years, while the year 2018
was the wettest during the 40-year period. Table 5 shows the number of years for each
classification and for each station. It is clear from the table that the number of normal years is
prevalent during the study period, ranging from 10 to 21 years. The number of very dry years
ranged from 2 to 13 years, dry years from 3 to 11 years, wet years from 1 to 7 years, and very
wet years from 6 to 10 years. The variability in rainfall patterns for the entire Iraq, as determined
by applying RVI, is shown in Figure 7. It can be seen that normal rainfall occurred 36.1% of
the time, dry years occurred 19.5% of the time, very wet years occurred 15.8% of the time, very
dry years occurred 14.4% of the time, and wet periods were experienced 9% of the time.

Table 6: Number of years for each class of Rainfall Variability Index (RVI)

Number of years
stations V; between Vi is within V; between
Vi>+1 Vi<-1
+0.5to +1 0.5 -0.5to -1
Mosul 8 2 16 8 6
Kirkuk 7 3 17 8 5
Tuz 10 1 12 11 6
Khanagin 9 6 10 9 6
Tikrit 7 3 17 8 5
Alkhalls 6 7 14 7 6
Baghdad 6 4 18 6 6
Rutba 5 3 19 11 2
Hilla 6 5 14 9 6
Al-hai 4 7 14 9 6
Najaf 9 2 12 10 7
Diwaniya 4 4 21 3 8
Samawa 6 3 16 11 4
Nasiriya 7 5 15 5 13
Missan 7 1 16 10
Basra 5 11 9 10 5
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Figure 4:Rainfall variability index plots for stations of (Mosul, Kirkuk,Tuz, Khanagin, Tikrit, Alkhalls).
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Figure 5: Rainfall variability index plots for stations of (Baghdad, Rutba, Hilla, Al-hai , Najaf, Diwaniya).
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Figure 6: Rainfall variability index plots for stations of (Samawa, Nasiriya, Missan and Basrah)
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Figure 7: IRAQ's rainfall variability index distribution over time (1980-2019)

4. Conclusion:

Climate change is a global phenomenon that affects many aspects of Earth's climate,
including rainfall distribution in Irag. While the effects of climate change on rainfall in Iraq are
not yet fully understood, there is evidence to suggest that the amount and intensity of rainfall
are changing. Despite the impact of climatic changes on rainfall in Iraq, as evidenced by the
negative linear regression trend of annual average rainfall for the period 1980-2019, the
geographical distribution of rainfall remains variable from one place to another, depending on
the factors causing precipitation. It is found that the annual average rainfall in northern regions
is high, while in central and western regions, it is moderate, and in southern regions, it is low.
The concentration indicator suggests strongly irregular rainfall concentration, while the RVI

indicator shows that rainfall in Iraq fluctuates between normal, dry, and very dry years, with
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very few wet years confined to the northern region. This variation in rainfall distribution is due

to several factors, including the astronomical location of Iraq cities.

Terrain plays a significant role in heavy rainfall situations, with topographic features
impacting rainfall fluctuation. Rainfall depth increases with elevation (known as the orographic
effect), while depressions in the Mediterranean Sea, the Red Sea, and the Arabian Gulf cause

light to medium intensity rain.
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Abstract:

(Ol

This article introduces a unique case study involving open curves of parabolic form situated

within two-dimensional spaces. It presents a new form of a two-dimensional curve achieved by

repositioning the focal point to coincide with the vertex position, resulting in what is termed a

Semi-Parabolic Curve (SPC) where the focal point acts as the vertex referred to as the SPC head

point. In essence, the SPC represents the path traced by a point on a plane, where its distance

from a fixed point (the focus), is always greater than or equal to its distance from a fixed straight

line (the directrix). Furthermore, the article provides the coordinate equations that govern the

points along these curves. With the potential to pave the way for exploring additional geometric

aspects relevant to this class of curves, and to enabling comparative analyses across diverse

mathematical and geometric domains, particularly in three-dimensional contexts in the future.

Keywords: Circles, Parabolic Curves, Secants, Parabola, Vertex.
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1. Introduction:

The parabola stands out as one of the easiest conic sections to understand, alongside the
circle. Initially, Menaechmus used it to replicate the volume of a cube [1-5]. Apollonius, in
naming and unraveling numerous crucial attributes, made significant contributions to its
study. The parabola earned mentions in the works of Archimedes concerning the calculation
of areas under parabolic arcs, found its place in Euclid's writings, and was subjected to
scrutiny by Pappus, who delved into the concepts of focus and directrix. Galileo's
investigations revealed that projectiles trace graceful parabolic paths through the air [2].

The phenomenon of reflection by parabolic surfaces was analyzed by notable figures such
as Gregory and Newton. In modern times, these ideas are employed successfully to find
applications in diverse fields, from automotive headlight design to solar cookers, telescopes,
astronomical radio dishes, the trajectories of comets, architectural design, and whenever a
relationship between two variables involves one being proportional to the square of the other
[3]. A parabola is the set of all points in a plane that are equidistant from a fixed line (directrix)
and a fixed point (focus) not on the line. The midpoint between the focus and the directrix is
called the vertex, and the line passing through the focus and the vertex is called the axis of the
parabola. It has a single focus and a directrix, which is a fixed line perpendicular to the axis
of symmetry. The distance from any point on the parabola to the focus is equal to its distance
to the directrix. Historically, conics have a long history that started with Menaechmus (ca
380- 320 BCE), continued with Euclid and Archimedes, and reached its peak with Apollonius
[3-4]. Born about 380 BC in Alopeconnesus, Menaechmus called a parabola a section of a
right-angled cone, and hyperbola a section of an obtuse-angle cone [4-5]. In mathematics, a
parabola is indicated as a plane curve which is mirror-symmetrical and is approximately U
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shaped. On the other hand, classical geometry indeed regards the parabola as a fundamental

element within the realm of Euclidean geometry, typically within the framework of real
numbers. Numerous treatises and mathematical works have been dedicated to exploring and
establishing various properties of the parabola within this mathematical context. Euler made
contributions to the study of parabolas and their equations, providing insights into their
geometric and algebraic properties [6-7]. Laplace made advancements in applying algebraic
methods to the study of conic sections, including parabolas [8-9]. They have significantly
contributed to our understanding of this geometric shape and its properties over the real
number field, making the parabola a fundamental concept in Euclidean geometry. In general,
there are many methods in which the parabola features are constructed. For example,
Eccentricity method, rectangular method, Parallelogram method, Tangent method and Offset
method [10]. These methods are explained through various examples for drawing a parabola
[11]. Nevertheless, geometric constructing methods of parabola are very interesting when
using the concentric circles. In parabola, the vertex point, i.e. the parabola head point, is
equidistant from a point, the focus, and a line, the directrix. There are several geometric
construction methods for drawing a parabola. But here are two commonly used methods:
Focus-Directrix Method [11-12], and Vertex-Focus Method [11-13], as geometric
construction methods, provide a visual representation of the parabolic curve based on the
properties of the focus, directrix, and vertex. By following these steps and constructing
multiple points, a parabola can be accurately drawn. Focus-Directrix Method [14] is based on
the fundamental definition of a parabola, which states that a parabola is the locus of points
equidistant from a fixed point (focus) and a fixed line (directrix). While Vertex-Focus Method
focuses on constructing the parabola using the vertex and the focus of the parabola. In Focus-
Directrix Method [14-15], the construction process involves drawing the directrix
perpendicular to the given line and finding points on the parabola equidistant from the focus
and the directrix, whereas Vertex-Focus Method [16] as this method begins with marking the
vertex and the focus, followed by constructing points on the parabola equidistant from the
vertex and the line connecting the vertex and the midpoint between the focus and the vertex
[17-18]. In general, both methods yield accurate representations of the parabola and are widely
used in different contexts. The choice between the methods depends on the given information,
preferences, and the specific requirements of the problem at hand [19-20].

In this part of the article, a new form of two-dimensional curve is produced by shifting the
focus point along the equilibrium axis to be located at the vertex position which means a Semi
Parabolic Curve (SPC) whose focus is the vertex point (the SPC’s head point). An SPC is the
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locus of a point which moves in a plane such that its distance from a fixed point, called the

focus, is greater than or equal to the distance from a fixed straight line, called the directrix.
An SPC’s axis is a straight line passes through the focus and perpendicular to the directrix is
called the axis of PSC while the point of intersection of an SPC and its axis is called the vertex
of the SPC.

Furthermore, a geometric method in this paper simply flattened the picture and put the
series of tangent circles in the same plane as the curve, where one of the segments is held
constant. these techniques will be applied to the proposed model of SPC as a special form
curve which has a geometric means; hence, its single point simultaneously lies at focus and
vertex, and it extends in infinity at both directions of x and y-axis. This paper developed a
geometric method and investigated the proportions of this new form of curve, SPC. To draw
SPC, let a distance from (F) along the x-axis be a given constant (a), then let the y-axis pass
perpendicularly on the symmetrical-axis from the point (F), the origin point (0,0). Let be given
a point (F) sets as a vertex point (the PSC head point) at a given constant (AF) on the
symmetrical-axis, then on the y-axis construct a line segment (AA1) with angle (u). Then
draw a perpendicular on (AAL) intersects the x-axis at point (B1), the midpoint of line segment
(AAL) is point B, which is a point of SPC. These segments are then plotted against the series
of geometric means Al, A2, A3, to give a set of the points of B1, B2, B3, all of which lie
along y-axis and x-axis respectively. This new curve is named as the SPC.

The vertex is the point of the focus which is the point of intersection of axis and directrix.
Besides, if B be a point on the SPC and Bn and BF are the distance from the directrix and
focus F point respectively, then the ratio (BF / BA) is called the eccentricity of the SPC, which
is denoted by (e). By the parabola definition, the SPC ratio of ¢ is; (e > a), Figure 1.

Y

the directrix

Figure 1. plot the SPC by a set of points in the plane that are equidistant from a SPC’s point of B (the midpoint of line
segment A1B1) which is a perpendicular on a line segment (DA1) drawn from D with angle (u).
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1. SPC’s CONSTRUCTION METHODS

A set of geometric methods are produced in this paper to determine points and then to draw

the SPC. These three methods are listed as follows:
2.1 Tangents and Circles Centers Method (TCCM):

The TCCM is built according to the proportion of the SPC. The particular principle of
TCCM is depending on letting a given distance from the point (A), and the Focus point (the
vertex) which is a constant of the SPC, determining the directrix of the SPC on the symmetrical-
axis. In addition, the TCCM is applied to the construction of SPC by changing the meanings of
tangents and perpendiculars at both side of y and x-axis, then the midpoints of obtained points
help to construct the SPC points. The following procedures are presenting the TCCM:

e Let ahorizontal distance from (A) to (F) along the x-axis be a given constant, (a), then let
the y-axis be the symmetrical-axis from the origin point (F).

e Let be given a point (F) sets as a vertex point, the PSC head point, at a given constant
(AF=a) on the symmetrical-axis.

e By angle (u), construct line segments from point (D) at a distance of (2a), these line
segments intersect the y-axis at points (An).

e Then draw a perpendicular on (AnD) from point (An), which intersect the x-axis at point
(Bn).

By drawing a perpendicular on (AnD) from point (An), a line segment (AnEn) is intersecting
the y-axis at (An) and the x-axis at (En). From the midpoint of (AnBn), draw a circle that passes
through intersection points; (An), and (En). As a result, the midpoint (B) is a center of the
drawing circle, and also it is a point of SPC. Also, the generation method of TCCM benefits to
determine as many as possible of points of SPC, and with a help from the French curves the

pure curve is precisely drawn, as it is illustrated in Figure 2.

Drawing

T circle” —_

the directrix

Figure 2.- plot the SPC according to TCSM, where the distance (AF=a) is a constant.
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TCCM's theorem (1): This theorem states that the SPC’s point is the midpoint of the line

segment which is drawn from the intersection points with the y-axis and the x-axis, if the line
segment is a perpendicular at the y-axis with the line which is drawn from the directrix point
on the symmetrical-axis. TCCM generation method ia applied to the construction of SPC by
the first theorem. To determine the position of a point on the SPC, let (AF) be a given distance
where (F) is the origin point. Construct a segment line from (D) to intersect the y-axis at a point
(let it be A1), then from (A1) draw a perpendicular on (AA1) which is extended passing through
x-axis at (B1). Point (B) is the midpoint of the segment (A1B1), which is a point of the SPC,
Figure 2.

Proof: To proof this theorem, let the segment line (DF) be a given distance on the symmetrical-
axis where (F) is the SPC focus which is located on the origin point. Construct a segment line
from (D) to intersect the y-axis at point (let it be An), then from (An) draw a perpendicular on
(DAn) which is the secant passing through coordinate x-axis at (Bn), then let the point (B) be the
midpoint of this segment (AnBn). the triangle (AnFBy) is a right-angled triangle. Thus, the circle
drawn from the midpoint of the segment (AnBn) is passing through three points (F), (An), and
(Bn); this means (AnB = BB:). Hence, points in the plane that are equidistant from a point B, the
midpoint of line segment AnBn, is a perpendicular on line (DAs) with angle (u). And then,
according to the SPC definition, Figure 1, the point of the SPC is the midpoint of the segment
(AnBn), Figure 3. Hence, points in the plane that are equidistant from a point B, the midpoint of
line segment AnBn, is a perpendicular on line (DAn) with angle (u). And then, according to the
SPC definition, Figure 1, the point of the SPC is the midpoint of the segment (AnBn), Figure 3.

Figure 3.- The plot of the SPC according to TCCM's theorem (1), where; (F) is the focus- vertex point.

It is noticeable that the SPC has a single drawing circle whose center point is the vertex point of the SPC. Therefore, any shared
point at the SPC and the parabola segment passes through a single point which is the SPC’s vertex and the parabola focus, (F).
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TCCM's theorem (2): states that at any segment whose midpoint is a point of SPC, the line

length from the focus to the SPC point or that from the SPC point to either the top or end point
of the segment is a constant.
Proof: To proof this theorem, let (AF) be a given distance where (F) is the SPC focus located
on the origin point (0,0). Then let (DF) be a segment line of (2a) located on x-axis. From
theorem 1, the SPC’ drawing circle whose diameter is the segment (AnBn), thus the drawing
circle passes throught 3 points: (F), (An) and (Bn). Then, from drawing a circle defination, the
diameter (AnBn) is divided into two equal parts: (AnB = BB»), then from these three points, the
A(AnBnF) is a right angled triangle at the focus- vertex point (F) , Figure 4.
Accordingly, the segments;
(AzF) L (FBn),
then from the drawing circle defination;
(A1B = BF = BBy),
y

Drawing
‘ " circle” ~—_

the directrix

Figure 4.- plot the SPC according to TCCM's theorem (2), where; (F) is the focus- vertex point and
Segments (A1B= BF=BB;1) .

TCCM's theorem (3): states that for any SPC, all secants are intersected at a single point lies
on the x-axis at a distance of (2a), from the focus- vertex point.

Proof: To proof this theorem, let (AF) be a given distance where (F) is the SPC focus located
on the origin point (0,0). Then let (DF) be a segment line of (2a) located on x-axis. From
theorems 1 and 2, the right-angled triangles A(DFA\) are adjacent triangles shared angle (AnFD)
and they are said to be adjacent to each other along a common side (DF), which is the horizontal

distance from the focus- vertex point; thus, DF=2a, , Figure 3.
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It is noticeable from theorem (3) that the SPC is extended into the infinity along the

symmetrical-axis where (F) is the SPC focus located on the origin point (0,0). However, it is a
succinct way to say that the length of SPC segment is varied according to constance value of
(a), the horizontal distance from the focus- vertex point (F) and (DF). Furthermore, any point
of SPC is a center of a single circle which is passing through the focus point. Biulding on the
theorem one, all circles whose center point is a point of SPC are passing through 3 points (F),
(A1) and (B1), where (B) is the center point and a point of the SPC.
TCCM's theorem (4): states that from any drawing circle, (whose center is a point of SPC),
the horizontal line from its center point parallel to the x-axis and intersects the tangent of the
drawing circle at a midpoint which from it the perpendicular is drawn from the focus on the
line segment that is constructing the focus and the center point of the drawing circle.
Proof: To proof this theorem, let (B) be a point on SPC, and the drawing circle of SPC whose
center point is (B) intersects the y and x-axis at (An) and (En) respectively. From point (B)
construct a line segment parallel to x-axis and perpendicular on (DAn), hence line segment (BNn)
intersects (DAn) at a point (Nn) which lies on the directrix. Then, from SPC definition, (DA =
AF=a). From the right-angled triangles A(DFA), line segments (NnA) parallel to y-axis, and
divides (DF); then,

(DA= AF = NyA = a), thus; (DNn = NnAn),

This theorem indicates that the triangle whose sides are (NnB), (BF), and (FNy) is a right
angled- triangle, hence the line segment (NnF) is perpendicular on (FB), Figure 5. Similarly, it
indicates that the line segment constructed from any point on SPC and the focus is perpendicular
on that line segment constructed from the horizontal line from the SPC focus- vertex point,

which intersects the directrix, hence; angle (BFNn = 90°).

y

g Drawing

g‘ ~ circle ™~_

S Al‘

W .
|

D \YU A / / +X
o a T a | 3 Eq
\

Figure 5.a. - plot the SPC according to TCCM's theorem (4), where;
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