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Abstract

Depending on the basic assumptions of the Shell Model and by using suitable potentials, we found a new formula to calculate the nuclear binding energies of nickel

57-78

isotopes *7~78Ni. This formula is related only to the mass number of these isotopes and the number of valence nucleons outside the closed core 3§Ni. When
calculating the standard deviation of the experimental data from the theory, we found that our value is better than the value calculated by the Semi-Empirical Mass
Formula; it is also better than that calculated by the Integrated Model and calculated by the Modified Integrated Model. This indicates that our inferred formula is
better than the most important formulas previously used to calculate nuclear binding energies for our studied nuclei.

Keywords: Nuclear Binding Energy; Valence Nucleons; Shell Model; Closed Core.

1. Introduction

One of the most important purposes of nuclear physics is to provide
nuclear models that explain the properties and behavior of atomic nuclei.
One of the most important nuclear properties is that the density of the
nucleus is almost constant, so the size of the nuclei is proportional to their
mass number [1].

We find that the same applies to liquids, so one of the first nuclear
models was the Liquid Drop Model (LDM), which was presented by Carl
Friedrich Von Weizsacker in 1935 and Bohr established its basic
hypotheses [2].

Depending on this model, the values of the nuclear binding energies of
the nuclei were calculated using the Semi-Empirical Mass Formula (SEMF),
which is known as the Bethe-Weizsacke formula [3].In 2011, a new formula
was developed to calculate the values of the nuclear binding energies,
which was deduced by Nader Ghahramany and his group [4]. This relation
is based on the theory of Quantum Chromodynamics, where nuclear matter
is treated as a plasma composed of a soup of quarks and gluons. This
formula is called the Integrated Nuclear Model (INM). Hezekiah K. Cherop
and Kapil M. Khanna [5] developed this formula in 2020, and it is called the
Modified Integrated Nuclear Model (MINM).

In these nuclear models, nucleons are not dealt with separately but
rather as a static system. Therefore, these models succeeded in calculating
some properties of nuclei, such as the average nuclear binding energy for
each nucleon, while they failed to calculate other nuclear properties, such
as excited states and magnetic moments.

On the other hand, the Shell Model developed by Mayer and Jensen was
proposed in 1948[6] on the assumption that each nucleon in any nucleus
moves independently in a median potential resulting from the rest of the
nucleons, which is called the valance field, expressing a "central field.". This

© 2024 Thamar University.

field, in addition to potential resulting from the mutual effects between each
of the two nucleons of the nucleons, is called the residual potential.
According to this model, nucleons are located on separate energy levels
called single-particle levels, which are determined by solving the
Schrédinger equation by choosing an appropriate potential. This model
succeeded in calculating many nuclear properties, such as predicting magic
numbers, spin-parity, predictive power of excited states for nuclei remote
from the doubly magic nuclei, and their magnetic moments, but it did not
give good value for the nuclear binding energies for most of the nuclei
especially far from the stability line. Therefore, in this study, we found a
new formula to calculate the values of nuclear binding energy in the
function of the mass number and the number of valence nucleons when
they are in the ground state, depending on the basic assumptions of the
Shell Model and the selection of suitable potentials. We calculated the
values of the nuclear binding energies by this new approach of all the
isotopes of nickel odd (even - odd) and even (even - even), whose valence
nucleons are located between the two magic numbers, 28 < N < 50.

2. Nuclear Shell Model

The basic assumption of the nuclear shell model is that, to a first
approximation, each nucleon moves independently in a potential that
represents the average interaction with the other nucleons in a nucleus.
This independent motion can be qualitatively understood from a
combination of the weakness of the long-range nuclear attraction and the
Pauli exclusion principle.

In a non-relativistic approximation, nuclear properties are described
by the Schrodinger equation for A nucleons [7], i.e.:

HY Y=El¥ ) (€Y
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where ¥ is an A-body wave function, and Acontains nucleon kinetic energy
operators and interactions between nucleons of a two-body and a three-
body character; in the present study, we will consider only the two-body
interaction, i.e.:

T N
H=;(—ﬁao+ > wa @

i<j=1

We can re-write the Hamiltonian (2), adding and subtracting a one-
body potential of the form of ¥4, U (i) as [7]:

A 2 A A
ﬁ:Z[—Zh—mAi+U(i)]+ z W(i,j)—ZU(i):ﬁ(°)+I-7(1) 3
i=1 i=

i<j=1 i=1

where H© is the zero Hamiltonian, a sum of single-particle Hamiltonians
that expresses the average potential of all nucleons.

A A

A® = Z W) —Z U@y =v
i<j=1 i=1

is called a residual interaction.

It is clear that when the number of nucleons is large, the Hamiltonian
matrix becomes very large, so we use an approximating valence space or
model space [8], which consists of all single-particle orbitals actively
involved in the generation of configurations of the many-nucleon system
considered, and assumes the existence of a closed core is the closest doubly
magic nucleus to the studied nucleus. Therefore, the study is limited to
valence nucleons (the nucleons that lie outside the closed core) instead of
being between all nucleons.

The reason for defining a core is that the computational effort
increases rapidly, with an increasing number of single-particle orbitals
induced in the valence space.

We can re-write the Hamiltonian (3) according to the Valance Space as

[8]:

A
H = E(CORE) + (M)A + Z U@ + A® @)

i=1

where E(CORE) = —BE(CORE) is the nuclear binding energy of the closed
core, € the average nuclear binding energy of valance nucleons, and fiis the
particle number operator. Now will describe how each term of this equation
was calculated.

2.1. Average nuclear binding energy of valance nucleons &

We can obtain the value of average binding energy for each valence
nucleon in the ground state by best fitting for the experimental single-
particle energies [9]. The valence nucleons in our study fall within the
pfgshell, outside the closed core  3§Ni, which have the following valence
levels, respectively [10]:

1psj, = —10.25MeV, Ofs/, = —9.48MeV, 1p;, = —9.14MeV, 0o,
= —6.55MeV

By performing the best fitting (using the LAB fit program), we got the
best form of the equation which represents the average energy of a single
particle in the valence levels in terms of the number of valence nucleons,
which takes the following form:

&(R) = a + bi(MeV) ®)
where a and b constants that take the following values:
a =-10.94MeV,b = 0.2323MeV

2.2. Mean Field Potential

It is the central potential produced by all valence nucleons so that each
nucleon of the valence nucleons is moving independently in this central
potential resulting from the rest of all the nucleons.

This potential can take different forms, such as the Harmonic
Oscillator, Woods-Saxon potential, and Paring potential.

Assuming that the valence nucleons are all in the ground state and are
paired with each other, the most appropriate potential to describe this
system is the Paring potential, which takes the following form [11]:

Vearn = =G ) 434, ©
P

where A;; = ?:1A3 () and 4, = f;lAp(i)is pair creation operators and
p is the number of j-orbits in the mean-field considered, and G > 0 is an
isovector paring strength, which is given in terms of mass number as
follows G = 22(9,12].

Depending on paring potential, paring energy when all the nucleons
are in the ground state is given by the following equation [8]:

EV(N)=—%G(N—V)(2!2—N—V+2) @

where v is the Seniority quantum number, which is the number of nucleons
not pairwise coupled to angular momentum zero; in short, the number of
unpaired nucleons, Nindicates the number of nucleons in the ground state
(which represents the number of valence nucleons in our study), and 2
indicates the maximum number of paired pairs that a given level fits into

nucleons; it is given by 2 = %(2}' +1).

Increasing the number of neutronsNover the number of protonsZin
the nucleus, it decreases their stability. It thus decreases their total nuclear
binding energy, so we will add another term to mean field potential (Paring
potential) that results from the Symmetry Effect, which takes the following
equation [13]:

ty.t
Vi = Z 21,0, = 100(MeV) @)
12

where t;and t, are the isospin for two nucleon interactions. Depending on
the previous Symmetry potential, the energy from this potential is given by
the following equation:

V;
Eay=N=2) ©

In our study, the amount (N — Z) represents the number of valence
nucleons outside the closed core.

2.3. Residual Interaction H®

The effect of the residual interaction is only between valence nucleons,
and its contribution to the total Hamiltonian is small compared to the mean
field potential, so it is treated as a perturbation, and this interaction takes
different forms. In this study, we chose the Surface Delta Interaction (SDI)
because it is easy to deal with and has a separable potential, which allows
obtaining an analytical solution to the Schrédinger equation. This form of
interaction was postulated in 1966 by Moszkowski et.al. [14]. This is based
on the Pauli principle, which is forbidden when collisions occur at the full
levels and allows collisions to occur mainly at the valance levels. This
interaction was developed by Glaudesmans [15], and is called Modified
Surface Delta Interaction (MSDI). The matrix element of residual
interaction for one of the interacting valence-nucleon pairs is as follows:

Gado JT Wwspilicia J T yr

1
o[ + D + e+ Do + 1 T yarteriiag,

T2+ T+ 6a)(1+6.0)
1.1
—ElaEUO)
P 1.1 e+l +]+T 1.1 11
Ua = 5Je5 VOIL = (D] — Gy 2o 5D Gaz e 5 UDIL
+ (=D
+ BT[ZT(T +1)— 3]6ac(5bd (10)

where Ar,By is two constants represent the strength interaction of MSDI.

The symbol (j — %}% |J0) indicates to Clebsch-Gordan coefficients, and j is



the angular momentum of the nucleon, and Jis the total angular momentum
of two nucleon interaction, and the symbol T refers to total isospin
produced by the isospin coupling of the two interacting nucleons. When the
valence nucleons are in the ground state, the formula (10) turns out to be:

Ualb ST Vuspiliadv JTr

_ 2o+ D(2jp+1) 2
ATm{[Uaz]b |10)] [1
_ (_1)t’ +£’b+]+T] +
1.1 2
|Us3iaz D] 1+ 07D+ Brl2rr + 1) - 3] (a

When the two valence nucleons fall within the same level, the previous
formula becomes as follows:

@j+1)?
2(2J+1)

G2 UVnspiljZ 1) yr=q = Ar G- ‘] UO)Z + Br (12)

If the valence nucleons are pairwise coupled to angular momentum
zero, the previous formula becomes after the parameter, £, is substituted
as follows:

(% 01Vyspy i 01) =071 = %AT(ZJ- +1D+Br=Ar02+B (13)
We have benefited from the following transformation [8]:
Gmim’|00) = (1)) 757 8, 14)
The value of the MSDI strengths can be obtained by fitting with the

empirical values, and it is also approximated in terms of mass number as

follows Ar = Br = %MeV [16], so we can rewrite the formula (13) as:

25
H® = (2,01 Vysp 12, 01)j=or=1 = 7= (2 + 1) (s

The previous formula can also be written in terms of isovector paring
strength as follows:

H® = (j2,01|Vysp[j2 01)j2r=1 = 1.256(2 + 1) (16)
3. Calculations and Results

The nuclear binding energies were calculated for the twenty-two
nuclei of nickel isotopes that lie outside the closed core  3§Ni, related to
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the following mass numbers A = 57 — 78. Eleven nuclei of them are odd
(even - odd), and eleven nuclei are even (even - even) depending on the new
formula (4), and that is after compensating the equations (5), (7), (9) and
(16) in them, and making some reforms to take the following form:

E = —BE = E(CORE) + C;n? + C,;n + C3 17)
where E(CORE) = —BE(3§Ni) = —483.98811(MeV) [17] , C1,C, and Cs
takes the following values.

1 1
Ci=b +ZG'CZ = a—EG(!Z +11),C4
G
=Z{V(2ﬂ—v+2)+5(ﬂ+l)} (18)

When the nucleons are in the ground state, the seniority quantum
number takes v = 0 for even-even nuclei and the value v = 1 for even-odd
nuclei [8].

Since the 2 indicates the maximum number of pairs of nucleons that
each level of the shell pfg accommodates, so in our case, it takes specific
values as follows:

2forA =57 - 60
3forA = 61 - 66
1forA = 67 — 68
S5forA =69 - 77

19

The value of the isovector paring strength G can be obtained by fitting
with the experimental nuclear binding energies, and its value can also be
obtained in terms of mass number, then the parameter C;,C, and C; will be

5
Ci=bt- 2—a——(!2+11) Cs

=Z{v(2!2 —v+2)+50+1)} (20)

Applying the formula (17) to the isotopes of nickel 33~78Ni using the
given parameters in the equation (20). We get the nuclear binding energies
of these isotopes Bgy (MeV) which are shown in Table 1 compared with the
values of the experimental binding energies B, [17]

Table 1: The nuclear binding energies of our calculated nickel isotopes  53~78Ni compared with the experimental values.
Even-Odd- A Even- Even-A
A Bsy(MeV)* Bexp. |Bsm — Bexp A Bsy(MeV)* Bexp. |35M = Bexp|
57 495.1413 494.2430 0.8983 58 507.7906 506.4590 1.3316
59 518.8768 515.4580 3.4188 60 530.1215 526.8460 3.2755
61 540.1006 534.6660 5.4346 62 550.3045 545.2620 5.0425
63 558.7161 551.3840 7.3321 64 567.5853 561.7570 5.8283
65 574.7156 567.8550 6.8606 66 582.2862 576.8080 5.4782
67 585.9282 582.6150 3.3132 68 591.6767 590.4080 1.2687
69 601.8838 594.9940 6.8898 70 607.4813 602.3000 5.1813
71 610.8979 606.5640 4.3339 72 615.2606 613.4550 1.8056
73 617.4978 617.4090 0.0888 74 620.6498 623.8280 3.1782
75 621.7280 627.6890 5.9610 76 623.6908 633.1240 9.4332
77 623.6284 636.3330 12.7046 78 624.4213 641.7870 17.3657

*The values of our calculated nuclear binding energy (in black) compared to the experimental values (in red) are shown in Figure 1.
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Figure 1: nuclear binding energies of our computed nickel isotopes $7-78Ni (in black)
and calculated using the Semi-Empirical Mass Formula (in blue), computed using the
Integrated Model (in green) and computed using the Modified Integrated Model (in
pink) compared to the experimental values (in red).

When we calculate the standard deviation between our nuclear
binding energy values for the studied nuclei and the experimental values,
we used the following standard deviation equation:

13
o= NZ[[BESiM — BEL, 1] @D
i=1

We found that the standard deviation for the studied nuclei is ¢ = 6.5758
(MeV), where avalue AB = |Byq — By, for each studied nuclei is shown (in
black) in Figure 2.

When calculating nuclear binding energies for the studied nuclei using
the Semi-Empirical Mass Formula, which is the most popular formula for
finding nuclear binding energies, which is given as follows [3]:

2 72 (A -272)?
BE =ayA—asA3 —ac—G— Qus———— 16 (22)
A3 4

where ay, ag, ac, ass, & a, are the coefficients in the Semi-Empirical Mass
Formula, which takes many sets of values; we chose the most common and
used ones, which are [18]:

ay = 15.78(MeV), ag = 18.34(MeV),ac,= 0.71(MeV), agym,
=23.21(MeV),
{IZ(MeV)foreven —even

a, =
P~ |0forodd — even
120 T T
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Figure 2: Values for our calculated nickel isotopes  3777®Ni (in black), calculated using
the Semi-Empirical Mass Formula (in blue), calculated using the Integrated Model (in
green), and computed using the Modified Integrated Model (in pink).

The nuclear binding energies calculated by the Semi-Empirical Mass
Formula are shown (in blue) in Figure 1. We found the standard deviation
calculated using the Semi-Empirical Mass Formula for the nuclei we studied
iso = 11.7440(MeV), where the value 4AB(MeV) of these nuclei is shown
(in blue) in Figure 2.

When we calculate the nuclear binding energies of the studied nuclei
using the Integrated Model, which is given by the following formula [4]:

2
uC
o fora>5 (23)

2 _ 72 _
BE(A,Z) = [3A_(w>+32]m

A 1

where m, c? = 330 (MeV) is nucleon mass, and the parameter & is related
to the stability of the nuclei against the beta decays and takes the following
two values:

OforN # Z
SN _Z){lforN =Z

where the nuclear binding energies of the studied nuclei calculated by the
previous formula are shown (in green) in Figure 1. We found that the
standard deviation value calculated for the studied nuclei by the Integrated
Model formula is ¢ = 54.5307 (MeV'), where the value AB(MeV) calculated
with this formula is shown (in green) in Figure 2.

When we calculate the nuclear binding energies for the studied nuclei
using Modified Integrated Model, which are given as follows [5]:

,forA>5 (24)

BE(4,7) = [3,4 - (W) /1] m,c?

VNZ 100
where the parameter A is taken for Z < 30 the constant value 4 = 9.

The nuclear binding energies of the studied nuclei calculated by the
previous formula are shown (in pink) in Figure 1. We found that the
standard deviation value calculated for the studied nuclei by the Modified
Integrated Model formula is o = 31.2226 (MeV), where the value
AB (MeV) calculated with the last formula is shown (in pink) in Figure 2.

4, Conclusion

Depending on the basic assumptions of the Shell Model and using
suitable potentials, we found a new simple formula to calculate the nuclear
binding energy in the function of the mass number and the number of
valence nucleons.

We calculated by this formula the nuclear binding energies of twenty-
two nuclei of nickel isotopes, eleven of which are even-odd and eleven even-
even nuclei whose valence nucleons are located outside the closed core
5¢Ni which have a valence nucleon located between the two magic numbers
28 < N <50.

We found the standard deviation between our calculated nuclear
binding energies and the experimental values is better than the value
calculated by the Semi-Empirical Mass Formula, and it is also better than
the value calculated by the Integrated Model and calculated by the Modified
Integrated Model. This indicates that our deduced formula is better than the
most important formulas previously used to calculate the nuclear binding
energies of the studied isotopes of nickel.

We expect an improvement in the values of the nuclear binding
energies of the studied nuclei compared to the experimental values when
taking the residual interaction between all valence nucleons; we also expect
an improvement in the values when adding another term to the mean field
potential related to the deformation of the nucleus, especially when the
number of valence nucleons increases significantly outside the closed core,
as in the case of the last three isotopes 7*””J5Ni.

After determining the form of the equation for the average nuclear
binding energy of valence nucleons, we suggest studying the possibility of
applying the formula used in this study to other areas of nuclei. We also
suggest studying the possibility of using this formula to calculate the
excitation energy of the nuclei.
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Abstract

The current study aimed to evaluate the effect of soil factors on some characteristics of olive leaves. The beginning of the process was collecting plant and soil
samples from some home gardens and public street gardens in the City of Kirkuk to conduct tests related to plants and soil. We performed Some tests on the soil
to evaluate each type of soil and some properties of olive leaves from different sites. The present study showed differences in physical and chemical properties
between the soil collected from home gardens and the soil collected from public street gardens. The electrical conductivity, total dissolved solids, sulfate, and
dissolved potassium were higher in the soil collected from Public Street Gardens. In contrast, total nitrogen, phosphorus, calcium, magnesium, and organic matter
values were higher in the soil collected from home gardens than in public street gardens. For leaf properties, the results show a significant (P < 0.05) decrease in
average leaf area, Leaf dry matter, and Leaf ash in leaves collected from public street gardens compared to olive leaves collected from home gardens. For the
structural characteristics of the leaf, the vascular cylinder, cuticle layer, mesophyll, and epidermis were smaller in the leaves of the group from Home Gardens
than the leaves of the Public Street Gardens group. In contrast, the leaf edge and thickness were more significant in the leaves from home gardens than in public
street gardens.

Keywords: Olea europaea L.; Soil Properties; Anatomical Properties; Morphological Properties.

1. Introduction meaning they often do not react well to K fertilizers added to the soil [14,
15]. Therefore, the current study aimed to evaluate the effect of soil

The olive (Olea europaea L.), a long-lived evergreen tree in the
Oleaceae family, is one of the most extensively grown and significant fruit

crops in terms of international trade. Native to every Mediterranean

factors on some characteristics of olive leaves.

2. Materials & Methods

nation, olive trees are a vital component of the so-called Mediterranean

diet [1-3]. Nineveh, Kirkuk, Baghdad, Erbil, and Duhok are among the
cities in central and northern Iraq where olive trees are cultivated [4].
Olive fruit is significant because of its high nutritional value and caloric
content. It is rich in minerals (K, Ca, Mg, and P) and vitamins (A, B, C, D, E,
and K) [4-6]. Olive trees tolerate harsh environments and are often
planted on steep hillsides with poor soil [7]. According to research by
Garcia-Orenes et al. [8-10], insufficient management practices are the
primary cause of erosion in olive orchards aside from environmental
variables. According to Espejo-Pérez et al. [7], eliminating naturally
occurring vegetation between olive trees to lessen the competition
between the weeds and the olive trees for light, water, and nutrients
makes the soil more prone to erosion. Numerous variables contributing to
soil degradation, including compaction, leaching, wind, and water erosion,
threaten soil resources. One of the main factors contributing to land
degradation globally is water erosion. Because the surface layer, typically
the most fertile layer where organic matter and nutrients required for
plant development are concentrated, is lost due to water erosion, soil
quality is impacted. Degradation is induced [11-13]. When nutrients are
supplied to leaves, they are often absorbed more quickly than when
administered to soil. The characteristics of the soil strongly influence
nutrient availability. For example, because clay soils tend to have high K-
fixing capacities, most available K is quickly attached to the clay particles,

© 2024 Thamar University.

2.1 Samples Collection

Collecting plant and soil samples from (ten locations) home gardens,
and public street gardens in the city of Kirkuk began, and three samples
were taken from each area to conduct tests related to plants and soil.

2.2 Physical and chemical factors measurement

2.2.1 Total Dissolved Solid (TDS)

It was measured in the field using a TDS meter, and the measurement
was repeated twice for each sample in milligrams per liter (mg/L) or parts
per million (ppm).

2.2.2 Electrical Conductivity (EC)

The electrical conductivity was measured in the field with an EC-
meter in Siemens per meter (S/m) or mho and is usually represented by
the Greek letter sigma, o, after regulating the device using distilled water
and adjusting the temperature to 25 °C.

2.2.3pH

The acid function was measured using a pH meter after regulating it
with buffer solutions.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0)
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2.2.4 Total nitrogen

The Kjeldahl method was used, according to the method described in
[16], to estimate the percentage of total nitrogen in the samples.

2.2.5 Determination of phosphorus

This method is based on the reaction of phosphorus with vanadate
and molybdate, which forms a yellow complex compound in acidic
environments and is measured in the nm [17].

2.2.6 Potassium and calcium

Concentrations of potassium and calcium in soil samples were
estimated using a FLAM device [18].

2.2.7 Sulphate Ion Concentration

Sulfate ions were estimated for the samples using the turbidimetric
method, which included taking a known volume of the filtered sample
measured in the mg/L [19].

2.2.8 Organic matter

The organic content values of soil samples were estimated according
to what was stated in [20].

2.2.9 Soil texture

The soil texture measurement method is used to estimate the
following proportions (clay, silt, and sand) using the pipette method
measured in mm [20].

2.2.10 Leaf Properties

Average leaf area (cm?) for the fifth leaf from the apex of twenty-one-
year-old, non-fruiting shoots (selected randomly) in all directions of each
tree. The leaves were obliterated and collected in polyethylene bags; then,
their areas were measured using a leaf area meter (Model AM100, ADC
Bioscientific Ltd.). Leaf Dry matter % (Total solids) calculated as
(Determined Dm.% = 100 - moisture %). The ash % of leaves was
determined by a muffle furnace at 450 °C for 4 hours, according to [21].

2.2.11 Anatomical Study

The epidermis was studied from the leaves of fresh specimens
collected from the field immediately after they were fixed with a Formalin-
Acetic Acid-Alcohol (F.A.A) solution, and a mixture of formalin-acetic acid-
alcohol prepared by the method was measured in the pm [22].

2.2.12 Statistical Analysis

Statistical analysis of the data was conducted using the Special
Program for Statistical Systems (SPSS, 2011). The statistical analysis was
performed by applying the Linear Regression test, which is used to clarify
the relationships between some of the studied variables (physical
characteristics and chemical) and predict the value of one of the variables
(The dependent variable) through the values of the other variable (the
independent variable). This analysis model estimates the coefficients of
the linear equation that includes one or more independent variables that
best predict the value of the dependent variable. Also, the Pearson
correlation coefficient was applied to some of the studied variables, a test
to measure the relationship between Statistics or the correlation between
two continuous variables.

3. Results & Discussion
3.1 Soil

The current study showed differences in physical and chemical
properties between the soil collected from home gardens and the soil
collected from public gardens. It was found that the electrical conductivity,
total dissolved solids, sulfate, and dissolved potassium were higher in the
soil collected from public street gardens. In contrast, total nitrogen,
phosphorus, calcium, magnesium, and organic matter values were higher
in the soil collected from home gardens compared to public garden soil in
the streets, as shown in Tables 1 and 2.
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Table 1: Some physical and chemical properties of soil collected from home
gardens.

Location
Tests 1 2 3 4 5
Electrical
conductivity 0.126 0.165 0.134 0.159 0.171
(EQ)
pH 6.4 6.1 6.2 6.7 6.5
Total dissolved
60 76 58 63 81

solid (TDS)
Total nitrogen 0.084 0.056 0.059 0.082 0.067
Phosphorus 18.818 19.8 13.014 12.18 17.31
Dissolved 105957 101678 96241 112786  89.679
potassium
Sulphate 48.337 54.389 61.045 39.782 34.976
Calcium 28.399 31.525 37.818 40.977 33.656
Magnesium 9.450 8.786 10.831 12.324 14.306
organic matter 3.277 3.221 3.301 3.345 2.876

Sand Sand Sand Sand Sand
Texture

loam loam loam loam loam
Clay 12 14 9 7 15
Silt 10 7 11 11 9
Sand 78 74 60 80 65

Table 2: Some physical and chemical properties of soil collected from public
street gardens.

Location

1 7 3 4 5
Tests
Electrical

.27 .352 910 751 .734
conductivity (EC) 0.273 0.35 0 0.75 0.73
pH 6.4 6.5 6.7 6.3 6.4
Total dissolved

1 111 9 12 134
solid (TDS) 30 8 6 3
Total nitrogen 0.056 0.073 0.085 0.088 0.060
Phosphorus 2.963 4.5 21 5.3 3.7
Dissol
1sso Yed 79.468 85.986 83.312 76.429 78.111
potassium
Sulphate 86.119 97.041 101.233 84.265 87.632
Calcium 69.680 70.871 55.936 67.453 71.519
Magnesium 21.401 23.864 15.631 19.549 24.773
organic matter 1.276 1.324 1.289 0.983 1.212

Sand Sand Sand Sand Sand
Texture

loam loam loam loam loam
Clay 2 5 5 3 4
Silt 38 41 43 35 30
Sand 60 58 71 69 66

As per Abad et al. [23], the soil obtained from the street showed
higher EC values than the soil from the dwellings, indicating a difference in
EC values between the two soil types in the current investigation. The soil
and the garbage were factors in the changes in the soil EC measured in this
study. Garbage may be a reason for the elevated rise in the EC values of the
soil. The concentrations of ions and salts in the liquid and solid phases are
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equal within the soil system. Therefore, the parameters controlling the
sorption, solubilization, and mineralization/immobilization processes in
soil significantly impact the ion concentrations determining the EC of the
soil. The average pH values did not show significant changes (p < 0.05)
from the sample collection sites throughout the study period. This
indicates that most readings were consistent due to the same
environmental conditions influencing them during sample collection.
During the study period, there were significant differences (p < 0.05) in
the average values of total dissolved solids compared to the sample
collection sites. It indicates that street soil's total dissolved solids were
higher than house soil's. The soil is primarily impacted by variations in the
total dissolved solids values, which also influence the soil's qualities and
attributes. The average values of the two sites showed a significant
difference (p < 0.05) between them, evident from the total nitrogen values
range, which recorded a massive variance in their values during the study
period. The source of the irrigation water, which is primarily influenced by
weather patterns, increases in ion concentrations from soil washing, and
increased ion dissolution from increased rainfall, relative humidity, and
soil moisture, is most likely the cause of the variation in average values
between the two sites [23]. The current study's results also demonstrated
notable calcium, magnesium, potassium, and Phosphorus variations at the
site level. Street soil, on the other hand, has the lowest levels of these
elements when compared to house soil, which is reflected in plant growth
for potential Phosphorus has indirect impacts on soil because its
availability influences the development of roots and branches, which
enhances vegetation cover, the amount of organic matter in plants, and the
outcomes of primary and secondary metabolism [24]. The current study's
findings also demonstrated notable variations in sulfate levels, with house
soil having the lowest sulfate content compared to soil obtained from the
streets. The present study's findings also demonstrated notable variations
in the amounts of organic matter, demonstrating that the group of streets'
soil has the lowest quantity of organic matter compared to the soil of
residences. Because the organic matter is sufficiently rich in nitrogen, it
will break down and produce nitrates and ammonium nitrogen through a
process known as mineralization. However, when organic matter
decomposes at low nitrogen levels, nitrogen, and ammonium are
consumed or immobilized because degrading microbes take available
nitrogen out of the soil system, known as immobilization [25].

3.2 Vegetative growth

Table 3 shows some of the leaf measurements that were studied, and
the results show a significant (P < 0.05) decrease in average leaf area in
leaves collected from public street gardens (4.366 + 0.203) compared to
olive leaves collected from home gardens (4.95 + 0.254). Leaf dry matter
in leaves collected from public street gardens (39.456 + 3.28) showed a
significant (P < 0.05) decrease compared to olive leaves collected from
home gardens (56.942 + 4.87). Leaf ash also showed a significant (P <
0.05) decrease in average leaf area in leaves collected from public street
gardens (8.12 + 0.378) compared to olive leaves collected from home
gardens (7.114 £ 0.137).

Table 3: shows some of the Vegetative growth measurements that were
studied.

Table 4: shows some of the leaf structures that were studied.

Locations
Public street
Home gardens
Structures (pum) gardens
Vascular cylinder 330 400
Leaf thickness 500 450
Cuticle 50 100
Epidermis 10 30
Mesophyll 200 220

Locations

Home Public street P value
Gardens Gardens
Parameters
Average leaf area 495 £0.254 4366 £ 0.203* 0.02
(cm?) at harvest
Leaf dry matter % 56.942 + 4.87 39.456 + 3.28* 0.0001
Leaf ash % 8.12+0.378 7.114 +0.137* 0.0001

Table 4 also shows some structural characteristics of the leaf, as the
vascular cylinder, cuticle layer, mesophyll, and epidermis were smaller in
the leaves of the group from Home Gardens than the leaves of the Public
Street Gardens group. In contrast, the leaf edge and thickness were more
significant in the leaves of the group from home gardens than the leaves of
public street gardens. Figure 1 shows the structure and layers of the leaf
under an optical microscope.

The current study's findings demonstrated that house soil had a more
significant effect on some olive leaf characteristics than olive leaves in
public street gardens, as evidenced by the superior average leaf area, dry
matter, ash, edge, and thickness of olive leaves grown in home gardens.
The primary cause could be the high concentration of some aspects in
residential soil, such as nitrogen (N), which is an essential ingredient for
crop growth and development and will inhibit plant growth if not
absorbed in suitable amounts [26]. The complicated growth process is
impacted by the uptake of nutrients and the availability of moisture;
nitrate is crucial for absorbing and transferring to developing organs [27].
Because it provides the necessary water, the presence of this element
constantly promotes growth and performance. Additionally, the terminal
meristem of the stem and the lateral buds of older leaves produce more
leaves when soil N is present and abundant. In the end, it raises the aerial
parts' yield [28]. Conversely, sufficient phosphorus feeding improves
flowering, fruiting (including seed formation), maturity, and
photosynthesis. In meristematic tissues, phosphorus is essential for cell
division and growth. Phosphorus promotes the development of roots,
especially lateral roots and fibrous rootlets. Sufficient phosphorus
supplies are necessary for adequate biological nitrogen-fixing [29].

TInner enidermis

Palisade Paranchyme
Sponagy paranchyme
Vascular bund

Lower epidermis

Unner enidermis
Palisade Paranchyme

Sponagy paranchyme

Vascular bund

Lower epidermis

Figure 1: Cross section of olive leaves, A: Home gardens, and B: Public Street gardens.

4. Conclusions

The current study found that soil with better chemical and physical
properties positively affected olive leaf growth. Among the most
important elements were total nitrogen, phosphorus, and even soil
organic matter, which directly affected olive leaf characteristics.
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available from the corresponding author upon reasonable request.
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Abstract:

In this study, we present an electrochemical method for preparing silver nanoparticles (Ag NPs) powder using a metallic silver cathode and anode in an aqueous
solution of doubled distilled water (DW) with a voltage of about 27 volts. The method does not involve the use of any chemical stabilizing agents. The synthesized
Ag nanoparticles were characterized using X-ray diffraction (XRD) analysis and UV-visible Spectroscopy (UV). The experiment results indicate that the crystal
structure of the Ag nanoparticles sample is face-centered cubic (FCC) structure the same as the bulk materials, the crystalline size distribution ranging from 15.86
to 21.30 nm, with an average crystalline size of about 18.7 nm obtained by XRD results. Colloidal silver-NPs with a grain size of 18.7 nm were produced at
optimum conditions. A peak at 406 nm was obtained in UV-visible spectroscopy attributed to Ag NPs. In addition, the synthesized Ag nanoparticles revealed a

tremendous antibacterial effect against pathogenic microorganisms.

Keywords: Electrochemical Preparation; Ag Nanoparticles; XRD analysis; UV-vis spectroscopy; Antimicrobial activity.

1. Introduction

The study of silver nanoparticles has been of great scientific interest
due to their physical and chemical properties, their characteristics differ
depending on their size or shape. The study of Ag nanoparticles (Ag NPs)
has taken various applications in medicine, catalysis, biotechnology,
bioengineering, optics, and antibacterials in water treatment [1-3]. The
optical properties of Ag NPs depend on their size. So many efforts are
being made to synthesize Ag NPs, which are very important [4]. The
effectiveness of Ag NPs as antimicrobials and antibacterials has been
determined, particularly in medicine and water treatment. Antibacterial
activity has been analyzed in Streptococcus mutans, Staphylococcus aureus,
and Escherichia coli; as a result, the nanoparticles release silver ions in the
bacterial cells, causing cell death of the bacteria or microbe [5-7].

For the synthesis of Ag-NP, there are several chemical and physical
methods; in the chemical method, the synthesis of Ag-NP is carried out by
the chemical reduction of silver salts under a reducing agent [8, 9], as that
prepared by chemical reduction method using PVP (Polyvinyl pyrrolidone)
[10]. In the search for environmentally friendly methods, a good option is
the synthesis of Ag NPs by electrochemical reduction. The electrochemical
method consists of obtaining Ag NPs formed from the reduction of a silver
cathode; a main advantage of the electrochemical method is the purity of
the silver particles and the possibility to control the concentration and size
of the Ag NPs by varying the temperature and current density. The
electrochemical method presents a limitation since the deposit of silver on
the cathode during the process decreases the effective surface to produce

© 2024 Thamar University.

particles. At a certain time, the production of particles ceases. Inverting the
polarity at a certain time generates an anode-cathode variation with a
constant voltage and avoids the deposit of silver on the cathode to obtain
higher concentrations. Thus, Ag nanoparticles were synthesized in this
work by reversing polarity every 60 seconds, obtaining Ag nanoparticles.
The problems that the researchers in Ag NP synthesis are the complex
methods of Ag NP synthesis by high prices and using more chemicals.

This search aims to prepare Ag NP powder using a fast, low-cost, and
environmentally friendly electrochemical method. By applying appropriate
conditions, small size, high purity, and high quantity of Ag NPs can be
obtained. The Ag nanoparticles were characterized by XRD [11-15] and
UV-visible Spectroscopy. The antimicrobial activity of Ag NPs was tested.

2. Experimental

2.1. Materials

Table 1: Chemicals and materials used.

Sequences Raw materials

1 Silver electrodes with high purity reach 99.99% in
dimensions (1 mm x 20 mm x 50 mm).

2 Double distilled deionized water (DW).

3 Mueller-Hinton agar (MHA, HIMEDIA, India)

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0)
(https://creativecommons.org/ licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work
is properly cited. Forcommercial re-use, please contact tujnas@tu.edu.ye. Journal website: www.tu.edu.ye/journals/index.php/TUINAS/index
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2.2. Synthesis of Ag nanoparticles

The characterizations of the electrochemical method for producing
nanoparticles can be described by high-purity particles and the possibility
of controlling the size of the nanoparticles by controlling the current
density. This method is easy and effective for producing nanoparticles
without chemicals and maintains stability.

This method includes using two electrodes, anode and cathode plates
made of silver with high purity, reaching 99.99%, and with dimensions (1
mm X 20 mm x 50 mm). The two electrodes are placed facing each other in
a vertical way with a distance of 10 mm between each other; the set-up is
placed into the electrical cell that contains 500 ml double distilled
deionized water (DW). The silver particles precipitate on the cathode
during the electrolysis. The electrolysis has been employed at room
temperature (293 K) with continuous voltage (27.0 V), and the current
passed in the circuit has been monitored with a voltmeter. Additionally, the
electrical circuit has been controlled to change the Polarity between the
electrodes according to the optimal period of 4 minutes. The production of
nanoparticles in an electrochemical reduction manner involves changing
the polarity of the direct current between the poles in addition to steering
during the electrolysis process to prevent precipitation. Figure 1 shows the
process of formation of colloidal silver nanoparticles in the electrochemical
method as follows:

1)  The oxidation of silver at the anode as shown below:

Agl-e - Agr (1)
2)  Therelease of oxygen gas due to the electrolysis of water:

2H20 - 4e- - 01 + 4H~ ()

At the same time, the deposition layer of Ag.0 is on the surface of the
anode.

3)  Immigration of the silver ions to the cathode.
4)  Reduction of the ions and formation of the silver atoms on the
cathode:

Agt+e — Agd (3)
The releasing of hydrogen gas during the process:
2H20 + 2e- - H2 + 20H” 4)

5)  Formation of the silver particles via the nucleation and the
growth due to Van der Waals attraction.

6)  Separation of the silver nanoparticles formed due to the severe
steering.

In this process, the regular exchange of D.C current polarity may reduce the
silver deposition rate on the cathode. During the exchange of polarity, the
formed on the anode before will be hydrated during the interaction with
the hydrogen gas:

Ag20 + Hz - 2Ag + H20 (5)

The duration used for exchanging the polarity was 4 min. Below this

time, particles would accumulate due to the gradual reduction of the
surface pole's efficiency [16].

DC Power Supply

Ag anode

Ag cathode

Doubled distilleddeionized water

Bar magnetic stirrer

Hotplate with magnetic stirrer

Figure 1: Illustrates the scheme of the formation of silver nanoparticles using the
electrochemical method.

2.3. Physicochemical Measurements

The Ag nanoparticles were characterized by XRD (XD-2 X-ray
Diffractometer) with Cu-Ka radiation (A = 0.15418 nm; 40 kV and 40 mA).
The intensity was 0-2500 counts per second (cps), and the 2 (deg) scope
was 5-76 degrees. The UV-vis absorption spectrum of the prepared Ag NPs
is measured using (50 conc) spectrophotometer, covering a range from
(200-800) nm.

2.4. Antimicrobial activity of Ag nanoparticles

The antibacterial activity of silver nanoparticles was discovered using
a well diffusion method [17,18]. Gram-negative bacteria (-) like
Pseudomonas (PS), Escherichia coli Salmonella (S), Klebsiella (K) and Gram-
positive bacteria (+) like Strep pyogenes (S.P) and Staphylococcus aureus
(S.U) were employed as microorganism strains for the antibacterial
research. Sterile wells measuring 6 mm in diameter were welled on
swabbed MHA plates. Various concentrations of Ag nanoparticles (100,
200, 400, and 500 mg/mL) were poured over the wells (70 uL). The
negative control was sterile distilled water, and the positive control was
amoxicillin. For 24 h, at 37 °C, the plates were cultured. An inhibitory zone
is also detected in mm after the incubation.

3. Results and Discussion

3.1. XRD analysis

3.1.1 Structural analysis

Figure 2 shows the typical X-ray diffraction pattern for the specimen.
The broad diffraction peaks suggest that the sample consists of very small
particles. The major peaks of the pure Ag powders are observed. Three
broad peaks with 28 values of 38.12, 44.4%, and 64.62 correspond to the
(111), (200), and (220) planes of the bulk Ag, respectively, which can be
assigned to the Ag FCC structure. The XRD pattern shows that the samples
are single phase, and no other distinct diffraction peak, except the
characteristic peaks of FCC phase Ag, was found [19].

From the full width at half maximum, the crystallite size for the sample
can be calculated from the XRD peaks according to Scherrer formula [20-
22]:
KA
D arystaliite = Feost 6)
Where D aystanite is the crystallite size, K = 0.89 is the Scherrer constant
related to the shape and index (hkl) of the crystals, A is the wavelength of
the X-ray (Cu Ka, 1.54056 A?), 6 is the diffraction angle, and B is the
corrected full width at half maximum (FWHM) (in radian). The average
crystallite size (grain size) was about 18.7 nm (see Table 2).
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Figure 2: XRD pattern of Ag nanoparticles.

The lattice parameters (a, b, and c) for Ag nanoparticles with a face-
centered cubic (FCC) crystal structure were calculated as in Table 3. The
lattice parameters (a, b, and c) (Table 2) are almost identical to those
reported in the (JCPDS 04-0783) card for Ag [23,24]. The d-spacing values
obtained from the Braggs’ law (7) and the theoretical (8) equations [25]
were almost identical, as can be seen in Table 3.

ni
2sin®

nx A =2d x sin (0) < d= (7)

1/d2 = [(h2 +k2 + 12) / a2] < dwa = a / V(h2 +k2 +12) (8)



Table 2: Crystallite size calculations of Ag nanoparticles using Scherrer’s equation.
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l;;lak';)e (260)° ®y 0 (rad) cos (8) (rad) B° (rf o Dy (nm) Dave (nm)
111 38.1 19.05 0.3324852 0.9999832 0373 0.0065101 2130

200 444 222 0.3874631 09999771 0.501 0.0087441 15.86 18.7
220 64.6 323 0.5637413 09999516 0.420 0.0073304 1892

Table 3: Ag nanoparticles lattice parameters (a, b, and c) and the inter-planer d-
spacing.

Lattice parameters

g @A) Average
< 20° Volume d(4) d (A)
E A=b= (V=a3) Practical theoretical
= ¢ (FCC) average @A)
111 38.1 4.0856 2.3588 2.3588
200 444 4.0776 2.0388 2.0388
4.0794 67.8859
220 64.6 4.0749 1.4407 1.4407

3.1.2 Specific surface area (SSA)

The surface area plays a critical role inside the nanoparticles due to
their large surface-to-size ratio with a lower crystallite size [26]. SSA is a
material property. It is a systematic value that can be used to determine a
material’s nature and qualities. In the context of adsorption, heterogeneous
catalysis, and surface reactions, it is particularly significant. SSA stands for
each mass’s surface area (SA). According to Zhang's report [27], as material
sizes shrink, the precise surface area and surface-to-volume ratio
drastically increase. Mathematically, SSA can be computed using the
following formula [28], and the calculated data are shown in Table 4.

SSA=6x103/D p 9)

where SSA is the specific surface area, D is the crystallite size, and p is the
density of nanoparticles (p(Ag)=10.491 g cm-3) [29]. Table 4 shows that the
average SSA for Ag nanoparticles is 31.05 m2? /g.

3.1.3 Dislocation density

A material’s unit lattice, an atom or an ion, has a liner flaw called a
dislocation. The disordering of these units in an array by some
mechanisms, such as the absence of atoms or the existence of impurities,
results in their dislocation. For some of the material’s properties, like its
mechanical and electrical properties, this flaw may be more advantageous.
Industrially, these changes in lattice structure may be desired according to
the resultant properties. The crystallinity of the substance is related to this
lattice deformation [30].

The crystallite size and dislocation density can be computed using X-
ray line profile analysis [31]. Owing to the importance of the dislocation
density (8) in the mechanical and structural properties of materials [32], it
was calculated for the prepared Ag nanoparticles. The dislocation density
(8) in the sample was calculated using the expression § = 1/D2?, and the
results are shown in Table 4. The § average of Ag nanoparticles is 2.991x
1015 m-2,

3.1.4 Morphology index (MI)

It is well known that the peak broadening in the XRD pattern is due to
the finite size of the particles. The width of the diffraction peaks increases
with the decrease in crystallite size. The morphology index (MI) is used to
affirm the uniformity and fineness of the prepared nanoparticles. It is
calculated using the full width half maximum (FWHM) of the XRD peak. MI
indicates that the specific surface area of Ag nanoparticles relies on the
interrelationships between particle morphology and size. MI is calculated
as follows: MI = FWHM;/(FWHM; + FWHM,) [33], where FWHM,, is the
highest value of full width half maximum of XRD peaks, and FWHMj, is the
specific value of full width half maximum of a peak where the MI has to be
computed. These results are plotted in Figures 3 and 4.

The details are shown in Table 4. The MI range of Ag nanoparticles is
from 0.50 to 0.573. It is discovered that MI is, with a minor variation,
directly proportional to crystallite size and inversely proportional to exact
surface area. The deviations and relationships between them are indicated
by the linear ft within the figure. The uniformity and fitness of the prepared

nanoparticles are confirmed by the MI results. Figure 5 shows that the SSA
of Ag nanoparticles is inversely proportional to the crystallite size.

Table 4: Morphology Index, specific surface area, and dislocation density of Ag
nanoparticles.
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Figure 3: Morphological index vs crystallite size of Ag nanoparticles.
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Figure 4: MI Vs specific surface area of an Ag nanoparticles (hkl).

3.2. UV-Visible spectroscopy

Plasmon bands are inimitable physical properties of nanoparticles. The
surface plasmon resonance (SPR) is mostly determined by means of the
dielectric properties of the metal and the surrounding medium, over and
above the particle size and shape. The position of plasmon absorption
bands of metallic NPs depended on the size and shape of nanostructures
[34].
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Figure 5: Size vs Specific Surface Area of Ag nanoparticles.

The optical properties of the Ag nanoparticles were investigated using
the UV-VIS technique. It is well known that colloidal silver nanoparticles
exhibit a broad absorption band at the wavelength from 390 to 420 nm due
to Mie scattering [35,36]. The maximum absorbance observed at 406 nm is
the characteristic peak of silver nanoparticle material, attributed to the
localized surface plasmon resonance (LSPR) of Ag NPs [37], as shown in
Figure 6. UV-VIS absorption results confirmed the formation of silver
nanoparticles prepared by the electrochemical method.
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Figure 6: UV-visible spectrum of Ag NPs as a function of wavelength.

3.3. Antibacterial Activity
3.3.1 The antibacterial effect of Ag nanoparticles

Figure 7 shows the antimicrobial activity of Ag nanoparticles with
concentrations (100, 200, 400, and 500 mg/mL) against Pseudomonas (P.
S), Streptopyogens (S. P), Escherichia coli (E. coli), Salmonella (S), Klebsiella
(K) and Staphylococcus aureus (S. aureus - S.U) bacteria (Figure 8).
Synthesized nanoparticles by electrochemical methods have been found to
be highly toxic against pathogenic bacteria. The antibacterial activity of
silver nanoparticles can be modified with the size of silver nanoparticles,
where it decreases with an increase in the particle size [38].

Table 5: Ag nanoparticles concentrations (mg/mL) and inhibition diameter
(mm) of bacteria strains, the symbol (+) refers to gram-positive bacteria while
the symbol (-) refers to gram-negative bacteria.

AgNPs Inhibition zone of bacteria in (mm)
concentration PS S.p E. coli N K sU
in (mg/mL) () (+) () (-) (-) (+)
100 36 30 16 26 16 16
200 38 25 15 26 14 21
400 36 28 25 34 16 26
500 38 27 17 38 15 25

After 24 hrs. of incubation, the zone of inhibition was calculated in all
plates (width in mm). For six distinctive bacterial strains, gram-positive
bacteria (+) and gram-negative bacteria (-), the development sector of

inhibition (Table 5) was detected for some distinct concentrations of
synthesized silver nanoparticles. The power of Ag NPs against the tested
bacteria depended on the size and dose. The zone of inhibition in some
bacteria strains increases with the increasing dose of silver nanoparticles
[39]. The Ag NPs showed excellent antibacterial activity against all tested
isolates, particularly against Pseudomonas (PS) and Salmonella (S) as
shown in Table 5 and Figure 8.

Websiel Staph. aureus (5.0)

Figure 7: Antibacterial assay: zone of inhibition of Ag nanoparticles against the tested
bacterial strains: (A) Pseudomonas (P. S), (B) Streptopyogens (S. P), (C) Escherichia coli
(E. coli), (D) Klebsiella (K), (E) Salmonella (S), and (F) Staphylococcus aureus (S. aureus -
S.U).
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Figure 8: Comparative representation of zone of inhibition of Ag nanoparticles in
diameters formed against the tested bacterial strains.

From Table 5, the antibacterial effectiveness of Ag NPs showed that
Pseudomonas (PS) recorded the most significant susceptibility, with
inhibitory zones rising from 36 mm to 38 mm as the Ag NPs increased from
100 mg/mL to 500 mg/mL. Ag NPs' impact on Streptpyogens (S.P)
depended on the concentration used. An inhibitory zone of 30 mm was
observed at 100 mg/mL. At greater dosages of 200, 400, and 500 mg/mL,
inhibitory zones measuring 25 mm, 28 mm, and 27 mm were found. The
reduced inhibition at a concentration of 500 mg/mL indicates potential for
nanoparticle aggregation, decreasing the surface area accessible for
antibacterial action [40]. E-coli bacteria showed larger inhibitory zones at
greater concentrations of Ag NPs. Specifically, at 400 and 500 mg/mL
dosages, the zones measured 25 mm and 17 mm, respectively. The 100 and
200 mg/mL inhibition zones were 16 and 15 mm, respectively. The minor
decrease in zone size as the concentration increases may be due to possible
aggregation effects [40]. Concerning Salmonella (S) bacteria, the zone of
inhibition increases with the increasing dose of silver nanoparticles. The
inhibition zones of 100, 200, 400, and 500 mg/mL dosages were 26, 26, 34,
and 38 mm, respectively. Klebsiella (K) bacteria showed the inhibition zone
at 100, 200, 400, and 500 mg/mL dosages, measuring 16, 14,16, and 15
mm, respectively. A modest decrease in activity (15 mm inhibitory zone)
was observed at the highest dose of 500 mg/mL, possibly due to
nanoparticle aggregation reducing their effective surface area [40].
Concerning Staph. Aureus (S.U) bacteria, the zone of the inhibition increases
with the increasing dose of silver nanoparticles. The inhibition zones of



100, 200, 400, and 500 mg/mL dosages were 16, 21, 26, and 25 mm,
respectively. Ag NPs had different impacts on Staph. Aureus (S.U) bacteria,
resulting in zone sizes of 16 mm (100 mg/mL), 21 mm (200 mg/mL), a
notable increase to 26 mm (400 mg/mL), and then a decrease to 25 mm
(500 mg/mL). Based on these findings, an ideal antibacterial dosage of
around 400 mg/mL is recommended for combating Staph. Aureus (S.U)
bacteria. The differences in antibacterial effectiveness shown in various
bacteria may be due to variations in cell wall composition [40]. It is
reported that the Ag nanoparticles with an average particle size range
between 30 nm and 35 nm exhibit antibacterial activity more than some
antibiotics like Ciprofloxacin 5, Vancomycin 30, and Ampicillin 10 [18].
Also, it is stated that the zone of inhibition in mm for 8 ppm concentration
of Ag nanoparticles prepared by electrochemical method, with particle size
between 30-70 nm, was 12 mm against E-coli bacteria [41]. The zone of
inhibition for 100 % of Ag NPs (average particle size between 20 to 45

nm) against Pseudomonas bacteria was 5 mm, and for Amoxicillin antibiotic
was between 8-10 mm [42]. The zone of inhibition for 50 ug of Ag NPs
(average particle size 29 nm) against E. coli bacteria was 13 mm, for
Staphylococcus aureus, 12 mm, and for Pseudomonas bacteria, 17 nm,
whereas for 10 pg tetracycline antibiotic, they were 10-11 mm [39].

Ag nanoparticles have inhibitive activity against tested bacteria strains
because of small size of nanoparticles and their large surface area that is to
say when the size of nanoparticles is small, the nanoparticles congregate on
the cell surfaces and that result in increasing in their toxicity against
microorganisms and that will affect on permeability of plasma membrane
and result in cell death [43].

3.3.2 Antibacterial Mech

of Silver Nanoparticles

Even though the precise mechanism of silver nanoparticles’
antibacterial effects has not been completely elucidated, several
antibacterial actions have been suggested. The probable antimicrobial
mechanisms suggested comprise (1) Disruption of the cell wall and
cytoplasmic membrane: silver ions (Ag+) released by silver nanoparticles
adhere to or pass through the cell wall and cytoplasmic membrane. (2)
Denaturation of ribosomes: silver ions denature ribosomes and prohibit
protein synthesis. (3) Interruption of adenosine triphosphate (ATP)
production: ATP production is terminated for the purpose that silver ions
deactivate respiratory enzymes on the cytoplasmic membrane. (4)
Membrane disruption via reactive oxygen species (ROS): reactive oxygen
species generated via the broken electron transport chain can cause
membrane disruption. (5) Interference of deoxyribonucleic acid (DNA)
replication: silver and reactive oxygen species bind to deoxyribonucleic
acid and prevent its replication and cell multiplication. (6) Denaturation of
membrane: silver nanoparticles accumulate in the pits of the cell wall and
cause membrane denaturation. (7) Perforation of membrane: silver
nanoparticles proceed straight across the cytoplasmic membrane, which
can release organelles from the cells [44].

4. Conclusion

In brief, silver nanoparticles were successfully prepared using the
electrochemical method at room temperature. The crystalline structure of
the particles, confirmed by XRD, is FCC structure the same as that of the
bulk materials; the crystallite size ranges from 15.86 nm to 21.30 nm with
an average crystallite size of about 18.7 nm. The specific surface area
average and dislocation density average of Ag nanoparticles are 31.05 m2/g
and 2.991x 1015 m-2, respectively. The MI range of Ag nanoparticles is from
0.50 to 0.573. The characteristic peak in the UV-vis spectrum confirms the
formation of Ag nanoparticles. Ag nanoparticles exhibited notably strong
antimicrobial activity against clinical pathogenic bacteria like Pseudomonas,
Streptopyogens, Escherichia coli, Salmonella, Klebsiella, and Staphylococcus
aureus. Our outlook for the future of this research is to prepare Ag NPs
using the electrochemical method to obtain different sizes of Ag NPs by
controlling voltage and temperature.
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Abstract

Representative samples were collected from 22 sites across Yemen. The geochemical analysis found that the SiO2 content ranges from 40.40 to 55.60%, the Al203
content ranges from 12.70 to 16.10%, the Fe203 content ranges from 8.41 to 15.80%, the CaO content ranges from 3.66 to 11.05%, and the MgO content ranges
from 1.30 to 11.40%. TiO2 content ranges from 1.11 to 5.56%, NaO2 content from 1.88 to 4.88%, and K20 content from 0.67 to 3.25%. The calculations of the
acidity, viscosity modules and fusibility constant of the investigated rocks showed the suitability of the basaltic rocks locations for the production of basalt fiber,
except the Hajda, Mafraq Al Makha, Karish, Wadi Al Jima, and Wadi Qaradh locations, as a result of the high acidity module The results of the geochemical analysis
of the studied samples were compared with the geochemical analyses of similar rocks from different countries used in basalt fiber production. The comparison
showed significant similarities in the results, indicating that the studied rocks are suitable for basalt fiber production. A petrographically study on basalt rocks
after they melted at temperatures ranging between 1190 and 1240 °C, and it was found that they consist mainly of basalt glass. Melting experiments were carried
out, which showed that the beginning of the fusion was at a temperature ranging between 1030 and 1150 °C, and the fusion was completed at a temperature
ranging between 1200 and 1220 °C, while the temperature at which the crystallization process began was at a temperature ranging between 1190 and 1200 °C.
The study concluded that the studied basalt rock sites are suitable for manufacturing basalt fiber.

Keywords: Basalt; Fiber basal; Geochemical analysis; Yemen.

1. Introduction 2. General Geological Setting

Basalt is an extrusive igneous rock that forms from the rapid cooling
of lava flows. It is characterized by its fine-grained texture and mafic
mineral composition. Basaltic rocks are among the most common, forming
lava plateaus and volcanic cones. Chemically, these rocks are considered
very stable and inert [1, 2].

Basalt rocks are used in many constructions and industrial
applications, the most important of which is the manufacture of basalt
fibers [3]. Basalt is the raw material necessary to produce basalt fiber,
which currently makes up one-third of the igneous rocks that make up the
Earth's crust [4]. Basalt is environmentally friendly and non-hazardous
and can be used for multiple industrial applications [5].

The lower the amount of remaining olivine in the basaltic melt, the
higher the consistency of the melt, its fabric-forming ability, and its ability
to form fibers [6, 7]. This offers the prospect of a completely new range of
composite materials and products. Low-cost, high-performance fibers
offer the potential to solve the largest problem in the cement and concrete
industry: cracking and structural failure of concrete [8, 9].

© 2024 Thamar University.

Continental flood basalts (CFBs) form part of large igneous provinces
(LIPs) that erupt onto continental crust. Continental plateau basalt covers
large areas with thicknesses reaching thousands of meters. It is found in
continental regions, forming plateaus such as the Deccan Plateau in India,
the Columbia River Plateau in northwest America, the Parana Basin in
southern America, the Karoo Basin in Africa, Australia, Siberia, Ethiopia,
Yemen, Saudi Arabia and the Qatrani basalt in Egypt (Figure 1) [6, 10-12].

Basalt rocks are found in Yemen within the rocks of the Yemen
Volcanic Group (YVG) in the form of plateaus within the Yemeni Trap
Series (YTS) and volcanic cones within the Yemen Volcanic Series (YVS) [1,
12]. The basalt rocks found within the Yemeni Trap Series are
distinguished by their compact structure and fine-grained texture and are
widespread throughout the various governorates of Yemen (Figure 2). The
total estimated reserves of basaltic rocks in Yemen are about 142 million
cubic meters [3].

3. Materials and methods

Fieldwork involved collecting 22 representative samples of basaltic
rocks from various governorates in Yemen (Figures 3 and 4). Petrographic

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0)
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analysis was conducted on 22 samples at the Yemeni Geological Survey
laboratories using a Nikon optical polarizing microscope. The melting
experiments were performed in the same laboratory's smelting furnaces.
Geochemical analysis was carried out at the Saudi Geological Survey

laboratories using X-ray fluorescence spectrometry (XRFS) on a fully
automatic  Philips PW2440 MagiX PRO wavelength-dispersive
spectrometer equipped with a 66 kV generator and a 4 kW rhodium end-
window X-ray tube.
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Figure 4: Outcrops of basaltic rocks (A) East of Ma'bar. (B) Al Subahah.

4, Results and Discussion
4.1 Results

4.1.1 Geochemistry

Geochemical analysis was carried out on twenty-two samples. The
analysis included oxides of the major elements, SiOz, Fe:03, Al203, CaO,
MgO, Naz0, K20, and TiO. It was found that the SiO2 content ranges from
40.40 to 55.60%, the Al203 content ranges from 12.70 to 16.10%, the
Fe203 content ranges from 8.41 to 15.80%, the CaO content ranges from
3.66 to 11.05%, and the MgO content ranges from 1.30 to 11.40%. TiO:
content ranges from 1.11 to 5.56%, NaO2 content from 1.88 to 4.88%, and
K0 content from 0.67 to 3.25% (Table 1).

4.1.2 Petrographically study

Petrography was carried out on basalt rocks after they melted at
temperatures ranging between 1190 and 1240 °C, and it was found that
they consist mainly of glass, in addition to plagioclase and olivine (Figure
5A). The basalt rocks before the melting showed augite phenocrysts
(Figure 5B).

Table 1: Geochemical composition of basaltic rocks in Yemen.

The basaltic rock samples of the study area are dark and fine-grained.
The main components of basaltic rocks are as follows:
Plagioclase: Plagioclase crystals are the predominant minerals in thin
sections of all samples and occur in a lath-like, subhedral to euhedral
tabular shape (Figure 6A).
Pyroxene: Pyroxene occurs as colorless to grayish brown in color with
euhedral to subhedral pyroxene phenocryst crystals, forming ~22% of the
rocks (Figure 6B).
Olivine: Olivine phenocrysts occur as single or clustered euhedral to
anhedral crystals, forming ~12% of the rocks (Figure 5A).

Based on the petrographic study, it was found that the studied rocks
are composed of basalt glass. Melting experiments were examined, which
showed that the beginning of the fusion was at a temperature ranging
between 1030 and 1150 °C, and the fusion was completed at a
temperature ranging between 1200 and 1220 °C, while the temperature at
which the crystallization process began was at a temperature ranging
between 1190 and 1200 °C (Table 2), which are good indicators of the
suitability of using basalt rocks in Yemen to form basalt. fibers for multiple
construction and industrial applications.

Localities Si0; TiO: Al;03 Fe:03 MgO Ca0 Na.0 K20
Jihanah 46.18 3.20 13.79 14.74 4.80 11.30 2.58 0.58
Bani Hushaish 44.50 5.56 13.40 15.53 4.89 10.40 222 0.84
W. Al Rawnah 46.85 4.14 12.80 15.97 4.75 8.94 3.90 1.25
Al Subahah 48.80 2.20 14.20 11.60 7.27 9.00 4.60 1.07
East of Ma'bar 44.03 3.86 15.80 7.41 8.97 10.50 2.20 1.12
Rusabah 47.80 3.75 13.90 11.60 4.12 7.70 4.53 1.40
A'med 48.10 2.67 14.60 12.82 6.23 9.60 3.24 0.83
Al Qawfa'ah 40.40 5.18 12.70 15.44 8.50 11.05 2.82 1.44
Al Dalil 49.15 4.29 13.40 13.72 4.56 8.60 2.77 1.12
Manwaz 48.00 2.49 15.40 11.20 7.68 9.70 3.17 1.02
Negd Al Juma'y 46.06 4.68 13.95 15.80 4.72 9.16 2.90 0.67
Al Udayn 50.30 4.07 14.30 11.98 4.26 8.75 242 1.05
Hajdah 52.00 3.20 14.88 11.01 3.59 6.22 3.46 1.85
Khuzaigah 45.50 3.22 15.00 13.31 6.41 10.60 2.56 0.90
Mafraq Al Makha 52.60 1.95 15.90 10.78 3.00 6.78 3.31 1.55
Al Nashamah 48.60 4.68 14.40 13.36 4.98 8.70 2.82 1.14
Karish 52.06 2.77 14.50 12.46 3.98 8.20 3.00 0.76
Al Anad 44.40 2.19 14.20 11.40 3.55 9.50 2.86 1.03
W. Al Jima 54.30 111 15.80 9.18 1.30 5.70 4.88 1.52
Al Ghayl 46.26 2.74 12.76 12.11 11.40 9.80 1.88 0.70
W .Qaradh 55.60 151 16.00 8.41 2.36 3.66 391 3.25
Al Erfaf 47.80 3.29 16.10 13.54 4.99 7.52 3.00 1.21
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Figure 5: (A) Microphotographs of basalt rocks before the smelting showing the appearance of ol. phenocrysts. (B) Microphotographs of basalt rocks after the melting show the glassy
structure.

Figure 6: (A) Microphotographs of basalt rocks before the smelting showing the appearance of pla. phenocrysts. (B) Microphotographs of basalt rocks before the smelting showing the
appearance of py. phenocrysts.

Table 2: Melting experiments results of basaltic rocks in Yemen. ranges between 2.72 and 11.89, the viscosity module (Mv), which ranges
from 0.79 to 2.39, in addition to calculating the fusibility constant (R),
Temperature (°C) which ranges from 3.10 to 6.19 (Table 3).
Localities Initial Total Initial
usion usion eyt lza o Table 3: Assessment Modules of basaltic rocks in Yemen.
Jihanah 1165 1220 1200
Bani Hushaish 1150 1190 1180 Temperature (°C)
W. Al Rawnah 1150 1195 1185 Locailies Viscosity Acidity Fusibility
Al Subahah 1160 1200 1190 Module (Mv) Module (Ma) Constant (R)
East of Ma'bar 1150 1190 1180 Jihanah 18 372 405
Rusabah 1165 1210 1195 Bani Hushaish 1.8 3.79 4.30
A'med 1160 1195 1185 W. Al Rawnah 1.8 4.36 4.23
Al Qawfa'ah 1160 1195 1185 Al Subahah 16 3.87 350
Al Dalil 1100 1190 1180 East of Ma'bar 1.6 3.07 3.12
Manwaz 1155 1195 1185 Rusabah 21 522 4.34
Negd Al juma'y 1155 1195 1185 A'med 18 3.96 3.93
Al Udayn 1140 1200 1190 Al Qawfa'ah 1.2 2.72 3.10
Hajdah 1100 1200 1195 Al Dalil 2.1 4.75 4.72
Khuzaigah 1150 1200 1190 Manwaz L6 365 3.57
Mafraq Al Makha 1100 1220 1200 Negd Al Juma'y 18 4.32 461
Al Nashamah 1150 1200 1190 aliudavn 24 497 489
Karish 1050 1190 1180 Hajdah 26 6.82 536
Al Anad 1030 1200 1190 Khuzaigah 1.7 3.56 3.76
W. Al Jima 1030 1240 1220 Mafraq Al Makha 29 7.00 5.55
Al Ghayl 1100 1220 1200 Al Nashamah 2.0 4.61 4.59
W .Qaradh 1030 1200 1190 Katbh 24 546 513
Al Erfaf 1150 1220 1200 allrad 23 449 4.26
W. Al Jima 3.8 10.01 6.00
Al Ghayl 1.2 2.78 3.11
According to the Geochemical analysis result, the TAS diagram was W .Qaradh 36 11.89 6.19
plotted; it was found that most of the basalt rocks were in the area of the JrTe 20 511 183

basalt type (Figure 7) [13, 14]. Based on the oxide values, a number of
standards were calculated, which included the acidity module (Ma), which
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121 Foidite 'IrphriPImlmlil\: ¢ Table 4. Chemical composition of rocks for fiber production [10].
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Figure 7: Total alkali-silica classification diagram [14]. Copyright 1992 Springer
Nature.

The lower the remnant olivine in the basaltic melt, the higher the melt
consistency and fabricability, and the better the fiber quality as well. The
acidity modulus (Ma) for the raw basalt samples is calculated to evaluate
the quality of the basaltic melt. The calculated acidity modulus (Ma) values
would help predict the wool quality [6]. The acidity module (Ma), viscosity
module (Mv), and fusibility constant (R) are calculated (Table 3) according
to the following equations:

Ma = mSiO2+mAl.03 /mCa0O+mMg0 (€Y)]
Mv = xSi02+xAl203 /2xFe;03+xFe0+xCa0+xMg0+xNaz0 2)
R=mSi02+mAl203+mTiO2+mFe203+mFe0/mCa0+mMgO+mNa,0+mKz0 (3)

where m: mass content of oxides (wt.%) and x = molar content of oxides in
mineral rocks (%).

4.2 Discussion

Geochemical analysis of basalt rocks in Yemen was compared with
the Chemical composition of rocks for fiber production, which showed a
similar composition with rocks for producing fibers (Table 4). The
chemical composition of the rocks for producing fibers showed that the
percentage of SiO2 ranges from 39.0 to 55%, Al:03 ranges from 10.0 to
20.0%, FeO+Fez03 ranges from 7.0 to 18.0%, MgO ranges from 3.0 to
12.0%, CaO ranges from 7.0 to 13.0%, K20+Naz0 ranges from 2.0 to 7.5%,
TiOz ranges from 0.2 to 5.0%.

Geochemical analysis of basalt rocks in Yemen was compared with
international analyses of basalt rocks from different countries, which are
used to manufacture basalt fiber for all oxides that make up basalt rocks in
Yemen (Table 5).

Based on oxide analysis, several standards were calculated. These
include the acidity module (Ma), which ranges from 2.72 to 11.89; the
viscosity module (Mv), which varies from 1.2 to 3.8; and the fusibility
constant (R), which ranges from 3.10 to 6.19. The calculations of the
acidity, viscosity modules, and fusibility constant of the basaltic rocks in
Yemen showed the suitability of the basaltic rocks locations for the
production of basalt fiber, except the Hajda, Mafraq Al Makha, Karish,
Wadi Al Jima, and Wadi Qaradh locations, as a result of the high acidity
module The high content of CaO and MgO in the andesitic basalt increases
its crystallizing capacity and the smaller content of Al203 and a similar
content of SiO2 decrease the values of the acidic and viscosity modules.
The basalt raw material's acidity modulus (Ma) is the main parameter
defining the final fiber product quality [4, 15]. When the acidity modulus
(Ma) value ranges between 2 and 2.7, the viscosity modulus (Mv) value
ranges between 3.7 and 6, and the fusibility constant (R) value ranges
between 2.3 and 4.4, the fiber is considered to be mineral wool [7].

The geochemical analysis of basalt rocks in Yemen was compared
with the chemical composition of rocks used for fiber production (Table 5)
and analyses of basalt rocks from different countries, which are used for
the purpose of manufacturing basalt fiber [10]. The results showed similar
compositions for all oxides that make up basalt rocks in Yemen.

Table 5. Chemical composition of basalts of different deposits [10].

Localities  Si0;  ALO;  Fe;03 MgO  CaO N;Zg" TiO;
4903 1258 1403 547 953  3.00 285
Ukraine
4760 1750 2440 510 950 470 150
Georgia 5061 1675 1026 465 907 488 181
4854 1440 1165 7.8 988 399 214
4385 1510 1071 51 1771 532 106
Uzbekistan
4705 1574 871 544 845 499 -
4401 699 1965 695 1335 - -
Kyrgyzstan 4400 1480 1095 630 833 484 230
China 5517 1557 910 1223 1223 589 -
5042 1182 1225 1058 884 252  1.04
4992 1596 939 822 1052 285  0.68
5354 1412 1044 670 660 484 152
Russia 5170 1700 1290 529 700 381 220
4842 1882 1260 456 976 399 133
4870 1590 2080 540 1290 350  0.80
4843 1423 1236 358 858 556 -
Indonesia 5060 1600 2290 510 980 320 090
4860 1670 1169 447 625 740 212
]'iz::ia;ia' 4428 1521 1392 858 961 524 208
4798 1604 1060 482 769 672 193

5. Conclusion

Based on the geochemical analysis of basalt rocks in Yemen and the
oxide values, several standards were calculated, including the acidity
module (Ma) and the viscosity module (Mv), in addition to calculating the
fusibility constant (R). The study concluded that the studied basalt rock
sites are suitable for manufacturing basalt fiber except the Hajda, Mafraq
Al Makha, Wadi Al Jima, and Wadi Qaradh sites due to their high acidity
standard.
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Abstract

The Red Sea is one of the main traffic routes of oil tankers, resulting in environmental damage and marine resource pollution due to the spillage. Quantitative
analysis of tar ball was used to detect the concentrations of total petroleum hydrocarbons (TPHs) and total aromatic hydrocarbons (TAHs). In this study, six
stations across the Red Sea coast of Yemen were selected according to their suitability and accessibility. An ultraviolet fluorescence technique was used to
analyze the TPHs and TAHs after being extracted by an ultrasound-assisted solvent extraction procedure. The concentrations of TPHs ranged from 175.67 +
11.20 mg/g to 708.55 * 6.57 mg/g, and for TAHs were from 16.06 + 1.89 mg/g to 48.25 + 1.76 mg/g. The highest values of TPHs and TAHs were noticed in Ras
Isa-II station, which reflected a continued oil spill from the Safir oil loading terminal. The study revealed significant environmental and health risks to marine

organisms and humans.

Keywords: Tar ball; Petroleum Hydrocarbons; Aromatic Hydrocarbons; Red Sea; Yemen

1. Introduction

The rapid development of Yemen as an oil-producing country and its
geographic position as one of the world's busiest shipping routes means a
high risk of oil pollution in various forms. There are 25,000-30,000 ship
transits annually in the Red Sea, and more than 100 million tons of oil are
transported through the Red Sea annually [1]. There are no oilfields
located along the coast of Yemen's Red Sea. Still, there are many petroleum
service installations, such as the Safir terminal supertanker used for oil
storage. Crude oil is supplied by pipeline from the Mariab oilfield to the
Safir tanker and then transferred from it to other vessels, which causes oil
spills or leakage during the loading process. A recent oil spill accident on
the coast of Yemen occurred in October 2002 by a Lumburge oil tanker,
spilling more than 17,000 tons of discharges to the Gulf of Aden [2].
Yemen, like many countries of the world, could be affected by oil pollution
due to its position in the busiest shipping route.

Tar balls are stranded oil residues that include a complex mixture of
hydrocarbons, aliphatic, aromatics, and heterocyclic compounds. Tar balls
have been used as an indicator of the impact of oil pollution [3]. Tar balls
are fragments or lumps of oil weathered to a semi-solid or solid
consistency, sticky to the touch, and are difficult to remove from
contaminated surfaces [4]. During oil spills, the components of crude oil,
particularly the heavier refined products, float on the ocean surface. It will
undergo several physical, biological, and chemical processes, reaching the
shoreline as tar balls [5]. The tar balls can be found in several sizes, from a
few millimeters to tens of centimeters, and are generally spherical in
shape [4].

© 2024 Thamar University.

Tar balls on the beaches can originate from both land and/or sea.
Land-based sources comprise atmospheric input, storm sewer runoff,
refineries, and oil waste. Marine-based sources include offshore petroleum
production, drilling, onshore bulk oil storage or production facilities,
marine transportation discharges, which comprise vessels pumping bilges
and tank cleaning, and pipelines. In addition, the natural seepage from the
ocean/sea floor is considered a source of tar balls [6,7].

Petroleum hydrocarbons (PHs) in the marine environment originate
from crude oils, their different refined derivatives, and from combustion
products of crude oil and other fossil fuels. There is a broad range of
substances, from harmless n-alkanes to toxic and partly carcinogenic
aromatic and heterocyclic compounds, e.g, benzo(a)pyrene and
benzo(a)anthracene [8]. Aromatic hydrocarbons (AHs) have been
presented in the environment as complex mixtures. Sixteen polyaromatic
hydrocarbon compounds (PAHs) have been identified by USEPA as serious
pollutants due to their toxic, mutagenic, and carcinogenic characteristics
[9]. AH compounds are unusually more stable and unsaturated; their
stability permits them to be important constituents of oil pollution [10].
Moreover, aromatic hydrocarbons can be divided into two groups based
on their properties and molecular weight: the low molecular weight AHs
with two or three benzene rings and the high molecular weight AHs with
four to six aromatic rings [10].

To the best of the researcher's knowledge, only a few studies on the
total petroleum hydrocarbons and aliphatic fraction have been done on tar
balls and sediments on the Red Sea coast of Yemen [6,11,12,13,14,15,16].
Abu Bakr [15] studied the distribution of n-alkanes in recent sediments on
the Red Sea coast of Yemen from 1995 to 1997. The concentration of n-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0)
(https://creativecommons.org/ licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work
is properly cited. Forcommercial re-use, please contact tujnas@tu.edu.ye. Journal website: www.tu.edu.ye/journals/index.php/TUINAS/index
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alkanes in sediments from non-detectable to 1651 ng/g dry weight
expressed as Kuwait crude oil equivalent. Al-Shwafi [16] identified the
occurrence of oil and oil-products pollution along the Red Sea of Yemen.
The concentration of aliphatic hydrocarbons ranged between 2.46 to 22.8
ug/g dry weights in sediment. In the tar ball samples from the same area,
the Aliphatic concentrations were between 0.100 and 1.560 ug/g [6]. For
the total Aromatic hydrocarbons (TAHs), there is no data available for tar
balls from the Red Sea coast of Yemen. Moreover, the toxic effect of
aromatic hydrocarbons to aquatic organisms are more serious than
aliphatic. Therefore, the present study determined the concentrations of
TPHs and TAHs in tar balls from the Red Sea Coast of Yemen to know the
current state of oil pollution in this area of the Red Sea.

2. Materials and Method

2.1 Study Area

The sampling stations were between Khawidah and Alsallif (latitude
42°67.0 E 16°15.3 N and longitude 43° 23.0 E 13°55.0 N, Figure 1). These
stations cover the coastal lines of Hodeidah city across the Red Sea of
Yemen.

2.2 Samples collection

The tar ball samples were collected carefully by spoon and cleaned
from debris like sand or coral using a brush. They were then wrapped in
aluminum foil and then kept in plastic bags (Ziploc) and stored in a dark
place for transport to the laboratory. The tar ball samples were stored
under -5 °C until analyzed.

2.3 Chemical analysis

Extraction of extractable organic matter (EOM) and analysis of total
petroleum hydrocarbons (TPHs) and total aromatic hydrocarbons (TAHs)
were performed following the procedure described by Hegazi [17]. The tar
ball (100 mg) was mixed with approximately 250 mg of anhydrous sodium
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sulfate NazS04 (activated at 400°C for 2 hours) and then extracted with 20
ml of n-hexane/dichloromethane (DCM) (1:1 v:v) for 15 mins using the
ultrasound-assisted solvent extraction technique (sonication bath) to
obtain the liquid layer. The extraction was repeated twice. The combined
extracts were filtered by a Glass Fiber Filter (GF/F) of 0.45um to remove
any particulates from the solution. The extracts were concentrated to
approximately 5 ml using rotary evaporation. The EOM was transferred to
10 ml of a pre-weighed vial and then dried under nitrogen steam. The
constant weight of the vial to obtain the EOM was recorded. The EOM was
redissolved in a 25 ml volumetric flask with an n-hexane solvent. The
sample extracts, which include the TPHs and TAHs, were measured using
an ultraviolet fluorescence technique (UVF, Perkin Elmer model LS 55-
Luminescence spectrometer) at excitation and emission wavelengths of
310 and 360 nm, respectively. The Marib light crude oil was used as the
equivalent standard in Yemen for measuring TPHs [6]. The chrysene
standard was used as equivalent standard for measuring TAHs in tar balls.

2.4 Quality control and data analysis

Quality control and quality assurance were applied to all data.
Replicate samples were analyzed for each station to calculate the precision
of measurements. Procedural blanks were used between each batch of two
samples to prevent contamination and detect interference. The density
measurement of samples was minimized from the interference density
detected in the blank. Detection limits of the ultraviolet fluorescence
technique were between 1 ppm and 5 ppm, according to the Naval
Facilities Engineering Command [18]. Thus, the extracts were diluted to
give a reading within detection limits and the linear calibration range of
the fluorimeter. Marib light crude oil equivalent and Chrysene standard
calibration standards were run at the beginning of each working day
before analyzing samples to estimate the regression equations used to
calculate the concentration of TPHs and TAHs in the tar balls, respectively.
Linear relationships were obtained with correlation coefficients (r) from
the linear regression of r=0.99 for Marib light crude oil equivalent and r =
0.9914 for Chrysene. Regression equations obtained an r value of > 0.99
are acceptable according to the Environmental Protection Agency.
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Figure 1: Sampling stations in the Red Sea coast of Al-Hodeidah, Yemen.
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3. Results and Discussion

3.1 Total Petroleum Hydrocarbons (TPHs) in Tar Balls

Figure 2 shows the concentrations of TPHs by Marib light crude oil
equivalent in the tar ball samples. The concentrations of TPHs vary to a
wide range: from 175.67 +11.20 mg/g at Ras Isa I station to 708.55 +6.57
mg/g at Ras Isa II station, the mean concentration of which was 444.75
+17.42 mg/g. The high concentration was found at Ras Isa-II station,
which was expected due to the continuous deposition of petroleum
hydrocarbons derived from different sources. For example, the oil spill
that occurred during the load and transport of crude oil from the Safir oil
loading terminal or from an adjacent area to a fuel storage depot at the
coastal line is one of the important sources of oil pollution in this area. The
same station, Al-Salif or Ras Isa -II, showed a high concentration of
aliphatic in the tar ball found by Alshawfi [6]. The same input source was
concluded: the Ras Isa oil loading terminal, which affected the area.
Moreover, under favorable wind and currents, a portion of the oil leakage
was deposited along the coastal stretch around Ras Isa II station.
Furthermore, from the field observations, the gentle slope of the shoreline
can increase the accumulation of tar balls on it. The slope of the shoreline
was so high that it may have saved the tar balls from the weathering
factors. The concentrations of TPHs in other stations, Urj, South of
Gabaneh, Hodeidah, and Khawkhah samples were 487.69 + 34.39, 364.45
+ 5.52, 463.41 + 16.79 and 468.72 + 30.02 respectively. Variations of
concentration in these stations were slight and may be due to their similar
sources of petroleum hydrocarbons or similar activities, which include
fishing boats, changing engine oil, and discharging dirty ballast water from
tankers before reaching the oil loading terminal. In contrast, the low
concentration was 175.67 +11.20 mg/g at Ras Isa -I station, which could
indicate the low oil spill or may be due to low activities in the Alsalaf port.
Petroleum hydrocarbons in the tar balls and sediments of Yemen and
other regions of the Red Sea pose significant environmental and health
risks. Research shows that these petroleum hydrocarbons can severely
impact marine life, leading to bioaccumulation in the food chain and
causing physiological and reproductive issues in aquatic organisms [19].
The socio-economic impacts of petroleum hydrocarbons in the tar balls
include loss of fish and crustaceans, eutrophication of water bodies,
abandonment of fishing grounds and associated livelihood pursuits,
degradation of aquatic resources, and ecological damage [20]. The tourism
sector is affected by tar ball pollution, which causes tourists to migrate
from the beach and causes economic losses.
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Figure 2: Concentrations of Total Petroleum Hydrocarbons (TPHs) in the tar balls.

3.2 Total Aromatic Hydrocarbons (TAHs) in Tar Balls

Chrysene standard was used widely to reveal the total aromatic
hydrocarbons (TAHs) in the sample extracts by an ultraviolet fluorescence
technique [21]. Figure 3 shows the concentrations of TAHs in the tar ball
samples. The concentration range of TAHs was between 16.06 + 1.89 mg/g
at South of Gabaneh station to 48.25 + 1.76 mg/g at Ras Isa II station, and
the mean concentration was 28.98 +1.36 mg/g. The same station, Ras Isa-
II, recorded high concentrations of TAHs and TPHs, which represented the
same source of oil pollution. Clearly, the continuous deposition of
petroleum hydrocarbons derived from the oil spill that occurred during
the load and transport of the crude oil from the Safir oil loading terminal
or from an adjacent area to a fuel storage depot at the coastal line was
considered the main sources of TAHs and TPHs. In the second station for
the same location that Ras Isa labeled, I recorded a concentration of 39.50
+ 0.70 mg/g, close to that of Ras Isa II station. Both of these stations
reflected the same sources of oil pollution. The concentrations of TAHs in
Urj, Hodeidah, and Khawkhah samples were 25.13 #1.55, 19.73 +0.39, and

25.28 +1.82 mg/g, respectively. The concentrations in these stations were
slightly different, which may indicate the similarity of the oil pollution
sources or/and their effect by the same level of weathering factors. The
possible sources of TAHs in these stations could result from continuous
deposition of PAH derived from heavy, light crude oil spills and/or used
crankcase oil of fish boats and water balance from tankers. Similar
possible sources have been found worldwide in many tar ball samples [22,
23, 17]. The same sources were suggested by DouAbul [24] when high
concentrations of polyaromatic hydrocarbons were found in fish of the
Red Sea. The impact of aromatic hydrocarbons on aquatic environment lei
on their toxicity. The other types of toxicities that TAHs cause on aquatic
organisms and from them to human society are developmental toxicity,
genotoxicity, immunotoxicity, oxidative stress, and endocrine disruption,
and the most concerning toxicity is their carcinogenicity [25].
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Figure 3: Concentrations of Total Aromatic Hydrocarbons (TAHs) in the tar balls.

3.3 Extractable organic matter (EOM) in tar ball

Figure 4 shows no strong correlation between the EOM of the tar balls
and the concentration of TPHs. Indeed, the hydrocarbons in the samples
were not related to the concentration of EOM (R%*= 0.21). Likewise, the
relationship was positive, but the correlation was not strong between the
EOM and TPHs, suggesting that the organic matter does not govern the
observed distribution of petroleum hydrocarbons associated with tar
balls; therefore, they may be controlled by various sources of inputs
and/or differing transport processes [26,27].
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Figure 4: Correlation of total petroleum hydrocarbons against extractable organic
matter for tar balls.

Figure 5 shows the concentrations of EOM in tar ball samples. The
concentrations of EOM ranged from 153.00 +9.00 to 548.00 +54.00 mg/g,
with the mean concentration 334.42 #31.08 mg/g. The significant
concentrations were found in Ras Isa I (548.00 +54.00 mg/g) and Urj
(544.50 +75.50 mg/g). These high results could be affected by both
natural (plants, animals, and microorganisms) and anthropogenic input
(oil spill, sewage, agricultural drainage). Notably, the lowest value was
observed in Al-Hodeidah station (153.00 + 9.00 mg/g). The reasons for the
high or low concentrations of EOM in the several stations were probably
caused by sea grass, algae, mangroves, and plankton as natural sources or
may be due to untreated sewage, port activities, and/or adjacent fuel
storage depot at the coastal area. Other reasons can be due to the
contaminated sediments and water, which are likely to enter the sea as
well as be deposited in the shoreline through valley run-offs during
seasonal rainfall [2].
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Figure 5: Concentrations of extractable organic matter (EOM) in the tar balls.

4. Conclusion

The concentrations of hydrocarbon partitions, total petroleum
hydrocarbons (TPHs), and total aromatic hydrocarbons (TAHs) were
measured in tar balls collected from the Red Sea coast of Al-Hodeidah,
Yemen. The high concentrations of TPHs and TAHs in some sampling
stations were due to the continued deposition of crude oil that occurred
during the load and transport of the crude oil from the Safir oil loading
terminal and oil spill from other tankers. The concentrations of TPHs and
TAHs can pose significant environmental and health risks to marine
organisms and humans. Annual monitoring of oil pollution on the coast of
the Red Sea by using water, sediments, tar balls, and local fish is
encouraged to protect and sustain the Red Sea resources.

Data Availability

The datasets used and analyzed during the current study are available
from the corresponding author upon reasonable request.
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