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A: Palm oil fruit showing its oval shape with major and minor axes [33], B: Parameters of the ellipsoid model of
the earth [34] (see p. 5, Figure 2).
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The Intended Blessed Tree in the Quran - Is it
Olive Tree or Palm Oil Tree?
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ABSTRACT: This article aims to provide an alternative scientific interpretation for verse 35 in Surat An-Nur. This
verse addresses the very famous simile in the Quran which describes the light of Allah. In this verse Allah mentioned
that 'Allah (is the) light (of) the heavens and the earth. (The) example (of) His Light (is) like a niche in it (is) a lamp;
the lamp (is) in a glass, the glass as if it were a star brilliant (which) is lit from a tree blessed - an olive, not (of the) east
and not (of the) west, would almost its oil glow, even if not touched it fire' ‘Despite all the most commentators who
have addressed this verse singled the olive tree as the blessed tree, the intended tree still has one characteristic that is
enigmatic. Regarding this characteristic 'not east and not west', all previous interpretations directed this characteristic to
the compass directions. But they did not give any logical and acceptable justification. Dealing with this verse with
another linguistic concept, particularly with three words in the verse 'zaytunatin, shargiyyatin, and gharbiyyatin' can
change the story of the intended blessed tree. The first word in the Arabic language could be considered as an adjective
for exaggeration meaning a high oil producer rather than the genus olive. More interestingly, this word has been
mentioned as an indefinite noun without 'Al" which makes the noun definite when it is used as a prefix; therefore, in
this case, it is not specific to olive but it could refer to any tree producing high amount of oil. The second word
'shargiyyatin' comes from the verb 'sharek’, which in Arabic means, particularly for dates, that they became reddish in
color as a sign of maturity. The third word 'gharbiyyatin' derives its meaning from the verb 'gharb' which means it
became black. When these new meanings are applied to the verse, the first word will now mean any tree with high oil
production. The other two words, will mean reddish and black colors of the fruit not the east and west directions. These
two characteristics could be considered to be distinguishable features for palm oil tree not for olive trees. In this paper
two additional evidences supporting this idea have been addressed. Therefore, the palm oil tree, particularly the
subspecies nigrescens could be a potential candidate for the blessed tree in the Quran.

Keywords: Palm oil tree; Olive tree; Scientific interpretation of Quran; Carotenoids; Almost glow.
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1. Introduction

enerally, similes in the Quran are very crucial and popular as an eloquent language style to simplify the meaning

for humankind. One of these similes is represented in the Verse 35 in Surat An-Nur. In this verse Allah
mentioned that 'Allah (is the) light (of) the heavens and the earth. (The) example (of) His light (is) like a niche in it (is)
a lamp; the lamp (is) in a glass, the glass as if it were a star brilliant (which) is lit from a tree blessed - an olive, not (of
the) east and not (of the) west, would almost its oil glow, even if not touched it fire' (An-Nur - 35). The oil palm tree,
also known as 'Elaeis guineensis Jacq', is a plant that grows well in tropical regions. The oil palm tree was developed
and used as an agricultural crop [1]. The use of palm oil in food dates back to 5000 BC, as evidenced by the discovery
of the oil in the tomb at Abydos in Egypt [2]. Oil palm can accumulate up to 90% oil in its mesocarp, the highest level
observed in the plant kingdom. In contrast, the closely related date palm accumulates almost exclusively sugars [3]. Oil
palm can produce higher amounts of oil than other oil-producing species (about nine times more than soy and 4.5 times
more than rapeseed) per unit of land area [4]. Oil palm is now the most productive oil crop in the world (3.5 tons/haly),
with 36% of global production [5]. Most palm oil is derived from the mesocarp which, can comprise up to 90% of the
dry weight. This is, by far, the highest oil content reported for any plant tissue [3]. The fuel properties of optimized
biodiesel were found to be comparable to those of diesel and were in accordance with the latest biodiesel standards.
The calorific value of optimized Tung seed biodiesel was 9100 Kcal/Kg which is lower than diesel fuel [6]. The flash
and fire point of palm seed biodiesel were determined to be 180 °C and 194 °C, respectively which are higher than
diesel fuel.

Regarding the value of palm tree as a genus in the Quran, it has been mentioned 20 times throughout the Quran,
while the olive tree was mentioned five times in addition to this time under investigation. If | could prove that the
intended tree in this verse is the palm tree, it will be recorded in the Quran 21 times. Moreover, the palm tree also
gained the attention in Sunnah, as Narrated Ibn "Umar: 'The Prophet (PBUH) said, 'Amongst the trees, there is a tree,
the leaves of which do not fall and is like a Muslim. Tell me the name of that tree?' Everyone started to think about the
trees in the desert areas. And | thought of the date palm tree. The others then asked, 'Please inform us what is that tree,
O Allah's Messenger (PBUH)?' He replied, 'lIt is the date-palm tree'. Additionally, Anas ibn Malik reported that the
Prophet, may Allah bless him and grant him peace, said, 'If the Final Hour comes while you have a shoot of a plant in
your hands and it is possible to plant it before the Hour comes, you should plant it." Although several plant species can
propagate by shoots when this process is mentioned in the Arabic language, it is understood by default to be about the
palm tree. Accordingly, all the above hints recorded about the palm tree in the Quran and Sunnah reflect the important
value of this tree. As mentioned above, regarding the common interpretations of the verse under investigation, all
previous interpretations directed this character to the compass directions. But they did not give any plausible and
acceptable justification. Most of the previous scholars directed the word 'zaytanatin' to the genus olive and the words
'shargiyyatin, gharbiyyatin' have been directed to east and west directions [7,8]. Also, some scholars have mentioned
that this tree is a desert tree, others mentioned that in the middle of the trees, and others mentioned that it is not an earth
tree rather it paradise tree [8,9]. Moreover, when Allah wanted to specify olive itself, he mentioned in Surat Al-Tin 'By
the fig, and the olive' (Al-Tin — 1) and in Arabic 'wal-tini wal-zaytan'.

In this current paper, | try to give a new vision about the intended blessed tree in this verse by using other
alternative Arabic meanings to the linguistically accepted words 'zaytinatin', 'shargiyyatin' and 'gharbiyyatin'.
Additionally, by directing the pronoun in 'not east and not west' to the palm oil fruit and particularly to its color
orientation. This must not be understood as swimming against water current, because all the previous commentators
reported that the intended blessed tree in this verse is the olive tree rather it is considered to be a different insight and
concept for a new interpretation. Recently, a new insight as a scientific interpretation of the verse 43 in Surat Al-kahf
has been introduced, although all previous commentators have provided a completely different concept of
interpretation [10]. Therefore, in this manuscript 1 am trying to give an alternative interpretation to this verse with
plausible justifications that might change the story of the candidate for the blessed tree in the Quran from the olive tree
to the palm oil tree.
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THE INTENDED BLESSED TREE IN QURAN IS IT OLIVE TREE OR PALM OIL TREE?

2. Fruit color and ripening

One of the main challenges in the fruit industry is to identify the right fruit to harvest. To preserve and maintain
the quality of palm oil products, it is crucial to harvest the palm oil fresh fruit bunch (FFB) at the right stage [11].
According to Fadilah, et al. [12], most palm oil fruits grading is based on two, three or four stages that are unripe,
reddish black as under-ripe, red as ripe, and reddish orange as over-ripe. Other research by [13,14,15] focused on two
stages, which are ripe and unripe of FFB and achieved high accuracy results.

Some researchers have determined and evaluated the maturity of oil palm fruits using a variety of techniques,
including hyperspectral imaging [16,17], fluorescence detection [18,19], computer vision and an optical sensor [20,21],
inductive detection [22,23], near-infrared spectroscopy [24,25], laser detection [25], and lidar detection [26]. Advanced
color-based machine vision was able to categorize distinct fruits into correct groups with an accuracy of 90% [27,28].
Further studies have been conducted with high accuracy values, including 95.48% [29], 97.9% [30] and 98.70% [31].

3. Not east and not west

First, the fruit of the palm oil tree is the intended by this description in the verse 'tree blessed - an olive, not (of
the) east and not (of the) west', despite Allah mentioned apparently the tree. There are three clues that can support this
approach, first, the fruit can be used to represent the whole tree as Allah mentioned in the story of Adam and Eve.
"Then when they both tasted the tree' (Al-A'raf — 22), in this case, it could be they tested the fruit or not. Secondly,
Allah mentioned that this tree is 'zaytanatin' which means highly produced oil and the source of oil production is the
fruit not the whole tree. Thirdly, when Allah mentioned that 'is lit from a tree blessed' this means the lamp is lit by the
oil and not by the whole tree, so the oil in this case represented the tree as the fruit can.

The Arabic verb 'sharek' which is the source of the word 'shargiyyatin', has various lexical meanings, including
the east direction and particularly, for dates means colored reddish, and in reference to the face it refers to reddish
shyness. In addition, the word 'Ashargiyy' in Arabic means the red pigment [32]. Moreover the word 'shark' does not
always refer to the east direction as Prophet Mohamed (PBUH) mentioned in Hadith An-Nawwas b. Sam'an said he
heard the Apostle (PBUH) say: 'On the Day of Resurrection the Qur'an and those who acted according to it will be
brought with Surat Al-Bagara and Al 'Imran preceding them. The Messenger of Allah (PBUH) likened them to three
things, which | did not forget afterwards. He (the Holy Prophet) likened them to two clouds, or two black canopies
with 'shark' (light) between them, or like two flocks of birds in ranks pleading for one who recited them'. In this case,
the word 'shark' in Arabic means 'light' or 'silt' or 'barrier between. ' On the other hand the verb 'gharb', which is the
root of the word 'gharbiyyatin' in Arabic language, also has several meanings, including west direction and for an
object means it became blackish. As Allah mentioned 'And in the mountains (are) tracts, white and red (of) various
[their] colors, and intensely black' (Fatir — 27). In Arabic, the term 'gharabibu' means black, and it has the same root in
the language with the word 'gharbiyyatin'. Moreover the word 'Algharb' in Arabic means a big, green tree from which a
black material like tar is produced to stain the camels [32]. Therefore, applying the color meaning to these words on
what is mentioned in the verse 'not east and not west' will suggest the fruit color is non-pure reddish or non-pure
blackish, but rather a combination of the two colors (reddish and black) within the same fruit. It is interesting to note
that the Quran frequently uses this type of description, like when Allah mentioned in the description of the cow
belonging to the Bani (children of) Israel, that 'It is a cow not old and not young' (Al-Bagarah - 68). The fact that this
color exactly matches the color of fruit in its mature stage is more interesting (Figure 1).
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Figure 1. Fruit exocarp colour phenotypes. (a) Individual oil palm fruits of a subspecies of nigrescens fruit bunch.
Unripe fruits are deep-violet to black at the apex (visible in the bunch), and undergo minimal colour change upon
ripening [33].
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Fruit colour is an important trait in terms of fruit harvesting and, therefore, oil yield. Most oil palms are
producded from the type of nigrescens or virescens fruit [33]. The nigrescens variety of oil palm makes up the majority
of oil palm production. Fadilah, et al. [12] developed an interesting categorization of the ripeness stage into four
groups: unripe purplish black, under-ripe reddish black, ripe red, and overripe reddish orange (table 1).

Table 1. The ripeness stage of palm oil FFB by Malaysian Palm Oil Board [12].

Image Stage Color characteristic

Unripe Purplish Black
Under-ripe Reddish black
Ripe Red
Overripe Reddish orange

4. Another evidence could support this interpretation

As it has been mentioned above, the Arabic verbs 'sharek' and 'ghareb' have several meanings, including the
compass directions east and west. Even if we apply this meaning in the verse, it will also lead to the conclusion that the
description of 'not east nor west' may apply to the fruit's color. This exact description describes the color orientation on
the individual fruit. Let's suppose you were requested to describe the palm oil fruit colored with two different colors,
using just two words. Indeed, it would be a very difficult job to express this situation in two words. Now, if we take
into consideration the oblate ellipsoidal rotation of the earth around its minor axis in front of the sun, it has fours
directions, two of which are north and south on the minor axis up and down ends, while the other two are east and
west. If we divide the ellipsoidal shape of the earth longitudinally along the minor axis, two halves eastern and western
hemispheres will be revealed. If we apply this description to the fruit, which has an ellipsoid shape that is almost
identical to that of the Earth’s shape, it’s mature ovary has a minor axis capped by the stigma and at the posterior end
an ovarian base detached from the receptacle in the inflorescence. So, if we divide this fruit in half along its minor axis,
it will give two parts, east and west, comparable to the Earth. As Allah mentioned only the two words 'not east and nor
west' that means the orientation of the two colors of the fruit should not be distributed in these two parts. The
orientation of the colors - regardless the kind of color must be oriented in these two directions along their minor axes,
which are east and west as indicated in figure 2. Therefore, based on the combination of the aforementioned descriptive
features, we could suggest that intended blessed tree is the palm oil tree.
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Figure 2. A: Palm oil fruit showing its oval shape with major and minor axes [33], B: Parameters of the ellipsoid
model of the earth [34].

5. Correlation between red and black colors in Sunnah and their significance

These two colors, red and black, appeared together several times in the speech of our Prophet. For example, Jabir
b. 'Abdullah al-Ansari reported: the Prophet (PBUH) said: 'l have been conferred upon five (things) which were not
granted to anyone before me (and these are): Every apostle was sent particularly to his own people, whereas | have
been sent to all the red and black'. The red and black people in this hadith refer to all people on the planet Earth, that
might refer to the eastern and western people. Again, Abu Nadrah reported: the Messenger of Allah, peace and
blessings be upon him, said during the middle of the day at the end of the pilgrimage, 'O people, your Lord is one, and
your father Adam is one. There is no favor of an Arab over a foreigner, nor a foreigner over an Arab, nor red skin over
black skin, nor black skin over red skin, except by righteousness. Have | not delivered the message?' They said, 'The
Messenger of Allah has delivered the message." This example also emphasizes the strong relationship between the
colors, red and black. Generally in the Arabic language, when the expression 'black and red' is used, it often refers to
all humanity on the planet. This expression might categorize all people into two groups: red and black. The red group
might refer to the eastern people, while the black group might refer to the western one.

6. 'Would almost its oil glow, even if not touched it fire'

In this verse, Allah describes the oil of this blessed tree as an oil that is almost glowing. In Arabic, the verb
'yakadu' means it is close to happen', while the verb 'yudiu' means 'illuminate or emit radiation'. That means its oil is
close to illuminating or emitting radiation, even if it hasn't been touched by fire. The latter phenomenon could be
attributable mainly to the presence of carotenoids in crude palm oil. Carotenoids are a diverse class of metabolites
belonging to the family of terpenoids. These lipid-soluble compounds include oxygenated xanthophylls and non-
oxygenated carotenes [35].

Crude palm oil is a complex mixture consisting of over 99% glycerides, which are the major component of the
oil. The minor components include carotenoids, tocopherols, tocotrienols, phytosterols and phosphatides [36]. Red
palm oil (RPO) is produced from crude palm oil through a milder refining process that enables the retention of most of
the carotenes and vitamin E in the refined oil [37]. RPO is a refined palm oil with a high carotene content of
approximately 524-542 mg/kg [38,39]. Moreover, it has been reported that red palm olein (RPOo) is the richest plant
source of carotenoids, with a vitamin E content of 810 ppm, mostly in the form of tocotrienol. Vitamin E and B-
carotenes play an important role as antioxidants that provide the oil with oxidative stability [40,41]. Interestingly, tocol
compounds and B-carotene levels in virgin coconut, virgin olive, sunflower oil, and a mixture of olive and perilla oils
are lower than in RPO [42-46].

Carotenoids affect the oil characteristics causing it to emit radiation. After light absorption to their bright S, state,
carotenoids rapidly decay to the optically dark S; state. However, ultrafast spectroscopy experiments have shown the
signatures of another dark state, termed Sx [47]. Upon photoexcitation, the generated S, state decays into S; in a few
hundred femtoseconds, which then relaxes back to So over a picosecond time scale [48]. It is difficult to produce the
lowest energy triplet state, T1, of a carotenoid by direct absorption of light into that state. Instead, it is usually formed
through energy transfer from another triplet species, e.g. triplet chlorophyll, intersystem crossing, the radiation less
interconversion of singlet states and triplet states [49]. Triplet states are inefficient producers of luminescence [50].

There are a number of fundamentally sound reports of fluorescence from carotenoids [51-53], although until
recently, it was largely believed that carotenoids were non-fluorescent. Indeed, many reports in the literature of
carotenoid fluorescence can be attributed to fluorescent impurities in the samples [54]. When sensitive fluorescence
spectrometers were used in sample analysis emission from carotenoids which typically have very weak quantum yields
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on the range of 10* to 10 fluorescence could be observed [54,55]. Most carotenoids exhibit S,—So emission.
Fluorescence associated with the S1— Sy transition is rarer (Figure 4).
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Figure 4. Energy level scheme of carotenoids. So, S; and S; are singlet states, T is the lowest lying triplet state [55].
7. Conclusion

In this article, | tried to give an alternative interpretation for the verse 35 in Surat An-Nur by rethinking the
lexical meanings of Arabic words that provide us with some hints that the palm oil tree is the intended blessed tree in
the Quran a scenario that is not exclusively restricted to olive tree. This finding was mainly attributed to its possession
of highest oil production value in the plant kingdom, as well as to the specific colors of the fruit, the orientation of
these colors on the pulp of the fruit, and to the high amount of carotenoids that might be responsible for making its oil
almost glow or close to illuminating. Finally, it can be concluded that the intended blessed tree in Surat An-Nur verse
35 is the palm oil tree. Accordingly, the English translation of this part of the verse under investigation should be
changed as follows '(which) is lit from a blessed tree— a palm oil, not red and no black, would almost make its oil glow,
even if not touched by fire'. Indeed such similes that Allah provided to people through the Quran are very important for
mankind and their understanding and knowledge. Therefore Allah mentioned that 'And these (are) the examples, We
present them to the people so that they may give thought.(Al-Ankabut - 43). But not all people have the ability to
understand these examples, as Allah mentioned in the Quran "We site these examples for people, but none understand
them except the knowledgeable ones (scientists) (Al-Hashr —21).
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ABSTRACT: Human development has drastically increased the chances of climate change by burning fossil fuels,
including oil, gas and coal, causing disturbances to humans, plants, and animals. Changing climate dynamics has
impacted many plants, which are the primary source of life on Earth. Egypt is one of the countries where the
temperatures have risen in the past decades due to climate change. In this country, many plants are vulnerable to
climate change especially rare plant species. One of the most common tools for determining plant species' biological
and conservation activity is the IUCN (International Union for Conservation of Nature) Red list. In this study, two
plant species, evaluated Micromeria serbaliana and Veronica kaiseri, which are identified as critically endangered
species. After evaluation, it was seen that Micromeria serbaliana falls under the category of Blab (iii) + 2ab (iii) and is
termed an endangered species (EN). The same problem applies to Veronica kaiseri, another targeted species which is
Endangered (EN) under categories Blab (iii) +2ab (iii). Both species are declining and have severely fragmented
distributions.

Keywords: Micromeria serbaliana; Endangered species; Veronica kaiseri.
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1. Introduction
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n the twenty-first century, climate change is the biggest challenge for human society. Many studies have concluded

that climate change is real and the dynamics of the physical world are changing considerably [1]. Climate change is
not new, but it has recently received more attention. Every country has been affected by this change. Many cases
worldwide have been reported on climate vulnerability, including melting glaciers, increasing temperature, volcanic
eruptions, and burning forests [2]. Biodiversity is the most affected by this vulnerability of climate. The global
temperature has increased by 0.6°C and is predicted to rise quickly [3]. Continuously increasing temperatures will
affect biodiversity and ecosystems.
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Over the past few hundred years, Egypt's climate has changed dramatically due to its location on earth [2]. Most
cities are vulnerable to climate change, including Cairo and the population near the Nile River. Flooding, a decrease in
rainfall, and drought have impacted the people in the country [4]. Along with this, plant species are also affected by
these climate conditions. Most rainfall happens in the winter season. The Mediterranean and high altitudes of
mountains in southern Sinai influence the climate. South Sinai is categorized by a wide range of differences in air
temperature. The tropical influence is considerable laterally in the Gulf of Agaba and the Gulf of Suez [5].

Abdel-Fattah, et al. [5] also stated that South Sinai has a range of mountains, including Mousa's Mountain and
Catherine Mountain. Mousa's mountain is considered one of the holiest historical mountains and a respectful place in
Southern Sinai, Egypt. It is located on the eastern side of Catherine Mountain, and due to its high elevation, Catherine
Mountain is considered to have the mildest climate in Southern Sinai and Egypt. Summers are long, arid, and hot,
whereas winters are dry and chilly in the areas of Catherine Mountain. It was reported by Kaky and Gilbert [6] that the
factors which are influenced by the warming are photosynthesis, and the rate of plant respiration. For instance, carbon
emission can increase the photosynthesis mechanism even in warm and dry conditions.

Usually, plants can optimize photosynthesis process at a specific level of temperature. When soil temperature
increases, it maximizes the deterioration and decreases the sources of plant mineralization and availability [7]. Plant
distribution and spread can be dictated by the soil property, availability of resources, and nutrients availability. Typical
plants’ responses can be positive or negative depending on the different conditions and variable atmosphere.

Cai [8] supported the argument of Heneidy, et al. [9] that fragmentation, disturbance, loss of biodiversity, and
habitat destruction are affected by climate vulnerability. Mountain vegetation can suffer as the climate gets warmer and
drier. On the other side, higher temperatures lead to higher biodiversity. Due to the environment's vulnerability, some
ecologists have noticed that with increasing temperature, the number of Nematodes increases in polyculture plots,
whereas their number decline in monoculture plots [10]. Heavy flooding destroys communities and plant species
because many species that live in flooded areas have been dislocated. Additionally, its lifespan is decreasing, so
preserving those species is very important.

The main objective of this study was to evaluate effects of ongoing climate change on two critically endangered
rare species found in Egypt, Micromeria serbaliana and Veronica kaiseri, and to assess the physicochemical variation
in the habitat and between each other.

2. Materials and methods
2.1. Study Area

The study was performed in South Sinai, Egypt. In Egypt, South Sinai has a latitude of 29.3102° N and a
longitude of 34.1532° E (Figure. 1A). Precipitation in the study area is characterized by its scantiness, seasonality, and
inconsistency [11]. It occurs mainly in winter from October to April, the mean annual precipitation in the study area is
15 mm. The monthly mean temperature varies between 6.8° C in January and 26.1° C in August [10]. The relative
humidity is higher in winter than in summer; it attains a minimum average of 32% in May and 62% in February [12].

2.2. Data Collection Process

The data was gained from the "IUCN Red List" for threatened species. The list identifies threats to known plant
species [13]. The "IUCN Red List" is divided into many categories according to the severity of climate change. As the
name implies, the most affected and at-risk species fall under the categories of endangered, critically endangered, and
extinct. The other remaining categories i.e., vulnerable, near threatened, least concerned, and extinct in the wild, have
less impact and severity of climate change on them. The categories like data deficient and not evaluated are considered
because some species do not have enough information on them [14].

Based on distinct categories, the species collected from the IUCN Red List are classified under the above-
mentioned nine groups. These nine groups are shown in Table 1.

The data collection was conducted from July to August 2022. Species selection was based upon the literature
review. Literature showed the availability of endangered species in this area of Egypt. Micromeria serbaliana and
Veronica kaiseri were mainly found near and on mountain ranges rather than in other regions. Veronica kaiseri was
observed at a lower area on the mountain because they are usually found in wet places. In contrast, in patch form,
Micromeria serbaliana was found in mid and top regions.
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Figure 1. Location map for the study area showing A. South Sinai and B. Sampling sites within the Saint Catherine area.

Table 1. Description of categories according to IUCN.

Categories The Description based on IUCN

Vulnerable meets one of the 5 red list criteria and is thus considered to be a high

Near Threatened close to being at high risk of extinction in the near future

Endangered very high risk of extinction in the wild meets any of criteria A to E for Endangered.

Critically endangered in a particular and extremely critical state

Extinct beyond reasonable doubt that the species is no longer extant

Extinct in wild survives only in captivity, cultivation, and/or outside the native range, as presumed after exhaustive
surveys

Least concerned unlikely to become extinct in the near future

Data Deficient Not enough information

Not Evaluated Not enough information

According to the literature review, 30 plots were investigated (Figure, 1B), in which vegetation data were
collected using the quadrate method of a 20 m? size. For geographical and ecological determination, IUCN protocols
were followed. Soil was collected at 20 cm depth from each plot using a soil probe. GPS and GeoCAT were used for
geographical location. Collected soil samples were further analyzed for soil pH, which were measured using pH meter
following Chapman [15] method, soil electric conductivity (EC) and total dissolved salts (TDS) were measured using
Wheatstone bridge (TDS and EC meter) as described by Wilde, Voigt [16] in puS/cm and ppm respectively, the soil
organic matter content was determined by loss on ignition method in percentage following Sparks, Page [17], the water
content of the soil samples was determined according to Richards [18] in percentage, soil potassium (K) in ppm and
Mg (meq/L) were measured using method developed by Mehlich [19], and finally soil SO4 (meg/L) was measured
following Westermann [20].

2.3. Data Analysis

Differences between the vegetation and the physico-chemical parameters of the two studied species were
analyzed using Tukey's multiple comparison test in R [21]. The IUCN Red List data were collected through a literature
review.

3. Results
Based on data extracted from the IJUCN Red list, nine groups of plant species from Egypt that are endangered
owing to climatic changes and, thus, are decreasing and becoming rare were reported. After searching for the rare plant

species over the IUCN's category for the Plantae Kingdom, the ones belonging to Egypt are sorted out and depicted in
Table 2.
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Table 2. Threatened Egyptian Plant Species Listed Under IUCN Red List.

Scientific name Assessment Category Criteria
Year

Phlomis aurea 2015 Endangered B1ab (iii, v) + 2ab (iii, v)

Euphorbia obovata 2015 Endangered B1lab (iii, v) + 2ab (iii, v)

Silene leucophylla 2020 Endangered B1lab (i, ii, iii) + 2ab (i, ii, iii)

Bufonia multiceps 2015 Endangered Blab (i, ii, iii, v) + 2ab (i, ii,

iii, v); C2a (i)
Anarrhinum pubescens 2015 Endangered Blab (i, ii, iii, iv, v) + 2ab (i,
ii, iii, iv, v); C2a (i)

Medemia argun 2019 Vulnerable B2ab (iii)

Cyperus papyrus 2008 Vulnerable B2ab (v)

Stipa tenacissima 2015 Vulnerable Adacd

Rosa arabica 2015 Critically B1lab (i, ii, iii, iv, v); C2a (i)
Endangered

Primula boveana 2014 Critically Blab (i, ii, iii, iv, v) + 2ab (i,
Endangered ii, iii, iv, v)

Juncus maroccanus 2013 Critically Blab (iii) + 2ab (iii); D
Endangered

Veronica kaiseri 2020 Critically Blab (i, ii, iii, iv)
Endangered

Nymphaea lotus 2007 Critically Blab (i, ii, iv) c (ii, iv) + 2ab
Endangered (i, ii, iv) c (ii, iv)

Silene oreosinaica 2020 Critically B1lab (ii, iii) + 2ab (ii, iii)
Endangered

Micromeria serbaliana 2020 Critically B1lab (i, iii
Endangered

Marsilea strigosa 2007 Endangered B2ab (i, iii, iv, v)

Marsilea minuta 2007 Endangered B2ab (i, iii, iv, v)

Dracaena ombet 1998 Endangered Alcd

Silene schimperiana 2020 Endangered B1lab (ii, iii) + 2ab (i, iii

Table 2 depicts plant species that are declining or becoming rare. Two species, namely Micromeria serbaliana
and Veronica kaiseri, are identified as critically endangered species, and are evaluated in this study.

3.1. Micromeria serbaliana

One of the most promising plants of the Lamiaceae family is the Micromeria serbaliana. This plant has
remarkable antimicrobial and anti-inflammatory features that is used efficiently for medical purpose such as "against
heart disease, headache, wound skin, infections, colds, as an antispasmodic, and as a stimulant [22]. In Egypt,
Micromeria is represented by five species, namely M. serbaliana, M. sinaica, M. imbricata, M. nervosa, and M.
myrtifolia” [23].

3.2. Veronica kaiseri

The genus of Veronica, comprises over 500 species. The species have the adaptability to grow in different
climates and different habitats like water land or the elevated mountainous level. Eleven other species of Veronica have
been identified in the region of Egypt [24].

The current research only targets two species, i.e., Micromeria serbaliana and Veronica kaiseri, so the focus was
only on these species. After evaluation, it was seen that Micromeria serbaliana falls under the category of Blab (iii) +
2ab (iii) and is termed an Endangered (EN) species. The same situation is for another targeted species, Veronica
kaiseri, which falls under categories Blab (iii) +2ab (iii) and is qualified as Endangered (EN). Both species are
declining and severely fragmented in their fields.

Some primary threats of the targeted species based on the IUCN list are displayed in Table 3.

12
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Table 3. Threats of target species based on the IUCN list.

Threats Severity

Farming activities Moderate can cause fluctuation
Disturbances occur by humans Moderate can cause fluctuation
Climate change (e.qg., drought) Very severe, rapidly increasing
Natural disasters Rare, slowly increasing

The results indicated that both targeted species are under drought stress. Grazing impact on M. serbaliana species
can arise from grazing domestic animals. Both targeted species are disturbed through numerous human activities,
which includes grazing of animals, collection for medicinal or fuel purposes, and this mis-management of their
occurrence.

The results showed a high diversity of M. serbaliana than V. kaiseri frequency species, while the high total no. of
species was observed in V. kaiseri (Figure 2).

(a) (b)

P<0.05 P <0.001
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Figure 2. Comparison between the different vegetation parameters of Micromeria serbaliana and Veronica kaiseri species.
Numbers are P values of the statistical significant differences between Micromeria serbaliana and Veronica kaiseri based on
pairwise comparisons using Tukey's multiple comparison test (ns: non-significant differences).

The mean maximum value for physicochemical factors in abundant M. serbaliana species locations were 1350
ppm Total dissolved solids (TDS), 7.99 (pH), 50.5 meg/L (Mg), 52.9 ppm (potassium), 150 meg/L (sulphate), while
2%, 690 uS/cm and 16.99% water content, soil EC and organic matter were observed respectively. In comparison, the
minimum values were 40 ppm (TDS), 6.85 (pH), 0.49 meg/L (Mg), 11 ppm (potassium), 5 meg/L (sulphate) and 0.5%,
20 pS/cm and 0.39% water content, soil EC and organic matter were observed, respectively (Figure 3).

The mean maximum value of physico-chemical factors in abundant Veronica kaiseri species areas was 402 ppm
(TDS), 7.89 (pH) 14 meg/L (Mg), 79.01 ppm (potassium), 79.56 meg/L (sulphate), while 35%, 420 uS/cm, and 7.23%
water content, soil EC and organic matter were observed, respectively. While the minimum values were 65 ppm
(TDS), 6.85 (pH), 0.5 meg/L (Mg), 24 ppm (potassium), 26.25 meg/L (sulphate) and 0.5%, 45.63 uS/cm and 0.32%
water content, soil EC and organic matter were observed, respectively (Figure 3).

4. Discussion

As the environment's vulnerability increases, it is essential to predict the risk of extinction, specifically in wild
species. By taking the necessary action concerning these extreme environmental conditions, the Egyptian Biodiversity
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Strategy and Action Plan has been updated for 2015-2030 to preserve and manage rare, endemic, and endangered plant
species with the international community's help [25].
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Figure 3. Comparison between the physico-chemical factors in the abundant Micromeria serbaliana and Veronica kaiseri in the
Saint Catherine region's soil. Numbers are P values of the statistical significant differences between Micromeria serbaliana and
Veronica kaiseri based on pairwise comparisons using Tukey's multiple comparison test (ns: non-significant differences).

Some researchers, such as Hoveka, et al. [26], have offered a number of explanations for the lack of data
necessary to safeguard threatened species. He says biases have hindered the data collection processes necessary for
effective biodiversity conservation programs in species collection, a lack of funding and research infrastructure, a
decrease in the number of taxonomists, the complexity of identifying and describing species, and insufficient training.
Therefore, analyzing gaps in the IUCN Red List assessment programs should be a top research priority for any nation
that wants to avoid species extinction. As this study and Rodrigues [27] have demonstrated, the distribution, population
status, habitats, ecological status, threats, conservation measures, and any other relevant data collected for the IUCN
Red List Assessment tool are a significant contribution to filling in gaps in conservation planning programs. The two
species that are the focus of this investigation are considered endangered (EN) because they are endemic to a small
area and have a severely fragmented population. The quality of their habitat is deteriorating.

Climate change is one of the significant factors responsible for the vulnerable environment. It has impacted all
living organisms, including humans, marine creatures, plants, and animals. Every country is affected by climate
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change, whether they produce low carbon emissions or high [25]. Micromeria serbaliana was found in
high abundance at the mid and top of mountain areas, but Veronica kaiseri was located in lower mountain regions due
to its moist habitat (Figure 1-2). Egypt including the Southern Sinai, at higher altitudes have climates that are
vulnerable to change. Already some species have disappeared because of flooding, sand storms, and other natural
disasters [28].

The findings in this study are in agreement with those of Kaky and Gilbert [6]. The conclusion is that the
standard criteria are used to predict a species' distribution and to determine its extinction risk based on the IUCN Red
List assessment. The primary objective of combining information and IUCN Red List assessments is to provide the
data required to guide decision-makers in determining conservation priorities [29]. However, some Micromeria
serbaliana and Veronica kaiseri species were observed in the endangered species list.

Sadly, since 1998, neither Veronica kaiseri nor Micromeria serbaliana has been monitored, so there are no
conservation programs for these species. In this study, baseline subpopulations were recorded that can be compared to
subsequent population inventories. The findings of the present work are in harmony with [30] and support their idea
that targeted management, recovery, and reintroduction activities at the species and population levels must be
strengthened in addition to conservation programs for threatened species. The successful conservation of plants, the
reduction of pressures placed on plants in the wild, and a better understanding of traditional values and practices will
benefit from encouraging participatory approaches involving the local community.

5. Conclusion

Based on these study results, it is highly recommended to keep an eye on population or habitat trends and
fluctuations. The current study explains the possible features of the targeted species by evaluating the IUCN red list. It
was concluded that these targeted species are endangered as categorized by the IUCN red list. The species are
decreasing due to sudden climate changes.
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An Efficient Sensor Based on Anodic
Activation of Graphene Oxide for Sensitive
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Blood Serum
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ABSTRACT: A native graphene oxide (NGO) prepared by Hummers modified method was used as the template
materials for the fabrication of electrochemically oxidative graphene oxide (OGO) onto a glassy carbon electrode
(GCE). The fabrication of OGO-GCE proceeded via reversible anodic cycles of previously coated NGO base surface
materials. The development of a new aldehyde/alcoholic functional group on OGO-GCE characterized by X-ray
photoelectron spectroscopy (XPS) analysis is a marked signal for surface oxygen richness that provokes the cost of (C-
C/C-H) hybridized states. The measurements obtained by an electrochemical impedance spectroscopy (EIS) method
demonstrated that the conductivity and the rate of electron transfer process at the OGO-GCE have improved
substantially. Quantitatively, the estimated rate constant of OGO was 9 times greater than that of that of NGO. Further
evidence on the superiority of OGO over NGO was demonstrated by the outstanding analytical performance on the
simultaneous determination of ascorbic acid (AA), dopamine (DA) and uric acid (UA) using the differential pulse
voltammetry (DPV) technique. The selectivity of the as-prepared OGO sensor for DA quantification in the presence of
high concentrations of both AA and UA was achieved successfully with a detection limit (DL3s) lowered to 12 nM in
comparison to many electrochemical modified surfaces. The proposed method for the construction of OGO sensors
could provide a robust sensing platform for the reliable detection of DA in real biological samples. The OGO-GCE
sensor showed excellent stability and performance in serum blood analysis with an acceptable recovery percentage of
trace DA quantification ranging between 96% and 102%.

Keywords: Oxidative graphene oxide; Anodic pretreatment; Thin film; Dopamine analysis.
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1. Introduction

opamine (DA) is an important catecholamine species that exerts significant influence on the central nerves,

memory, hormonal and cardiovascular system [1]. It is composed of an amino group attached to the catechol
molecular structure and considered as an electrochemically active constituent. Higher or lower concentrations are
associated with neurological disorders such as Schizophrenia and Parkinson’s diseases [2,3]. Therefore, accurate and
rapid quantification of DA in biological samples is a crucial test that requires a highly sensitive and selective analytical
method [4-6].

Recently, several analytical approaches and techniques have been used for the DA detection including
spectrophotometric methods such spectrophotometry, chemiluminescence, electro-chemiluminescence, surface-
enhanced Raman spectroscopy and colorimetry [7,8]. These approaches were successfully applied for accurate and
sensitive DA quantification but require advanced technical expertise and extreme experimental conditions, are
expensive and time-consuming, and suffer from sensitivity and selectivity issues [9]. Electrochemical methods
integrate microfluidic systems and are used extensively for DA determination in biological samples with the aim of
improving selectivity, sensitivity, feasibility and continuous monitoring ability, fast response times and lower detection
limits [10,11]. The coexistence of interfering biomolecules such as ascorbic acid (AA) and uric acid (UA) in biological
blood and urine samples gives rise to some challenges due to their close oxidation potential to DA [12,13].
Accordingly, substantial efforts were implemented for construction of modified electrodes with active surface materials
capable of overcoming possible overlapping electrochemical signals of the above three biological molecules.
Therefore, electrochemical sensors have received considerable interest for biological analysis because of their rapid
response, high sensitivity and selectivity [14].

Carbon-based materials including graphene derivatives such as graphene oxide (GO) and reduced graphene oxide
(RGO) are the constituents of interest for electrode surface modification for their high reactivity, surface area, stability
and simple fabrication [15-17]. They are considered as polymeric-like compounds consisting of various oxygenated
functionalities [18]. The structure of GO sheet is characterized by the presence of edge and basal planes defined by the
nature of existing oxygen functional groups [19]. The edge plane consists mainly of carbonyl and carboxyl groups,
which marks its hydrophilicity along with reaction kinetics facility [20]. The basal plane comprises a combination of
both hydrophilic (epoxy and hydroxyl groups) and hydrophobic aromatic domains [21]. Moreover, the oxygenated
groups are responsible for ease of solvation and surface functionalization [22]. The above unique structure is
acknowledged to strongly influence surface communication and hence the observed electrochemical signal [23,24].
Application of graphene-based materials for construction of active sensors is dominated by combining them with other
supportive compounds such as organo-metallic complexes and polymers, metal and metal oxide nanoparticles and
other hybrid constituents [25-30]. Application of pristine graphene independently as an active sensing materials is not
widely applied because of certain disadvantages attributed to surface passivation and slow electrode kinetics [31,32].

The aim of the present work is to fabricate an active surface materials based on oxidative graphene oxide (OGO)
via anodic potential excursion of a previously coated NGO film onto a GCE dipped in the buffer background
electrolyte. Herein, we present a full study on the electrochemical properties, elemental structure, surface morphology
of the proposed sensor (OGO-GCE) along with its catalytic activity on DA analysis.

2. Experimental

2.1 Chemicals and electrodes

Analytical grade DA, AA, UA, potassium ferrohexacyanate (KiFe(CN)g]), potassium ferrihexacyanate
(Ks[Fe(CN)g]), graphite powder, sodium nitrate (NaNOs), sulfuric acid (H.SO.), potassium permanganate (KMnQ,)
and hydrogen peroxide (H20.) were purchased from Sigma-Aldrich Chemie, Germany. Potassium orthophosphate
(KH2PQy4) and dipotassium phosphate (K:HPQO,4) were obtained from BDH, UK. A 0.10 M phosphate buffer solution
(PBS) with pH 7.28 was made by mixing certain portions of (KH2PO4) and (K;HPO,) in distilled water and used for all
the present electrochemical measurements unless stated otherwise.

All electrochemical measurements were conducted using BAS 50W workstation (Bioanalytical System, West
Lafayette, IN, USA) in a three-electrode cell comprised of glassy carbon working electrode (GCE), a platinum coil and
AQ/AgCI/KClsaty as counter and reference electrodes, respectively. Prior to each experiment, the GCE was polished
sensibly and evenly with alumina slurry (5.0 and 1.0 um) at a polishing cloth, rinsed thoroughly with distilled water
and sonicated for 5 min using (JAC Ultra Sonic, 1505, LABKOREA INC, Korea) to remove possible adsorbed debris
and finally rinsed with distilled water.

2.2 Preparation of graphene oxide

The native blended GO material was synthesized from graphite powder according to the modified Hummers
method [31]. Briefly, a mixture of 1.2 g graphite, 1.0 g NaNO3z and 46 mL of H,SO, (98%) were placed in an ice bath
and carefully stirred. Then 6.0 g potassium permanganate (KMnO.) was added steadily with continuous stirring. The
reaction mixture was then placed in a water bath at 35 °C for 1 h to complete the oxidation reaction.
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The developed reaction mixture was diluted with 100 mL of distilled water and its temperature raised to 95°C for
2 h with gentle stirring when the suspended solution turned brown. The brownish suspension was then treated with 30
mL of 30% H,0, to remove the remaining excess amount of KMnQ4. Finally, the residual material produced in the
solution mixture was centrifuged at 6000 rpm for 15 min, separated out and washed with distilled water for several
times. The obtained black GO paste was dried under vacuum and a suspended blend of (1 mg GO/1 mL distilled water)
was prepared for further surface modification.

2.3 Construction of modified electrodes

A modified GCE was prepared by drop casting of 20 pL GO dispersed solution onto a polished and clean GCE.
The modified electrode (NGO-GCE) was placed underneath a warm light projector to dryness. The proposed oxidative
OGO-GCE was fabricated by electrochemical pretreatment of (NGO-GCE) in PBS (pH = 7.28) induced by 15
reversible voltammetric cycles between 0.0 mV and 1000 mV at 50 mV/s and terminated in the more anodic potential.

2.4 Equipment and techniques

X-ray Photoelectron Spectroscopy (XPS) was performed to study the relative amounts of elemental groups
present in the studied samples (Omicron, Germany). The spectra of individual constituents were estimated by fitting
the C 1s curve spectra using Gaussian Lorentzian peak shape after background correction with Shirley function in Casa
XPS software (Casa Software Ltd, UK). The binding energies were calibrated with respect to adventitious C 1s feature
at284.6 eV.

Electrochemical Impedance Spectroscopy (EIS) was performed with an open circuit potential using Gamry
potentiostat (Interface 1000E, USA) with a frequency range between 100 kHz and 1 Hz at amplitude of 5 mV. The EIS
experiments were achieved in electrolytic solution composed of 5 mM of [Fe(CN)e]>** to study the surface
modification influence on the electron transfer kinetics. Fitting of the EIS experimental data were accomplished by
selecting the Randle’s equivalent simple circuit.

Cyclic voltammetry (CV) was employed for surface modification via reversible potentiodynamic cycles. The
differential pulse voltammetry (DPV) was utilized as an active electrochemical method for analytical performance
examination of modified electrodes.

2.5 Preparation of the real sample

A serum blood sample collected from Sultan Qaboos University Hospital (SQUH, Muscat, Oman) was diluted
three times with the PBS (0.1 M of pH = 7.28) and used directly with no further treatment. An aliquot of 5.0 MM DA
was diluted 5 times with the serum buffer solution for the standard addition procedure. The electrochemical
measurements of DA were achieved using DPV technique. The regression data obtained from the selective
determination of DA in the presence of AA and UA in the prepared artificial sample were used to convert the anodic
current response of DA real sample into its equivalent DA concentration. Accordingly, the recovery percentage of DA
was estimated to evaluate the performance of the proposed sensor.

3. Results and Discussion

3.1 Characterization methods for identification of surface materials
3.1.1 Surface elemental composition using XPS method

The C 1s XPS experimental data are shown in Figure 1, which identifies the chemical structure of NGO (A) and
OGO (B) samples, respectively. The binding energy profiles of carbon functional groups with their different atomic
percentage in both samples are evidences of composition alteration. The C 1s core level XPS spectrum of NGO
illustrated in Figure 1(A) displays five different chemically shifted components of carbon-carbon and carbon-oxygen
functionalities. The characteristic bands at 284.0 and 284.6 eV are attributed to the sp? and sp® hybridized carbon,
respectively, with a total concentration of 47.6%. These are followed by a three smaller peaks centered at 287.0 eV
(22.7%), 288.5 eV (21.0%) and 290.4 eV (11.4%) emitted from the carbon-oxygen bonding atoms corresponding to
epoxy (C-0-C), carbonyl (C=0), and carboxylate (O-C=0) groups, respectively.

On the other hand, the C 1s spectra for the OGO sample presented in Figure 1(B) is fitted with five peaks
obtained at 284.6 eV (26.5%), 285.4 eV (22.4%), 286.4 eV (14.6%), 288.7 eV (28.3%) and 290.1 eV (8.2%)
corresponding to (C-C/C-H), (C-O/C-OH), (C-O-C), (C=0) and (O-C=0), respectively.

Variation of the full-width half-maximum (FWHM) values corresponding to the functional groups in both surface
materials are quite evident. For instance, the (C-H) hybridized peak in the OGO dropped by 40% while the (C-O-C)
and (O-C=0) functionalities are larger by two times as all compared to the NGO.

A close inspection of the data demonstrates the appearance of a new oxygenated peak obtained at 285.4 eV
belonging to the aldehyde/alcoholic functional group [34]. The generated peak of (C-O/C-OH) in the OGO
configuration with 22.4% is a noticeable evidence for a progressive surface modification achieved by anodic
pretreatment of NGO. Increasing the surface concentration of oxygenated groups at the cost of sp? and sp® hybridized
components is another evidence of successful fabrication of OGO.
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Figure 1. High resolution and curve fitting of C 1s XPS spectra for NGO-GCE (A) and OGO-GCE (B).

3.1.2 Surface interfacial analysis by EIS method

The EIS data for the present two surface modified electrodes were gained under open circuit potential (Voc) in
the presence of 5 mM [Fe(CN)g]*/* solution. A Nyquist plot is a fundamental electrochemical instructive method used
to inspect kinetic limitations due to surface modification. As shown in Figure 2, the plot consists of a semicircle curve
at high frequency corresponding to the charge transport resistance (Rc) at the electrode/electrolyte interface. The data
line at low frequency aligned with the semicircle curve indicates the diffusion-limited process at the active surface
materials. Moreover, the non-faradaic process due to uncompensated solution resistance (Rs) is induced by charging of
the double layer capacitance (Cqi) via the electrostatic attraction of ions at the electrode/electrolyte interface.
Apparently, the gained Ry fitting data for NGO (3250 Q) is relatively high indicating a surface material of low
conductivity that hinders the electron transfer kinetics. At the same time, the Nyquist curve of OGO (inset of Figure 2)
is incomparable where the obtained R value has dropped markedly to (375 Q).

The plot suggests a substantial improvement on the surface conductivity and hence the electron transfer kinetics. The
electrochemical behavior of NGO before and after anodic treatment shows a major change in the physical properties of
doped surface materials, which is influenced by the interlayer distance between graphene layers. The above
experimental data demonstrates strong stacking attractions among NGO layers. Nevertheless, the interlayer spacing in
OGO were increased by increasing the surface oxygen functionalities during anodic treatment that improves its
intrinsic conductivity.

The apparent electron transfer rate constant (kapp) evaluated theoretically using equation (1) [35], correspond to OGO
and NGO results with values of (2.1 x 10 cm/s) and (2.3 x 10 cm/s), respectively.

RT
RC'[ = 2 *
F2Ak,, C

Obviously, the estimated (kapp) value for the OGO-GCE is close to nine times greater than that of NGO indicating
remarkable electrode kinetics, surface adsorption capacity and electron shuttling processes.

3.1.3 Surface reactivity using DPV method

@

Figure 3 shows the reactivity of both surface modified electrodes for the simultaneous determination of AA (500
uM), DA (2 uM) and UA (25 uM) in PBS (pH = 7.28). The characteristic and well-defined three peaks corresponding
to the all oxidation species determine the reactivity of both surface materials. The recorded current responses of the
three biological molecules with the OGO-GCE are much pronounced and greater than those obtained with NGO-GCE.
The remarkable reactivity exhibited by OGO-GCE is apparently associated with the large adsorption capacity offered
by the presence of surface-active components that enhance the bonding process [36]. The NGO with large passive
surface limits the number of binding sites available for adsorption processes, which results in lower electrochemical
responses. The presented data describe the powerful properties of OGO surface materials that facilitates the
electrochemical measurements.

In addition, there is evidence relating the reactivity of OGO to the anodic exfoliation of NGO at which the
abundance surface oxygen functionalities play a role on enhancement of electrode kinetics. The anodic exfoliation is
believed to extend to the interlayer spacing among the NGO sheets, which makes electron shuttling more efficient.
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3.2 The analytical performance of OGO-GCE

Selective determination of DA in biological samples is vital for diagnosis of a number of diseases. In addition,
DA is biologically present at very low concentration compared to the interfering electroactive species such as AA and
UA. Therefore, the analytical performance of the proposed sensor (OGO-GCE) was tested for the quantification of DA
in the presence of certain amounts of AA or/and UA in PBS (pH = 7.28) using DPV technique.

2500 - 300 x

250 x

: _ 0GO-GCE
150
2000 100 f""\uﬁ‘(’

0 100 200 300 400 500 600 700 S00 900

—Z" (ohm)
E
2
x

1500 A Z' (ohm)
’é‘ '
-g .
= e ®°, . .
N 1000 o *. °
' . NGO-GCE ‘o, o
. ®oe00®
®
s00 | ®
[ ]
[ d
[ 4
[ 4

1000 2000 3000 4000 5000 6000
Z' (ohm)

Figure 2. EIS experimental data presented by the Nyquist plot for NGO-GCE. The inset is the data for OGO-GCE.
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Figure 3. DPV curves of NGO-GCE (blue, solid) and OGO-GCE (red, dashed) towards the simultaneous
determination of AA (500 uM), DA (2 uM) and UA (25 puM).

3.2.1 Selectivity test in a binary solution

Figure 4(A) shows the DPV curves for the determination of DA in the presence of 500 uM AA. The dotted line is
the current response in the absence of DA where a single anodic peak obtained at 10 mV is characteristic of AA
oxidation. With subsequent addition of DA, a new anodic peak arises at 196 mV corresponding to DA oxidation, which
increases linearly with each increment of DA concentration. The potential gap (186 mV) between both peak responses
is quite reasonable to avoid possible overlap occurring in bare electrodes.
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Apparently, the high concentration of AA has no major effect on DA adsorption or electron transfer processes
accounted for the electrochemical measurements of DA oxidation. The correlation of peak current (1,) of DA oxidation
to the DA concentration ([DA]) taken from the experimental data given in Figure 4(A) was set up and presented in
Figure 4(B).

The regression data of the linear relationship were; I,(nA) = 0.5099 (uM) [DA] + 0.9134 (uA), which produces a

detection limit (DL3s) of 10 nM (DA), where o is the standard deviation of the background response (n = 3) divided by
the slope of the linear regression data.
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Figure 4. (A) Selective determination of DA in the presence of 500 uM of AA at OGO-GCE in 0.10 M PBS (pH 7.28)
using DPV method for a range of [DA] between 0.0 (dotted line, a) and 3.7 uM (solid black, p). (B) The calibration
curve plotted as I, vs [DA] for the data presented in (A) with corresponding error bars.

Figure 5(A) shows the selective determination of DA in the presence of 50 uM UA where the DPV curve in the
absence of DA (dotted line) demonstrates the rise of a single anodic peak obtained at 325 mV corresponding to UA
oxidation. A new anodic peak current arises by successive addition of small amount of DA obtained at 195 mV due to
DA oxidation and increases steadily regardless of the presence of large [UA]. The peak potential separation is 130 mV
which is adequate for good identification and assures accurate quantification. The experimental data given in Figure
5(A) were utilized to construct the calibration curve by plotting on the (lI,) of DA versus [DA] as shown in Figure 5(B).
The regression data of the linear relationship were; 1,(nA) = 0.5045 (uM) [DA] + 1.0054 (nA), at which the calculated
detection limit of DA (DL3s) was 14 nM.

3.8 1 32 -
(A) [UA] =50 pM (B)
3.4 ! 2.9 {
31 26 Rt
¥=0.50455+1.0054 {
R:=0.0971 .
26 - 2.3 4 .
26 < {
- .1'
4 77 -H-:-. :' U%'
- —— ""4_‘ .I‘
= %i
L] 4 .t
18 - L7 } IE
14 L4 E‘}Ei
o 1.1-$I
06 0.8 +— —
g i " " " " " ' 3 06 09 12 15 18 21 24 27 3 33 36 3.
-100 0 100 200 300 400 500 oo U 030609121518 21 24 27 639

E/mV vs (Ag/AgCl) [DA]/ pM

Figure 5. (A) Selective determination of DA in the presence of 50 uM of UA at OGO-GCE in 0.10 M PBS (pH 7.28)

using DPV method for a range of [DA] between 0.0 (dotted line, a) and 3.7 uM (solid black, r). (B) The calibration
curve plotted as I, vs [DA] for the data presented in (A) with corresponding error bars.

22



AN EFFICIENT SENSOR BASED ON ANODIC ACTIVATION OF GRAPHENE OXIDE

3.2.2 Selectivity test in a ternary solution

The analytical performance of the proposed sensor for DA detection was examined in an aliquot composed of
500 uM AA and 100 uM UA as shown in Figure 6(A). The dotted line represents the electrode activity in the absence
of DA, which results with the appearance of a couple anodic peaks obtained at 15 mV and 335 mV corresponding to
AA and UA oxidation, respectively. The addition of DA in small increments produces a well-defined third anodic peak
obtained at 195 mV corresponding to DA oxidation, which increases linearly and constantly regardless of the presence
of large concentration of the couple interference species. The potential peak-to-peak separation among above studied
species exceeds 140 mV, which demonstrates features of merits, robustness and steadiness of the surface materials for
sensitive analysis. Figure 6(B) demonstrates the linear (l,) versus [DA] relationship for the experimental data collected
from Figure 6(A). The regression data of the linear relationship were: 1,(nA) = 0.5056 (uM) [DA] + 0.8224 (uA), and
the calculated detection limit of DA (DL3s) is 12 nM.
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Figure 6. (A) Selective determination of DA in the presence of a binary mixture composed of 500 uM AA and 100 uM
UA determined at OGO-GCE in PBS (pH 7.28) using DPV method for a range of [DA] between 0.0 (dotted line, a)
and 8.0 uM (solid black, s). (B) The calibration curve plotted as I, vs [DA] for the data presented in (A) with
corresponding error bars.

It is important to note that the standard deviation illustrated by error bars for all data sets presented in the
construction of calibration curves shown above were less than 5%. In addition, the slopes of these curves on average
have the same value indicating excellent stability and selectivity. Therefore, the overall performance of the present
sensor was compared with other applied modified electrodes to summarize its catalytic efficiency as listed in Table 1.
The reported detection limit and the sensitivity of the proposed sensor is comparable to or better than the results
reported by other relevant surface modified electrodes [37-44]. The above reported results show the importance of the
new intended approach on the fabrication of a highly active electrochemical surface characterized by a large surface
area and adsorption capacity.

Table 1. The analytical performance of the proposed sensor for DA detection compared to other modified electrodes.

Modified DL Sensitivity Reference
Electrode (uLM) (LA/uM)

PImox-GO-GCE 0.630 0.211 [37]
ERGO-GCE 0.500 0.482 [38]
PdNPs/GR/CS/GCE 0.100 0.223 [39]
ERGO-P(lysine)-GCE 0.100 0.560 [40]
CNH-P(glycine)-GCE 0.030 0.160 [41]
Ag(hcf)-GR-GCE 0.030 0.133 [42]
Cdots-rGONS-CF 0.020 0.006 [43]
P(glycine)-GO-GCE 0.015 0.534 [44]
OGO-GCE 0.012 0.506 This work
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3.3. The stability of the OGO sensor

The reactivity and hence the stability of the proposed sensor was tested by 10 repetitive DPV scans in the
presence of 500 uM (AA), 8 uM (DA) and 100 uM (UA). Figure 7 exhibits a negligible drop in the anodic current
magnitude of all species. Moreover, the obtained anodic peak potential of the three biological species were consistent
and maintained the same peak potential separation. The percent drop of peak current (I,)% was calculated using
equation (2), where (lp)n is the peak current at run (n) and (l); is the initial peak current value at run 1.

(1),
(1,)% = —2=x100% )
Ip i

The percent drop in the last run approaches a value of 6%, 4% and 12% of its maxima for AA, DA and UA,
respectively, indicating robustness of the solid-state sensor that maintains its reactivity and surface structure
environment. The experimental results confirm that the sensor resists poisoning or passivation due to adsorption
process of original electroactive molecules and their oxidation byproducts. These unwanted activities are known to
deactivate the electrode kinetics associated with weak electrochemical responses.

3.4 Quantification of DA in serum blood

The developed (OGO-GCE) sensor was tested for the determination of DA in serum sample (prepared as described
above in the experimental section) using the standard addition method. Figure 8(A) shows a nil current response of
serum blood sample as indicated by the dashed line. With subsequent addition of serum-DA aliquot, a well-defined
anodic peak was obtained at 192 mV corresponding to DA oxidation, which noticeably increased with each increment.
A calibration curve correlates the anodic peak current as a function of [DA] in the range of 0.10 to 2.5 uM as shown in
Figure 8(B).
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Figure 7. The stability test of the OGO-GCE by repeating the DPV runs from 1 (dotted) to 10 (solid black) in the
presence of 500 uM (AA), 8 uM (DA) and 100 uM (UA).
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Figure 8. (A) The analytical performance OGO-GCE in the determination of DA in serum blood using standard
addition method in PBS (pH 7.28) using DPV method. The [DA] ranged between 0.0 uM (dash black, a) to 2.5 uM
(solid black, m). (B) The calibration curve plotted as I, vs [DA] for the data presented in (A) with corresponding error
bars.
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3.5 Progress in Neuro-Psychopharmacology and Biological Psychiatry

The regression data are interestingly matching those evaluated above in the sections of selectivity tests. The
estimated peak current response in (uA) obtained at 192 mV corresponding to each DA increment was converted into
its equivalent concentration in (uM) using the regression data of the calibration curve. Accordingly, the recovery
percentages for DA concentrations were calculated (n = 3) and summarized in Table 2 along with the relative standard
deviation (RSD). The reported recovery values are analytically acceptable which attests to the reliability, stability and
robustness of the proposed sensor for accurate DA analysis.

Table 2. The recovery percentage of DA in serum blood sample using standard addition method.

[Add] [Found] + RSD @ Recovery
Samples (M) (M) (%)
(1) 0.00 Not Detected NA
2 0.10 0.097 +£0.028 96.5
3 0.30 0.296 + 0.027 98.8
(@) 0.60 0.594 +0.025 99.0
(5) 0.90 0.915+0.032 101.7
(6) 1.30 1.330 £ 0.027 102.3
@) 2.50 2.495 + 0.038 99.8

(a) Relative Standard Deviation (n = 3).
7. Conclusion

A steady and simple fabrication approach based on electrochemical oxidative pretreatment of NGO was used to
prepare the developed OGO sensor. The exfoliation process of NGO via the anodic activation is expected to increase
the interlayer spacing distance between the resultant OGO materials. The conductivity and the rate of electron transfer
were substantially increased improving the electrochemical activity of the prepared sensor and hence extending its
sensing potential applications. The structure and the catalytic activity of the prepared surface materials were
characterized employing various analytical techniques such as XPS, EIS and DPV, all of which have proven the
supremacy of OGO over NGO modified electrode. The OGO-GCE sensor showed an outstanding reactivity and
stability to the simultaneous and selective determination of DA while lowering the detection limit to 12 nM. The
proposed sensor was applied successfully for DA detection in real blood sample with satisfactory results at which the
minimum recovery percentage was close to 96.5%.
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ABSTRACT: Water contamination caused by toxic cadmium metal ions is a worldwide problem. There is a need to
explore new methods of cadmium removal from water. The green algae Enteromorpha flexuosa, obtained from the Red
Sea in Yanbu, Saudi Arabia, was used to prepare iron nanoparticles. TEM, FT-IR, XRD, and SEM techniques were
used to characterize the prepared nanoparticles. The prepared nanoparticle's surface was rough, with nanoparticle sizes
ranging from 10 to 50 nm. The developed nanoparticles were used to adsorb cadmium ions from water in batch mode.
With a 25.0 pg/L concentration, a temperature of 25°C, 7.0 pH, 60 minutes contact time and 0.5 g/L dose, the
maximum removal of cadmium was 48.2 pg/g. The sorption efficiency was measured using the Dubinin-
Radushkevich, Temkin, Langmuir and Freundlich models. The amounts of AG® were -8.0, -9.93 and -12.24 kJ/mol
while the values of AS® and AH® were -30.96 x 10 kd/mol and 37.79 x 102 kJ/mol. These data confirmed the
endothermic nature of cadmium metal ions removal. Along with the liquid film diffusion process, the adsorption
adopted the kinetics of pseudo-second-order type. The recorded adsorption method is fast, cost-effective, and
environmentally friendly and can be applied for testing the elimination of cadmium metal ions in natural waters.

Keywords: Green synthesis; Nanoparticles; Adsorption; Water treatment; Modeling; Kinetics and thermodynamics.
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PREPARATION AND CHARACTERIZATION OF IRON OXIDE NANO-ADSORBENT

1. Introduction

hroughout the last few decades, water safety has been a big concern. [1-7]. Toxic trace metal ions are among the

numerous water contaminants that are extremely harmful due to their serious toxicity and side effects, which
include cancer [8]. These ions have tendency for interacting with proteins and enzymes and are not biodegradable [9-
11]. These metal ions appear to accumulate in tissues, causing a variety of diseases and health problems. Humans are
thought to be at risk from exposure to these metals, even at trace levels [12-15]. As a result, scientists, academics, and
government officials are all concerned about metal contamination. Nanotechnology's goals are to develop eco-friendly
designs in order to reduce health and environmental risks by finding ways to substitute current applications with green
nanotechnology products. Nanotechnology is the production of components in particular by a number of material
processes and/or ingredients, ultimately to be applied in a range of applications [17]. A nanoparticle is well-defined as
a minute element with a minimum of at least one dimension in the range of 10 to 100 nm. They have unique
electrochemical, thermal, and optical properties making them useful in numerous applications in the areas of energy,
environment, medicine, chemistry, agriculture, communication, information, consumer goods, and heavy industry.

To remove toxic metal ions from aqueous media, some researchers have used nanoparticles as adsorbents.
Because of their catalytic strength, small size, large number of active sites, high reactivity, and ease of separation for
interacting with various contaminants, nanomaterials make excellent adsorbents. These features are related to the great
adsorption capabilities, as determined by the adsorption power. Zhang [18] investigated the characterization, synthesis,
and use of Fe?/Ni°, Fe®/Ag°, Fe®/Pt°, Fe®/Co® and Fe®/Pd°® nanoscale Fe° particles, as well as Fe®/Co® Fe®/Ni°, Fe®Ag°®
and Fe®/Pt® nanoscale Fe® particles. Cr(VI) was efficiently reduced to mobile and less toxic Cr(lIl) type using Fe” and
bimetallic Fe® nanoparticles. Deliyanni and Matis [19] extracted cadmium using akaganeite (-FeOOH) nanoparticles
with a 17.1 mg/g adsorption potential. Furthermore, since the adsorption potential increased from 30% to 90% as the
temperature rises from 25 to 65 °C; the whole process was exothermic. In order to remove Cr(V1) from groundwater, it
was discovered that starch-stabilized Fe’ nanoparticles were more adsorbent than native zero-valent metal particles. As
pH and dosage were increased, adsorption ability was found to decrease. Lazaridis, et al. [20] synthesized
nanocrystalline akageneite rod-like nanoparticles (3-6 nm diameter) with a comprehensive removal rate of 80.0 mg/g to
extract Cr(VI). According to Hu, et al. [21] Cr(V1) elimination from wastewater using maghemite nanoparticles was
19.2 mg/g. The nanoparticles had an established diameter of 10 nm, and the maximum adsorption occurred within 15
minutes at pH 2.5. Di, et al. [22] used carbon nanotubes to strip Cr(VI) from drinking water. The strongest Cr(V1)
adsorption, according to the researchers, occurred at a pH range of 3.0-7.4, with a power of 30.2 mg g*. The use of
chitosan-Fe(0) nanoparticles to purify water from Cr(VI) was recorded by Geng, et al. [23].

Recently, scientists started to prepare nanoparticles using plant extracts. This is a green and environmentally
friendly process. Some reviews have been presented on the synthesis of various nanoparticles using the green approach
[24-26]. Only a few authors exploited these nanoparticles for water treatment. Ehrampoush, et al. [27] used the extract
of tangerine peel and prepared nanoparticles of iron oxides for the decontamination of cadmium in water. Biosynthesis
of stable iron nanoparticles was carried out using Phoenix dactylifera L. extract which was able to reduce iron ions to
iron nanoparticles [28]. Iron oxide nanoparticles (IONPs) were synthesized using a cost-effective and eco-friendly
method, taking Moringa oleifera leaves extract as a bio-reducer [29]. The influence of different parameters on removal
efficiency, such as metal concentration, adsorbent dosage, pH and contact time was studied. Ehrampoush, et al. [30]
prepared iron oxide nanoparticles by green synthesis for the removal of cadmium from aqueous solution. The authors
used plant extract to make nanoparticles. Zhu, et al. [31] synthesized nanoscale zero-valent iron/Cu prepared by green
synthesis. The exclusion effectiveness of Cr (V1) was 94.7 percent at a pH of 5 and a temperature of 303 K with
observable rate constant Kqps values of 0.07430, 0.09650, 0.1183, and 0.1473 minl at 298, 303, 308, and 313 K. Ali
and co-workers prepared complex and functionalized iron nano particles using a black tea extract. The nanoparticles
were used for the removal of azorubine dye [32], tetracycline and chlortetracycline antibiotics [33], actinides and rare
earth elements [34], dioxidine [35], samarium ions [36], ketoprofen [37], and tetracycline antibiotics [38]. The authors
tested their data with various models. The removal of these pollutants was in the range of 80-90 %. The objectives of
this study are to prepare a new generation nano-adsorbent by green methods as well as the removal of cadmium using
batch mode.

2. Experimental

2.1 Materials

The chemicals were purchased from Merck, Darmstadt, Germany, included cadmium nitrate, iron chloride, iron
sulphate, sodium hydroxide, hydrochloric acid, and others. Purified water was obtained by using Heal Force water
purification system, China. The pH of the solutions was evaluated using a Control Dynamics pH meter (Model
APX175 E/C). The nanoparticles were removed by a powerful magnet. FT-IR Nicolet380 was used to record FT-IR
spectra. Powdered X-ray diffraction was conducted on a Philips PX-1830 diffractometer with a proportional counter
detector, a Cu filter on secondary optics, 30 mA current, Cu-K, radiation (A = 1.54 nm), and 25 kV voltage. Images
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were captured using scanning electron and transmission microscopes. ICP-MS Agilent Technologies 7500 Series was
used to assess the residual content of Cd(ll), as per the normal procedure.

2.2 lron nanoparticle preparation

Preparation of iron nanoparticles (NPs) using Green technology was done using a standardized protocol [39,40].
The Red Sea alga (Enteromorpha flexuosa, 10.0 g/L) was rinsed numerous times using deionized water before being
blended for 30 minutes with 500 mL of deionized water. The paste was heated at 80 °C for about 2-3 hrs. It was then
cooled before being filtered through Whatman filter paper (No. 24). The solutions of FeCls and FeSO4 (0.1 M) were
prepared in 250 and 125 mL, separately and respectively. Both solutions were mixed together. Now, 500 ml extract of
alga was mixed slowly with constant string. 0.1 N sodium hydroxide was used to keep the pH of the solution at 10. For
24 hours, the solution was stirred. A strong magnet was used to isolate the settled nanoparticles. The nanoparticles
were splashed with deionized water numerous times before being immersed in 70% ethanol. The nanoparticles were
dried at 100 °C in an oven for 5 hrs. These were cooled and prepared for later use in a vacuum desiccator. The green
approach to the synthesis of iron oxide nanoparticles is depicted schematically in Figure 1.
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Figure 1. The green method used to synthesize iron nanoparticles.

2.3 Characterization of iron nanoparticles

The synthesized iron nanoparticles were classified using FT-IR, XRD, TEM and SEM approaches. At a voltage
of 10 kV, photographs of samples were taken at various magnifications. Using a Philips PX-1830 diffractometer, Cu-
K, radiation (A = 1.54 nm) was used to obtain X-ray diffraction (XRD) patterns of native and iron nano-impregnated
particles using a proportional counter detector, a secondary optics Cu filter, 25 kV voltage and 30 mA current. At a rate
of 3 °C per minute, the temperature from 10 to 80 °C for the iron nano-impregnated particles were scanned.

2.4 Adsorption studies

All of the adsorption tests were performed in a thermostatic water bath shaker at a specific temperature and
duration. Following adsorption, the liquid and solid materials were separated using centrifugation. The concentrations
of Cd(ll) in solution samples were measured using an ICP-MS system. Adsorption isotherms were investigated using a
concentration range of 5-30 pg/L, a pH range of 2-9.0, a contact time of 10-90 minutes, a dosage of 0.1-0.50 g/L, and
temperatures of 15-35 °C. Isothermal and kinetic parameters were determined using various mathematical simulations.
Data from batch studies were used to measure the equilibrium Cd(Il) uptake potential. It was calculated using the
equation below.

Qe = (Co-Ce)/m.
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3. Results and Discussion

3.1 Iron nanoparticles characterization

Changes in the color of algae extract were used to assess the development of iron nanoparticles. The green color
of the algae extracts changed from brown to black after mixing in iron salt solution. The color change is an indication
of the chemical reaction and formation of nanoparticles. The physical appearance of iron oxide nanoparticles is shown
in Figure 2. The FT-IR spectra of nanoparticles showed peaks at 574 cm indicating the presence of Fe-O. A Bruker
D8 fitted with monochromatic copper radiation (K, A = 0.154 nm) was used to record the nanoparticles' X-ray
diffraction (XRD) pattern at room temperature. XRD patterns of FezO4 NPs confirmed the formation of a pure phase of
Fe:04 NPs. The peaks were obtained at the 20 of 30, 40, 60, and 70 indicating the presence of iron oxide, iron(lll)
oxide-hydroxide, and free Fe® (zero-valent iron), respectively. The XRD pattern indicates the amorphous nature of
nanoparticles. A TOPCON 002B transmission electron microscope (TEM) with a GATAN GIF 200 electron imaging
filter and a 200 kV operating voltage (point resolution 0.18 nm) was used to study the morphology and crystalline
structure of the nanoparticles. Figures 3 and 4 display SEM and TEM images of the prepared nanoparticles,
respectively. An evaluation of SEM images indicates the rough and crystalline surface. The evaluation of TEM images
shows nanoparticle sizes ranging from 10 to 50 nm.

-
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Figure 3. SEM of iron nanoparticles.
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Figure 4. TEM images of iron nanoparticles at different magnifications, (a): 4,000, (b): 14,000 and (c): 33,000.

3.2 Adsorption studies
3.2.1 Effect of concentration

The concentration was optimized by varying the concentration between 5 and 30 g/L. The temperature was 25°C,
the pH was 7.0, the dose was 0.5 g/L, and the contact time was 25 minutes. As previously mentioned, the residual
concentration of Cd(ll) was determined. Figure 5 depicts this effect, with the maximum uptake of Cd(ll) at 25.0 g/L.
Adsorption increased rapidly from 9.5 ug/g at 5.0 g/L to 48.2 ug/g at 25.0 g/L concentration (as seen in this graph.
After a concentration of 25.0 g/L, the adsorption became constant. At higher concentrations, adsorption capacities did
not increase. As a result, the optimum concentration was determined to be 25.0 g/L.
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Figure 5. The initial concentration effect on cadmium removal.

3.2.2 Effect of contact time:

Experiments ranging from 10 to 90 minutes were used to maximize the impact of contact time. Contact time was
tested against the other variables of 25 g/L concentration, pH 7.0, dosage 0.5 g/L, and temperature 25 °C. Figure 6
depicts the outcome of this effect. The adsorption capacities increased from 10 (43.0 g/g) to 60 minutes (48.0 g/g) as
seen in this graph. More contact time did not improve adsorption. Therefore, it was concluded that 60 minutes was the
optimized time.
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Figure 6. The contact time effect on cadmium removal.

3.2.3 Effect of pH

Experiments at various pHs were used to maximize the pH of adsorption (2-9). Contact time was 60 minutes,
concentration was 25 g/L, the dosage was 0.5 g/L, and the temperature was 25 °C. Figure 7 depicts the outcome of this
effect. The adsorption capacities increased from 4.5 pg/g at pH 2.0 to 48.5 pg/g at pH 7.0 as seen in this graph. More
adsorption would be difficult to accomplish with a higher pH. As a result, it was concluded that pH 7.0 was the best.

3.2.4 Effect of dosage

The effect was investigated using a dosage range of 0.1-0.8 g/L. Contact time was 60 minutes, concentration was
25 g/L, pH was 7.0, and the temperature was 25 °C. Figure 8 depicts the outcome of this effect. The adsorption
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capacities increased from 4.28 ug/g at 0.1 g/L dose to 48.0 pg/g at 0.5 g/.L dose as seen in this graph. Higher dosage
did not improve adsorption. As a result, the 0.5 g/L dose was determined to be the best.
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Figure 7. pH effect on cadmium removal.
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Figure 8: Effect of dose on cadmium removal.

3.2.5 Effect of temperature

Temperature effects on adsorption were investigated at 15, 25, and 35°C. Contact time was 60 minutes,
concentration was 25 pg/L, pH was 7.0, and the dosage was 0.5 g/L. Figure 9 depicts the results of this parameter. The
sorption of Cd(Il) decreased as the temperature increased, suggesting an exothermic adsorption process. The order of
Cd(l1) removal was 15 > 25 > 35 °C. Of course, since most water sources have a temperature range of 15-35 °C, the
adsorption process was deemed environmentally friendly. All the experiments were carried out 3 times (n = 3) and the
standard deviation ranged from 0.45 to 0.67%.

3.3 Adsorption models
Well-known models illustrate the elimination of the cadmium metal ion. These are listed in more detail below.
3.3.1 Langmuir model

The most commonly used method for measuring the amount of adsorbate on an adsorbent as a function of a given
temperature at partial pressure or concentration is the Langmuir adsorption model. It reflects a molecule's adsorption
on an idealized surface. The molecule is thought to bind to several different locations on the solid's surface.

In the most basic case this model makes the following assumptions: the adsorption of a single adsorbate onto
several identical sites on the surface of a solid
1. There are no corrugations on the surface containing the adsorbing sites (assuming the surface is homogeneous).

2. The adsorbing gas becomes immobile as a result of the adsorption process.
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3. Every location is the same.
4. Each molecule can only be stored in one site at a time (mono-layer coverage only).
5. Adsorbate molecules on neighboring sites have no interactions with one another.

With mono-layer sorption, the secret to the Langmuir model is the assumption of even sorption energy on the
adsorbent surface. Equation 1 is the model's linear form. [41].

Table 1.

1

qobCe
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Figure 9. Effect of temperature on the removal of cadmium.
Models parameter values for cadmium metal ion.
Models Parameters Numerical Values
15°C 25°C 35°C
Langmuir Qo (Ha/g) 28.99 54.95 119.05
b (L/ug) 0.80 0.51 0.27
RL 0.61 0.69 0.80
R? 0.980 0.992 0.947
Freundlich ke (1g/9) 76.95 54.29 44.72
n (po/L) 0.50 0.64 0.77
R? 0.995 0.978 0.899
Temkin Kt (L/pg) 1.58 1.59 1.64
Bt (kJ/mol) 0.018 0.023 0.029
R? 0.996 0.927 0.807
Dubinin-Radushkevich | Qe (1g/g) 213.80 157.32 123.87
E (kJ/mol) 0.78 0.83 0.88
R? 0.948 0.954 0.916

@)

A straight line is obtained when 1/qgt is plotted against 1/Ce (Figure 10), demonstrating the Langmuir model's
usefulness. The intercept and slope of the graphs determine the values of the constants (b and Qo) (Table 1). For Cd(ll),
the values of go and b ranged from 28.99 to 119.05 g/g. RL values ranged between 0.61 and 0.80. At all temperatures,

the regression constants' magnitudes ranged from 0.947 to 0.992. This is where the model's applicability is proven.

3.3.2 Freundlich model

For rough surfaces, the most powerful multisite adsorption isotherm is the Freundlich isotherm. Freundlich
isotherm adsorption, as opposed to monolayer adsorption, is multilayer adsorption on a heterogeneous surface with a
non-uniform distribution of adsorption heat and affinities. The total number of adsorbates adsorbed on the adsorbent's
surface is called the total number of all sites. As the adsorption process continues, the adsorption energies decrease
exponentially. This is how the Freundlich adsorption isotherm is calculated:
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Figure 10. Langmuir plots showing cadmium adsorption.

Freundlich constants, Kf (ug/g) and n (ug/L) are empirical constants. The exponent is denoted by n, and the
relative adsorption potential of the adsorbent is denoted by Ke. (1-10 for a successful adsorption process). The plot of
logQt vs logCe should be a straight line, and the intercept on the logQt-axis should give the value of logkg, according
to equation 2. (Figure 11). The adsorption strength is determined by the slope (equal to 1/n). The lower the 1/n value,
the more heterogeneous the adsorption process. Chemisorption was suggested by 1/n values less than unity. Above
unity values, on the other hand, indicate cooperative adsorption, which is characterized by intense interactions between
adsorbate molecules on the adsorbent's surface. At three temperatures, the values of Kg for Cd(l1) ranged from 44.72 to
76.95. (Table 1). KF values increased, indicating an improvement in sorption capacity on the adsorbent and a boost in
sorption efficiency. At different temperatures, the values of n for Cd(ll) ranged from 0.899 to 0.995 1.79, indicating
that the adsorbent has a desirable sorption. The model's applicability was verified at this point.

3.3.3 Temkin model

This model accounts for the adsorbate's indirect interactions with the adsorbent on the adsorbent surface. Temkin
discovered that the heat of adsorption begins to decrease as the amount of coverage increases. It can be determined
using the equation below [42].

de = (57) Ik + (57) InC (3)

The equilibrium binding constant and sorption heat are expressed by the constants KT and BT, respectively. As
Qt is plotted against log Ce (Figure 12), the intercept and slope correspond to the constants KT and BT. Table 1
summarizes the BT and KT values that were predicted. Cd(Il) had BT values ranged from 0.018 to 0.029 kJ/mol. The
modified BT values revealed a loose interface between the adsorbent and the Cd(lI1). As a result, it was believed that
adsorption occurred via an ion exchange process. The KT values for Cd(ll) ranged from 1.58 to 1.64 L/ug. These
results indicated that Cd(11) was well bound to the adsorbent.

3.3.4 Dubinin-Kaganer-Radushkevich (DKR) model

The key to the Dubinin-Radushkevich model is the presumption of different physical and chemical adsorption
rates. This model also explains a Gaussian energy delivery on an irregular surface [43]. The linear forms of the model
are Equations 4 and 5.

Inge =Inqy, — BSZ (4)
e=RTIn(1+ =)

The [saturation ability (mol? J2)] is used to evaluate the likelihood of sorption through a physical or chemical
process. Equation 7 is used to measure [Polanyi potential (ug g™3)]. [44].

e =1p (5)
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Figure 11. Freundlich plots showing cadmium adsorption.
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Figure 12. Temkin plots showing cadmium adsorption.

A straight line is formed when InQt is plotted against E2 (Figure 13), with intercept and slope corresponding
to € and qe, respectively. Table 1 shows the values of ge for the average sorption free energy per mole of Cd. These ge
and kJ/mol values ranged from 123.87 to 213.8 ug/g and 078 and 0.88 kJ/mol, respectively. Positive and lower values
than 8.0 KJ/mol values confirm ion exchange and physical sorption of Cd(Il) onto the sorbate. Lower BT values in the
Temkin segment confirm these scenarios.

3.4 Thermodynamics study
The thermodynamic process is defined by energy, enthalpy, and entropy. As shown below, Vant Hoff's equation
connects the equilibrium constant to the Gibbs free energy transition of adsorption.

AG°= -RT InK (6)

AG®, T, R, and K stand for free energy change (kJ/mol), absolute temperature (K), uniform gas constant (0.008314 kJ
mol-1 K-1), and equilibrium constant, respectively. When K is replaced with Xm, the equation becomes as follows
(Langmuir constant).

AG° =-RTIn Qo @)

AG° values at 15, 25, and 35 °C were determined and found to be -8.0, -9.93, and -12.24 kJmol-1, respectively

(Table 2). The negative AG® values indicate favorable and spontaneous adsorption. The following equations relate
changes in entropy (S°) and enthalpy (H®) to Gibb's free energy of adsorption (AG®).
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AG® = AH® - TAS®

The following equation can be substituted for the one above.

In(Q°) = AS°/R - AH°/RT
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Figure 13. Dubinin-Radushkevich plots showing cadmium adsorption.
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A straight line was drawn while plotting InQo vs 1/T. (graph not shown). AS® was assigned to the intercept, while
AH® was assigned to the slope. AH® and AS° had values of -37.79 x 10-2 and -30.96 x 10-3, respectively. Exothermic
adsorption was demonstrated by the negative value of enthalpy shift. The entropy of the adsorption mechanism
decreases as the negative value of AS° decreases. As a result, Cd(ll) adsorption was related to a reduction in Cd

mobility freedom (11).

Table 2. Values of cadmium metal ion thermodynamic parameters.

AG® (kJ/mol) AH® (kJ/mol) AS° (kJ/mol K)
T=288K T=298 K T=308 K
-8.0 -9.93 -12.24 -37.79 x 107 -30.96 x 10°3

3.5 Modeling of Kinetics

The mechanism of adsorption was determined using kinetic simulation. It was defined by the adsorbent's and
adsorbate's physical and chemical characteristics. As a result, adsorption data was used to evaluate different models.
The following sub-sections go over each of these.

Table 3. Kinetic parameters for cadmium metal ion.

Kinetic models

Kinetic parameters

Numerical values

Model of pseudo-first-order ki (mint) 0.421
kinetics Experimental ge (ug g2) 48.2
Theoretical ge (ug g?) 7.94
R? 0.978
Model of pseudo-second-order k2 (ug g~'min™") 0.010
Kinetics Experimental ge (ug g2) 48.20
Theoretical ge (ug g2) 49.26
h (ug g"'min) 10.0
R? 0.999
Kinetic model of Elovich a (g g 'min™") 30.20
B (ug g 'min™!) 0.022
R? 0.999
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3.5.1 Model of pseudo-first-order kinetics.

This is the first mechanism assessment model. The following equation is used to calculate it.

dQJdt = ks (Qe-Q) (10)

To obtain a linearized equation, the boundary conditions of t = 0 with Qt = 0 and t = t with Qt = Qt were combined
with the above equation.

IN(Qe-Qy) = Ine—kat (11)

The solute number (mg/g) adsorbed at equilibrium and the equilibrium rate constant, respectively, are Qe, Qt, and
k1 (min-1). Table 3 shows the results of the calculations. At a temperature of 25 °C, plotting In(Qe-Qt) vs. t yielded the
rate constant (Figure 14). With a regression coefficient of 0.978, the pseudo-first-order rate constant was 0.421 (min-1)
(R2). Qe was 48.2 gg-1 in the experiment and 7.94 gg-1 in the theory, respectively. This model cannot be used since
the difference between these values is 83.53 percent.

As a consequence, the pseudo-second-order kinetic model was examined.

0 L L L L] L]
0 10 20 30 40 50
Time (min.)

Figure 14. The adsorption elimination kinetic plot in pseudo-first order.

3.5.2 Model of pseudo-second-order kinetics
An attempt was also made to test a pseudo-second-order kinetic model using the experimental results. For the
adsorption phenomenon, the following equation describes a pseudo-second-order Kinetic model.

dQv/dt = kz (Qe-Qr)? (12)

The definitions of Qe, Qt, and t are the same as before. With boundary conditions of t = 0 with Qt = 0 and t = t with Qt
= Qt, the above equation was integrated. The equation that results is as follows:

t/Qt = 1/k,Qe? + t/Qt (13)
H was substituted for k2Q¢? in the previous equation, yielding the following equation.
t/Qr= 1/h +t/Qe (14)

where h is the adsorption rate constant at the start. It was figured out using a pseudo-second-order plot. As the time
reached zero, Qt/t became hk2 is the pseudo-second-order adsorption rate constant (g/mg/min). The slope and intercept
of the plot t/Qt vs t were used to measure Qe and k2 (Figure 15). Table 3 displays the measured parameters. k2 and h
were 0.010 pug g 'min~! and 10.0 pg g 'min!, respectively. These results showed a rapid rate of adsorption at first,
followed by a sluggish rate as time passed. The regression coefficient (R?) was 0.999, suggesting that the pseudo-
second-order model of the adsorption mechanism was suitable. The experimental and theoretical Qe values were 48.2
and 49.26 pg /g, respectively. It was just a difference of 2.21 %. The validity of the pseudo-second-order kinetic model
was confirmed by both of these values. As a result, this model was deemed appropriate.
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3.5.3 Elovich’s kinetic model

Elovich's kinetic model can be used to quantify adsorption and desorption rates. Elovich's equation was created to
represent the Kinetics of gaseous chemo-adsorption on solid surfaces. Chien and Clayton [45] changed it after that,
taking into account a linear increase in adsorption activation energy with surface coverage. The following equation
describes this model.

dQv/dt = o exp(-pQr) (15)

The initial adsorption rate is correlated by a (ug/g.min). g (ng/mg) is the desorption constant. To integrate the above
equation, the boundary conditions t = 0 with Qt = 0 and t = t with Qt = Qt were used. If it is greater than one, equation
15 becomes the following.

Qt = BIn(af) + Plnt (16)

The experimental findings were applied using Elovich's model. In Table 3, the values of a, B and R? are listed,
0.022 gmg-* and 0.999, respectively, were 30.20, mgglminl, 0.022 gmg-1, and 0.999. The adsorption rate was found
to be higher than the desorption rate. Furthermore, the regression constant's value was close to one, suggesting that the
model was suitable.
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Figure 15. The adsorption removal pseudo-second-order Kinetic plot.

3.6 Adsorption mechanism

Film diffusion, pore diffusion, and intra-particle diffusion are the most common pathways for adsorption. The
adsorption phenomenon is controlled by the rate-determining process, which is the slowest. Intraparticle and film
diffusion models were used to match the experimental results to figure out how Cd(ll) sorption on the observed
adsorbent works.

3.6.1 Kinetic model of intraparticle diffusion

There are several methods for adsorbate adsorption on adsorbent surfaces, including i) a liquid film is used to
transport adsorbate from a bulk solution to an adsorbent surface, ii) adsorbate sorption onto an adsorbent surface, and
iii) adsorbate movement within an adsorbent's pores. As a result, either surface adsorption Kinetics or transport
phenomena (film and intraparticle diffusions) or both control the adsorption process. The second step is very fast and
cannot be used to calculate a value. The first and third measures could be used to calculate the rate. As a result, two
models were used to investigate these changes. The sum of adsorbed Cd(ll) and the square root of contact time may be
used to measure the transfer of Cd(I1) from solution to adsorption sites. The formula for this can be found below.

Qt= kipdt05 an

Adsorption is caused by intra-particle diffusion (kipd) if a graph of Qt vs t%%is a straight line passing through the
origin and the slope of the line corresponds to the rate constant. This graph was generated by Qt vs t®° (Figure not
given). The rate constant was found to be 1.11 pgg™". The intercept and regression coefficients were 36.0 and 0.998.
(Table 4). The graph did not move through the origin, indicating that the intra-particle diffusion model was not
applicable.

3.6.2 Kinetic model of liquid film diffusion

Boyd, et al. [46] developed a liquid film diffusion kinetics model. The adsorption mechanism is regulated by the
boundary in this model. The liquid film diffusion model is represented by the equation below.
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IN(1-QY/Qe) = ket (18)
Or
In(1-F) = -kedt (19)

Table 4. Modeling of adsorption mechanism of cadmium metal ion.

Kinetic models Kinetic parameters Numerical values
Intraparticle diffusion Kipa1 (g g~ 'min~0%) 111
kinetic model Intercept 36.0
R? 0.998
Film diffusion kinetic ke (g gt min™!) 0.047
model Intercept 15
R? 0.981

The fractional attainment of equilibrium is denoted by F (Qt /Qe). Kfd is the film diffusion rate constant.
Adsorption is thought to occur via the film diffusion process if the graph of In (1-F) vs t is a straight line with zero
intercepts. The film diffusion rate constant, intercept, and regression constant (R2) were 0.047 (ug g-1 minl), 1.5, and
0.981, respectively (Table 4). The straight line passes through the origin with a minor deviation from the zero intercept
(-1.5). This deviation from zero may be attributed to the kinetic experiments' high rate of agitation. Furthermore, the
small deviation from zero may be explained by a difference in mass transfer rates between the preliminary and final
stages of the adsorption process. Comparable findings have been published in the literature [47-49]. The liquid film
diffusion mechanism thus regulated Cd(ll) adsorption on the adsorbent. The developed method was applied in real
water samples and found to be effective.

4. Conclusion

The yield of nanoparticles obtained was 92%. FT-IR, XRD, SEM, and TEM techniques were used to classify the
prepared nanoparticles. The surface of the nanoparticles was rough, with iron nanoparticles ranging in size from 10 to
50 nanometers. In batch mode, the formed nanoparticles were used to extract cadmium metal ions from water. With a
25.0 pg/L concentration, 60 minutes contact time, 7.0 pH, 0.5 g/L dose, and a temperature of 25 °C, the maximum
removal of cadmium was 48.2 ug /g. The Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich models all
predicted the sorption performance. At 15, 25, and 35 °C, the thermodynamic parameters AG°, AH® and AS° were -8.0,
-9.93, and -12.24, respectively, with -37.79 x 102 kJ/mol and -30.96 x 10-3 kJ/mol K. The endothermic existence of
cadmium metal ion removal was verified by these findings. Along with the liquid film diffusion process, the adsorption
adopted pseudo-second-order kinetics. The documented adsorption method is fast, environmentally friendly, and
inexpensive, and it can be used to test for the removal of cadmium metal ions in natural water samples.
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ABSTRACT: We analyzed two implicit fractional linear multi-step methods of order four for solving fractional initial
value problems. The methods are derived from the Grunwald-Letnikov approximation of fractional derivative at a non-
integer shift point with super-convergence. The weight coefficients of the methods are computed from fundamental
Giunwald weights, making them computationally efficient when compared with other known methods of order four.
We also show that the stability regions are larger than those of the fractional Adams-Moulton and fractional backward
difference formula methods. We present numerical results and illustrations to verify that the theoretical results obtained
are indeed satisfied.
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1. Introduction

Consider the fractional initial value problem (FIVP)

Dly® = f(ty®), t=t, 0<B<1, )
y(to) = Yo, 2

where Dfi is the left Caputo fractional derivative operator defined in Section 2, f(t,y) is a function satisfying the
Lipschitz condition in the second argument y which guarantees a unique solution to the problem [1,2]. When g =1,
problem (1) with (2) becomes the classical initial value problem(I\VVP) with first order derivative.

Many numerical schemes for approximately solving the FIVP (1) have been proposed in the recent past. The
numerical methods referred to as fractional linear multi-step methods (FLMMSs) are of particular interest.
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The simplest and most highly investigated FLMM is the fractional Euler method (also known as the Griinwald-
Letnikov method) obtained by approximating the fractional derivative Dﬁ)y(t) in (1), after some modifications, by the
Grunwald-Letnikov (GL) approximation (See Section 2).

Converting the FIVP (1) in the form of Volterra integral equation (VIE) of the second kind, Lubich [3—5]
proposed a class of higher-order FLMMs for the VIE as convolution quadrature rules. The quadrature coefficients of
the FLMMs are obtained from the fractional order power of some rational polynomials from the linear multistep
methods(LMMs) for classical 1VVPs. Moreover, Lubich [5], suggested a set of implicit fractional backward difference
formula (FBDF) methods as a subclass of these FLMMs.

Galeone and Garrappa [6] investigated another subclass of implicit FLMMs and called them fractional Adams-Moulton
methods (FAM), also suggested by Lubich in [5]. They also constructed in [7,8] some explicit FLMMs of this subclass
and called fractional Adams-Bashforth methods (FAB). Another set of explicit FLMMs was constructed by Bonab and
Javidi [9].

Aceto [10] constructed another subclass of FLMMs by approximating Lubich’s generating functions of the
FBDFs by Pade approximations. However, in this class, the orders of the FLMMSs are reduced compared to the source
FLMMs.

The present authors proposed two new implicit FLMMs of order 4 with preliminary properties and tests
presented in [11]. The methods use the super convergence of the GL approximation. Earlier, the authors used super
convergence to derive an FLMM of order 2 in [12].

This paper analyzes the two implicit FLMMs of order 4 presented in [11]. As FLMMs of orders higher than two
are not A-stable according to Dahlquist’s second barrier for FIVPs [13], we analyze the stability of the methods
through A(mr/2)-stability and unconditional stability. We also show that the methods are better in stability than the
FAMA4 of order 4 and one of the methods is better than FBDF4 of order 4.

The computational costs of these methods have also been compared with other order 4 methods and show that the
new FLMMs are computationally competitive with the FAM and simpler than that the FBDF4.

This paper is organized as follows. Section 2 gathers the necessary definitions, theories, and results on factional
calculus and numerical solutions of FIVPs. In Section 3, we give the main results by constructing the new FLMMs
along with an algorithm to compute approximate solutions using these methods. In Section 4, we analyze the stability
of the methods. Section 5 compares our methods with other known methods of order 4. In Section 6, we draw
conclusions.

2. Preliminaries

The fundamental definitions of fractional derivatives in fractional calculus are typically presented as follows:
Definition 2.1 Let y(t) be a function defined in the interval domain [t,, T] and is sufficiently smooth to hold the
following:

1. Wheny € L,([t,, T]), the Riemann-Liouville (RL) fractional integral of order § > 0 of y(t) is defined as

B L
JPy(t) =——=| (t—s)F1y(s)ds. 3
£, Y (®) X0) to( )Py (s) @)
2. The RL fractional derivative of order 8 > 0 is defined by
1 m t
/B - _ m—f—-1 _ <
BEYO) = o= jt @9y, mo1sp<m @)

where m = [B] is the integer ceiling of B, and I'(-) denotes Euler’s gamma function. D™ = ;—Tn is the m-th order

differential operator.
3. The Caputo derivative of order § > 0 is defined by

B 1 ‘ B=1,,(m)
D y(t) = ——< | (t—s)" P 1lylM(s)ds, m—-—1<f<m
to rm—p)J, ®)
4. The Griinwald-Letnikov definition of fractional derivative is given by
1 [oe]
B — Tim — B —
DEy() =lim—>" gPy(t - ko) (©)
k=0
B _ (_ 1k _TB+1) o ;
where g, = (=1) R are called the Grinwald weights.
5. A shifted form of GL fractional derivative is also available [14]:
- 1w
Df .y = lrgr(}r—,;z 9Pyt - (k- 1)), )
k=0

where r is the shift which is often taken to be an integer, but any real shift is valid.
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Remark: The fractional derivatives given above are called the left fractional derivatives as there are also their right
counterparts. For details see [15,16] and the references therein.

The fractional integrals and derivatives are related such that the RL and Caputo derivatives are two left inverses of the
RL integral [1]:

DY Jhy(®) = DEJE y(t) = y(©). (8)
However, the two fractional derivatives in (4) and (5) are related by
DY y(t) = DY [y(®) = Tmoa(E = to)., ¥ € C™Meo, T],  y™ € [Mt,T),

where

m-—1 Kk

t
Tna@®) = Y 2700,
k=0
Hence, the RL and Caputo fractional derivatives are equal under the homogeneous initial conditions y®(t,) = 0,k =
0,1,..,m—1[1, 2]. The GL fractional derivative in (6) and its shifted counterpart in (7) are also equivalent to the
Caputo derivative under homogeneous conditions and are often utilized as tools for numerical approximations of
fractional derivatives.

2.1 Approximation of fractional integrals and derivatives

To approximate the fractional integrals and derivatives, the involving domain [t,, T] is discretized into a
computational domain with uniformly spaced discrete points ¢, = t, + k7, k = 0,1, ..., N with a fixed step size t =
(T —to)/N. The fractional integral can be approximated by using a quadrature rule as the sum of weighted function
values at the discrete points of the involved integrating domain. Common quadrature rules used in this sense are the
rectangular and trapezoid rules [17-19]. Lubich [5] introduced a convolution quadrature approximation formula for the
fractional integral

JEy®) =) ot - ko),
k=0

. . . . . . B
where the weights w,, are obtained from the power series expansion of the generating function w(¢) = (ZS;S) with

(p, o) being the pair of generating polynomials of the LMM for classical 1\VVPs [1]. The order of consistency for the
FLMM is the same as that of the underlying LMM. As for the approximation of fractional derivatives, the fundamental
approximation for the RL fractional derivative is obtained from the GL (or generally the shifted GL) definition by
simply dropping the limit for a fixed step size 7. This gives an order one approximation Sfry(t) with an integer shift r
[5,21].

85,y(t) = 5% 9yt — (k—=m)1) = DEy(8) + 0(D),
where the initial value y, has been subtracted from y(t) to satisfy the homogeneous initial condition so that the
different definitions coincide.
However, for the particular non-integer shift » = /2, the above Grunwald approximation gives order 2 displaying
super convergence [22].

885 ,y(®) =DEy(®) + 0(z?).
Analogous to the convolution quadrature approximation for fractional integral, fractional derivatives can also be
approximated by convolution quadrature formula in a similar form

08,y (t) =77 Lo wiy (t — ko),
where wy, are the coefficients of a generating function W ().
The order of consistency of an FLMM can be obtained from its generating function through the following theorem.

Theorem 2.2 [14,23,24] Let W (&) be the generating function of an approximation in the shifted form of the fractional
derivative Dt‘iy(t),

1 (oo}
0l y(®) = = ) wey(e = (=),
k=0

where y(t) is sufficiently smooth. The order of the shifted approximation with shift r is m if and only if

G(x) = xiBW(e-X)ers =140@E™). )
Moreover, we have

08 y(t) = Dfiy(t) + Tmang’ery(t) + Tm“apHDg)erHy(t) + -, (10)
where a; = a,(B,r) are the coefficients of the series expansion of G(x):

Gx)=1+ Z a; xk.
k=p
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2.2 FLMM scheme
The general form of an FLMM scheme for the FIVP in (1) and (2) is given by

n n
Z PeYn-k = 2 Z Aicfr-io (11)
k=0 k=0

where p,, and g, are the coefficients of the generating functions

n
P =) Pk and g =) ok,
k=0 k=0
and y; and f; denote
yi #y(t) and fi = f(te yi)- (12)
In numerical computations using the FLMMs of order more than one, the intended order m is achieved only for a
certain class of functions, specifically for functions of the form y(t) = t*g(t), @ = m, with g(t) analytic [5].
However, for a« < m, the order is reduced to O(h*) only. To remedy this order reduction, an additional sum is
introduced in (11) to have the approximation scheme
N n

Z Wi Vi t Z W]EB)yn—k = Tﬁz O fr—k- (13)

k=0 k=0 k=0
The starting weights w,, ;, in (13) are to compensate for the reduced order of convergence.
However, computing the starting weights poses many difficulties in practice. Since the starting weights do not
affect the stability or convergence of the solution, we do not include them in the computation and analysis in the
subsequent sections. For some developments on the starting weights, we refer to [20, 26, 27].

2.3 Stability

For the analysis of the stability of an FLMM, consider the linear test problem
Dly(t) =Ay(t), y(to) =y AEC, 0<B<1 (14)

k
for which the analytical solution is y(t) = Ep (AtP)y,, where Eg(t) = Xko m is the Mittag-Leffler function. For

analytical stability, the solution y(t) of the test problem (14) is stable in the sense that the series of y(t) converges in
the region

Iy ={§ € C:larg(§)| > Br/2}.
The unstable region is then the infinite wedge with angle Sm. (See Figure 1).

Analytical Stablilty regionfor 0<g<1 Analytical Stablilty region for g> 1
4 4
2 2
A Unstable Regicn . Unstable Region
stable Region T stabl i = T
0 ~ 5 able Region i
-2 -2
—4 —4
- -2 0 2 4 4 -2 0 2 4

Figure 1. Analytical Stability regions.

For the numerical stability of FLMM, we have the following criteria:

Definition 2.3 Let S be the numerical stability region of an FLMM. For an angle a, measured from the negative real
axis, define the wedge S(a) = {z: |arg(z) — w| < a}. The FLMM is said to be

1. A(a)-stableif S(a) € S

2. A-stableifitis A(m — pm/2) stable.That is, £z < S.

3. A(m/2)-stable when the entire left half of the complex plane is included in S.

4. Unconditionally stable if it is A(0)-stable. That is, the negative real line is included in S.
The stability region of an FLMM is also characterized by its generating function:
Theorem 2.4 [5] The stability region of an FLMM with generating function w(§) is given by

S={WE):[§l > 1} =C\ S5
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where S¢ = {W(&): || < 1} is the unstable region.
3. New FLMMs of order 4

In this section, we give the construction of these methods. Denote by C™(R) the class of functions having
continuous n'" derivatives.

3.1 Necessary Approximations

We need the following preparations.

Lemma 3.1 Lety(t) € C*(R) and h > 0. For u € R, y(t + uh) can be interpolated with order 4 as
y(t + uh) = poy(t) + p1y(t — h) + py(t — 2h) + p3y(t — 3h) + O(h), (15)
where p;,i = 0,1,2,3 are the coefficients of the Lagrange interpolation polynomial approximation for a function of u at
the points y; = 0,—1,—2,—3 given by
+1)(u+2)(u+3 (u+2)(u+3) (u+1)(u+3) (u+1)(u+2)
poz(u )(p+2)(u+3) p__u# u pzuu u p__uu kt2) (16)

6 y P1 2 ’ P2 2 » 3 6

Proof. Consider y(t + ph) as a function of ph interpolated at points ;A = 0, —h, —2h and —3h. Then the coefficients

p; are the Lagrange interpolation basis functions L;(uh) = 1'[]3-:0‘]-# l’:,;l it which reduce to p;,i = 0,1,2,3. The error

of the interpolation is given by E = il‘[f-zo (uh — jR)y®(t + &h) = 0(h4), where & € (=3,0). m

Lemma 3.2 The second derivative of a function f(x) can be approximated by the backward difference forms of order
2as

d? 1
ez (0 =37 (2f () = 5f (e = h) + 4f (x = 2h) — f (x = 3h)) + O(h?) 17

%f(x) = %(Bf(x —h) —8f(x —2h) + 7f(x — 3h) — 2f (x — 4h)) + O(h?). (18)
Proof. Taylor series expansions. m

Lemma 3.3 The shifted GL approximation (7) with shift r =§ has order 2 super convergence in (10) with the

coefficients of the odd order terms a,,,, = 0 for k = 0,1,2, ---. Moreover, we have a, = %.

Proof. The generating function of the GL approximations in (6) and (7) is W (z) = (1 — z)#.
B
The function G (x) = xiﬁ(l — e *)Pe2" in (9) is an even function since

1 B 1 B
G(—x) = W(l —e¥)fe 2" = P (=1)Bef* (1 — e ™)PeFxe2* = G(x).
Hence, the odd order terms of the series expansion of G(x) are zero. Moreover, expanding for the first few terms
revealsay, = 1,a, = LA

24

From Theorem 2.2 again, we have from (10),
B
s* oyt =7 Z 9Py (ta = (k= 5)7) = DLyt + ey () + @, (19)
Writing Dfo” = D Dﬁ we replace the fractional derivative D Y (tn) in (19) by f (£, ¥ (E0)):

Z 9y (tn-i i 5) = e F(n v(6) + 0t D7 £ (0, ¥(5)) + 0(c*). (20)

We approximate y(t,_, + Bt/2) by (15) in Lemma 3.1 with u = 8/2 and t = t,_,. Moreover, approximate the

second derivative in (20) by (17) in Lemma 3.2. Then, we have from (16) with
(B+2)(B+4)(B+6) _ _ BB+9)(B+6) _ B(B+2)(B+6) _ __BB+2)(B+4) 21
=T T T ks s (21)

z g(ﬁ [Py (taie) + D1y (tnre—1) + P2Y ni—z) + D3y (tn_i—3)]

= Tﬁ[f(tn,}’(tn)) + @ 2f (tn, ¥y (tn)) = 5f (tn-1, Y (tn-1)) + 4f (tn—2, ¥ (tn-2))
— f(tn-3Y(tn-3)] + 0(T4+B)- (22)

Dropping the error term, with the notations in (12), equation (22) gives an implicit FLMM scheme
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Z 9P oVt + D1Yn_1-k + PaYn-2—k + P3Vn3i)
k=0
= Tﬁ [fn + a; (zfn - an—l + 4'fn—Z - fn—S)]- (23)

Again, approximating the second derivative in (20) by (18) in Lemma 3.2, with the same operations and notations, we
get another implicit FLMM:

Z 9P oVt + D1Yn_1-k + PaYn-2—k + P3Vn3i)
k=0
= Tﬁ[fn + a2(3fn—1 - 8fn—Z + 7fn—3 - 2fn—4)] (24)

For brevity of presentation, we call these FLMMs in (23) and (24) as NFLMM4.1 and NFLMM4.2 respectively.
3.2 Implementation

We use the following notations:
For a sequence a = {a,}, we denote the finite vector [a;, a;;4, ..., a;] as a;;. For given two sequences a,b, the
convolution of two equal sized vectors a;.;, by, , With j —i+1=m —1+1, as (a;j * by;m) = Z{C:i ay b, _y, where
n=m+i=101+].
Using these notations, the two proposed NFLMMSs can be written as
(Woin * Vo) = Tﬁ(qo:m * fro—mm) (25)
wherey = {y,}, f=1{fi}, 9 ={gr} andw = {w;} with w given by

Wi = Dok + P19k-1 + P2Gk—2 + P3gk-3 =P * Gk-3:6» k=01, ...,
where we have assumed g_, = g_, = g_; = 0. The coefficient vectors p, q are given by

P = [Po, 1, P2, p3] with = B/2, (26)

for NFLMM4.1: q =[1+ 2a,,—5a,,4a,,—a,], m=3, (27)

for NFLMM4.2: q = [1,3a,,—8a,,7a,,—2a,], m =4. (28)
Extracting terms of y,,, we write (25) as

WoVn + (Wl:n * yO:n—l) = QOTBfn + TB(Ql:m * fn—m:n—l)- (29)

First, we consider linear FIVP with f(t,y) = Ay(t) + F(t). Then, equation (29) becomes, after solving for y,,,
In = wo—qolrﬂ [qOTBF" - Sn‘l]'

where F, = F(t,)) and s,_; = Wy * Yom—1) — T° (G1:m * fa—mm—1) Which is independent of y,,.

Algorithm 1: Linear FIVP Solver

1. Input B, 7, y,, function f(t)

Compute g = {g,}, using go = 1,9, = (1 — %)gk_l,k =12,..,N.

Compute the convolutionw =p * g = [(p * gr—m): k = 0,1, ..., N].
Forn=1,2,..,N,
Spe1 = Wi * Yon—1) — Tﬁ(ql:m * foomm-1)

6. yn= Wo—qoAtP [QOTBFn — Sp-a]-
Next, for the nonlinear FIVP, we write equation (29) in the unknown y = y,,:

H(tn, ¥n) + 5p-1 =0, (30)

akrwn

where H(t,y) = woy — qotP £ (¢, y).
We use Newton-Raphson iteration to solve (30) for y,, using the initial seed y, o = y,—1.

The derivative of H(t,y) with respectto y is H, (t,y) = wy — qorﬁfy(t, ),
where f, = :—yf(t, ¥). Then, the algorithm for non-linear FIVP is given by

Algorithm 2: Non-linear FIVP Solver

1. Input B, 7, y,, functions f(t,y), f,, (¢, ¥)

compute g = {g},using go = 1,9, = (1 — %)gk_l,k =12,..,N.

Computew =p *xg = [p * gx_3x:k = 0,1, ..., N].
Define functions H(t,y) = woy — qot? f(t,¥), Hy (t,y) = wo — qoT? £, (t, ¥)
Forn=1,2,...,N,
Spe1 = Wi * Yon—1) — TB(Ql:m * fa-mn-1)

7. yn = Newton(H(t,,y) + su, Hy (tn¥) Yn-1)
where the function Newton(h(y), h'(y), y®) performs the Newton-Raphson iterations to compute the root of h(y) =
0 with initial seed y(©.

ok wd
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4. Analysis of linear stability

The generating functions of the new implicit schemes NFLMM4.1 and NFLMM4.2 are given by:
1=-9PP®) 1=-9PP®)
Wy1(§B) =——F——— —

and W, ; =
Q41(8) #2053 F) Q42(%)
respectively, where P(§),Q,4(&) and Q,,(&) are polynomials for which the coefficients are given by (26),(27) and

(28) repectively. The following elementary results on complex numbers is useful.

(1)

Lemma 4.1 Let z, w, be two distinct non-zero complex numbers. Then, the following are equivalent.
(i) zwisareal.
(if) z/wis real.
(iii) Both z,w are real or z is a real multiple of w.

Proof.(i) & (ii) and (i) < (iii) are obvious. It is enough to prove (i) = (iii).
Suppose that z = x + iy,w = a + ib. Then zw = xa — yb + i(xb + ya) is real implies xb + ya = 0. Then, for a real
a,x/a=—y/b=a =+ 0whichgivesx = aaandy = —ab. Hence z = aiv. m

In order to analyze the stability properties of the methods, we consider the unstable regions {W, (& £):1é| < 1}, x =
1,2 and their properties.

Theorem 4.2 The generating functions W, ,.(§; 8), x = 1,2, in (31) have the following properties:
1. ¢&isrealif and only if W, . (&; ) is real. Moreover, £ € [—-1,1] ifand only if 0 < W, (& 8) < W, (—1; 5).
2. IflIéll=1and 3(¢) > 0(< 0), then I(W, (& 8) <0(> 0).

Proof. It is enough to prove the sufficiency of both statements.
1. Thanksto Lemma 4.1 that W, (&, ) is real if and only if the factors
(1 =8P, P(¥) and Q, (&) are all real. Hence, & is real.
2. If-1<é&<1,wehave0 < 1—¢ < 2. Clearly, then, (1 — &)# is decreasing.
Writing P(£), Q41($) and Q4 () as polynomial of (1 — &), we get

PO =1+50-9+5020a -2 + FE2ED 1 - ¢y,

Qs1(®) =1+ a,(1 - +a,(1-¢)°,
Q42(8) =1+ a,(1—$)* + a,(1—§)° — 2a,(1 — §)*,
Noticing that % > a, for NFLMM4.1, we immediately see that QP(‘Z)
4.1
decreasing and W, ;(1; 8) = 0 < W, (& B) < Wo1 (=1 B).

As for NFLMM4.2, Q,, (&) is of degree 4 having an additional term with a negative coefficient. Hence, it is increasing.
Therefore, W, ,(&; ) is decreasing and thus, W, ,(1; 8) = 0 < W,,(&;8) < Wu(—1;6). m

is also decreasing. Hence, W, ,(&; B) is

Theorem 4.3 The unstable regions of NFLMM4.1 and NFLMM4.2 are bounded and symmetric about the real axis for
0<p<l

Proof. For the boundedness, we see that the numerator part of W (¢; ), with |&] < 1,
|1 =OFPEI < (L +1EDP(Ipol + IpolIE] + Ip21[E1 + Ipsl[S1°) < 2 (o — b1 + P2 — p3) = 2PP(=1),
where we have used the facts that p,, p, > 0 and p;, p; < 0.
For the denominator part for NFLMM4.1,
Qa1 ()] =11+ ay(2 — 5§ + 462 = &3)| = |1+ 2a, — a,(5+ 4 + 1))|
= 1—§>Ofor0<[>’<3.
For NFLMM4.2,
Q421 =11+ a,(3§ — 852 +78° — 2§ > |1 - a,(3+ 8 +7 + 2)|
=Q(-1) = 1—%> 0for0 < B <6/5.
Hence, for0 < g < 1andfor |&]| <1,
Wan(Es P = D oo, =10

Since W, . (&; B) = W, .(&; B), we immediately see that the unstable regions are symmetry about the real axis. m
Since the NFLMM4.x are of order 4, the Dahlquist barrier for FIVPs tells us that they are not A-stable [13] .

Therefore, we look for the A (g)-stability of these methods, that is, if the methods are stable in the entire left complex
plane.
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Theorem 4.4 There are threshold values B, € (0,1) such that the methods NFLMM4.x, x = 1,2, are A (g)-stable for
0< B < Biy

Proof: First note that the genrations functions W, (&; 8) are continuous function in 3, where ¢ is fixed.

Now, for |&] < 1, from (31) with (21), we have W, (&, 0,) = 1 > 0. Hence there exists a neighbohood (0, €) for 8
such that W, ,(¢,8) > 0 forall €] < 1.

Again, for §; = iand g = 1, we have

1—0)(py +ipy —p, + i
W4.1(€i,1)=( )(1p° PP p3)=—0.528—3.096i.

145;@2—51-4+1)
So, R(W,1(&;,1)) = —0.528 < 0. Hence, there is a neighborhood (1 —¢,1) for B such that W, (¢, 8) < 0. Let
Bai=max{f : W,,(&,8) = 0}. Then 0 < B;; < 1.

The proof for W, , (&, B) is analogooius with W, ;(§;,1) = —0.1927 — 3.358i. m

Numerical computation by interval bisection shows that 8;; = 0.82960 and S;, = 0.85024912 for the NFLMM4.1
and NFLMM4.2 respectively.

Unstabilit},r REgiDﬂS for NFLMM4.1 Unstability RE'gi{JI"IS for NFLMM4 .2

sl
Bl F-08296 10 -
Em 5-075
B=05
=025

5 | . 5=l
B §5=085024912

Imaginary part of W(Z)
Imaginary part of W(£)
(=]

0 I 5=075
g=05
-5 —
3 g=025
—10 A
-4
_]_5 A
-2 o 2 4 B B 0 5 10 15 20 5 30
Real part of W) Real part of W(E)

Figure 2. Stability regions of NFLMM4.x for some § values.

In Figure 2, the unstable regions of the two methods NFLMM4.x, x=1,2 are shown for different fractional orders
0 < B < 1. The straight lines in the figures represent the stability region boundaries of the methods, where the stability
regions are shown on the left side of the lines. These lines also correlate to the analytical stability region’s boundary
Zg. Itis clear from the figure that the unstable regions surpass the A-stable boundaries for all values of §. Thus, the
methods are verified to be not A-stable. The regions in blue are the unstable regions for the threshold values f; ,, which

indicate 4 (g)—stable boundaries.

5. Comparisons

In this section, we compare the order 4 NFLMM4.x with FAM3 and FBDF4 for their performances in terms of
computations and stability.

5.1 Numerical comparisons

Consider the linear FIVP used in [9].
Dly(t) = f(t,y(®)) = Ay(t) +F(t), 0<t<1,0<B<1,
with the initial condition y(0) = 0,

_ _Tnt1) - ') . n-1- n n-1 \yi —
WhereF(t)—mt B—mt Bpn—t¢ with A = —1.
The exact solution is given by: y(t) = t™ — t" 1, where n = 5.
The linear equation was solved by using the schems FAM3, FBDF4, NFLMM4.1 and NFLMM4.2 in (23) and (24)
with different values of fractional orders f = 0.4,0.6 and 0.8. The problem is computed on the domain [0,1], with
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N; = 2/, j =34,...,11 as the number of subintervals and T = Ni as the step size. The maximum errors E; for step
J
size 7; are compared for the methods. The order of the method NFLMM4.1 is computed by the formula
_ log(E;+1/E))
log(Tj+1/Tj).
The orders of other methods are nearly the same and are not presented.
The results obtained are listed in Table 1, 2 and 3 respectively.

Pj+1

Table 1. Comparing Maximum errors for g = 0.4.

N; NFLMM4.1 NFLMM4.2 FBDF4 FAM3 Order

8 5.968e-04 2.702e-04 8.327e-04 2.641e-04 -

16 4.171e-05 1.752e-05 5.952e-05 1.785e-05 3.83859
32 2.741e-06 1.115e-06 3.947e-06 1.157e-06 3.92775
64 1.754e-07 7.033e-08 2.537e-07 7.361e-08 3.96556
128 1.109e-08 4.415e-09 1.607e-08 4.641e-09 3.98317
256 6.974e-10 2.766e-10 1.011e-09 2.913e-10 3.99167
512 4.371e-11 1.730e-11 6.341e-11 1.824e-11 3.99585
1024 | 2.736e-12 1.082e-12 3.972e-12 1.141e-12 3.99789
2048 | 1.711e-13 6.772e-14 2.523e-13 7.147e-14 3.99843

Table 2. Comparing Maximum errors for § = 0.6.

N; NFLMM4.1 NFLMM4.2 FBDF4 FAM3 Order

8 1.161e-04 6.265e-04 1.361e-03 3.429e-04 -

16 8.129e-05 4.207e-05 9.629e-05 2.288e-05 3.83713
32 5.334e-06 2.715e-06 6.352e-06 1.474e-06 3.92967
64 3.411e-07 1.723e-07 4.072e-07 9.346e-08 3.96670
128 2.156e-08 1.085e-08 2.577e-08 5.884e-09 3.98378
256 1.355e-09 6.809e-10 1.620e-09 3.691e-10 3.99199
512 8.494e-11 4.264e-11 1.016e-10 2.311e-11 3.99602
1024 | 5.316e-12 2.667e-12 6.370e-12 1.445¢-12 3.99812
2048 | 3.323e-13 1.663e-13 4.168e-13 9.028e-14 3.99975

Table 3. Comparing Maximum errors for § = 0.8.

N; NFLMM4.1 NFLMM4.2 FBDF4 FAM3 Order

8 1.982e-04 1.202e-04 1.972e-03 3.857e-04 -
16 1.386e-05 8.215e-05 1.385e-04 2.546e-05 3.8374
32 9.093e-06 5.336e-06 9.102e-06 1.632e-06 3.93067
64 5.812e-07 3.397e-07 5.823e-07 1.032e-07 3.96753
128 3.672e-08 2.142e-08 3.681e-08 6.492e-09 3.98425
256 2.307e-09 1.345e-09 2.314e-09 4.070e-10 3.99222
512 1.446e-10 8.423e-11 1.450e-10 2.548e-11 3.99611
1024 | 9.053e-12 5.272e-12 9.094e-12 1.595e-12 3.99776
2048 | 5.701e-13 3.325e-13 6.024e-13 9.947e-14 3.98928

Since all the four methods are of order 4, the computational solutions for all choices of discretization are expected to be
nearly the same.

As for the computational cost, the weights of the NFLMM4.x need only a linear combination of the Grunwald

coefficients g,(f), that have the simplest computational cost. The weights of FBDF4 obviously require computations

using Miller’s formula with four prior weights.
As for the memory requirement, the FAM3 requires keeping all the f;, values stored during the iteration to be used on
the right side of scheme (25). The NFLMMA4.x require only the last three or four values of £, as in (23) and (24).

5.2 Comparison of stability

We compare the stability regions of the four implicit FLMMs. The generating functions FBDF4 and FAM3 are
provided below:

= (== 2 _ g3y 1ea) ___aof

Wrppra(§) = (12 4¢ +3¢ 35 + 45 ) and Wranz () = Qo+ q1E+q282+q3E3
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where ¢q;,i = 0,1,2,3, are given by
5 11 1
Q=1-B+B*—B°
7 7 1
G2 =—5B+ BB

_315_ 952,153
q1 _124B 5163 +116ﬂ ’
s =58 — B>+ ;B>
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Figure 3. Comparing stability regions for FLMMs of order 4.

Since the FLMM methods with orders greater than 2 are not A-stable, the A (g)—stable and A(0)-stable could be used

as comparison tools of those methods.
As shown in Figure 3, the unstable region for many values of g is on the right side of the complex plane.
However, there are some S values for which the unstable region also extends to the left side, such as g = 1. The

intervals for 8 where the FLMMs are A (g)-stable were calculated numerically. The g* values for which the intervals
0 < B < B* givesthe A(g)—stability are given in Table 4.

Table 4. Threshold g* for A (g)-stability.

FAM3
0.4384471

NFLMM4.1
0.82960

FBDF4
0.843895

NFLMM4.2
0.85024912

For the A (g)—stability the NFLMM4.2 has the highest interval for g followed by FBDF4, NFLMM4.1 and FAM3. The

lower interval size is gained for FAM3. Also note that as 8 approaches the A (%)—stability bound B*, FAM3’s A(0)-

stability vanishes. For g > B* the stability region becomes bounded and falls on the left complex plane, resulting in
only conditional stability.

7. Conclusion

We analyzed and compared the new fractional linear multistep methods NFLMM4.1 and NFLMM4.2 with
FAM3 and FBDF4 methods of order 4. We see that NFLMM4.2 is A (g)-stable over a wider fractional-order interval

while FAM3 displays A G)—stablity for a small range of B values. Furthermore, the proposed methods have lower
computing cost and minimal storage compared to FAM3.
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ABSTRACT: This study examined COVID-19-related knowledge and attitude towards COVID-19 and associated
mental health status during COVID-19 pandemic among the students of Sultan Qaboos University (SQU), using an
online cross-sectional survey conducted from 26 March - 25 April 2021. Both descriptive and inferential statistical
techniques, including multiple logistic regression analysis, were used for data analysis. Of the 1,951 respondents, 60%
were women, and the mean age of the respondents was 22 + 4.6 years. Approximately 13% of the students’ COVID-
19 status was tested and 3.6% were found to be infected with the COVID-19 virus. Overall, students demonstrated a
high level (81%) of knowledge and a positive attitude (83%) towards COVID-19. Knowledge appeared as a significant
predictor of positive attitude. Despite the high level of knowledge and positive attitudes, some misconceptions and
stigma prevailed for a group of students, since approximately one-third of the students opined that COVID-19 was a
natural catastrophe and 13% of the students were in favor of keeping it secret if it was infected, which could impede
the success of the COVID-19 prevention program. The study documented a high prevalence of mild to severe levels of
depression (66.3%), anxiety (69.2%), and stress (71%) among the students. Younger age, female sex, undergraduate
students, single marital status, college of study, and good knowledge about COVID-19 appeared as significant
predictors of mental health problems among students. For improving the mental health and well-being of the students,
the SQU authorities should provide accessible psychological support to the students, with particular attention to the
identified sub-group of students. Efforts should be made to remove the COVID-19-related stigma through mass-media
campaigns.

Keywords: Knowledge; Attitude; COVID-19; Mental health; Depression; Anxiety; Stress; Students; Oman.
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1. Introduction

he coronavirus disease 2019, in short COVID-19, with different variants emerged as a major public health crisis

across the world in December 2019 in the Wuhan region of China and rapidly spread all over the world within

three months of time, and the WHO declared it as the pandemic in March 2020 [1, 2]. COVID-19 can cause a
range of illnesses in humans, from the common cold to severe acute respiratory syndrome (SARS) [3-5]. It is a highly
infectious disease believed to spread through respiratory aerosol generated through coughing and sneezing by an
infected person [6], and its main clinical symptoms include fever, dry cough, breathing difficulty, muscle or body
aches, fatigue, myalgia, and dyspnea [7,8]. Other symptoms are sore throat, diarrhea, loss of taste or smell, and
arthralgia [9-11].

At the outset of the pandemic, there was no proven vaccine or treatment for the disease. Therefore, to contain the
spread of the infection within the population, strict infection control measures arising from the knowledge of the
transmission mechanisms of the disease were imposed by the countries worldwide [6,12]. The strategies that were
established worldwide were largely behavioral, such as social distancing, cleanliness, regular hand washing, and use of
face masks in public. The compliance of these initiatives was primarily dependent on one’s knowledge and attitudes
towards the disease [9,11-13]. In addition, many countries implemented a series of measures, including quarantine,
lock-down, suspension of local and international travel flights, bans on large gatherings, mandatory use of face masks,
social distancing, closure of schools and universities and of business, home or online education of students, stay-at-
home orders, and even curfews [5,14-16]. Despite these efforts, many people tend to ignore them due to poor
knowledge and attitudinal issues. Adequate knowledge and positive attitudes of the public are expected to influence the
degree of adherence to the personal protective measures, social stigma, clinical outcome and mental health. Hence, it is
important to study these domains in any population for developing the effective coping mechanism.

The COVID-19 pandemic has brought into focus the mental health of various sub-groups of the population.
Studies have shown that the pandemic created new stressors, including fear of infections, worry for oneself or survival
for the loved ones, frustration, boredom, inadequate supplies, inadequate information, financial loss, and stigma [17-
20].

Although young adults were found to have a lesser risk of having COVID-19 infection than their older
counterparts, they are the most vulnerable group with regards to the deterioration of mental health due to the COVID-
19 pandemic [21-24]. Student life, particularly the university student life marks a transitional period for students,
during which students have to cope with many social, economic, developmental, and above all academic requirements,
making them increasingly vulnerable to stress, anxiety, and depression as well as diabetes, rheumatic diseases and
obesity [25-29]. COVID-19 pandemic adds a new dimension to their depression, anxiety, and stress levels.

Knowledge and attitude concerning COVID-19 was found to have significant association with the level of its
spread, control and management in many countries across the world [11, 30-32]. Moreover, the situation could be even
worse among students at higher institutions of learning because of deteriorating mental health status, resulting in a
destabilizing effect on their normal academic performance. Although many studies have been conducted to assess
knowledge and attitude of general population and health professionals since the emergence of the COVID-19
pandemic, there is a still scarcity of information regarding knowledge and attitude towards COVID-19 and the
associated mental health status among the university students. The aim of this study was to explore the level of
knowledge and attitude towards COVID-19 among the university students in Oman, and examined the impact of
COVID-19 on mental health of the students. The study also examined the association between knowledge, attitude and
mental health status of students and identified the predictors of knowledge and attitude towards COVID-19 and the
mental health status during COVID-19. It also tested the hypothesis that COVID-19 elevates the burden of mental
health issues among the students than general population. The findings of the study may have important policy
implications both at university and national level.

2. Methods

2.1 Study design and participants

The data for this study was obtained through a cross-sectional online survey among the students of Sultan Qaboos
University (SQU) in Oman, between 26 March and 25 April 2021. SQU is the only public university in Oman and
students from all over the country are admitted on a competitive basis. At the time of the survey, there were 17,019
registered undergraduate and postgraduate students in SQU, of whom 53% were female. Due to strict social distancing
measures, stay-at-home orders, and the rapidly evolving pandemic during the study period, the survey was conducted
online to collect data in a timely manner. All SQU students had access to social media and institutional e-mail systems.

An online semi-structured questionnaire was developed by using the Questioner platform
(https://www.questionPro.com) in both English and Arabic, and it was hosted via a unique uniform resource locator
(URL). The link to the questionnaire was sent through emails to all students. An information sheet and a consent form
were available on the first page of the questionnaire. Participating students were free to withdraw at any time without
giving explanations and no personal identification was requested so as to retain information confidentiality. A total of
3,180 students clicked on the survey link, but 1,915 students provided complete responses.
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2.2 Data collection tools and measurements

Students’ knowledge about COVID-19 was assessed using 13 true-false questions on three dimension of
knowledge: (1) signs and symptoms, (2) mode of transmission, and (3) prevention mechanism (Table 2). Each correct
response was scored as 1 point and incorrect response as 0, giving a maximum score of 13 and a minimum score of 0.
The higher the points scored, the more knowledgeable the student. The mean score was 9.8. The overall knowledge
was then categorized into poor for the scores less than 9 and good for the scores 9 and above.

The attitude was assessed using a 7-item question, each with responses of agree or disagree. A score of 1 was
assigned for a response reflecting a positive attitude and 0 for a response reflecting a negative attitude, giving a
maximum score of 7 and a minimum score of 0, with mean 5.4. Thus the overall attitude was categorized as negative
for the scores less than 5 and positive for the scores 5 and above.

To assess the mental health status, a shorter version of the Depression Anxiety Stress Scale (DASS) has been
used [33]. This version, known as the Depression Anxiety Stress Scale 21 (DASS21), has been validated in many
countries as a reliable self-administered psychological instrument consisting of 21 items in three domains. Each
domain comprises seven items, assessing three dimensions of mental health symptoms: depression, anxiety and stress.
Respondents were required to indicate the presence of these symptom(s) over the past week on a 4-point Likert scale
scoring from 0 to 3 (0: did not apply at all over the last week, 1: applied to some degree, or some of the time; 2: applied
a considerable degree, or a good part of the time; 3: applied very much or most of the time). This instrument is
frequently used in clinical and non-clinical trials [33-36], possessing well-established psychometric properties in
reliably measuring depression, anxiety, and stress. We performed the Cronbach’s alpha reliability test for the tool, and
they were found to be 0.91, 0.84 and 0.90 respectively. The score for each of the DASS21 subscales, seven items per
subscale, were summed up which ranges from 0 to 21. The scores were then categorized as “normal”, “mild”,
“moderate”, and “severe”, according to the DASS21 manual [33].

2.3 Statistical analysis

The study considered knowledge, attitude and symptoms of depression, anxiety, and stress as the main outcome
variables and socio-demographic and COVID-19 related factors as explanatory variables. Both descriptive and
inferential statistical techniques as well as relevant statistical tests were employed for data analysis. Descriptive
statistics such as frequency, proportion, mean and standard deviation were used to describe the level and pattern of
knowledge, attitude, depression, anxiety, and stress. Cross tabulation along with a chi-square test was used to analyze
the differentials of the prevalence of good knowledge, positive attitude and mild to severe levels of depression, anxiety,
and stress across the socio-demographic and COVID-19 related factors. To identify the significant predictors of the
outcome variables such as knowledge, attitude, depression, anxiety, and stress, multiple logistic regression techniques
were employed by considering the outcome variables as dichotomous response variables (yes/no). We have
dichotomized knowledge scores as good (scores = 9) with coding 1 and poor (scores < 9) with coding 0. Attitude was
dichotomized as negative (scores < 5) with coding 0 and positive with coding 1. Participants with a cut-off score of
>10 in depression, >8 in anxiety, and >15 in stress dimensions were considered as having mild-severe form of these
disorders as referenced by the DASS-21 manual [33]. We codded these cut-off scores of depression, anxiety and stress
as 1 and 0 otherwise.

We set up the logistic regression model as follows: As per our study, we define an outcome variable as

1, if the outcome variable assume value 1

y =
0, if the outcome variable assume value 0
and Xq, Xy e , X, are a set of selected explanatory variables. The logistic regression model is then expressed as
P(y=1|x)
[m] = Lo+ B1x1 + Boxy + Laxz+ ........ + BpXp
1

where p(y:llx):1 is the probability that the outcome variable takes on value 1 and

1+ o PotPXatetfoXy)
Bo, Py .-y By are the regression coefficients. However, Sy, S ......, 8, do not have direct interpretation because they
measure the effect of a predictor on the log of odds of the outcome variable, not the direct effect on outcome variable.

Thus, e# which is defined as odds ratio (OR), measuring the amount of change in probability of outcome variable for
one unit change in explanatory variable. All the statistical analysis was performed using SPSS Version 23.0. A p-value
<0.05 was considered to be statistically significant.

3. Results

Characteristics of respondents

Of the total 1,915 participants, about 60% were female. More than half (56%) of the participants were young
adults of age 20-24 years and were living in city areas (Table 1). The average age of the participants was 22+4.6 years.
The participating students were mostly (87%) undergraduate students, while about 10% of participants were
postgraduate students. Slightly over half (54%) of the students were from the recent cohorts of 2019 and 2020. About
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8% of students were married. The sample included 71 students (3.6%) who had tested COVID-19 positive. However,
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only 251 (13%) students underwent testing for the COVID-19 infection status.

Table 1. Percentage distribution of students according to demographic and socio-economic characteristics, 2021.

Characteristics Number Percent
Total sample 1951 100.0
Age
<20 588 30.1
20-24 1096 56.2
25-29 135 6.9
30+ 132 6.8
Mean age (SD) 22.01 (4.6)
Gender
Male 782 40.1
Female 1169 59.9
College of study (major)
Arts and Social Sciences 240 12.3
Agricultural & Marine Sciences 146 7.5
Education 318 16.3
Economics and Political Science 300 15.4
Engineering 319 16.4
Law 116 5.9
Medicine & Health Sciences 138 7.1
Science 324 16.6
Nursing 50 2.6
Level of study
Foundation (pre-major) 49 2.5
Under graduate 1702 87.2
Post-Graduate 200 10.3
Admission cohort
Before 2016 83 4.3
2016 235 12.0
2017 258 13.2
2018 316 16.2
2019 372 19.1
2020 687 35.2
Place of residence
Urban 1092 56.0
Rural 859 44.0
Marital status
Single 1797 92.1
Married 154 7.9
Dwelling type
Traditional Arabian house 1277 65.5
Flat house 101 5.2
Villa 573 29.4
Monthly HH income (in Omani Rials)
<1000 822 42.1
1000 - 2000 785 40.2
>2000 344 17.6
Test for COVID-19
Not tested 1700 87.1
Tested Negative 180 9.2
Tested positive 71 3.6

Knowledge about COVID-19

Overall students exhibited high levels of knowledge about COVID-19, as 81% of the students had good
knowledge. About 82% of the students correctly answered that COVID-19 is a viral disease (Table 2). More than
ninety percent (95%) of the students reported coughing/sneezing as signs and symptoms of COVID-19, while difficulty
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in breathing was reported by 85% of the students. Other symptoms like fever and muscle/body aching were mentioned
by 78% and 60% students, respectively. About 81% of the students knew that the COVID-19 virus can be transmitted
to another person through the mouth, nose and eyes, 83% knew that transmission can happen through touching an
infected person and 63% knew that being in close contact with the infected person could be the cause of transmission.
About 90% students correctly reported that social distancing, wearing mask and keeping had clean can prevent
COVID-19 infection, while about 77% reported that avoiding contact with infected person and avoiding travel or visit
to crowded places can prevent COVID-19 infection.

Table 2. Percentage of students providing correct response to the questions related to knowledge about COVID-19,
2021.

Knowledge items Correct response

Number %
COVID-19 caused by a virus 1606 82.3
The symptoms of COVID-19 are:

Coughing and sheezing 1856 95.1
Breathing difficulty 1661 85.1
Fever 1522 78.0
Muscle/body aching 1180 60.4

Transmission mechanisms of COVID-19:

Being in close contact with an infected person 1219 62.5
Touching the infected person 1619 83.0
Mouth, nose and eyes are the routes of entry of 1585 81.2

coronavirus into human body
Prevention mechanism of COVID-19:

Social distancing 1778 91.1
Wearing mask 1737 89.0
Keeping hand clean 1749 89.6
Avoiding contact with infected person 1491 76.4
Avoiding travel and visit to crowded places 1508 77.3
Mean knowledge scores (SD) 9.8 (1.34)
Overall knowledge about COVID-19
Good 1589 81.4
Poor 362 18.6

Gender, urban/rural place of residence, cohort of study and college of study showed significant associations with
knowledge about COVID-19 (Table 3). Female students were found to be 1.3 times more likely to have good
knowledge about COVID-19 (AOR=1.32, 95% CI [1.08 -1.68]). As expected, students from the College of Medicine
and Health Sciences (91%) and College of Nursing (90%) exhibited higher knowledge, while students from the
College of Arts and Social Sciences (74.6%), as well as students from the College of Education (74.8%) had lower
levels of good knowledge about COVID-19. Students from older cohorts were more likely to have good knowledge
about COVID-19 compared to the students from recent cohorts (Table 3). Students living in urban areas had 1.43 times
higher odds of good knowledge than their rural counterparts (AOR=1.43, 95% CI [1.11 - 1.85]).

Table 3. Percentage of students with poor and good knowledge about COVID-19 according to background
characteristics, and results of logistic regression analysis showing odds of good knowledge about COVID-19, 2021.

Knowledge about Logistic  regression analysis of good
COVID-19 knowledge
Characteristics Poor | Good p- B AOR 95% ClI p-Value
valuet
Total sample 18.6 81.4
Age 0.621
<20 17.7 82.3 0.29 1.33 0.82-214 0.237
20-24 18.3 81.7 0.25 1.28 0.81-2.01 0.283
25-29 20.7 79.3 0.11 1.12 0.61-2.05 0.711
30+ (ref) 22.0 78.0 1.00
Gender 0.013
Male (ref.) 20.2 79.8 1.00
Female 15.5 84.5 0.26 1.30 1.08 - 1.68 0.037
College of study (major) <0.001
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Arts and Social Sciences 25.4 74.6 -1.17 0.31 0.11-0.82 0.018
Agricultural &  Marine | 15.1 84.9 -0.54 0.58 0.20-1.66 0.316
Sciences
Education 25.2 74.8 -1.17 0.31 0.12-0.82 0.019
Economics and Political 18.3 81.7 -0.82 0.44 0.16-1.18 0.104
Science
Engineering 15.7 84.3 -0.51 0.60 0.22-1.62 0.317
Law 21.6 78.4 -0.92 0.40 0.14-1.13 0.085
Medicine & Health Sciences 8.7 91.3 0.15 1.16 0.38 - 3.53 0.794
Science 16.0 84.0 -0.58 0.56 0.21-1.50 0.251
Nursing (ref.) 10.0 90.0 1.00

Level of study 0.423
Foundation (pre-major) 22.4 77.6 -0.12 0.89 0.37-2.12 0.800
Under graduate 18.7 81.3 -0.45 0.64 0.37-1.13 0.123
Post-graduate (ref.) 16.0 84.0 1.00

Admission cohort 0.021
Before 2016 13.5 86.5 0.33 1.39 1.02 - 2.53 0.018
2016 11.9 88.1 0.63 1.88 1.19-2.95 0.006
2017 17.1 82.9 0.20 1.22 0.82-1.81 0.320
2018 22.5 77.5 -0.19 0.83 0.59-1.17 0.294
2019 20.2 79.8 -0.07 0.93 0.67 - 1.28 0.647
2020 (ref) 19.2 80.8 1.00

Place of residence 0.001
Urban 15.9 84.1 0.36 1.43 1.11-1.85 0.005
Rural (ref.) 21.9 78.1 1.00

Marital status 0.734
Single 18.6 81.4 0.07 1.07 0.58 - 1.93 0.564
Married (ref.) 175 82.5 1.00

Dwelling type 0.759
Traditional Arabian house 19.0 81.0 0.10 1.10 0.83-1.46 0.592
Flat house 17.8 82.2 -0.17 0.84 0.46 - 1.51 0.497
Villa (ref.) 17.6 82.4 1.00

Monthly HH income (in OR) 0.042
<1000 19.7 80.3 -0.22 0.80 0.56-1.16 0.249
1000 - 2000 19.2 80.8 -0.29 0.75 0.52-1.08 0.124
>2000 (ref.) 13.2 86.8 1.00

Test for COVID-19 0.619
Not tested 18.9 81.1 -0.06 0.94 0.49-1.82 0.875
Tested Negative 16.1 83.9 0.01 1.01 0.47-2.13 0.453
Tested positive (ref.) 16.9 83.1 1.00

Note: T p-value relate to Chi-square test to compare the level of knowledge in different sub-groups of
respondents. B = Regression coefficient, for reference category it is Zero.
AOR = Adjusted odds ratio, ClI = Confidence Interval
ref. = Reference category, Odds ratio is 1.00 for reference category

Attitudes towards COVID-19

About 90% of the students said that COVID-19 is a fatal disease and 93% believed that one can get infected with
COVID-19 any time. However, more than one-third (35.2%) of the students believed that COVID-19 is a natural
catastrophe, indicating that a group of students were stigmatized to some extent. Majority of students agreed positively
to other attitudinal statements. The mean score of positive agreement was found to be 5.4 out of 7. The overall attitude
was defined as positive attitude for the scores 5 and above. According to this definition, students were found to have
high level of positive attitudes towards COVID-19, as 83% students had positive attitudes.

Students’ positive attitudes towards COVID-19 were found to vary significantly with age, gender, college of
study, marital status and knowledge about COVID-19. However, logistic regression analysis, after controlling the
background characteristics, identified gender, marital status and knowledge about COVID-19 as significant predictors
of positive attitudes about COVID-19. Female students were found to be 1.56 time more likely to have positive attitude
towards COVID-19 than the male students (AOR=1.56, 95% CI [1.03 - 2.38]). Positive attitude was found to be about
6 times higher among the students with marital status single, compared to married students (AOR= 5.96, 95% CI [2.52
-14.09]), about 3 times higher among the students with good knowledge. Compared to the students with poor
knowledge (AOR=3.13, 95% CI [2.04 - 4.76]).
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Prevalence of mental health conditions and their differentials

Table 6 presents the prevalence of 3 mental health conditions namely depression, anxiety, and stress among the
students. Overall, the prevalence of mild to moderate levels of depression, anxiety, and stress were found to be 66.3%,
69.2%, and 71.0%, respectively. The prevalence of severe level of depression, anxiety and stress were found to be
37.3%, 40.2% and 23.7%, respectively, which indicates that the severe form of mental conditions explained the major
part of the overall prevalence.

Table 6. Prevalence of Depression, Anxiety and Stress among students.

Level Depression Anxiety Stress
Number % Number % Number %
Normal 657 33.7 601 30.8 566 29.0
Mild 265 13.6 191 9.8 325 16.7
Moderate 302 15.5 375 19.2 598 30.6
Severe 727 37.3 784 40.2 462 23.7
Total 1951 100.0 1951 100.0 1951 100.0

The bivariate analyses presented in Table 7 indicate that students’ gender, college of study, level of study,
admission cohort, marital status, and knowledge of COVID-19 have significant differential effects on the prevalence of
the symptoms of the 3 mental health conditions. The prevalence of symptoms of the 3 mental health conditions was
found to be significantly higher among females, undergraduate and single students. Students with good knowledge
about COVID-19 were found to have a higher prevalence of depression and anxiety than the students with inadequate
knowledge, but the lower prevalence of stress (69.5% vs. 77.3). Students from the College of Arts and Social Sciences
showed the higher prevalence of depression, while students from the college of Nursing exhibited the lowest
prevalence (54.0%) of depression. On the other hand, the prevalence of anxiety was found to be highest (79.7%)
among the students from the College of Medicine and Health Sciences, and lowest among the students from the
College of Education (61.9%). Students from the recent cohort showed a higher prevalence of depression, anxiety,
distress, and FMD than that of older cohorts.

Determinants of depression, anxiety, and stress

Table 8 presents the results of multiple logistic regression analysis showing the adjusted effects of the
characteristics of students on having any symptoms of depression, anxiety, and stress. The adjusted effect of a factor
was measured by the adjusted odds ratio (AOR) obtained after controlling the effects of other factors. The results
indicate that female students had more than 2 times higher odds of all the 3 mental health conditions compared to male
students (AORs and 95% Cls: 2.04 (1.77-2.33) for depression, 2.07(1.67-2.57) for anxiety, 2.51(2.00-3.16) for stress
Students from the College of Arts and Social Sciences, College of Engineering and College of Science were reported to
have had more than 2 times higher odds of depression, compared with students from the college of nursing. Students
living in the urban area had 27% higher odds of having stress than their rural counterparts (AOR=1.27, 95% CI [1.02-
1.61]). Unmarried (single) students were found to have 1.65 times higher odds of being stressed than the married
students (AOR=1.65, 95% CI [1.03-2.69]). Knowledge about COVID-19 showed a significant association with the
symptom of stress. Students with good knowledge about COVID-19 had 35% lower odds of having stress than the
students with no or inadequate knowledge (AOR=0.65, 95% CI [0.44-0.79]). Students from the recent cohorts were
more likely to have had mental distress, and anxiety than the older cohorts. However attitudes towards COVID-19
showed no significant association with mental health conditions.

Table 7. Prevalence of mild to severe depression, anxiety and stress by characteristics of students.

Characteristics Depression? Anxiety® Stress®
Mild-severe | p-valued | Mild-severe | p-value® | Mild-severe | p-valued
Total sample 66.3 69.2 71.0
Age 0.672 0.892 0.137
<20 68.2 69.0 75.0
20-24 65.7 69.7 71.6
25-29 63.7 68.1 70.2
30+ 65.9 66.7 71.1
Gender <0.001 <0.001 <0.001
Male 60.0 60.6 60.2
Female 75.3 74.9 78.2
College of study (major) 0.042 0.017 0.244
Arts and Social 71.3 69.2 75.8
Sciences
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Agricultural & Marine 65.1 71.9 67.1
Sciences
Education 60.7 61.9 66.7
Economics and Political 65.7 71.3 73.3
Science
Engineering 69.6 69.3 68.7
Law 60.3 62.9 69.8
Medicine & Health 68.1 79.7 75.4
Sciences
Science 69.4 70.7 71.3
Nursing 54.0 70.0 76.0
Level of study <0.001 <0.001 0.003
Foundation (pre-major) 63.3 61.2 65.3
Under graduate 67.9 70.8 72.2
Graduate 56.6 60.7 65.3
Post-graduate (PhD) 37.0 37.0 44.4
Admission cohort 0.208 <0.001 0.010
Before 2016 63 63.8 67.4
2016 67.2 66.0 68.1
2017 67.8 77.1 75.6
2018 65.1 74.7 65.1
2019 66.9 71.0 72.6
2020 71.2 73.4 76.9
Place of residence 0.719 0.739 0.137
Urban 66.7 69.5 72.3
Rural 65.9 68.8 69.3
Marital status 0.001 <0.001 <0.001
Single 67.4 70.3 72.2
Married 53.9 56.5 56.5
Dwelling type 0.663 0.144 0.443
Traditional Arabian 67.0 69.7 714
house
Flat house 63.4 60.4 65.3
Villa 65.4 69.6 71.0
Monthly HH income (in 0.156 0.125 0.721
OR)
<1000 68.6 69.7 71.9
1000 - 2000 64.1 67.0 70.1
>2000 66.0 73.0 70.9
Test for COVID-19 0.543 0.753 0.175
Not tested 66.2 69.1 71.6
Tested Negative 66.7 68.9 68.9
Tested positive 69.0 73.2 62.0
Knowledge 0.179 0.020 0.003
Good 65.6 68.0 69.5
Poor 69.3 74.3 77.3
Attitude 0.784 0,792
Positive 66.5 69.1 71.2 0.593
Negative 65.7 69.8 69.8

a Score of 10 or more were defined as mild-to-severe depression;

b Scores of 8 or more were defined as mild-to-severe anxiety;

¢ Scores of 15 or more were defined as mild-to-severe stress;

d p-value relate to Chi-square tests to compare the prevalence of mild-to-severe mental health symptoms in
different sub-groups of populations.
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Table 8. Multiple logistic regression analysis showing the adjusted odds ratios (AORs) and the confidence intervals
(Cls) of odds of symptoms of depression, anxiety and stress among students.

Characteristics Depression Anxiety Stress
B AOR(95%CI) p-value B AOR(95%CI) p-value B AOR(95%CI) p-value
Age
<20 0.29 | 1.34(0.86, 2.08) 0.187 0.28 | 1.32(0.85, 2.05) 0.204 0.06 | 1.06(0.62,1.61) 0.897
20-24 0.22 | 1.24(0.81, 1.88) 0.317 0.32 [1.38(0.91, 2.10) 0.123 0.05 | 1.05(0.66, 1.64) 0.553
25-29 0.19 | 1.21(0.69, 2.08) 0.503 0.36 | 1.43(0.82,2.50) 0.198 0.03 1.03((0.47, 1.56) 0.346
30+ (ref) 1.00 1.00 1.00
Gender
Male (ref,) 1.00 1.00 1.00
Female 0.36 | 1.44(1.16,1.78) | <0.001 0.73 2.07(1.67,2.57) <0.001 0.92 2.51(2.00, 3.16) <0.001
College of
study (major)
Arts and 0.77 2.16(1.11, 0.024 -0.19 0.83(0.41, 1.68) 0.613 -0.24 0.79(0.36, 1.71) 0.559
Social 4.22)
Sciences
Agricultural & | 0.42 | 1.52(0.75, 3.05) 0.240 -0.02 0.98(0.46, 2.05) 0.958 -0.73 0.48(0.21, 1.05) 0.067
Marine
Sciences
Education 0.29 1.34(0.69, 0.376 -0.48 0.62(0.31, 1.24) 0.178 -0.65 0.52(0.24,1.11) 0.094
2.58)
Economics 0.49 | 1.63(0.85,3.12) 0.142 -0.01 0.99(0.49,1.99) | 0.995 -0.30 0.74(0.35, 1.57) 0.439
and Political
Science
Engineering 0.83 2.30(1.19,4.43) 0.013 0.10 1.10(0.55, 2.21) 0.780 -0.25 0.78(0.37, 1.66) 0.530
Law 0.28 1.32(0.63, 0.118 -0.34 0.71(0.33,1.52) | 0.377 -0.36 0.70(0.31, 1.61) 0.402
2.72)
Medicine & 0.67 | 1.95(0.95, 3.99) 0.067 0.51 1.67(0.76,3.63) | 0.196 -0.09 0.91(0.41, 2.08) 0.839
Health
Sciences
Science 0.70 | 2.01(1.05, 3.85) 0.032 -0.02 0.98(0.49,1.95) | 0.955 -0.40 0.67(0.32, 1.40) 0.284
Nursing (ref.) 1.00 1.00 1.00
Level of study
Foundation 1.30 3.66(1.24, 0.018 132 | 3.75(1.27,11.12) | 0.017 0.79 | 2.20(0.73, 6.59) 0.156
(pre-major) 10.82)
Under 1.06 2.89(1.19, 0.021 1.14 3.14(1.27,7.73) 0.013 0.62 1.85(0.75, 4.52) 0.177
graduate 7.07)
Graduate 0.68 | 1.97(0.82,4.74) 0.129 0.92 2.51(1.03, 6.11) 0.041 0.60 1.82(0.75, 4.41) 0.180
Post-graduate 0.00 1.00 1.00 1.00
(PhD) (ref)
Admission
cohort
Before 2016 0.00 1.00 1.00 1.00
(ref)
2016 - 0.89 (0.52, | 0.661 0.43 | 1.54(0.88,2.71) 0.127 -0.16 | 0.85(0.49, 1.46) 0.566
0.12 | 1.50)
2017 - 0.95(0.67, 1.35) 0.811 -0.08 | 0.92(0.65, 1.30) 0.658 -0.17 | 0.84(0.58, 1.20) 0.344
0.05
2018 0.01 | 1.01(0.73,1.42) 0.928 0.52 1.69(1.18, 2.43) 0.004 0.26 1.30(0.90, 1.87) 0.157
2019 0.25 | 1.29(0.94, 1.76) 0.109 0.33 | 1.39(1.05,1.92) 0.037 0.37 | 1.45(1.03, 2.03) 0.030
2020 0.13 | 1.14(0.85,1.51) 0.386 0.30 1.35(1.03, 1.81) 0.043 0.21 1.23(0.90, 1.67) 0.179
Place of
residence
Urban 0.11 | 1.12(0.89, 1.39) 0.321 0.08 1.08(0.86, 1.35) 0.502 0.24 1.27(1.01,1.61) 0.034
Rural (ref.) 0.00 1.00 1.00 1.00
Marital status
Single 0.02 | 1.02(0.63,1.62) 0.943 0.07 |1.07(0.67,1.73) 0.756 0.50 1.65(1.02, 2.69) 0.038
Married (ref.) 0.00 1.00 1.00 1.00
Dwelling type
Traditional 0.06 | 1.06(0.83,1.35) 0.623 0.06 | 1.06(0.82,1.36) 0.640 0.11 | 1.12(0.86, 1.45) 0.385
Arabian house
Flat house 0.19 | 1.21(0.73,1.98) 0.454 -0.16 | 0.85(0.52, 1.40) 0.531 0.08 | 1.08(0.64,1.81) 0.768
Villa (ref.) 0.00 1.00 1.00 1.00
Monthly HH
income (in
OR)
<1000 0.18 | 1.20(0.89, 1.62) 0.224 -0.12 | 0.89(0.65, 1.23) 0.499 0.10 1.11(0.80, 1.53) 0.533
1000 - 2000 - 0.96(0.72, 1.28) 0.824 -0.24 | 0.79(0.58, 1.07) 0.128 0.02 | 1.02(0.74, 1.39) 0.897
0.04
>2000 (ref.) 0.00 1.00 1.00 1.00
Test for
COVID-19
Not tested 0.00 1.00 1.00 1.00
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(ref.)

Tested 0.08 | 1.08(0.78, 2.13) 0.514 -0.02 0.98(0.62, 1.12) 0.764 -0.12 0.89(0.68, 1.88) 0.651

Negative

Tested 0.21 | 1.23(0.97,3.12) 0.128 0.11 1.12(0.73, 1.21) 0.286 -0.08 0.92(0.62, 1.98) 0.345

positive

Knowledge

Good - 0.82(0.63, 0.131 -0.43 0.65(0.50, 0.87) 0.003 -0.49 0.61(0.46, 0.81) 0.001
0.20 1.06)

Poor

Attitude

Positive - 0.99(0.76,1.28) | 0.963 -0.08 0.92(0.71,1.21) 0.565 0.06 1.06(0.81, 1.39) 0.680
0.01

Negative

Note: AOR= Adjusted Odds Ratio, ref= reference category; Cl= confidence interval.
a Score of 10 or more were defined as mild-to-severe depression.
b Scores of 8 or more were defined as mild-to-severe anxiety. ¢ Scores of 15 or more were defined as mild-to
severe stress.

4. Discussion

The findings of this study indicate a high rate of effective knowledge about COVID-19 among the university
students in Oman. Overall, 81% of the students had good knowledge about COVID-19 which is comparable with the
findings in China (82.34%) [31], Saudi Arabia (80%) [37], Iran (87%) [38], and Pakistan (80%) [39]. However, the
knowledge level among the students in our study is higher than observed in Bangladesh (50%) [40], Uganda (68%)
[41], India (70%) [42], and Ethiopia (76%) [30], but lower than observed in the Philippines (92%) [43] and Iraq (92%)
[44]. These differences in knowledge across the countries might be attributed to the differences in the study
populations and the measuring tools to assess knowledge about COVID-19.

This study documented a high level of knowledge about COVID-19 etiology, signs and symptoms, main routse
of transmission, and prevention mechanisms among the university students, which is appreciable and would help in
adopting and implementing preventive measures in spreading COVID-19. This finding is similar to that reported
among the students in higher educational institution in the Philippines [39], Pakistan [39], Saudi Arabia [37], and
Ethiopia [30].

Female students had significantly higher level of good knowledge about COVID-19 than the male students. This
might be due to the fact that female students were more concerned about the disease and its preventive mechanisms.
There were mixed results about the association between gender and the level of good knowledge about COVID-19.
College of the study appeared as a significant predictor of knowledge of students about COVID-19 which was
consistent with findings of other studies [30,31,41]. Students from the College of Medicine and Health Sciences and
from the College of Nursing showed higher levels of knowledge about COVID-19 than others, which may be attributed
to the training of these students about diseases, medicine and public health, as well as their commitment to the medical
profession [41]. Students living in urban areas had a higher level of knowledge than their rural counterparts, which is
consistent with the findings of previous studies [40,45,46]. This might be due to the fact that students living in urban
areas might have higher chance of accessing the main sources of information including social media and internet.
Cohort or study year was also another factor affecting knowledge about COVID-19. Students from older cohorts or
more years of study had higher level of knowledge than their younger counterparts. The finding is consistent with
findings of the studies in Ethiopia [30,47].

The results also indicated high level of positive attitudes towards COVID-19, as more than eighty percent (83%)
of the students had a positive attitude towards COVID-19 which was in line with the findings of the studies in Pakistan
(82%), Ethiopia (82%), 2021), and Nigeria (80%) [32,48,49]. However, to some extent, there exists a COVID-19
related stigma, as slightly more than one-third (35%) of the students believed that COVID-19 is a natural catastrophe.
Regarding factors associated with positive attitude, female students were found to be more likely to have positive
attitudes towards COVID-19 than their male counterparts. This finding is consistent with the findings of studies
conducted in Saudi Arabia [50], Bangladesh [51], and Pakistan [52]. Good knowledge toward COVID-19 was found to
be significantly associated with positive attitude about COVID-19, which is consistent with finding of the previous
studies [30,53,54].

The results indicate high prevalence of depression, anxiety, and stress among university students in Oman. The
prevalence of mild to severe level of depression, anxiety, and stress, were found to be 66.3%, 69.2%, and 71.0%,
respectively. The severe forms of depression, anxiety and distress constituted the major part of the prevalence. More
than one-third (37%) of the students exhibited a severe level of depression, while 40.2% exhibited severe anxiety,
nearly one-fourth (23.7%) exhibited a severe level of stress.

There is no comparable study in Oman during the current pandemic to check the consistency of our findings of
the prevalence of depression, anxiety, and stress among university students. However, a recent study documented that
the prevalence of depression, anxiety, and distress were 25%, 22%, and 30%, respectively, among the general adult
population of Oman [55]. In another recent multicounty cross-sectional study, Al Omari, et al. [56] reported that the
prevalence of depression, anxiety, and stress were observed to be 56.2%, 39.4%, and 31%, respectively, among the

68



THE DEUBIQUITYLASE USP5 KNOCKDOWN

Omani youth of age 15-24 years. All these results indicate that the prevalence of the 3 mental health conditions is
substantially higher among the university students in Oman than the Omani general population. Even before the
COVID-19 pandemic, many studies across the globe reported higher levels of depression, anxiety, and stress among
students than the general population [29,57,58].

Students’ mental health can be attributed to a series of factors that range from individual, interpersonal, and
institutional levels [59]. On the individual level, students’ low self-esteem and lack of coping abilities were correlated
with higher levels of depression and even suicide [59,60]. On the institutional level, academic curriculum, campus
climate, and faculty interaction largely determined students’ experiences at school, which were potential factors that
correlated with their mental health [61].

Our findings on mental health status of students in Oman are in close agreement with the findings of the study in
Bangladesh [62], Europe and Asia [63], Turkey [64], and the Kingdom of Saudi Arabia [65]. Undergraduate students
were found to have had about 3 time higher odds of having mild to severe level of depression and anxiety. This finding
is consistent with the findings of the study among university students in Jordan [66], and in Saudi Arabia [65], showing
that students with lower educational levels had higher odds of having symptoms of mental disorders.

Female students were found to have had more than 2 times higher risk for anxiety and about 1.5 times higher risk
of depression. These findings are consistent with the findings of the multicounty studies of Ochnik et al [63] and Al
Omari et al [56]. A recent study in Saudi Arabia also documented a 2.5 times higher risk of anxiety and stress and 1.7
times higher risk of depression among female students than male students [65]. The underlying reasons might be that
females are more concerned about their success in a future career, physical appearance, and peer pressure. Also,
females are more likely to undergo negative social changes that were brought by social media, consumer culture [67],
and cultural expectations [68]. Good knowledge about COVID-19 was found to be negatively associated with anxiety
and stress.

The study is not free from limitations. The most important limitations lie with the method of data collection and
self-reporting. As the data was collected through online survey, which is associated with an under-coverage problem
and lack of proper sampling design, resulting in sampling bias. This could limit the representativeness of the study
findings. Under-coverage occurs because many potential respondents do not have easy access to internet or that many
students declined to participate in the survey, and thus they were excluded. On the other hand, in an online survey,
proper sampling design cannot be maintained as the respondents are self-selected, and thus introduced another kind of
bias to the sample. Another limitation is the subjectivity of the students in providing information about knowledge,
attitude and symptoms of mental health through a self-administered questionnaire. Despite using a validated and
reliable questionnaire, it cannot be assumed that students were totally objective while providing information.

5. Conclusion

This study demonstrates a high prevalence of good knowledge and positive attitude of Omani students towards
COVID-19, and at the same time high rate of depression, anxiety, and stress in the university population. Although the
findings suggest an overall satisfactory level of knowledge and positive attitude, there still prevails some
misconceptions or stigma to a group of students as about one-third of the students opined that COVID-19 is a natural
catastrophe and 13% students were in favor of keeping it secret if infected the virus. Also about 18% students had
negative attitudes and same percentage had poor knowledge about COVID-19. Positive attitude was found to be highly
associated with good knowledge about COVID-19. Good knowledge about COVID-19 appeared as significant
predictors of mental health problems. All these findings underscore the need for more educational programs and
behavior change communication. It has been observed that the COVID-19 pandemic has increased the mental health
issues of university students. More research is needed to identify the reasons for the high prevalence of mental health
issues. Younger age, female gender, recent admission cohorts of students, undergraduate students, marital status,
college of the study appeared as significant predictors of negative mental health symptoms among the students. The
findings of high and elevated mental health symptoms among the university students of this study might have
important policy implications for health planners, university administration, faculty members and the healthcare
providers in improving the mental health status of university students. Effective mental health services and educational
programs need to be designed for the students to meet their mental health needs and development of prevention
mechanisms. The mental health services should include educating students about the signs and symptoms of mental
illnesses (e.g., anxiety and depression), and their coping mechanisms. Educating students about correct knowledge and
stress management methods would help overcome many of the challenges they are facing out of COVID-19 pandemic.
Establishing counseling centers and mental health clinics in the university for monitoring and managing psychological
problems among university students could be effective and the students should be encouraged to join these centers and
clinics when they need such support. Emphasis should also be given to increase the community awareness, particularly
among the parents, faculties and healthcare providers about student’s mental health and wellbeing.
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3. Acceptable but only after a second round of reviews (the paper cannot be accepted
without a major revision of its structure or significant changes in its presentation. The
author will receive all comments from the first set of reviewers and requested to resubmit
the paper with the suggested modifications and amendments.

4. Not acceptable. The paper is not in a relevant area of the journal or is not of a suitable
scientific level for publication in the journal.

The editor will then inform the corresponding author of the editorial decision and convey the
comments and suggestions of the reviewers to which the author has to respond normally within 2-
4 weeks. Authors may contact the editor through the journal email system if they require an
extension.

After reception of a revised manuscript, it may be subjected to an additional round of review,
particularly if the manuscript was originally placed in the “acceptable” category. The final
decision of acceptance or rejection lies with the Editor-in-Chief in coordination with the subject
editor, pending approval by the SQUJS editorial board and the Sultan Qaboos University
Academic Publication Board.

All communications between authors, editors and reviewers are made using the Journal
Management System at: http:// https://journals.squ.edu.om/index.php/squjs/index

Authorship

Authorship must be based on all of the following criteria: (1) substantial contribution to the
conception and design of the study, data acquisition, analysis and interpretation of the data; (2)
drafting the article or revising it critically and; (3) final approval of the version of the manuscript
to be published. Contributors who do not meet all 3 of these criteria should be listed in the
acknowledgements section of the manuscript. The corresponding author is responsible for taking
all necessary coordinating actions for revising the manuscript, receiving authorization from other
authors, etc.

Scientific misconduct
According to standard practices in scientific journals, SQU Journal For Science follows the
recommendations of the Council of Science Editors (www.councilscienceeditors.org) and defines

misconduct as:

1. Data Corruption: falsifying data, inventing data, ignoring part of the data purposefully, or any
form of omission, suppression or distortion of data.



2. Plagiarism: using published or unpublished texts, ideas or thoughts of another writer without
acknowledgements and presenting them as one’s own. Plagiarism includes duplicate
publications or submissions in the same or in another language. The journal will follow COPE
guidelines to identify and manage cases of plagiarism or text recycling.

3. Authorship misconduct: Exclusion of involved researchers, or inclusion of researchers who
have not contributed significantly to the work (see section on authors), or publication without the
consent of all authors.

4. Ethical misconduct: Failure to follow legal requirements in acquiring the necessary
permission to sample, collect, export or import specimens, collect data, use chemicals or obtain
ethical permits in the country of the author’s institution.

SQU Journal for Science takes all forms of misconduct very seriously. It follows the Committee
for Publication Ethics (COPE) recommendations and guidelines
(publicationethics.org/resources/guidelines). Final decisions regarding scientific misconducts are
taken by the Editor-in-Chief.

Types of articles

The journal accepts several types of articles and recommends the following submission
length and subsections:

Editorials (by invitation only)

Editorials should not exceed 2000 words and a maximum of 25 references.

Reviews

Reviews should not exceed 6000 words and 14 pages and approximately 100 references. Authors
who would like to submit a review are requested to send to the Editor-in-Chief
(squjs@squ.edu.om) a one-page pre-proposal outlining the focus and scope of the projected
review before submitting their review online. The abstract of a review paper, although structured,
does not have to follow the “5 section template”.

Research Articles (original research not exceeding 6000 words)

Research papers should not exceed 6000 words or 14 pages and 50 references. They should be
divided into the following 6 sections: Abstract, Introduction, Materials and Methods, Results,
Discussion and References. Additional sections such as Acknowledgement, Conclusion or
Recommendations can also be included. Although merging results and discussion is possible, it is
not a structure encouraged by the editorial board.

Communications/Notes (original research not exceeding 6 printed pages)
Communications/Notes are short original research articles. They should not exceed 3000 words

and 30 references or 6 printed pages. They should have the same overall structure as Research
Articles including a structured abstract.

Perspectives (short papers, not exceeding 3000 words)



Perspective papers are short papers that present an opinion or novel interpretation of existing
ideas or data. They may also present an historical perspective on one of the themes of the journal.
These manuscripts should follow a structure and a logical sequence of sections related to the
content and purpose of the paper.

Journal language and translation

The Journal publishes papers in English, with the title, author names, abstracts and keywords
published in Arabic and English. Where none of the authors are Arabic speaking, an abstract
translation service is provided. British English spelling, usage, and punctuation are used through-
out the journal.

Editing

Papers accepted for publication will be edited by the Journal editorial office for conciseness,
clarity, grammar, spelling and style. Should the editing be extensive and possibly alter the
intended meaning of the author(s), queries will be sent by email to the corresponding author
requesting clarifications.

Style

The Journal follows the overall evolution of the scientific language. When preparing manuscripts
please avoid jargon and long or complex sentences but aim at clear, concise and simple
grammatical structures. The editorial board encourages the use of the active voice when it is
appropriate.

Abstract

The Editorial board strongly suggests the use of a “structured abstract” not exceeding 300 words.
These abstracts, although composed of a single paragraph, include 5 sections that summarize the
content of the paper: introduction, experimentals/methodology, results, discussion and
conclusion. Each section is introduced by a heading followed by a colon and a series of
sentences.

Preparation of the manuscript

All papers will be typeset by the editorial team of the journal at publication time. Therefore, the
editorial board requests the authors to follow a clear and simple format for their manuscript
thereby facilitating the reviewing and editorial process. Templates for Microsoft Word™ are
provided to assist authors in preparing their manuscripts.

The editorial board recommends the use of a classic typeface (Times, Helvetica, Garamond,
Myriad-Pro, ...) with 12-point size and at least 14-16 points leading (line spacing) for the text of
the manuscript with minimum formatting as most of layout and typographical formats will be
applied at the typesetting stage. The manuscript page size should be A4 or US Letter and the
editorial board recommends that a margin of at least 3 cm be included on all sides of the paper.

To facilitate the reviewing process, the text of the submission should have line numbers in the left
hand margin restarting at 1 on each page and a page number in the footer of the document. Use
standard typographic conventions for the text presentation: italic typeface for species names (not



underline), bold face for vectors, true superscript and subscripts when necessary. Emphasis is
better marked through italic rather than bold face.

Typography

The journal uses standard typographic convention throughout. The editorial board recommends
that you follow these in the preparation of the manuscript.

Italic should be used throughout for the Latin name of species (please do not use underlined text).
Emphasis can be placed on some elements of text using bold face.

Abbreviations: Avoid non-standard abbreviations whenever possible, particularly in headings
and subheading. If, for the sake of conciseness, the author wishes to use abbreviations, define
each abbreviation when they first appear in each section of the manuscript. Standard abbreviation
such as RNA, DNA, ATP, ADP, EDTA... do not need to be defined as most readers will be
familiar with them. Others such as PAH (Polycyclic Aromatic Hydrocarbon) or ICP (Inductively
Coupled Plasma) should be defined as most reader may not be familiar with their meaning.

Units: Always use the International System of Units (SI) for all units. For large or small units use
the standard multiplier prefix for the units (k for 1000, M for 1000000, m for 1/1000 and p for
10-6). Prefer whenever possible negative exponents to slash: kg-m-2 rather than kg/m2. To
separate units, use either a mid-line point (- =ASCII code 183 — Unicode U+00B7) or a non-
breaking space. The abbreviated symbols (k, kg, s, P, W, etc. ) should be used whenever possible
and combined with Arabic numbers (5 kg, 2 m2, 5.2 MP, 6.78 MW:-h). The only exception is
when a number is grammatically placed at the beginning of the sentence. A non-breaking space
(Unicode U+00AQ ) should be used between the number and its units to insure that they stay
together in the final document. The Sl unit of time is s (second), h stands for hora, min for
minuta, d for dies (day) and a for annum (year).

When necessary, non-Sl units can be added between parenthesis to allow comparison with older
literature or traditional systems of measurements. This includes usual units, such as surface of
farming units (faddan, acres, ares, hectares), or traditional depth units (fathoms, brasses, Ba’,...)
or distance (nautical miles, miles) or other non Sl units (gallons, inch, foot, bushels, etc. ).

Ilustrations

Illustrations should be numbered consecutively and submitted as individual files, not embedded
in the article file. To insure compatibility, the journal accepts the following file format: JPEG,
TIFF, PNG, PDF, EPS and SVG. Although the journal is normally published in black and white,
color illustrations can be used when color is clearly necessary to convey the intended message.
Although the authors can suggest the inclusion of color figures in the paper, the final decision to
include them or not is left to the editorial board. The editorial team will strive to provide the best
possible graphic output from the material submitted by the authors and may in some cases decide
to redraw some figures to improve readability. They may also request better quality photographs
or color figures if necessary. Typically black and white line figures should have a resolution of at
least 600 dpi (at the final printed size) and color figures or photographs 300 dpi (at the final
printed size) but should not exceed 10 MB. For line graphics, vector based file formats (SVG,
PDF, EPS) are preferred as they are resolution independent.

Each illustration should have at the bottom of the page a brief identifier such as the name of the
first author, the word Figure and the sequential number of the figure. (Al-Oufi, Figure 7 for



instance). The full captions of all figures should be presented in numerical order on a separate
page at the end of the text manuscript.

In the figure use Helvetica as the standard typeface for all text (axis, legend, axis legend,
equations, labels, etc.) and ensure that all text remain legible even after size reduction for final
printing. Figures will be printed either as a single column (7 cm wide) or double column (14 cm)
figure.

Macro-photographs, micro-photograhs, SEM photographs, anatomical drawings, morphological
illustrations, should have an appropriately labeled scale bar. Avoid multiplication factors (x100,
x10000) as these will change with the rescaling of the figure when printed.

Tables

Tables should be presented in a clear manner and designed to fit on the width of a page.
Exceptionally wide tables may be typeset, sideways, along the height of a printed page. All
unnecessary decimals should be removed. Tables should be included at the end of the

manuscript on separate pages and the legend/caption of each table should be placed on the same
page and above the table.

Equations and numbers

Equations should be placed on separate lines and numbered sequentially at the end of the line.
They should be typeset using an equation editor. If this is not possible, scan or photograph a clear
handwritten version of the equation, which will be typeset by the editorial assistant.

The Journal uses the modern scientific number styles recommended by the Council of Science
Editors. This styles uses digit numbers (1, 2,4.5, 7, etc.) for all numeric representations, even
single digit ones. The main exceptions are when a digit starts a sentence, or when the single digit
number is part of an idiomatic expression such as in “one or both”, a “zero-tolerance policy”, a

99 ¢

“one-to-one interview”, “one has to agree that”...
In-text citations:

Please cite references in the text by number only enclosed in parentheses. Citations of
unpublished work are listed in parentheses in the text only as follows: ...by J.A. Smith (personal
communication); ...(J.A. Smith, personal communication); ...according to J.A. Smith
(unpublished data); or ...(J.A. Smith, unpublished data). If the cited individual is not mentioned
elsewhere in the references, the individual’s full name and address should be provided in a
footnote.

End of text references

The bibliographic information for all cited references in the articles are listed at the end of the
papers under the heading “References”. Arrange the cited references in the order they appear in
the text in sequential numerical order. References should be in full and should provide the reader
with needed information to retrieve and examine the cited reference. Please follow the examples
shown below, including punctuation. The Journal names follow a “Title case” capitalization - all
words are capitalized except for articles (a, an, the); for prepositions (against, of, in, to), for
conjunctions (and, for, not, or)-and should NOT be abbreviated. Titles of articles, books, on the
other hand follow a sentence case capitalization (i.e. words are capitalized according to the
grammar of the language of publication): the first word, the first word that follow a colon or a

Vi



semi colon, names of geographic locations, or proper nouns, etc. For articles published in non-
English languages, provide the original title if the language uses roman characters or a translation
of the title for other languages (Arabic for instance) and add the name of language between 2
periods at the end of the reference.

For online references, follow the overall same standard as for print publication, but include a date
of access and a DOI number, if possible. Unpublished results and personal communication are not
recommended in the reference list, but may be mentioned in the text. If these references are
included in the reference list, they should follow the standard reference style of the journal and
should include a substitution of the publication date with either “Unpublished results” or
“Personal communication”. Citation of a reference as “in press” implies that the item has been
accepted for publication.

Volume and issues, if available, follow directly the Title of the Journal with the issue number
between parenthesis. Page numbers follow a colon and are separated by a hyphen. For books, the
total page number is used with the abbreviation “pp.” whereas for chapter/section of books, the
abbreviation is “p.” followed by the range of pages of the section (p. 25-44). All references end
with a period.

Following are some examples of common references:

Single authored paper

Yallaoui, B. Filter representation of normal lattices. Sultan Qaboos University Journal for
Scientific Research - Science and Technology, 1997, 1, 63-67.

Multi authored paper

Al-Rumhy, M., Al-Bimani, A. and Boukadi, F. Effect of compositional grading on reservoir
performance. Sultan Qaboos University Journal for Scientific Research - Science and
Technology, 1997, 1, 37-45.

Book

Steel, R.G. and Torrie, J.H. Principles and Procedures of Statistics: A Biometrical Approach
(2nd Edition) McGraw-Hill Publishing Co., New York, 1980.

Chapter in a book

Apel, M. and Turkay, M. The Intertidal Crabs and Hermit Crabs (Crustacea: Decapoda:
Brachyura: Paguridae) in the Study Area and their Condition After the Oil Spill. In
Establishment of Marine Habitat and Wildlife Sanctuary for the Gulf Region. Eds.
Feltkamp, E. and Krupp, F. Jubail and Frankfurt, 1992.

Bulletin
Page, C.H. and Vigoureaux, P. (Eds). The International System of Units (SI). National Bureau of

Standards Special Publication No. 330 (rev.), U.S. Government Printing Office, Washington,
DC, 1986.
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Conference proceedings

Stirm M., Oceanographic conditions and pelagic biological processes in Omani waters.
Proceedings of FAO Workshop “Mesopelagic Fish Stocks of NW Indian Ocean”, 29-31 October
1994, Muscat, Oman.

Conference presentation

Elbualy, M.S. Sero-prevalence of Rubella, Cytomegalovirus, Measles and Toxoplasmosis among
Pregnant Women in Oman. 7th European Congress of Clinical Microbiology and Infectious
Diseases, 12-30 March, 1995, Vienna, Austria.

Submission checklist

1. The current submission has not been previously published nor is it currently submitted to
another journal for consideration.

2. The submission text files are in Microsoft Office (.doc, .docx), OpenOffice (.odt), RTF (rtf) or
Apple Pages (.pages) document file format.

3. The text of the document uses a 12-point standard font with a 14-16 point leading (space
between lines) on A4 or US-Letter format pages with page numbers and line numbers.
Manuscript conforms to the journal recommended styles, length and number of sections.

4. The Abstract of the paper follows the structured format described in the guide for authors and
includes a single paragraph (<300 words) with 5 inline headings (Introduction, Methodology,
Results, Discussion, and Conclusion) and keywords for the manuscript are provided.

5. Photography (or photographic plates) are submitted in the jpeg (.jpg) file format at 300 dots per
inch (dpi) with 80% compression quality or better. Line drawings and other figures should be
preferably submitted as vector graphics such as pdf, eps or svg files. Alternatively, high
resolution (600dpi) image format are acceptable (PNG, TIFF, GIF).

6. All tables including (legend, description and footnotes) and all figure captions are part of the
submission main text file.

7. The text adheres to the stylistic and bibliographic requirements outlined in this document
which can also be found in the Journal web site.

8. The manuscript has been “spell-checked” and “grammar-checked”.

Supplementary material

SQUJS accepts electronic supplementary material to support published manuscripts. These may
include high-resolution images, sound-tracks, datasets and will be published online along with the
electronic version of the published paper. Data should be provided in one of the supported format

(pdf, doc, docx, otd, rtf, pages, jpeg, png, tiff, svg...) for printable documents and standard
formats for non-printable documents (AlIFF, MP4, MP3, etc.).
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Copyrights

The content of the journal is licensed under the Creative Common (CC BY ND) licensing
schemes, the details of which can be found at https://creativecommons.org/licenses/by-
nd/4.0/legalcode.

Proofs

The galley proof of an accepted article in emailed in PDF format to the corresponding author for
typographical checking only. It should be returned within 72 hours of receipt.

Publication ethics:
Committee on Publication Ethics (COPE) will be followed. http://publicationethics.org
Contact details

The Editor-in-Chief

SQUJS Editorial Office
College of Science

Sultan Qaboos University
P.O. box 36, Postal Code 123
Al-Khod, Muscat

Sultanate of Oman

Tel: (968) 2141 2251

Submission at https://journals.squ.edu.om/index.php/squjs
Email: squjs@squ.edu.om
Alternate email: msk@squ.edu.om
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