INTERNATIONAL JOURNAL OF

(ISSN 2618-1630)

Volume-2
Issue-2

~ Synthesis of NiIO/ZnO Nanoparticles
“COVID-19 Pandemic: A Remedial Measure

~ Active Surface deformation from DEM Based
Surface Dynamics

journal.50sea.com




Prof Dr. Ali Iqtadar Mirza
Chief Editor
International Journal of Innovations in Science and Technology

Abstracting and Indexing

IJIS

P ISSN : 2618-1630
E ISSN : 2909-6130

&= @ Scilit

TOGETHER WE REACH THE GOAL

Recognized Journal

00850 (i = T JOURNALS
{3;55_..;:: CiteFactor [EI R st
j  IDEAS INFOBASE INDEX
( IPIndexing |1. __ RESEARCHBIB
Indexing Portal ACADEMIC RESOURCE INDEX

ROTINDEXING

WIKIDATA




Instructions for Authors

The editorial board encourages and welcome true researches, laboratory experiments and
real time field observations to get published in IJIST. The authors are advised to prepare their
manuscript according to the template of IJIST.

Please see the checklist before submitting your manuscript to IJIST.

e The manuscript is prepared according to the template of IJIST.
Symbols and names are used according to international standards.
Page no and Line no are adjusted on the manuscript.

Figure and Table are clearly cited.

Author names and their affiliation are typed clearly.

There is no any limit to the length of manuscript.

Abstract 1s comprised of 250 words.

Author’s contribution and the statement narrating no of conflict of interest is mentioned in
the end.

Each Figure and Table is numbered and cited in the text.

e Spelling and English grammar is checked.

e Itis “Open Access” journal that publish articles on payment of publishing fee by authors or
by their mnstitutions.

e All the articles are published under Creative Common License CC-BY therefore, authors
mush agree with same license.

Aims and Scopes

The authors are advised to submit their manuscript in accordance with disciplines as below:

¢ Administrative Science
o Agriculture/Forestry
¢ Climatology

¢ Crminology

¢ Development Study
¢ Environment

o GIS

e Geography

¢ Meteorology

e Physics

¢ Remote Sensing

e Social Science

e Urban Planning

¢ Economics

e Chemistry

¢ Bio-Chemuistry

e Computer Science



Peer Review Process

-

l




Table of Contents
International Journal of Innovations in Science & Technology

(IJIST) ISSN 2618-1630 V212 | June 2020
Sr Items Page
No No.

1. Synthesis of NiO/ZnO Nanoparticles using 2-Propanol Solvent and their | 38-45
Applications for Methylene Blue Degradation

2. COVID-19 Pandemic: A Remedial Measure Through Convalescent Serum 46-50

3. Active Surface deformation from DEM Based Surface Dynamics in Upstream of | 51-60
Mangla Reservoir and eastern Potwar Plateau




LA |
OPEN ([, ACCESS . . . .
~, International Journal of Innovations in Science & Technology

() Q[P 2N () B
D9Ed. 60l 1JIST

Synthesis of NiO/ZnO Nanoparticles using 2-Propanol Solvent and
their Applications for Methylene Blue Degradation

=tm

Lubna Noor', Bakhtawar Sajjad’, Auswa Nadeem®, H. Tanzilla Hussain’, Shaista Ali‘, Muhamad
Akhyar Farrukh®,

" University of Lahore, Pakistan

* University of Engineering and Technology, Lahore, Pakistan.

’ Bahauddin Zakariya University, Multan, Pakistan

*Government College University, Lahore, Pakistan

*Forman Christian College University, Lahore, Pakistan

*Corresponding Author: Bakhtawar Sajjad bakhtawarsajjad898@yahoo.com

Citation | Noor L, Sajjad B, Nadeem A, Hussain H T, Ali S, and Farrukh M A “Synthesis of
NiO/ZnO Nanoparticles using 2-Propanol Solvent and their Applications for Methylene Blue
Degradation”. International Journal of Innovations in Science and Technology, Vol 02 Issue 02:pp
38-45.

DOI: https://doi.org/10.33411/1JIST /2020020104

Received | January 03, 2020; Revised | February 13, 2020; Accepted | February 25, 2020,
Published | March 03, 2020

scale in various fields e.g., sensors, electronics drug delivery, optics, catalysis and in

water purification process. Nanoparticles (NiO/ZnO) were synthesized using sol-
gel technique. In this method, 2-propanol was taken to analyze the particle size. Fourier Transform
Infrared Spectroscopy (FT-IR) confirmed the presence of ZnO/NiO. Ultraviolet Visible (UV)
data recorded a band gap for ZnO that was 4.1 eV while UV spectrum of methylene blue
demonstrated a decrease in concentration of methylene blue while using NiO/ ZnO as catalyst.
Keywords: Sol-gel, Nanocomposites, Methylene blue, Photocatalyst
Introduction:

The existence of nanoparticles in metal oxides are significant while performing fabrication
which leads to exchanging their bulk properties. These nanoparticles are widely used in various
fields e.g., sensors, electronics drug delivery, optics, catalysis and in water purification process [1].
These nanoparticles have very diverse properties as insulator, metal and semi-conductor which are
used in piezoelectric devices, microelectronic circuits and the gas sensors [2]. Zinc oxide are in
extraordinary in nature as these have low cost, highly photosensitive and non-toxic. These are usedin
solar cells, light emitting diodes, photonic crystals, acoustic wave filters, modulator wave guides,
transparent conductors and photo detectors. These nanoparticles are unique due to their
properties such as they have a band gap of 3.37ev having energy as 60mev [3-8]. The nanoparticlesof
nickel oxide act as cathode in superconductors [9], because these are super paramagnetic and
ferromagnetic in behavior [10]. NiO has a band gap 3.5 eV which behave like p-type
semiconductors and applied in various fields such as battery manufacturing, electro chromic film, and
gas sensors [11-15]. NiO has been investigated extensively due to its structure. The electrons of NiO
are spread over a large range of energy due to strong coulomb repulsion [11, 106].

ZnO based nanocomposites are interesting for photocatalytic degradation because vatious
advantages including direct band gap, anisotropic growth, high electron mobility and simple

I he nanoparticles play a significant role in fabrication process which are used at large

March 2020 | Vol 2|Issue 1 Page | 38



mailto:bakhtawarsajjad898@yahoo.com
https://doi.org/10.33411/IJIST/2020020104

sl
OPEN ([, ACCESS . . . .
. International Journal of Innovations in Science & Technology

controlling of its morphology [17]. Montini and co-authors synthesized NiO/ZnO nanocomposite
and investigated photocatalytic properties of nanoparticles [18].

The aim of this research is to synthesize NiO/ZnO nanopatticles by using 2 propanol as
solvent and the application of these nanoparticles as catalyst for methylene blue dye degradation
i.e. a harmful dye.

Material and Methods

NiCl2. 6H20, Methylene blue and 2-propanol was acquired from sigma Aldrich and ZnCI2
was from Riedl-de-Haen. ZnCI2 was taken 0.013g and NiCl2. 6H20 was taken 0.024g. Both were
dissolved in 10 ml 2-propanol. The pH of this solution was measured as 1. The solution was stirred for
5-minutes at room temperature and raised its pH up to 9. Now this solution was centrifugedat
1300rmp for 2-miniutes. To get dry precipitates, we put these in oven overnight and then
calcined for two hours at 450°C to obtain oxides only. The chemical reaction is as below:
NiCI2.6H20 + ZnCI2 + 4NaOH [] 4NaCl + Ni (OH)2 + Zn (OH)2 + 6H20
Ni** + Zn** + 4OH [ Ni (OH)2 + Zn (OH)2
Figure 1 is showing the flow of study adopted in this research to get NiO/ZnO nanoparticles.

2-Propanol
0.01 M ZnCl 0.01 M NiCl..6H:0
pH1 0.043 M NaOH
l bi Distilled Water
Magnetically Stirred NaOH Solution
< 0.3 ml/ 5 min NaOH
Gel like white
precipitates
Calcination at 450 °C Centrifugal Washing
for 2 hours at 12500 rpm

NiO/ZnO
Nanoparticles

Figure 1 Systematic Synthesis of NiO/ZnO

NiO and ZnO nanoparticles were investigated for photo catalytic activity. A solution of
Methylene blue was prepared in 20ppm and passed through ultraviolet spectrometer. The
wavelength of this solution was recorded as 659nm. About 20ml of this solution was taken into a
separate beaker and 10mg of NiO/ZnO nanopatticles were added in it. This solution was further
passed through ultraviolet spectrometer at a wavelength of 659nm and the catalytic activity of
NiO/ZnO was measured.
Results and discussion:
Fourier Transmission Infrared Spectroscopy (FT-IR)

March 2020 | Vol 2|Issue 1 Page | 39
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FTIR spectrum of NiO/ZnO nanocomposites was recorded after calcination. Figure 2 is
showing the percentage of transmittance at various wavenumbers. The broad absorption band was
recorded at a wavenumber of about 3350 cm™' which is attributed to O—H stretching vibrations.
The band number at 1631 cm ™' is attributed to bending mode (H-O—-H). The peak at band number
1416 cm™' is due to symmetric stretching of C=O. A peak was recorded around 880.8417 cm™
which was due to metal oxygen bond while the band number at 637.321 cm™ represents the
stretching vibrations of Ni-O-H bond. The peak at band number 470.201 cm™ represents the peak of
Ni-O nanoparticles. The absorption band at 470.201 cm™ describes the stretching mode of ZnO
which lie between 450 cm™ to 500 cm™ The same results were recorded were reported by various
researchers [17,18,19,20,21,22,23].
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Figure 2 FT-IR of calcined NiO/ZnO

Particle Size Analysis

The particle size of nickel oxide and zinc oxide nanoparticle were measured by taking Bt- 90
analyzer. The results reported that the surface area and the particle size are in inverse relation to
each other. Particle size was estimated as 175nm, 139nm, 92nm and 69nm after 1, 2, 3 and 4hours
respectively as showing in Table 1 and Figure 3.
Table 1. Relationship between particle size and the surface area of NiO/ZnO using 2-Propanolas
solvent.

Time (hours) Particle Size (nm) Specific Area m*/g
1 175 14.24
2 139 18.22
3 92 22.66
4 69 29.69
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Figure 3 Particle size, time and specific sutrface area if NiO/ZnO nanopatticles using 2-propanol
as solvent
UV- Visible Spectroscopy:
Band gap of NiO and ZnO nanoparticles was measured using the following equation:
(hva)” = A (hv-E,) Eq (1)

In equation (1) “A” indicates the absorption, “Eg” is band gap, “hv” determines the photo
energy and “a” represents the absorption coefficient. The value of n is taken as 2 in case of direct
transition and 2 for indirect transition.

The band gap of NiO/ZnO was estimated as 4.1ev. Figure 4 is showing the ultraviolet and
visible spectrum of NiO/ZnO nanoparticles.
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Photocatalytic Activity of NiO/ZnO nanoparticles:

Figure 4: the band gap of NiO/ZnO.

The photocatalytic activity of NiO/ZnO nanoparticles was estimated using UV -visible
spectrophotometer with methylene blue. The absorption capacity of the solution was estimated by
exposing it to sunlight and the absorption was estimated after every 15 minutes. The absorption
capacity was declined with passage of time as shown in Table 2.

Table 2. Photocatalysis data of methylene blue

Sr. No. Time (min) Absorbance
1 Blank 2.986
2 0 2.183
3 15 2.313
4 30 2.298
5 45 2.235
6 60 2.138
7 75 1.620
8 90 1.607
9 105 1.573
10 120 1.324
11 135 1.114
12 150 1.022
13 165 0.853
14 180 0.837
15 195 0.672

Figure 5,6 and 7 are cleatly representing the catalytic nature of NiO/ZnO nanoparticles
worked. Figure 5 is showing the decrease in absorbance with the passage of time confirming the
decreasing concentration of methylene blue in the presence of nanoparticles.
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Figure 5 Methylene Blue absorbance with respect to time.Figure 6
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is showing that Methylene Blue was degraded with passage of time.
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Figure 6 Degradation of MB dye as a function of UV light irradiation time
Figure 7 confirmed that NiO/ZnO nanoparticles degraded the dye up to 75% with passage of
time.

90

70 "
su-‘ /./
50-‘ /'

20 :\ },,.///

10 . T r r r r r
0 50 100 150 200

Co-Ct/Co™00

Time (min)
Figure 7 MB degradation efficiency of ZnO NPs
Conclusion:

Nickel oxide and zinc oxide nanoparticles were synthesized using sol-gel method, and the
particle size was measured as 69nm and 52.1nm of uncalcined and calcined nanoparticles
respectively. A band gap of 4.1ev was measured for NiO and ZnO nanoparticles. Photocatalytic
activity of nickel oxide and zinc oxide nanoparticles showed maximum degradation up to 75%
under sunlight irradiations. Nickel oxide and zinc oxide nanoparticles can be used as active catalystfor
methylene blue degradation.
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An acute respiratory syndrome Corona Virus 2 has affected humanity throughout the
wortld. Scientifically, Corona Virus 2 is known as SARS-COV-2 which is abbreviated as
COVID-2019. China was the first victim of this outbreaks in December 2019 [1] which was
later recognized as pandemic on March 11, 2020 by World Health Organization (WHO)
[2,3]. At the time of this writing, about 8.75 million individuals of 188 countries [4] have
been effected by COVID resulting in 463000 deaths primarily, corona virus communicates
from one body to another body through close contacts via droplets produced by sneezing,
coughing or taking by infected badly within a buffer zone of 3 to 6 feet [5,6,7]. These
droplets fall onto a surface and can survive up to 72 hours [8]. Various studies have proved
that droplets may travel up to 37 feet by an uncovered cough [9,10,11]. Corona virus is not
an airborne, however it may transport through respiratory droplets during talking and
breathing [12].

It may be spread due to contaminated surface by corona including skin touches to
eyes, nose, or mouth. Corona virus reacts differently for different surfaces like a stainless-
steel surface and plastic surface make corona virus alive up to 3 days, cupboard for one day
and copper for four hours [13]. The survival of corona virus is largely dependent upon
humidity and temperature [14] where cold temperatures are considered as favorable for
corona virus to survive for long times. Currently there is no vaccine or drug to fight against
COVID-19 virus, however rapid developments are on the way and may be available in short
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times. The most appropriate option of treatment of COVID-19 disease is human
convalescent serum.

About 4.33 million individuals have been recovered from COVID-19 disease who
can donate serum containing immunoglobin. Antibody therapy is related to immunotherapy
which is applied with actively and passively. A specific amount of drug is applied to infected
body agent specific anti-agents to activate immune system to produce long term antibodies
while passive antibody therapy is concerned with consistent antibody concentration,
therefore, passive antibody therapy provides immediate immunity to an infected person.

Viral neutralization is the most adopted mechanism in passive antibody therapy to
cure COVID-19, however phagocytosis and cytologist-based mechanisms are also available
convalescent sera obtained from COVID-19 recovered patients is the most appropriate
deposit antibodies used for treatment of SARS cov-2. Various efforts are on the way to
prepare antibodies again COVID-19 but only antibody which can be used immediately is the
human convalescent sera. Antibodies work to neutralize inoculum and to modify the
inflammatory response which may be achieved with human immune responses [15]. It is
observed that passive antibody therapy is effective to apply immediately as soon as the
symptoms appear but it becomes less effective as the time passes like on third or fourth day
[16]. An appropriate amount of therapy is applied to suspected person which will circulate in
tissues and blood to provide agitation against certain infections.

Convalescent has been widely used for curing viral diseases including measles [17,18]
influenza [19], and poliomyelitis [20] and mumps [21]. Convalescent sera behaved differently
for a variety of viral diseases and results proved different efficiency for each disease. HIN1
2009 virus was treated through convalescent serum antibody during 2009-2010 [22]. Ebola
epidemic was also treated through convalescent serum antibody during 2013. The treatment
of H3N1 [23] and avian flu H7N9 [24] outbreaks were also cured by serum transformation
which kept alive all patients.

Middle East respiratory syndrome and SARS 1 were two epidemics of twenty first
century which resulted in high mortality. There was not any effective therapy for curing both
epidemics but convalescent serum was used for their treatments [25]. SARS attacked three
patients in Taiwan and all were survived by injecting 500ml of convalescent serum. Similarly,
three patients struck by MERS in South Korea were cured by applying convalescent serum
which resulted in neutralizing antibody [26]. The titer responses are not same in everybody
recovered from viral disease but vary from person to person. An analysis was performed in
this regard by collecting 99 samples from recovered persons and found that12 of them had
absence of antibody [27]. It suggests that everybody does not have equal number of
antibodies, it is also observed that the concentration of antibodies changes with time, as
some has high and some has low titer response [22-27]. Convalescent serum has been
excessively used in China for treatment of COVID-19 which reduced virus up to the extent
that life started running normally after a long-term lockdown.

COVID-19 sera are useable for both treatment of diseases or infections. In
prophylactic mode, serum prevent infection to whom who are highly vulnerable to disease
such kind of treatment was already used to cure various kind of diseases e.g. rabies and
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hepatitis B which were treated with hepatitis rabies immune globulin (HR1G) and hepatitis B
immune globulin (HB1G) respectively. Mostly infants are hit by severe Respiratory Syncytial
Uirus (RSU) which is also treated by passive antibody administration.

Passive administration is also relay and its risks are categorized in two ways; known
and theoretical. The known risks are linked to transportation of blood substance which is
associated to infection due to another disease agent, and the reaction of serum constituents
such as serum sickness. Such kind of risks has become lower by adopting modern techniques
of blood banking that screen out blood-borne pathogens. The theoretical risk includes the
Antibody Dependent Enhancement (ADE) infection that involve the enhancement of
disease due to existence of certain antibodies. A variety of mechanisms for ADE have been
adopted and the results show that one type of corona virus may enhance the infection to
viral stain [28]. A major theoretical risk is exposure of antibodies before SARS-COV-2 which
prevents disease in such a way that infects the human’s immune system and produce such
individuals that cause reinfection. Both known and theoretical risks can be avoided once a
vaccine is available.

Finally, the anecdotal and historical applications of convalescent serum recommends
that it is safe to cure COVID-19, particularly aged persons, however a risk-benefit
assessment must be executed before the application of convalescent serum.

Deployment of convalescent serum:
The deployment of convalescent serum is conducted in the sequential steps:

1 Availability of donors who have recovered from this disease and are ready to
donate serum.

2 Modern blood banking facility to pressure serum.

(3) Availability of serological arrays to identify SARS-COV-2 and the biological
arrays to compute viral neutralization.

“ Laboratory to execute the assays.
5) Chemical trials to examine immune responses.
(6) Regulatory compliance institutional approval depending upon location. Various

pharmaceutical companies are trying to generate purified high titer of
neutralizing antibodies against COVID-19 but it would be available after many
months and the available human sera is the most immediate solution of COVID-
19.

The antibody isolation and the serum preparation may be conducted through
apheresis from the blood of the COVID-19 recovered in individual if regulatory permissions
are on the way. Today nurses, physicians and the health care providers have to face known
COVID-19 cases and are also infected. They are sent to quarantine. If such individuals are
treated with convalescent serum, quarantine period may be avoided, and it would be helpful
to perform their duties. Finally, convalescent serum is the only option that can be used as the
most secure and immediate action before preparation of COVID-19 vaccine.
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(SRTM) is useful to compute Surface Dynamics (SDs) including, Drainage Density

(DD), Topographic Relative Relief (TRR), Iso Base-Levels (IBL) and Topographic
Vertical Dissection (TVD). It provides detailed information about the lithology based on
erosional boundaries as well as delineation of active tectonic scarps. It confers a well-built
connection among diverse stream Strahler ordering and the localized erosive or neotectonics
conditions in an actively deforming topography. These techniques are rapid, proficient, and
consistent to demarcate tectonic control even along or over the similar lithologies. This
investigation appraises the eroding and uplifting landforms along upstream of Mangla
reservoir in lower Jhelum valley. The aim is to delineate margins for lithological demarcation
and to distinguish whether these are affected by neotectonics or not. We noticed unusual local-
base-level inconsistency that may be related to the well-known active tectonic expressions.
Keywords: SRTM DEM, Surface dynamics, local base level, drainage density, topographic
relative relief, topographic vertical dissection and Mangla reservoir.
1. Introduction.

The continental plates are pulverized with each other by head to head which are
subducted and superseded e.g. Indian plate has been subducted by Eurasian plate therefore, it
is broken from various points which are called the fault zones [1]. A pressure is induced
underneath these plates due to which the rocks are twisted, pressed, or elongated. The strain
underneath these rock units enhances and a point comes beyond which these plates get burst
and spread [2]. This discharge of energy is impulsive in nature which trigger the seismic waves
to move in all directions from the epicenter [3]. The result of these scenarios is lethal which
cause massive earthquakes, landslides, continental rifting, active faulting, and devastating
tsunamis [4]. The Topographic Relative Relief (TRR) has become a significant issue for man-

Digital Elevation Model (DEM) acquired by Shutter Radar Topographic Mission
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oriented environment. The TRR and cartograph are in inverse relation to physical science
relating to earth’s surface.

The utilization of Digital Elevation Model (DEM) in various fields of life has
motivated researchers to visualize mountainous topography in 3D to determine attitudinal
variations [5]. GIS based datasets along with earth surveillance data is widely used in
investigation of geomorphometric indices [6]. These investigations have resulted in modeling
of terrain geologically and hydrologically.

Morphometry is a term used for investigation of topography based on arithmetic
measurements of landforms [7]. These indices are capable of investigating the TRR
characteristics of a region [8]. Lower Jhelum valley is comprised of topography with changing
elevations, dimensions, magnitudes, and scales. The estimation of topography relief requires
the detailed information of slope and aspect.

The main objective of this research was to investigate study site using seven surface
indices including Topography Slope (TS), Drainage Density (DD), Topography Aspect (T'A),
Topography Vertical Direction (TVD), Iso Base Level (IBL), Hack Gradient index (HGI) and
Topographic Relative Relief (TRR). The Satellite Remote Sensing (SRS) and GIS built-in
procedures are capable to evaluate the above mentioned seven indices using DEM. Therefore,
the basic input was the acquisition of high resolution, dipressionless DEM which is
geometrically accurate.

Study Site:

Potwar plateau is situated at a latitude 33-34N and at 73-74E longitude, having
surprising topography. The study site has its topographic importance due to Main Boundary
Thrust (MBT) in the NW and NE direction [9]. Some unique structures e.g., Risai and Kotli
thrust is located in SE-NW direction and the Jehlum fault is oriented in the same fashion.
Rawat thrust is in SE-NE direction which expresses various surface deformation styles existing
over or beneath the surface [10]. The test site is a deformed part of western Himalayan fold
mentioned in Figure 1, having Neogene deformations surged in south to salt range thrust, in
comparison to MBT. The lineaments and outcrop trends are roughly at right angle to the
movements of tectonic structures, having average shortening of 16mm/year [11]. Figure 1 (b)
is showing the location of study area with earthquakes locations in red and thick 273 black
lines represent thrust faulting with teeth symbols showing direction 274 of thrust movements.
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Figure 1. (a) Geology Map, (b) Investigation Site, (c) Hack Gradient message
and (d) Aspect map.
Materials and Methods:

SRTM DEM is freely available for downloading from Global Land Cover Facility
(GLCF) in Tagged Information File Format (TIFF) with 30m resolution. The study site was
analyzed for various indices including HGI, TA, TS, TVD, IBL, DD and TRR and examined
the geometric grids for each procedure. The slope gradient algorithm (SGA) expresses high
correlations for formulation of dissimilar results. The SGA along with aspect map provides
raw values to be used in eigenvector algorithm, therefore the SGA may affect the final output.
[10] introduced Steepest Adjacent Neighborhood Algorithm (SANA), however the four
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nearest neighborhood algorithm (FNNA) is most authentic and widely used algorithm
according to [11]. The eight-neighborhood algorithm was introduced by EVANS [12]. A
dissimilarity between FNNA and SANA explore the impacts of SANA on geomorphometric
factors. Slope of topography was computed using eight-neighborhood algorithm. SANA was
employed to compute singular solitary and slope values at the mid location [13]. The
illustration of Iso base and TVD mechanism is shown in Figure 2,

3
it 1q

©

o
>
pue}xe=q

Plain area = a’

Figure 2. (a,b) Illustration of Iso base and (c) TVD mechanism.
Results and discussion:

The geomorphometric indices which were analyzed includes Iso base level (IBL),
Drainage Density (DD), Topography Vertical Direction (TVD), and Topographic Relative
Relief (TRR). These indices are capable to isolate landforms into a number of morphometric
units to evaluate the hydrologic environments and subcategories of landforms. The geographic
and spatial distribution of study site is explained below.

The IBL were obtained from 2nd or 3rd Strahler order coding and the results are
mapped in Figure 3.
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Figure 3. (a) Slope map showing slope variation in degree while red showing steep
slopes and cyan region with less gentle slopes, (d) Slope map showing various Isobase maps
with isobase contour lines with a spatial interval of 200 m, 300 m and 400 m.

The lineaments were extracted using SRTM DEM. The NNW-SE and NE-SW
directed fault lines are directly linked with configuration of study area as shown in Figure 1.
The Eastward orientation of Iso-base level lines directed in NE-NNW direction over inflexion
of Nelum and Jehlum rivers. It was identified that the SW and NE orientation of IBL lines
transvers to NW-SE of iso-base lines and Kotli and Riasi faults were identified.

Drainage density (DD)

Drainage density (DD) was computed by taking stream length per channel per

hundred square kilometer area. DD can be influenced by various factors e.g., climate,
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geology/lithology and soil types [9]. DD is further subdivided in five different classes as below
in Figure 4
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Figure 4. Drainage density maps extracted from SRTM DEM with variable spatial
roving window sizes of 10, 20, 30 and 40 m
Almost 50% of study area was found under intermediate DD, which may be due to
presences of majority of hard rocks and less uplift rates with less erosion. The DD is further
classified into following classes
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(1) Very low DD (Below 0-0.25 per 100km?),
(2) Low DD (0.25-0.50 per 100km?),

(3) Medium DD (0.50-0.75 per 100km2),

(4) High DD (0.75-1.00 per 100km?),

(5) Very high DD (above 1.00 per 100km?)
Topographic Relative Relief (TRR)

The TRR is related to variations in height over a specified area covering one ridge and
one valley. The computation of TRR is considered efficient due to its uniqueness for
representation of a surface without considering the Absolute Sea Level (ASL). TRR is a
function of height above the sea level, however there is a difference between local and
altitudinal TRR. The TRR is further distributed in low, moderate, high and very TRRs as below
in Figure 5,
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Figure 5. Topographic relative relief maps of investigation site with variable roving widow
sizes.
Low TRR (Bluish Color)

The TRR map represents the inconsistency in the investigation site which cover only
20-25% of total area. In our case it engages lower valley slopes of study site.

Moderate TRR (Cyanic Color)

This kind of TRR covered about 25-30% area of study site. This area included ridges
above and below the RT and KT, lower part of Jhelum, Riwat thrust and some areas of Main
Boundary Thrust representing the gentle slopes of study site.

High TRR (Orange Color)

The category of TRR covered 30-35% in term of area of the study site. This group of
TRR covered NW, eastern and northern side of investigation site which covered high uplift
rates. The sites are around RT, KT, MBT and the Jhelum Fault.

Very TRR (Reddish Color)

This TRR covered 15-20% area of the study site. This type of TRR covered the upper
reaches of Mangla catchment and the upper part of Hazara Kashmir Syntaxis (HKS). The
footprints of this TRR were observed in the area of Bagh, Upper MBT, Upper Jehlum Fault,
Bagh and Tawlakot as shown in Figure 5. This category of TRR falls in region of
erosional/Tectonic scarps having very steepy slopes.

Topographic Vertical Dissection (TVD)

TVD describes, how a valley is dissected and advanced by erosional process in vertical
direction. It was related to the slope variations in degrees, relative relief gradients as shown in
Figure 6. The TVD map describes inhomogeneous spatially distributed bands of lower and
higher values of TVD which relates to unraveling low and high dissection areas. Finally, the
higher values of TVD are considered as recent uplift scenarios along KT, RT, MBT, Riwat
Thrust and upper Jhelum Fault Figure 6. The higher values of TVD indicate the existence of
lineaments in excess which represents that the topography is in youth and continuously
uplifting due to neotectonics in the study site. Lower values of TVD were found in SE and
SSE parts of intermountain watershed having fresh and active deposits and sedimentations.
The high values of TVD were found in upper-central and Northern, NW and NE sides of
study site which represent the existence of neotectonics in the study site.
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Figure 6. TVD maps for the study area with variable roving window size of 10, 20, 30
and 40Km.
Conclusions

The automated surface dynamic analysis performed using SRTM DEM which reveals
that TRR characterizes spatially distributed topographic patterns and active structures within
an investigation site. The TRR represents irregular disseminations, which relates to the
existence of neotectonics in the study site. Lower values of TVD were in the SW of the study
site. The highest values of TVD represent the instable landscape/topography present in N,
NE, NW parts of study site. Various factors control drainage density e.g., climatic episodes,
lithology, and topsoil permeability. The Iso Base Level map is efficient to demonstrate the
active tectonic scraps and types of faults. Higher values of IBL were found in NE and in
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Northern part of investigation site which indicates that the topography was younger or
evolving. Finally, it is recommended that the outcomes can be used in evaluation of physical
topographic examination, hydrology, tectonic geomorphology, environment, and ecology
related management of study site.
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