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Preliminary evaluation criteria for publication acceptance:

o Proposed research must have serious scientific originality and depth

e Thearticle must not have been previously published or submitted to another
journal

e The submitted research should not be taken from a publication or part of a
dissertation

e The journal owns the rights to publish the accepted articles, and it is not
permissible to publish them with other parties except after obtaining an official
license from them

« Do not publish articles that are not available on the standards of scientific research
or the standards of the aforementioned journal

e The journal is not obligated to return the rejected researches to their owners

e The journal reserves the right to publish accepted articles according to its own
priorities and program

o Researches that require correction or modification proposed by the reading
committee are returned to their authors to make the required modifications before
publishing them

e The proposed articles are sent to the Editorial Board for arrangement and
classification, and the articles are presented to the Scientific Committee for
evaluation

o All proposed research is subject to double scientific evaluation by the reading
committee and in complete confidentiality, so that

e The journal has the right to make some necessary formal modifications to the
research submitted for publication without prejudice to its content

o The researcher corrects the errors presented by the evaluations, if any, and sends
them back to the journal

« Research should be sent to the journal’s email address: jutp@democraticac.de

Publication terms

o Languages of articles of this journal are: Arabic, French, English, German

e The author of the research should write his/her name, e-mail address, university
and country to which he/she belongs below the research title, with a summary of
his/her CV attached, and it should be on a special page within the research

« Attach the research with a summary in both Arabic and English

 Atrticles are attached to a summary of approximately 150 words, and the summary
is translated into English or vice versa, with reference to key words

o Research volume is not less than 10 pages and not more than 20 pages

o Page preparation: A4 size paper, leaving a space of 2 cm for all dimensions of the
paper, and the spacing between the lines is single. At the beginning of each
paragraph, a distance of (1 cm) is left

o Writing fonts: using Time New Roman for all languages approved in the journal,
with a font size of (12) for the text, as well as for subheadings, but in bold. Font
size (10) for the abstract and its title (10) in bold, and size (10) is used for
margins, keywords, and the end of the research from sources and references

e The submitted research should include a list of references to be included in the
latter

« References and footnotes are arranged at the end of the article according to the
recognized methodological methods and in accordance with the systematic
scientific sequence and in a manual manner
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o References and footnotes are written in the APA manner as follows

« In the text, write in brackets: the title of the author, the year and the page (title: the
year, p:)

o The complete information is written at the end of the article in this way: the name
and surname of the author, the book title, the chapter, the publishing place, the
edition, the country of publication, the year of publication, and the page

References writing style

« Name of the author or authors, (year of publication), title of the book, name of
the translator or editor, edition, publisher, place of publication, page number

e Periodicals, journals and reports: name of the author or authors, (year of
publication), title of the study or article, name of the journal, issue, page number

« Newspaper articles: the name of the author, the title of the article, the name of
the newspaper, and the date of publication

« Electronic Publications: Name of the author, title of the article or report, name of
the series, if any, name of the website, date of publication

« The reference is cited in the list of sources and references for newspaper articles
and electronic publications by removing the date of viewing and publication

« In the event that the name of the writer or journal is not known, we write (N.R)
in brackets, which means without a publisher

« In the event that the date of publication is not known, we write (N.D) in
parentheses for the date, which means without a date

« Writing references in a foreign language is in the same way as writing references
in Arabic

« The list of references is not divided into books, journals, and encyclopedias, but
is arranged alphabetically according to the authors’ names

« References should be placed in Arabic first, followed by foreign references

Pictures and tables

e Tables, illustrations, etc. are numbered according to their inclusion in the
research, with the title mentioned at the top of the table and the bottom of the
figure

e The tables are numbered sequentially, independent of the numbering of the
figures throughout the text, each of them has its title at the top of the table and
its source below it

« All images and tables used in the research may not be wider than (11 ). The font
size within the tables does not exceed (10)
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Towards Sustainable Waste Management: Optimizing Nitric Acid
Leaching for Cadmium Recovery from Spent Alkaline Batteries

Mahmood Mohammed Ali Saleh?!, Mansour A.S. Salem?and Khalil M. A. Qasem?

Dept, of Chemistry, Faculty of Education University of Aden, Aden, Yemen
Dept, of Chemistry, Faculty of Education University of Aden, Aden, Yemen
Dept, of Chemistry, Faculty of Education University of Aden, Aden, Yemen

Abstract:

The improper disposal of batteries, particularly those containing heavy metals,
establishes a critical connection between natural resource contamination and accelerated
climate change. Carbon emissions from manufacturing new batteries and landfill
operations contribute significantly to atmospheric greenhouse gas concentrations.
Simultaneously, contamination of soil and water resources by toxic battery components
- including cadmium and lead - damages natural ecosystems that function as essential
carbon sinks, such as forests and oceans, thereby compromising the Earth's capacity to
absorb carbon dioxide. Cadmium is a highly toxic heavy metal, posing significant risks
to living organisms even at trace concentrations. In the nickel-cadmium battery
industry, cadmium is typically found in association with nickel and cobalt. This study
investigates an optimized hydrometallurgical process for recovering cadmium from
spent Ni-Cd batteries. Experimental results demonstrated that nitric acid (HNOs)
exhibits significantly superior leaching efficiency compared to sulfuric acid (H2SO4).
Consequently, the influence of key parameters—including nitric acid volume, molarity,
temperature, and leaching time—on cadmium recovery yield was systematically
examined. The optimal leaching conditions were determined to be: 70 mL of 5 M nitric
acid at a temperature of 70°C for a duration of 180 minutes, using a 2g sample of spent
battery material. The solid recovery products were thoroughly characterized using X-ray
diffraction (XRD), scanning electron microscopy (SEM), and energy dispersive X-ray
spectroscopy (EDX) to elucidate their phase composition, morphology, and elemental
distribution. Furthermore, the chemical composition of the leachates was quantitatively
analyzed using atomic absorption spectrometry (AAS) to determine the final cadmium
recovery efficiency.

Keywords: Battery Recycling, Cadmium Recovery, Nitric Acid Leaching, Process
Optimization, Heavy Metal Pollution.
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1. Introduction

Nickel-cadmium (Ni-Cd) batteries represent a significant waste management
challenge due to their classification as hazardous materials, primarily attributable to
the high concentration of toxic cadmium. Currently, industrial recycling of these
batteries relies on pyrometallurgical processes, as exemplified by operations such as
SNAM in France, SAFT in Sweden, and INMETCO in the USA, which focus on
cadmium distillation (Espinosa et al., 2006). While battery recycling is essential for
resource conservation and waste reduction, the specific handling of Ni-Cd waste
presents critical environmental and health concerns (Salihah & Hafeeh 2013; Spellman
& Frank 2018).

The development of efficient recycling strategies is critically motivated by the
severe toxicity of cadmium. This heavy metal is a well-established human carcinogen,
classified by the International Agency for Research on Cancer (IARC, 2012) as Group
1: Carcinogenic to humans. Recent evidence consistently links cadmium exposure to
an increased risk of lung, prostate (Wang & Wang, 2021), and breast cancers (

Oliveira & Souza, 2023), as well as multi-organ toxicity affecting the kidneys and
skeletal system through mechanisms like oxidative stress (Rahimzadeh et al., 2022).
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Consequently, the recovery of valuable metal content from spent Ni-Cd batteries
through environmentally benign processes is not only economically advantageous but
also a crucial measure for mitigating environmental pollution (Huang et al., 2009).
Substantial research has been dedicated to the hydrometallurgical recovery of metals
from battery waste. Previous studies have demonstrated successful extraction of
various metals, including 65% manganese, 99.9% cadmium, 100% zinc, 64% nickel,
and 74% cobalt, using leaching agents such as sulfuric acid, hydrochloric acid, and
organic complexants (Tanong et al., 2016). Specific methodologies for cadmium
recovery include liquid-liquid extraction with ionic liquids (Swain et al., 2016), direct
electrodeposition (Hazotte et al., 2016), and solvent extraction using phosphorus-
based extractants like Cyanex series reagents (Aline et al., 2012; Reddy et al., 2006).
Alternative approaches have also employed ferric sulfate as a leaching medium
(Umesh & Hong 2014).

Despite these advancements, the widespread application of Ni-Cd batteries,
valued for their high energy density and long cycle life (Freitas et al., 2007; Bale et
al., 2009), necessitates continued research into developing simpler, more cost-
effective, and highly efficient recovery systems. This study aims to contribute to this
goal by systematically evaluating various chemical solvents to identify the most
effective agent for cadmium leaching from spent Ni-Cd batteries. The influence of key
process parameters—including solvent quantity, molarity, temperature, and recovery
time—will be investigated to optimize the leaching efficiency and develop an
enhanced hydrometallurgical process for cadmium valorization.

2. Materials and Methods

2.1 Materials and apparatus

The spent Ni—Cd battery powder was obtained from FNO 205L — Hoppecke Solar
Batteries which were supplied by Yemen Electrical Power Stations-Hadhramout Valley
Station. Sulfuric acid (BDH), hydrochloric acid (BDH), nitric acid (BDH), sodium
hydroxide (GCC), potassium hydroxide (GCC), sodium carbonate (GCC), and sodium
bicarbonate (GCC) Chemicals, as obtained, were used with no further purification
process applied. Since the characterization of the metal content produced can provide
valuable knowledge for the implementation of successful recycling processes, the
chemical composition of spent Ni-Cd battery powder has been investigated using XRD.
The XRD pattern was recorded using (Bruker D8 Discover) instrument and copper
source at 40 kV and 40 mA was used. Morphology of the sample and leach residues
were investigated using (SEM, TESCAN Ultra-High Resolution). This Scanning
electron microscope( 20 kV) is also equipped with an X-ray, energy dispersive
spectroscope (EDS). The chemical analysis of leaching samples was carried out using
atomic absorption spectrometer (AAS, iC3000- Thermo).
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Figure 1. Schematic illustration of the chemical recycling of Cadmium from the
Negative electrode of spent Nickel-Cadmium batteries.

2.2. Preparation of Acid and Bases Solutions

All acid and base solutions were prepared in 1 L volumetric flasks. Stock
solutions of sulfuric acid (H,SO,), nitric acid (HNO3), and hydrochloric acid (HCI)
were systematically diluted to achieve concentrations ranging from 2 to 6 M,
following standard dilution principles. Similarly, basic solutions of sodium hydroxide
(NaOH), potassium hydroxide (KOH), sodium bicarbonate (NaHCO3), and sodium
carbonate (Na,CO3) were prepared at a standardized concentration of 2 M. This
consistent methodology ensured accurate and reproducible solution concentrations for
all subsequent experimental procedures.

2.2Material Recovery Procedure

Spent Ni-Cd batteries were manually dismantled to separate their components.
The electrode assemblies were carefully excised from their supporting panels. The
cadmium anode plates underwent sequential cleaning with tap water followed by
distilled water, then were sectioned into fine fragments and pulverized using a mortar
and pestle.
The resulting anode powder was subjected to systematic leaching treatments using
various acid and base solutions. Following each leaching process, the mixtures were
filtered, and the obtained leachates were evaporated to dryness. The recovered
cadmium content was quantitatively determined using atomic absorption spectrometry
(AAS), with recovery efficiency calculated based on leachate concentration
measurements. Figure 1 presents a schematic overview of the battery dismantling
process and material identification stages throughout the chemical treatment sequence.

3. Results and Discussion

3.1 Anode Material Characterization
The chemical composition of the Ni-Cd battery anode was determined through
AAS, EDS, and XRD analyses following digestion in HNOz, H,SO,, and HCI. Figure
2a displays the SEM micrograph of the anode powder, revealing a predominantly
loose particulate morphology with limited aggregation. This structural observation
suggests effective material solubility, consistent with established dissolution
mechanisms reported in literature (Nogueira et al., 2004; Randhawa et al., 2015).
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X-ray diffraction analysis (Fig. 2b) confirmed the presence of metallic Cd
(JCPDS: 04-0850), Cd(OH), (JCPDS: 31-0228), CdO, (JCPDS: 27-0956), and
metallic Ni (JCPDS: 04-0850) in the anode material. The elemental composition
determined by AAS and EDS (Table 1) revealed nickel and cadmium as the
predominant constituents, with minor amounts of Si, Co, and K. Notably, the cadmium
content in the present sample exceeded values typically reported in literature for spent
Ni-Cd batteries (Nogueira et al., 2004; Randhawa et al., 2015; Nogueira & Margarido;
Pietrelli et al., 2005).

EDS spectral analysis (Fig. 2c, 2d) further identified carbon and cobalt as
additional components, consistent with their known role as conductive additives in
electrode formulation (Nogueira et al., 2004; Randhawa et al., 2015). The detected
oxygen signature correlates with the observed cadmium and cobalt oxides, while
potassium is likely derived from residual KOH electrolyte adsorbed on the material
surface.
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3 Cd

N
$ Cd0
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Figure 2. (a) Scanning electron micrograph, (b) XRD , (c) and (d) Energy dispersive X-ray (EDX)
spectrum for powder obtained from the negative electrode of spent Ni—Cd battery batteries.

Table 1. Chemical composition of spent Ni-Cd battery powder of the negative electrode and leached

residue.

Element Chemical composition Leached residue (Wt.%0)
Spent Ni—Cd battery powder
Cd 49.0 99.0
Ni 34 Not found
Si 1.6 0.04
K 11.1 Not found
Co 2.2 Not found

3.2. Leaching Studies

3.2.1. Cadmium Recovery Efficiency of Various Leachants.
The leaching efficiency of different acidic and basic solutions (Na,CO3;, KOH,

NaHCO3;, NaOH, HCI, HNO3, H,SO,) was evaluated under standardized conditions: 2
M concentration, 15 mL solvent volume, 2.5 g anode material, 25°C, and 60-minute
duration. As shown in Figure 3a, acidic solutions demonstrated superior cadmium
recovery compared to basic solutions. Nitric acid (HNO3) achieved the highest
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recovery vyield, while sodium carbonate exhibited the lowest efficiency. The
dissolution mechanisms for different phases in acidic media were simulated using the
reaction module in FACTS age 6.1 (Nogueira et al., 2004; Bale et al., 2009).

Cd(OH)2 ) +*2HCL — CdCL2q + 2H20 (1)
Cd(OH)2 sy + 2HNO3 — Cd(NO3)2 ) + 2H20 2

Cd(OH)Z T H2S0s — CdSO4q + 2H20 (3)
The recovery percentage was calculated as follows [24]:

metal in solution (mg

0, =
Recovery (%) metal in sample (mg) %100 ... ... ... (4)
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Figure 3. (a) The cadmium recovery (%) using different chemical solutions for 2.5 g paste, (b) effect of
HNOj3 concentration on recovering process.

3.2.2. Effect of Nitric Acid Concentration

Building upon the superior performance of nitric acid identified in the previous
section, its concentration was systematically varied from 1 to 6 M to quantify its effect
on leaching efficiency. Figure 3b demonstrates a positive correlation between acid
concentration and cadmium recovery, with yield increasing progressively up to a
maximum of 93.31% at 5 M concentration. Beyond this point, the recovery rate
plateaued, indicating approach to saturation at 6 M. These findings align with trends
reported in comparable hydrometallurgical studies (Nogueira et al., 2004; Bale et al.,
2009), confirming 5 M HNO3 as the optimal concentration for maximal cadmium
extraction under the investigated conditions.

3.2.3 Effect of Cadmium Paste Mass

The influence of cadmium paste mass on leaching efficiency was investigated
using 5 M nitric acid with varying solid masses (1-3 g). Figure 4a illustrates the
recovery percentages, revealing an optimal cadmium recovery at 2 g of paste mass.
Beyond this mass, a decline in recovery efficiency was observed, with the 3 g sample
yielding the lowest extraction rate. Consequently, 2 g was established as the optimal
paste mass, representing the threshold for maximizing cadmium recovery under the
specified leaching conditions.
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Figure 4. percentage of the extracted cadmium against (a) the crushed plate quantity (b) solvent quantity
(c) temperature and (d) time of the extraction process.

3.2.4 Effect of Nitric Acid Volume.

Following the determination of optimal concentration (5 M) and paste mass (2
0), the effect of nitric acid volume on cadmium recovery was investigated. Various
volumes (10-30 mL) of 5 M HNO; were reacted with 2 g of cadmium paste. As shown
in Figure 4b, cadmium recovery efficiency increased with acid volume, reaching a
maximum of 95.32% at 25 mL. Beyond this optimal volume, a 5% decrease in recovery
was observed at 30 mL, establishing 25 mL as the optimum nitric acid volume for
maximal cadmium extraction efficiency (Randhawa et al., 2015).

3.2.5 Effect of Leaching Temperature.

The influence of temperature on leaching efficiency was investigated by
conducting experiments at temperatures ranging from 30 to 80°C, maintaining constant
optimal parameters of 25 mL 5 M HNO; and 2 g cadmium paste. As shown in Figure
4d, cadmium recovery exhibited a positive temperature dependence, increasing
progressively to reach a maximum yield of 96.5% at 70°C. Notably, the recovery rate
demonstrated negligible enhancement beyond 60°C, indicating system saturation. This
temperature-dependent behavior aligns with established reaction kinetics and is
consistent with previous studies on hydrometallurgical extraction (Randhawa et al.,
2015; Abdel-Aal et al., 2004; Al-Mansi & Monem 2002).
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3.2.6 Effect of Leaching Time.

The influence of leaching duration on cadmium recovery was investigated over
intervals of 60-240 minutes under optimal conditions (25 mL of 5 M HNOs, 2 g
cadmium paste). As shown in Figure 4c, recovery efficiency increased with time,
reaching a maximum of 98.52% at 180 minutes. Further extension to 240 minutes
resulted in saturation, indicating completion of the extraction process (Randhawa et al.,
2015).

Phase analysis of leaching residues by XRD (Figure 5a-b) confirmed progressive
dissolution of cadmium compounds. After 120 minutes, minor CdO, phases persisted
(JCPDS: 27-0956) (zZhang et al., 2022), while the 180-minute sample exhibited
complete conversion to metallic cadmium. Corresponding SEM micrographs (Figure
5c¢-d) revealed significant morphological evolution, with 120-minute samples showing
finer particulate structures that coalesced into larger, porous aggregates by 180 minutes.
This microstructural transformation correlates with the progressive dissolution of mesh-
like cadmium formations and exposure of underlying pitted connective structures.
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Figure 5. X-ray diffraction pattern and SEM for samples leached for (a and c) 120 min and (b and €) 180 min.

4. Conclusions

This study demonstrates an effective hydrometallurgical process for cadmium
recovery from spent Ni-Cd battery anodes using nitric acid leaching. The optimized
parameters—5 M HNO; concentration, 70°C temperature, and 180-minute duration—
achieved a remarkable cadmium recovery efficiency of 98.52%. Systematic
characterization via SEM and XRD revealed progressive morphological
transformations consistent with the shrinking core model, confirming the dissolution
mechanism. The principal innovation of this work lies in achieving near-complete
cadmium recovery (~99%) using moderate-temperature acid leaching, presenting an
efficient and potentially scalable alternative to conventional pyrometallurgical
methods for heavy metal reclamation from hazardous battery waste.
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Abstract:

The objective of this work is to assess the bacteriological quality and its safety to
the public and evaluate the health risks of exposure to heavy metals in household
drinking water (HDW) in Zabid City, Yemen. Samples were collected, and chemical
and microbiological analyses were carried out according to the standard methods
suggested by the American Public Health Association . The microbiological results of
this work showed that 63% of samples were found positive for fecal coliform (E. coli).
Other contaminating bacteria besides E. coli were identified and confirmed by
biochemical tests. The concentrations of F-, NOs, Cu, Zn, Cd, Cr, Mn, Co, Ni, Fe, Al,
and Ba were under the permissible limits set by WHO and local standards. The results
of the health risk assessment illustrated that the Hazard Index (HI) values in 96% of the
samples exceeded the safe limit of HI < 1.0, indicating that there is a potential health
risk (non-carcinogenic) due to the consumption of drinking water in Zabid City. The
Cancer Risk values of Cr and Cd in all HDWs were within the safe limit (107#), but the
CR values of Ni were higher than the safe limit (10*) in 83% of samples, indicating that
Ni had a chance of cancer risk. Treating water before drinking by boiling or chlorination
to avoid microbiological pollution was recommended.

Key words: Health risk assessment, Bacteriological quality, Drinking water, Zabid City, Yemen.
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1. Introduction

Frequent outbreaks of water-borne infections in both rural and urban areas of
developing countries serve as a warning that water quality is becoming a serious issue.
It is estimated that 842,000 people die from diarrheal disease each year as a result of
water borne illnesses, which continue to pose a serious health threat in many regions of
the world. (Chalchisa,et al: 2017,p1) According to World Health Organization each year
3.4 million people, mostly children, die from water borne diseases. According to United
Nations Children’s Fund assessment, 4000 children die each day as a result of
contaminated water(Pandey, et al:p2). Bacterial contamination could happen at the
source, during distribution, during transit, or as a result of improper domestic handling,
hygiene, and sanitation procedures (Ondieki,et al:2021,p2). Health risk assessment of
heavy metals is usually carried out to evaluation the total exposure to heavy metals
among the people in a particular area. Risk assessment of pollutants in humans is based
on a mechanistic assumption that such chemicals may either be carcinogenic or non-
carcinogenic (Mohammadi, et al: 2019,p1644). The interruption of drinking water
supply in Zabeid city from the starting the military conflict hindered the distribution of
water to the city’s residents, which resulted in the use of storage tanks Water is obtained
from unsafe water tanks. Water stored in an unsanitary manner may be contaminated
and can cause waterborne diseases. The current work aimed to evaluated bacterial
household drinking water quality and health risk assessment of F-, NO73 and selected
heavy metals in Zabid city, Yemen.

2. Methodology
2.1 Study area

Zabeid City is located in the southern of Al Hudaydah Governorate in Yemen
between latitude (14 11' 41" E) and longitude (43 18' 56" N) in the southern part of the
Tehama coastal plain figure (1) and figure (2).

® 2011 Maphit |

Figure (2): Image satellite map of study area
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2.2 Sample collection

Thirty household drinking water samples (HDWS) were collected in the month of
December , 2021 from four residential zones from the city of Zabid(Aleali , Aljamie,
Almujanbidh and Aljuz). HDWS were collected in 1L sterile glass container for
microbiological analysis and 500ml clean polyethylene bottles for heavy metals analysis
after being washed using dilute hydrochloric acid and distilled water in the laboratory,
and then it is washed several times with the water sample from which the water sample
will be collected. All samples were numbered, saved and refrigerated at temperature of
4°C to preserve the cations and the microorganism before transported to the Laboratory
for analyses at the Laboratories of Al jarrahi Institute of Health Sciences and the
Hydrochemistry in the Department of applied Geology and Environment at the Faculty
of sciences at the Jordon University.

2.3 Sample Analysis

For Total Coliforms and fecal coliform were used the Standard Methods for the
Examination of Water and Wastewater adapted from the American Public Health
Association 1999 based on the Most Probable Number (MPN) technique
(APHA:1999,p1786)

The Most Probable Number (MPN):
Presumptive test

Presumptive test was performed by a method of most probable number (MPN).
Following strict aseptic procedures, the sample was shaken vigorously. MacConkey
broth was used (for total coliform bacteria), inoculation each with 5ml of sample and
5ml of the medium with inverted Durham tubes were incubated at 37°C for 48 hours
and examined for acid and gas production. Acid production was determined by colour
change of the broth from reddish purple to yellow and gas production was checked for
by entrapment of gas in the Durham tube

Confirmatory test of bacteria :Confirmatory test of bacteria was carried out by
streaking a loopful of broth from a positive tube in presumptive test onto MacConkey
agar plate for pure colonies. The plates were incubated at 37°C for 24-48 hours.
Colonies developing on MacConkey agar medium were further identified as faecal
coliforms.

Characterization of isolates:

The macroscopic examination for colonies morphology and microscopic examination
through Gram staining and biochemical tests (KIA Medium, urease, citrate, indole,
Oxidase, and Motility) were used in identifying all isolates(Cheesbrough, Monica:
2006p62).

Flam atomic absorption spectroscopy (FAAS) model AA analyst 200 from Perkin-
Elmer company was used as instrumental detection system using hollow cathode
lamps.10 cm air—acetylene burner was used for the determination of the metals ion. A
Perkin-Elmer Model analyst 200 is a double-beam atomic absorption spectrometer for
flame and mercury/hydride analysis. All prepared sample solution was analyzed to
determine concentration of F, Cu, Zn, Cd, Cr, Mn, Co, Ni, Fe, Al and Ba. Blank
solution was also measured before the sample analysis using the same conditions.
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2.4 Health Risk Assessment

The health risk assessment classified as a carcinogen or non-carcinogen and using two
indictors: Hazard Quotient(HQ) and Hazard Index(HI) as proposed by US
Environmental Protection Agency (USEPA) (Malek &Jari: 2021, p4). In current study,
health risk due to ingestion content of heavy metal of household drinking water samples
at Zabid city was detected. Equations (1-3) were applied to assessment the non-
carcinogen health risk. First the Chronic Daily Intake(CDI) of individual heavy metal
was determined based on equation (1) as following:

CMxIRXEF xED
CDI'=—pr0r (1)

Where:

CM (mg/L): Concentration of heavy metals in water,

IR: Drinking water ingestion rate ((L/day),

EF: The exposure frequency (Days/year),

ED: The exposure duration (year),

BW: Body weight (kg).

AT: The average resident time (days/year). The input parameters for the estimation of

CDI through oral ingestion absorption are summarized in Table (1).

Table(1): The input parameters for the estimation of CDI through oral ingestion absorption.
Symbol Description Unit Value

Cw Heavy metal concentration mg /| -

IR Ingestion rate of water I/day 2.5

EF Exposure frequency Days/year 250

ED Exposure duration Years 50

BW Body weight Kg 55

AT Averag time Days 14600
Note: (Dhar, et al: 2020,p240)

After that the Hazard Quotient(HQ) and Hazard Index were determined by equations(2) &(3)

cDI
HQ = ()
Where:

Rfd is reference dose (in mg/kg day) for the metal.
HI = Z HQ  (3)
i=1

If the HI < 1 means the non-carcinogenic risk is acceptable, while HI > 1 indicates the
risk is beyond the acceptable level (Luvhimbi, et al: 2022,p5).
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The cancer risks(CR) is defined as the likelihood that an individual will develop any
type of cancer from lifetime exposure to carcinogenic risk (Seleem, et al: 2021,p6). The
Carcinogenic health risk of HDWS was determined based on equation(4).
CR = CDI xsF (4)
Where:
SF is the slope factor (mg/kg/day).

Table (2) displays the values of oral reference dose (Rfd) and slope factor (SF).

Table(2): The values of oral reference dose(Rfd) and slope factor(SF).

F NO3 [ Cu | Zn Cd Cr Fe Mn Co Ni Al Br
Rfd(mg/kg- 0.06 | 1.6 0.04 | 0.3 | 0.0005 | 0.003 | 0.7 | 0.024 | 0.0003 0.02 1.0 |02
day)
SF (mg/kg- | - - - 0.38 0.5 - - - 1.7
day)

Note: (Malek &Jari: 2021, p4)
3. Results and Discussions

3.1 Microbiological Content

The total coliform group is considered a primary indicator for the presence bacteria and
pathogenesis in drinking water (Saleh and Al-sallami:2022,P109). The World Health
Organization(WHO) and Yemen’s Ministry of Water and Environment (YMWE)
recommended that the absence of total coliform in public drinking water supplies. As
illustrated from Table (3) all of the HDWS were contaminated with lactose
fermentation positive bacteria which were determined by color the formation of gas in
the Derhum tube after 24 hours of incubation at 37°C.

According the probability tables, the sixteen of the household drinking water Samples
(53.33%) (10,1,11,12,21,22,3,14,16,18,19,20,25,26,29.28) showed maximum counts of
positive results for each of the 5 test tubes by observing the formation of gas resulting
>18 MPN/100 ml of sample. samples (2 and 4) showed lowest count as 2 MPN/100 mL
of sample. Nineteen (63%) out of 30 water samples were found positive for faecal
coliform (E. coli). This results surpassed the safe limits of WHO and YMWE Which,
that means dangerous indicator of the water pollution.

To demonstrate the full profile of microbial contamination of the (HDWS), other
contaminating bacteria besides Escherichia coli were identified and confirmed by
biochemical determination (Table 4). Klebsiella P Pneumoniae, Enterobacter
aerogenes, Proteus mirabilis, Proteus vulgaris, Pseudomonas aeruginosa, Salmonella
Typhimurium and Salomenella Typhi were identified after conducting the biochemical
tests. Proteus mirabilis and Klebsiella P Pneumoniae were found to be the prominent
microorganisms in seven (23%) and six (20%) samples respectively. Proteus vulgaris
and Enterobacter aerogenes were detected in five & six samples respectively.
Pseudomonas aeruginosa was found in three samples (sample no 1,12 and 27).
Salomenella Typhi was detected in two samples (sample no 17 & 19). Salmonella
Typhimurium was found (only in sample no 16). The deterioration of water quality
might be due to storing of water, no cleaning drinking water tank periodical, not
disinfection the drinking water by boiling or using chlorine and lacking awareness of
water polluted water. Previous studies reported that the both unsafe water piped and
storing of water attributed to water pollution(Chalchisa, et al:2017,p3) .The results of
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microbiological quality in present study agree with previous study such as: according to
(Saleh, et al:2017a,P14)the results of groundwater of rural areas for Zabid directorate in
Al Hudaydah governorate showed that the total coliform test were positive in all
groundwater samples and the E. Coli presences in 95% of studied samples. According
to (Saleh & Al-Sallami: 2022,p110) the tests of total coliform and E. Coli were positive
in 75% and 15% of ground water in Tuban delta. Similar study by( Bekele and
Teka.:2023,p4) in slum households of Hawassa City, Ethiopia found that the tests of
total coliform and E. coli were positive in (46.7%) and (31.7%) of studied sampled
respectively. According to (Bin Hameed, et al: 2019,p188) the results of
microbiological quality in Mukalla City in Hadhramout governorate indicated that the
bacterial contamination of drinking water was recorded in 8 schools by Escherichia coli
33%, coliforms of Proteus spp 25%, Citrobacter spp 17% and Staphylococcus spp 25%.
The results of drinking water in Kisii Town, Kenya by (Ondieki, et al:2021,p4) recorded
that 39.3% of the samples were contaminated with total coliforms and 17.5% with E.
coli. According to (Hung, et al:2020,p5) 9.7% and 7.8% of studied samples were
contaminated by Coliform and/or E. Coli respectively.

Table (3): The results of microbiological content household drinking water
Sample Zone Total Coliform MPN/100ml E. Coli
1 Almujanbidh Positive 2 +
2 Positive 3 +
3 Positive 6 +
4 Positive 7 +
5 Positive 9 +
6 Positive 16 +
7 Positive >18 +
8 Aleali Positive >18 +
9 Positive >18 -
10 Positive >18 -
11 Positive 6 +
12 Positive >18 +
13 Positive >18 -
14 Positive 16 +
15 Positive 7 +
16 Aljuz Positive >18 -
17 Positive >18 +
18 Positive 9 -
19 Positive >18 +
20 Positive 16 -
21 Positive >18 +
22 Positive >18 -
23 Positive >18 +
24 Aljamie Positive 2 -
25 Positive 9 +
26 Positive >18 +
27 Positive >18 +
28 Positive 16 +
29 Positive >18 -
30 Positive >18 +
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Table (4): Species of bacterial Isolates in household drinking water drinking water samples
Species Percentage | KIA Medium Urease | Citrate | Indole | Oxidase Motility

% Slope | Butt | H2S | Gas Test Test test
Proteus vulgaris 17 R Y + + + + - - +
Pseud.omonas 10 R R i i i . i i .
aeruginosa
Salm(_)nellg 3 R v R ] ] R ] ] R
Typhimurium
Salomenella 7 +
Typhi R M i ) ) ) ) i
Proteus mirabilis | 23 R Y + + + + - - +
Enterobacter 20 v v i . i . i i .
aerogenes
Kleb5|elle} P20 v v i . . .
Pneumoniae

3.2 Fluoride, Nitrate and heavy metals concentration in HDWS:

Table (5) presents Descriptive Data of Fluoride, Nitrate and heavy metals in the
HDWS in zabied city. The mean concentration of (F-, NO3",Cu, Zn, Cd, Cr, Mn, Co, Ni,
Fe, Al &Ba) were 0.69, 2451, 0.00313, 0.00313, 0.00156,
0.00253,0.00346,0.00153,0.00293, 0.00613, 0.00293 & 0.127) respectively. As well as
the range concentration were (0.38-1.07) for F, (15.14- 32.5) for NO3, (0.001-0.005)
for Cu, (0.001-0.006) for Zn, (0.001-0.005) for Cd, (0.001-0.002) for Cr, (0.004-0.009)
for Fe, (0.001- 0.006) for Mn, (0.001-0.005) for Co, (0.001- 0.005) for Ni, (0.001-
0.005) for Al, and (0.090-0.328) for Ba , The order of the mean concentration of(F ,
NO73,Cu, Zn, Cd, Cr, Mn, Co, Ni, Fe, Al &Ba) in HDWS from four residential zones
representing the city Zabid (Aleali, Aljamie, Almujanbidh, and Aljuz ) were as followes
:NO3>F>Ba>Fe> Mn> Zn=Cu>Ni= Al> Cr>Cd>Co. It should be noted
that the concentrations of none of these heavy metals (Cu, Zn, Cd, Cr, Mn, Co, Ni, Fe,
Al &Ba) and (F- & NO3) were within the permissible limit by World Health
Organization (WHO: 2011,p468) and local standards (Yemen, 1999:p4): The heavy
metals can contaminate household drinking; water via nature sources through
groundwater movement and surface water seepage and run-off or through anthropogenic
sources that come from drinking water transport tanks or bad practices of storage of this
water at houses. The health risks of heavy metals to the public due to their toxicity,
persistence, and bio accumulative nature (Luvhimbi, et al :2022,p14). The results of this
study agree with those obtained in drinking water by (Luvhimbi et al2022:p14; ;
Yeboah et al:2022p162; Rahmanian,et al: 2015p6).0On Other hand , The Fluoride,
Nitrate and heavy metals concentration in present study were less than same heavy
metals in other published international and local studies such as: (Saleh, et
al:2020,p155; Mahmoud, et a:2018,p7* Alanazi, et al:2021,p8)

The content of heavy metals in the present study differs in a very small range. This
variation may be due to the distribution system, pipe age, and tank age, in addition to
air particulate that is deposited in opened tanks of houses.
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Table(5): Descriptive data of heavy metals in household drinking water
Concentration mg/I
Metal | Mean | Max Min | Median | WHO (2011) 22'5"9‘;]\;'5
F 0.69 1.07 0.38 0.635 15 0.5-1.5
NOz 24.51 32.53 15.14 | 27.165 50 10-50
Cu 0.00313 | 0.005 0.001 | 0.003 2.00 0.5-1
Zn 0.00313 | 0.006 0.001 | 0.003 3.00 5-15
Cd 0.00156 | 0.002 0.001 | 0.002 0.003 0.005
Cr 0.00253 | 0.005 0.001 | 0.0025 0.05 0.05
Fe 0.00613 | 0.009 0.004 | 0.006 0.3 0.3-1.0
Mn 0.00346 | 0.006 0.001 | 0.003 0.4 0.1-0.2
Co 0.00153 | 0.002 0.001 | 0.002 0.05 -
Ni 0.00293 | 0.005 0.001 | 0.003 0.07 0.01-0.02
Al 0.00293 | 0.005 0.001 | 0.003 0.4 0.2-0.3
Ba 0.127 0.328 0.009 | 0.110 1.3 0.5-1.0

3.3 Health Risk Assessment

3.3.1 Non-carcinogenic health risk assessment:

The descriptive statistical of Hazard quotient (HQ) values of individual heavy
metals due to consumption of drinking water illustrated in Table(6).The ratio of the
CDI and oral reference dose (RfD) of the corresponding heavy metals is called the
Hazard quotient (HQ). The mean values of Hazard quotient (HQ) of (F", NO3, Cu, Zn,
Cd, Cr, Mn , Co, Ni, Fe, Al and Ba) were 0.44754, 0.596372, 0.003048, 0.000406,
0.121939, 0.0328628, 0.005621, 0.198907, 0.005708, 0.003409, 0.000112, and
0.024146 respectively. The range of HQ values were (0.246472-0.694012) for F,
(0.3868248-0.791222) for NO3, (0.000973-0.004865) for Cu, (0.000129-0.000778) for
Zn, (0.077833-0.155666) for Cd, ( (0.012972-0.064860) for Cr, (0.000277-0.001667)for
Mn, (0.129722-0.259444) for Co, (0.000222-0.000500)for Fe, (3.89166E-05-
0.000194)for Al and (0.017512-0.063823) for Ba as shown in figures 3 to 6. The results
of HQ of individual heavy metals due to consumption of drinking water illustrated that
the HQ values of F, NO3, Cu, Zn, Cd, Cr, Mn, Co, Ni, Fe, Al and Ba were within the
safe limit (HQ< 1)Which, that means there is no potential health risk (non-
carcinogenic) associated with the water consumption through ingestion in study
area. The obtained results of HQ of current study agree with the results of HQ of
ground water in Radaa City according to (Meftah, et al:2023,p4). which reported that
the HQ mean value of Cr, Ni, Mn, Fe and Zn were 0.007337, 0.0243,0.0245, 0.01736
and 0.0035 respectively. And according to (Dhar, et al :2020, p244) which found that
the mean values of HQ of Zn, Cu, Fe and Mn were 0.003, 0.012.0.012 and 0.017
respectively. Similar observation according to (Luvhimbi,et al:2022, p32) in Thulamela
municipality, Limpopo Province, South Africa, which the mean values of HQ were
(4.87E-03) for Cu, (2.32E-03) for Zn, (7.68E—04) for Fe, (9.63E-04) for Mn,
(3.47E—05) for Co, (3.42E-04) for Ni, and (2.02E—04) for Al. Moreover, a pervious
study by (Seleem, et al :2021,p5) reported that the mean of HQ values of Fe, Mn, Cd
and Ni were 0.01, 0.29, 0.39 and 0.09 respectively. The results of HQ were higher than
the results of present study. In addition, Other published studies reported that the
Hazard quotient (HQ) of individual heavy metals due to consumption of drinking water
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were within the safe limit (HQ <1) according to (Li, et al.:2018p8; Mahmoud, et
al.:2018p11; Maleki & Jari:2021p9 ; and Niknejad, et al: 2023,p6).

Table(6): The Descriptive statistics of CDI and HQ for individual Fluoride , Nitrate
and selected heavy metal in (HDWS)
Elements CDI HQ
F Mean 0.026852 0.44754
Max 0.041641 0.694012
Min 0.014788 0.246472
NO7 Mean 0.954195 0.596372
Max 1.265956 0.791222
Min 0.589197 0.368248
Cu Mean 0.000121 0.003048
Max 0.000194 0.004865
Min 3.89166E-05 0.000973
Zn Mean 0.000121 0.000406
Max 0.000233 0.000778
Min 3.89166E-05 0.000129
Cd Mean 6.09693E-05 0.121939
Max 7.78331E-05 0.155666
Min 3.89166E-05 0.077833
Cr Mean 9.85886E-05 0.032862
Max 0.000194 0.064860
Min 3.89166E-05 0.012972
Mn Mean 0.000134 0.000963
Max 0.000233 0.001667
Min 3.89166E-05 0.000277
Co Mean 5.96721E-05 0.198907
Max 7.78331E-05 0.259444
Min 3.89166E-05 0.129722
Ni Mean 0.000114 0.005708
Max 0.000194 0.009729
Min 3.89166E-05 0.001946
Fe Mean 0.000238 0.000340
Max 0.000350 0.000500
Min 0.000155 0.000222
Al Mean 0.000112 0.000112
Max 0.000194 0.000194
Min 3.89166E-05 3.89166E-05
Ba Mean 0.004944 0.024719
Max 0.012765 0.063823
Min 0.003502 0.017512
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Figures(3): The CDI of F,NO; and studied heavy metals (a-f).
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Hazard Index (HI)

To assessment the total potential health risk posed by more than one heavy metal, the
Hazard Index (HI) was used. Hazard Index (HI) is the sum of the Hazard quotient (HQ) of
all the investigated heavy metals in sampled house. If the value of HI is less than 1.0, the
individual is safe from non-carcinogenic health risks (Seleem, et al: 2021,p6). Figure (7)
shows that the Hazard Index(HI) of (NO3 &F) and selected heavy metals in sampled
houses. The range of HI values were from (0.841952 to 1.901867) with the mean value of
(1.416583). The HI values in (96%) of the sampled houses were exceeded the
recommended threshold risk limit of HI < 1.0 which is a matter of health concern. There is
potential health risk (non-carcinogenic) from (NOs &F°) and selected heavy metals
concentration due to the consumption of drinking water in Zabid city. This results due
to that the high temperatures in study area and humidity with strong exposure to sunlight,
increased the need for daily water consumption. The result of Hazard Index(HI) of present
study was a lot less than the result of HI in Assiut City (mean value: 376) according to
(Seleem, et al: 2021,p5). A pervious study of drinking water in Khorramabad, Iran, The
mean value of HI of drinking water were 0.0033 according to (Mohammadi, et
al:2019,p1648) it was less than the result obtained of present study. Other study in
Kurdistan, Iran rural water supplies, the mean values of HI were 0.7, 0.83 and 1.67 for men,
women and children respectively (Maleki & Jari:2021,p9).

Based on the following categories:

Risk category 1: Negligible risk, where the HI or HQ are <0.1

_ Risk category 2: Low risk, where the HI or HQ are > 0.1 but <1.0

_ Risk category 3: Moderate risk, where the HI or HQ are >71.0 but <4.0

_ Risk category 4: High risk, where the HI or HQ are > 4.0 (Mahmoud, et al., 2018).

The HI Values of household drinking water categorized at moderate risk (HI >1 but <4.0).

HI

11901867

MIIHII\I\I (I

3 5 7 9 11 13 15 17 19 21 23 25 27 29

Figure (7): The Hazard Index (HI) of (NOs &F°) and selected heavy metals in sampled
houses

3.3.2 Carcinogenic health risk assessment

Cancer Risk (CR) calculated of Cr, Cd and Ni to estimating the probability of
developing cancer due to exposure to a specified carcinogen such as heavy metal in
drinking water. Heavy metals (Cr, Cd, and Ni) can potentially enhance the metals
might, consequently, result in many types of cancers (Ghahramani, et al:2020,p6;
Mohammadi, et al:2019,p1649). For heavy metals, an acceptable carcinogenic risk
value of less than 1 x 10~ ® is considered as insignificant and the cancer risk can be
neglected; while an acceptable carcinogenic risk value of above 1 x 107 is considered
as harmful and the cancer risk is worrisome(Seleem, et al: 2021,p6). The CR values
ranged from (1.95x10° to 9.73x10°) for Cr, (1.48x10° to 2.96x107%) for Cd and
(6.62x107° to 3.30x10%) for Ni as shown in Table (7) and the mean of cancer risk(CR)
values of Cr, Cd and Ni were (4.93x107°, 2.32x10° and 1.94x10%) respectively. The CR
values of Cr and Cd in all households drinking water samples studied were fall within
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safe limit (1x10° to 1x10~*) recommended by USEPA as illustrated in figures (8) and
(9) but the CR values of Ni were higher than safe limit (10#) in (83%) of samples as
illustrated in figure (10) indicating that the Ni had a chance of Cancer Risk .The CR
result of Ni agree with the CR result of Ni in ground water (mean value of Ni : 4.42x10
%) in Radaa city according to (Meftah, et al:2024,p4). The results of Cancer Risk of Ni
in present study were higher than those obtained by( Luvhimbi, et al:2022,p14) which
the mean value was 7.52E—06. The mean values of CR of drinking water in rural areas
of Divandarreh County, Kurdistan Province were 9.74E-04 ,1.38E-03, 3.00E-03 of Cd,
Cr and Ni Respectively, according to (Ghahramani, et al:2020,p8) which it was higher
than the results of CR in present study and it was above safe limit by USEPA (10).

Table(7): The Cancer Risk (CR) associated with the levels of Cr, Niand Cd

CR
Sample No Cr Ni Cd
1 5.83748E-05 0.000198474 1.47883E-05
2 7.78331E-05 0.000330791 2.95766E-05
3 1.94583E-05 0.000264633 2.95766E-05
4 5.83748E-05 0.000132316 1.47883E-05
5 3.89166E-05 0.000198474 1.47883E-05
6 7.78331E-05 0.000132316 2.95766E-05
7 5.83748E-05 0.000330791 1.47883E-05
8 9.72914E-05 0.000264633 2.95766E-05
9 7.78331E-05 0.000198474 1.47883E-05
10 1.94583E-05 0.000198474 2.95766E-05
11 7.78331E-05 0.000132316 2.95766E-05
12 5.83748E-05 0.000264633 1.47883E-05
13 3.89166E-05 0.000330791 2.95766E-05
14 1.94583E-05 6.61582E-05 2.95766E-05
15 7.78331E-05 0.000264633 1.47883E-05
16 3.89166E-05 0.000132316 2.95766E-05
17 1.94583E-05 6.61582E-05 1.47883E-05
18 3.89166E-05 0.000264633 2.95766E-05
19 7.78331E-05 0.000198474 1.47883E-05
20 5.83748E-05 0.000264633 2.95766E-05
21 3.89166E-05 0.000198474 2.95766E-05
22 1.94583E-05 6.61582E-05 1.47883E-05
23 3.89166E-05 0.000198474 2.95766E-05
24 5.83748E-05 0.000132316 2.95766E-05
25 3.89166E-05 0.000264633 1.47883E-05
26 5.83748E-05 0.000264633 1.47883E-05
27 3.89166E-05 6.61582E-05 2.95766E-05
28 1.94583E-05 0.000198474 1.47883E-05
29 1.94583E-05 0.000132316 2.95766E-05
30 5.83748E-05 6.61582E-05 2.95766E-05
Mean 0.0000493 0.0001941 0.0000232
Max 0.0000973 0.0003308 0.0000296
Min 0.0000195 0.0000662 0.0000148
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Figure (8): The CR of Cr in Drinking Water Samples
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Figure (9): The CR of Cd in Drinking Water Samples
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Figure (10): The CR of Ni in Drinking Water Samples

Conclusions and Recommendations

The current study investigated the bacterial quality and health risk assessment to
humans of F', NO3, Cu, Zn, Cd, Cr, Mn, Co, Ni, Fe, Al and Ba of household drinking
water in Zabid City. The results of microbiological content showed that Nineteen (63%)
out of 30 water samples were found positive for faecal coliform (E. coli). Klebsiella P
Pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Proteus vulgaris, Pseudomonas
aeruginosa, Salmonella Typhimurium and Salomenella Typhi were identified after
conducting the biochemical tests. This results surpassed the safe limits of WHO(2011)
and YMWE(1999) Which, that means dangerous indicator of the water pollution. The
concentrations of F-, NO3 and analyzed heavy metals were within permissible limits of
WHO and local standard. The results of analysis health indices (CDI, HQ, HI and CR)
showed that there is potential health risk (non-carcinogenic) from (NO-3 &F-) and
selected heavy metals concentration due to the consumption of drinking water in Zabid
City. The Cancer Risk values of Ni were higher than safe limit (10%) in (83%) of
samples indicating that the Ni had a chance of cancer risk. we suggest that the local
authorities should ensure water is pumped a minimum of three times each week to
mitigate the health risks associated with storing and transporting water.And educate the
public on the important of treating drinking water at home through methods such as
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boiling and chlorination , in order to reduce microbiological pollution. Additionally,
proper maintenance of both the water distribution system and household storage
facilities is necessary. Furthermore, there is a need to inform the public about the
dangers posed by heavy metals found in drinking water. On other hand we propose that
researchers conduct studies to detect microbiological contamination in human bodily
fluids. The overall conclusions drawn from this work can assist local authorities in
developing an effective plan aimed at enhancing the quality of drinking water.
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Abstract:

The issue of water constitutes one of the major challenges facing Morocco amid
increasing pressure on natural resources resulting from demographic growth, urban
expansion, successive years of drought, and the impacts of climate change. Given the
limitations of both surface and groundwater resources, Morocco has opted for seawater
desalination as a strategic choice within the framework of its national water policy.

Morocco is classified among the countries below the water-stress threshold, with
per capita availability not exceeding 600 cubic meters annually—far below the global
average. This situation has prompted the country to modernize its legal framework in
order to safeguard water resources both civilly and criminally. Added to this is the
growing demand caused by the needs of urban populations, the industrial sector, and
irrigated agriculture, as well as the scarcity of rainfall.

Seawater desalination has thus become an urgent necessity for Morocco, beyond
being merely a technical alternative. It contributes to addressing water scarcity and
ensuring water and food security, while serving as a driver of economic and social
development, particularly in coastal areas. With continued investments in this field,
Morocco is moving toward establishing an integrated model that combines desalination
with renewable energy, thereby strengthening its position as a regional leader in the
sustainable management of water resources.

Key words: Water — Sea — Water desalination — Sustainable development.
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Abstract:

Climate Changes have Affected the Ecosystems of the Earth's Surface, and this
has been Reflected in Human Life and Stability. The Temperature Element has Risen
Worldwide and Exceeded the Natural Limit, in Addition to Unusual Weather
Conditions, Hurricanes, and Floods. Periods of Drought have also Increased, and
Ecosystems and Resources have been Affected Water, and the World is Trying, through
Conferences and Protocols, to Seek to Limit the Increase in Temperature Rise below the
level it has Currently Reached and to Search for Ways to Adapt to the Repercussions of
Climate Change. The Cultural Stock of Peoples is an Important Source for Research on
ways to Adapt to the Rise in Temperature and Reducing its Effects to Ensure the
Sustainability of natural resources and human stability. Urbanization and the style of
Architecture are an Important Part of the Reasons for Stability and Benefiting from
Natural Resources in any Field. Mud Architecture is Considered one of the most
Important Features of Architectural Construction Prevailing in the Desert Environment
and Hot and Dry Climates.

The Districts of Sayun, which are Characterized by Harsh Climatic Conditions,
are Extremely Sensitive due to their Location Near the Southern Rub’ al-Khali Desert,
where they are Susceptible to Deterioration as a Result of Natural and Human Factors.
Climate Changes have Exacerbated the Deterioration of the Environmental Situation in
it, and Humans have Adapted to Face these Climatic Conditions In the Districts of
Sayun, he Worked to Adopt the Mud Urban Style in Building his Houses, which made
its Architecture Occupy the Forefront Globally as a Cultural Heritage that must be
Preserved and Ensured its Sustainability.

The Research Concluded that Mud Architecture and its Selected Ancient Sites
Played a Successful Role in Facing the Challenges of Climate Change in Terms of High
Temperatures and Floods in the most Important Historical Cities, such as the Historic
City of Shibam.

Keywords: Climate Change, Mud Architecture, Adaptation of Urban Style.

:pasll

il Lai ¥l slem e 213 eSaily o el Taed) el he 2Ll sl o,
35ne il Gl s ) 28L alall ondl 35y ellall Spians e gl 55l xll st
e el Jloms oLkl 31500 A slsS1 lail] o350 Calamd] i o3l LS clilagally pmledly
el W 0T oy g0 skl 93 8yl 4y Lyl 53 m el ] S50 g ol a3l
Js> sl mn suan cgaddl gt QLatll ¢ g5sell dang s Ll lmardl bl ae a3l Jie oo
b olad ¥l Hhatawly Luapdall 5okl daluzul ¢laad Lyl (o asedly 81yl danys ¢ iyl e Sl Jis
Bylaall sals (Jlama ¥ Loapdall 3loll o 85Lanaddly lanuddl Gliwl (1 o 5 32 Ol Laaig Ol peal!

el Bloel) Ll Zgl el 2l 3 Ll @loall elisll linen al cro Auiglall




Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

i o cuydll Ladal |las dwlucel dpad uld 45l Bgylay 7ei (g Oy Siliyade dal
O ALl il coadldy o, dog nads Jolge Azl soaadl A8 0985 Eie QL) all elmio
e Osits Sbyse 3 Aalall Aus bl Cag lall siia A lge (3 Olud¥l @l8Lily cad audl aooll s5aus
BLES 195508 Lille Bliall Jioms Lsyloe Sz @) ¥l adilin by 8 gl ilpeall Jaaidl bl e
Al iw! Glaysg dde Llastl e

Sz dalge (3 Lea b o ol 5lusell Ayl Ladlyes 2uddall 3leall o J) cuddl iogs B
el ali ApueS Al ol eal (e Joaadls 81yl Aayn 5 Lasyl s (o 2 Lkl ol
Gleall boadl S5 el 5yleall (A Ll ol paall e Lial | oslekSI)
1dadde

448« unyLatlly # Ll Jalgall sda wals caliolity ol yeall Jaaty ool § Lpnclall Jolgall S50
<3509 Olud ¥ latal @ ceale Lapdall (89,10 ae @I85 (Slus (s auall e (dleladl Gl (2,3
agdall 350 (oo B3lazedly dllme § Sl e 45,0

Lsbiag Al foyls uSias (&) 2y Loal) cload! 3l asf cagayiins (golg (3 Auiulall §yLeadl 25
chttps://www.nabdalarab.com) Les, s 2ue puissedl gl ey Bgun 12 52 5ylaall oia Jies s syl
Ll sLidl sl o i dogs (e Lanls ols S o Tnaie Ty s> Lpnysamell 3)Laall cin )8 (22025
48Lallg AUl Aalais ummyol 01982 ple ad Aslillateg dinlog s lud ¥ Ay ey Sy Lol aiulg
e alid cilias 22007 ale $9 « Joadl Glud ¥l Sl 2l § Cigapins alid A (Sudsall) aslally
Lo clladl &yLasedl (ol oy BTy il 1iSag ULl 5l W18 Hgate 8 5)Leall Adodl L5 Le¥1 5350
Bale JuSCad (3 1gaany oof omdyodly celid) g lni ol a8y 5l93 s cniomLidd 289 Lo oz B3 Ldan
2951) Ctiadls AL 5950 ae Lty a3l B9l aglanly ol bl o b9yl 399 Lage sl o calall
(5340 2020 « (e ly o

S Byloedl bl ae OISCd] aSS (8 g s ¢l yimg (g3l Siliuaes Adidall §)leall cusalug
gy Loyl Byletll Bylat dage il Byl (oo Raldlg Ae 3l 3 oLl 3yl 509 &Lkl (o gLl
saa3 Aamls Jlga¥l 98y dadtady Byglaell lpall e O] ladzud gras Jlee Jl byl (any
Legiig wleast

Ll ad) LY ol eall oo Jaai Il 1A o Y1 cldall (3 3 Ll ol paas)) IS i u s
Sl o yad S udgeld Alall Sl aals Jle Aamyally dlall sl Apaed 2sleall mlilagally
Lo yall GLA sy Dol (b wluslly parzell colyud cin s po Lebs 33439 Liiles (e 1521
13 s nellize (ol HUae¥! Jslan o Hiie llagal w5 Lade 232008 sle 39 <l
Upuka Of Lele el ooyl 9oy duiids Gilie Jogaces Lpell damtll () (§ oty Tosle jilus (§
iad 9 2 Al LAl &t Aalal) (ras 22025 alall Ida cizyol uad e alazaly Glazs @y
o~ L.,!.L:. SIAS Logple Llasdl Cimg 1Y (‘52025 « https://whc.unesco.org. /en/tentativelists ) (5w


https://www.nabdalarab.com/

ol s 1 pen) L) Alane ISSN: 2698 - 6159
Journal of Urban and Territorial Planning PAPASE PAG SRR ISSN (PRINT): 2699 - 2604

o FLl Jreall el s Ll sl (e Amsilidly @Iladl Sonun e &yl9STly y3lucel 3499
Wiy, BB (e asdl goasdy gl (302 02027 ¢ > | ) Lol Al Ll
) iy Loe AkLadl 8lymedl 2oy £ iyl (0 s
(ol dilais aBga

oo slsadl s JLeiat9.19715.30 poye hs (i Gigapias Aadlea Ogtw Sbpas aas
ccdlazl apd Lo Lo adsll 1 2llesd) Azl oo JUI auyl ¢l yomim Ladxi®46.18 352.00° Jsbo
I8 °43 5yl Ay LT i Byl B Gy lyate cumal 858l a8sll paslas g
$3lsdl liyia) (oo Siga i Aladloel Layls A ypue 15 e Ogise Sbyadn 05Sg cByladd| il
Al Lasgasg Cige s Andlray Gyl Sliate adige (o (1) o8y S Ll o(s]yally

“MWE SUVE HSERE SWE STHVE 1NN

weos AN swars SVWUN

O Sl edgn i (1) oy JKHI

ArcMapl0.8 s slazeVU ol slas) e 1 jeald
i) Ui
ailie e Usblos (il Sl ol calall o didie Gilias ooy Cigapian Alablonsy Opbiae Slipde el
23585 (§ ey Syl § ilpeall Lol 1ia e oyt @llall Lot @1 2 Lkl colyaall of Y1 anyl ezl
Ui 1 Bylymll Azys plasly Bagean pall mlilbagally 2aleall Hlaodl 5yl3e o 3asY! Slgiadl JHs
A YLl 9 smmats Luolyulll
el By geamll—Cga pia Aladlay Oste Sl Auiall Bleall e skl slaaall 3 gale -1
Saslall al st cpo Jalazlly 8ol 2y pLasy) T (e ddl § Aiglall 3leall alad a8 -2
ilemd! (e Bl
Ll aay S Birang Bsyd il Bus (o 048 (e Sigapa (6319 jtes S Al LA dieal ppall C3yay
oo il Sleall uiad LS (iluysl (e e Ak 5T al mgs Yy Rial] Batimg (psliazsl ST calally




Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

Go3ll ! sy Lelas] cudlaaly GLAL s dapds dulyud dls 85950 Uiy conadlly g il ozl SIA
idl Gl e (5600 2022 (plud dexl Jadia) aall Silyslat] LaSsag Lajnady Loyl eiae! (pasiny S Lple
Bylymel Ay g L) Aol 2 Ll clpdall 3T e a8 Bdadall 3yLeatl 2aal 51,00 -1

90 penn Aablmay Ogiw Slpe 3 Agdudall Byleatl e 2Ll ol il 46 agums-2

Aadleay Gsin Sy dddall §5leall e 2 Wl Slpaadl il @8las § Ll 2, aa) Jolgall jaukdd -3
9>

iEoed! Aol

sl L3 e adly Gslmall Jlell § duulall 3yleadl &oluiwl (resas Jol> G Jso Gl Apeal a2y
Al G delaiel (e sl

| demiia

@ @ Slaglall juasy ol yallally due ol @llall s gl Jeloetll Laum sl geally solill mall e o) el
4Ll obld) Jedosg aaall Hlaall § dieally @leall SlA Aalys ) 28Lal 2a,ladl clalyudl oo Lacs
Jodl Gsts Hllan (e Lple Juazil

sl Slalys

@39 @ onlally s Ll Aalas® 2sLad) 45lae" lginy (68 40-5500 «22022) (195519 ol wan| Jadin oy (1
Asaall (26 alell capdatlly Apagdall aslall e Aaols dze "Cigayin>

Wile Siglees 558 S Sigapa> 6als G otlally clid) Aasyls § Alioloel ol piall a6las] &ylae J) coed) Ciua
L Ol dolae § il Aalyng cponseiadl Bl LaSTong @ulall elidd Aslasyl wlaasll aulys dly cple
¢35 Ldall Gileeld Aasdl 2 leall usliaddl @ 2k lodl Sue¥l cladly cyall il b 48 o1 J) ! g
otall Bole o (aay 1y (Adaie mud () Led ola¥l dale (olasily uidall GLLL olhas e olala 5oL J)
i «Ataad! dall GLAL 8 5l Jgvamg colaa sl jeels de pu Byalls i Las 5,08 clola | Lole cumgol
otdly dall Baley slidld (e 068 a9 mumi

@3y & addall 8yleall” (ylsiny (8640-73 0 «22019) (dliwll dlilire damay Olud desl Jadn dumy (2
Aoaall (16 el s pdailly dacdall o glall igo > daaly Ao FAied] Laedlog iga pin>

Calizs Gus audll e sl Aiad ) el cnladl Bals Zaedhe Audulal) GLAI o wuSW ) cemdl Couia
sl bl (&Ll Jsall J805 &llg (6,391 Lapdall slsll (0 Lalgs (e cnladl 8Ll &yl g 1all (asliasl]
calieas dadall ) § Al 4GSl Al ou ialy el ) cdl bosi e@Slune J51s gy oS!
gy $3ls § dudgall G Bylasg Lielssl

0,8 &lyle Sgaias 631y G Aududall 8ylaall” (lginy (313 50-287 0 «22011) muaidlie coalls Zolul iy (3
Badall (e Aaole - oY A Ama Mo 3gas adl dele 35 dll g5 ast

Wl (55 A3 G 989 Liw 35 Luslys > (0 Cagayinn (g0l § il Byleall e ¢ gunll el ) Cmdl Sua
Jusolasy Lplany canpanll elldg (2oyally pall (bl 8505 Jagys (&llg 4 8y0lell GILA) (ansg Dl dde 550
Liall Bleall 0y Aals Apasdy g Dgapan g3l5 @ Gleall oall jnes J) el iagis Lty Leliy
@30l 7 Lk Lrae Doy Lllozms et e (501511 (6389 (ke iliten mal (o pdll die Sigepian ol Lole Ladl> (4l
Sl



Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

woaladl ladl ya33ll Ml GLA 8 L 31 ¢l giny (668 ,0-652 40 «p2025) cipas slus + Vg uxy (4
2024/12/4-3 (30 5ell ipall i agladl )5 gl

il s Ll alsall o JI Gomdl o sy 2,335 Aol 281 e 2Ll Jolgall il od comdl Coua
Lalzzl) dglpeadl Slindl ae LAs a5 Jls speie duapbs &3lsS 1 Jomews s Gilead! SIAU 200l JSLI (e 008
£ Lald A0 HlasS oy A e Joudl il (ol 211 Besall 313 A1 pasSL 5,001 Augiall Laylil LIS,
Sasyl sda 4> lol Lglall Lasylge agumas 8yuall cans (b (§ cilacizll dalin coun Leads Laz> sl
i) e s maliWy el Srad] e s uad 3R Lgasds GLAI sk Bpealy (30l it I ALY
Layl Jladly Jodl

Ll @l culoly 8 Aiglall 8ylaally sLidl” ¢lginy (162 40-144 o 22021) & dliluieg puall pxll of iy (5
Boaadl Talall el clalyally pmald C8lall dlima ("o llakls ALl slas¥ls 28 La2ll =NV 3

Jimsis s shiwlly JLead) 0 iSU1 3oy gills g3 eald] 3 ool n el AN e Jolial) J] mell Couia
Soleall el pymsl) alMiialy linly 48 Sumdl I on Siyssll i e Alsblmall el ) il
3 Lats¥] Zeeidly Lol Coll 3 Akl oslyaall Blalill 3 dtipiac s Sl goralitl]

bl ope 4l 5leall 2 9198,0L1 Jdeall” (ylg2ay ((1-23pp ,2025 ,Sondos Omar, Giulia Annalinda) =y (6
sdadl (1500=ll ((Buildings) Sl dlme " Gdies iy Aol yd Ul ddianud | dielumy g gudl OIS 8 )
3974

s e cl13g sy 3l csplall e il §yleall Aumslybigll el e o all Laabd 1 il Couta
Zr sy 5Ll nyuolic soimiy Gl coshall Blac lasbins bl slb! J] imd) Jiogs + Julnill sl il
At o Slus shatd dueroall ol Hlbsl ae (guuladl el cilias (e datad aluius cuasad HE8T @uudsg
A9 Ay il gt il Al e

Aally go,adl Hlolss Byls) Hlb| o A8Mal" (lgiay ((529-514 pp ,2023,Mazen Ebrahim, elt) toy (7
International Journal of Business ) Li>¢Jg:i8dlg Jlac¥! 8,10¥ adoudl dell " ) QG datl Byleall daloaudl
Jsaall (5 =l ((and Technology Management

& idall 4Leall Gilol) el aiall e 35 9,0l Slolies 8y15] 5] IS 13] Lo A8y 529 cumadl Chua
Goius G Aalag 2z 28Me Aolurudl Zpaanlly anyladl bl 8yla] o) e A8l O ) cemdl bos3 ¢ yadd]
Al Aol 3aina g9, il lolie 8yls) U] es 2aaS Jg Aosd Silaslas euutds J) 28La) .0.05
diddling mlidl oy

A Ll Sl s §rgauild BB s Jleo Lbass (19 Ogttuw Sl deandall (aibadel| uyims =¥




Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

ooan 4l A Al clela wd) e Buiay Cmpal JEI sl elimis (10 Leyds Cigapuns (9019 e Ladgl
s comidl Adoe (0 iy oo sleddl had & 7L ASy> Ldis LS L) Aslg ) Judls HLadl ol sl

47‘4?'0"E 48“3.9'0'E 49"3?‘0"E SO“ZII'O'E 51°].2IO-E

g

.....

16° 1‘5'0'N
T
16"15'0°N

15°24'0°N
f
T
15°24'0"N

3 T
Sally gldi v
=z =z
g / Genigs = High:1932 L | &
24 / _ =
& { ST fimess Low:-31 e |l o
- Lige pna gy g dgia <t
T 0
T T T T T
47°48°0"E 48°39'0"E 49°30'0"E 50°21'0°E 51°12'0"E

glasy) azmi LA Ohuzy mlasd bl clidall 445 caoy 2ol Sleall Jlef (e 350 illy «gm)]
@3lsll a8 8 ads Jy bl dy oo Lelan,l J8T 058G Ostins @5 Bopute of LasHlid ciglaze (585 Sbypul
Byleald audlly Jypad! lpaly wolppall 3§ MY Lyl Idag Zadspe 0585 @Iy pld Luter 2laa
& ag¥l Ay cilelasl 7 3503 (2) 8, JSadl st Abghs culelaad yaiad 08 (1 5laaSl) Laglia sy duigall
NETLION al.p.l.m
g Sl 23981 Ay Aad Il Lol ¥ 73900 e (2) 03, JSAI
ArcMap10.8 (e sleie¥l oLl slae) ¢y tyiall

Enlssdl e e § 31 o SLallly Bl ol clis g ol el die Jsaad) Gylme aall lud¥l Lel,
dimadl o Aalaie 3 Gy @ead] O Eigte adgad Asgls (i Gulall labiy culazisly Jgud! o Azsll]
Oy g Lasdl e cnlall (o Lidie Il (3 umB AST iy ) Ot i B Lod ading (golsdl (§yme (e AndTyn (29
sl Baog Jsadl Slzme (£ @ Bl § o5 gl Gzl sl Loy 281l Jguad! (a0 sl Lo
G a8l 0l e sll) aazes ol Alidil Hlael > (8 Jpuaad) iyl 58T L pay Law 3lsdl Sl ey Jobo (S
Lol GLA 3 Hhual cdusl @lg 02008ale wlibagay @3l gl @3 dnae § pa¥l LIS golsll gdas
S iaill 529%94 &y 51d (e Aud el Sigapiant O By lly Sigapas (o IS (3 Sus 6013lasus
(1) 08y Joua! sy, Taainy 32 I (IS 00 O Bualiedl QLA G 51ma¥ e iy 8,0l cuias (0%14 Loy
el L Lo qoaay e 2922 Uiz 3y piatll L sue yelang cualadlell SIS § 8y il GLA sue



Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

$2008 mililiagd oly> By lly Cgapin (Wladloma § dualiedl GLAI &5 oY1 x> (1) 03 Jsui>

Sl sue BYSENIFY
1478 Ko
2922 Gz o2
449 e
1164 (Calally Juseidl Caaie o 2di) sl Aipass Slus
6013 JLez¥!

www.al-thawra.net(Issue,No.16093)yemen: ;uuall
& ple S a5 @lly coyall B 4§ Buslad! Cag all e TS Ogiiw lnie § 25 Ll Caglall Calises ¥
(12102 2018 « Jitamls dlle 3158) (sS @llall Caiat o e Slall Juls Calall gl yminll # UL )
A2)s bosto Ot (1 0y USG9 (2 08, Jomell) oo I3 sty 83l Silays gLl Optw Slhiue jredi
£2024-1985 34l 5,2l

.22024-1985 844l 5, e & yud S giandl Jauugil | (2) o8y Joursz!!

Jagall f\l.a.ll Jogil ?La.ﬂ Jogidl ?l.a.ﬂ gl fsl.a.ﬂ Jagill foa.N
27.6 2017 26.9 2009 27 2001 27 1993 25.6 1985
275 2018 26.4 2010 27.5 2002 26.9 1994 26.5 1986
285 2019 27 2011 27.7 2003 263 1995 26.7 1987
295 2020 27.4 2012 271 2004 271 1996 26.9 1988
27.3 2021 26.1 2013 27.3 2005 27.2 1997 26.1 1989
31 2022 27.3 2014 27.5 2006 27.4 1998 27.3 1990
325 2023 27.5 2015 26.7 2007 26.2 1999 27.2 1991
33 2024 27.8 2016 26 2008 27.7 2000 27.2 1992
27.5 Soiud! Jaall
?2025/1 0/14 http://www.climatologylab.org/terraclimate.htm| (NOAA) e syl
35 -
\ y = 0.8406In(x) + 25.167 -
N %
25
20
15
10
5
V]

ACAAARRANRARARARA AT RRRARARA A A ENE A RRY KA 0 EERRARRARRRARR IR R AR RRRR VAR VALR VT

(2024-1985)511 JM5 Gy Shpae § a8yl Ay Tasagia (1) o3, JS2

(2) 08, Jguz e sleze¥ly s yuuall



Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

(2024 111985 (1o AN M5 “238.4 Sluday g lasyl 3l juaie of (1) @8y ISCadly (2) @y Jouz (0 ity

Byl Azys G g landl lia (1) 8y IS4 § Axsssl) slms¥l o dslas uS33g

SlaS @lid (g lall Juld Calaell (gl mmaall 7 Ll L g (@l ¢ Ll lyaadl (o La i€ gt iliyate s

slddly capiall o AJEnYl Bull S dalsy ilgiwdue JSAue) b iolyay Ligmuan ylall o Bpiady disd

£2024-1985 (0 85al) 5Uandl gid) Jasegill (2 03, JSad) 5 (3 03y Jgazdl) cms Ogiss sbiysta
.£2024-1985 (g Sbpin §5Uaadl goiud ! Tagill s (3) o8y Jguiz!!

Lowsill | alall | bwogill | alall | bugill | aladl | Jawgall | alall | bawgall | alall
30.8 2017 28.8 2009 76.4 2001 33.2 1993 251 1985
241 2018 64 2010 76.6 2002 90.4 1994 56.4 1986
28.5 2019 41.3 2011 323 2003 127.7 1995 110.3 1987
394 2020 19.8 2012 34.8 2004 89.4 1996 8.4 1988
64.1 2021 110 2013 419 2005 86.2 1997 175.6 1989
281 2022 325 2014 53.8 2006 39.6 1998 19.6 1990
26.9 2023 65.9 2015 64.3 2007 1115 1999 44 1991

59 2024 83.6 2016 924 2008 22.7 2000 120.9 1992
59 $oiadl Juall

#2025/10/14 .http://www.climatologylab.org/terraclimate.html (NOAA) adga : yuuall
.#2025/10/14 .https://power.larc.nasa.gov (NASA) adse =
#2020-2000 8554k e bl ¢ J9al Osian slas Godl sbimdly Gl oldall Zoladl dsgdl =
.£2024-1985 Ogitw Sl @ Uaodll giud! gl | (2) o3, JSC&

2:
150
100

3> «& o > 0 3}3» +~ o > 0 3}» +~ o > 0o 3} -~ o > o

> P - e - - - . . . . s o o o o o < < <L

- - - - - - - - - - - - o o o o o o” o o”

> > > > > > > > > > > > e e e e e e e -

(3) 8y Jgamll e sloze¥ly sl

Slgiadl (and 01049 AL oiud! Iasogill (e Lezgysg sUaadl dnds (2) o8, JSadly (3) dosad! e i
o 3 o8 Jaaang it cagd sUae¥l bogawd 2ldiwl > 2008 Liw s LS S 3ylay Juaall cipoloss
ST

S ST s Sigu e Jly @8, iy (26/l9 246.4 Byall (uaid gunedd) ¢ e asogie ay Laiy
BN gl U0 (gorand) daugall (3 08, JSCad1) 5 (4 08y Jgumll) Crrm cpladl Ao sUasl (o il sLalss Lo

2024-1985 ¢y



Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

.22024-1985 {gitw Sbpia § gl ll ggiud!| Jawgil! cnu (4) o8 Joizd!

Jowgil! eLa.ﬂ bwsdl | aladl | lowgdl el...n gl ‘aLa.H gl ‘aLa.N
35.1 2017 38.2 2009 451 2001 30.2 1993 37.2 1985
33.8 2018 448 2010 47.3 2002 305 1994 27.9 1986
38.2 2019 435 2011 47.4 2003 327 1995 27.4 1987
36.9 2020 413 2012 45 2004 29.83 1996 26.1 1988
351 2021 36.10 2013 434 2005 293 1997 30.8 1989
36.9 2022 349 2014 389 2006 36.5 1998 27.2 1990
378 2023 381 2015 43 2007 419 1999 29 1991
371 2024 351 2016 41.8 2008 45.8 2000 29.2 1992

#2025/10/14 .http://www.climatologylab.org/terraclimate. html (NOAA) adgs : ysall

.#2025/10/14 (https://power.larc.nasa.gov (NASA) 2dga T

£2020-2000 855 &iks pé bily ¢ Joudl giee slle ol sLog¥ly Skl oldall dalall 2 Jl =

50
y=0.2264x +32.18

40

30

20

10

0
3 « o > 0 3 -~ o > 0@ }» -~ o > 0 3} - o > O
> P - e e - - e e e e e ad T T T L L L
+ & & & & & & & o+ & «+ + o o o o o o o o
> > > > > > > > > > > > e e e e e e s

22024-1985 9t Sbiyae 3 7Lyl e yud Soiadl Jasgall (4) o3y &
() 1 Jsanl) s Lozl uall
e BBy g 48, 4 e s J1 Al aladl Lalasly 2/ a2 7 Ll e e Laangie il 7Lyl il
s, 2 ) 38 595 et 1y ilpsoial) 23lall Auglmeal] Bl (o pols 7Lyl 48,0 LoLis o
SS9 (5 08y Jgamll) cemss «capmelly plids Jto Alolallg dmas Ll Aol 4081 aha ¥ a5y ysmtlly
22024-1985 (0 88l 7Lyl Aoyl Goiadl aangall (4 o3,



Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

Awl/ AL (2024-1985) 34l M5 7Lyl de pud (ggiud!| Jawgill cn (5) iy Jguzed!

Jowgil! ‘aLa." Jowgil! 'aLaJl Logddl 'aLaJl gl ‘:LaJI gl ‘»aLa.N
2.61 2017 2.25 2009 3.53 2001 0.74 1993 0.95 1985
2.62 2018 4.01 2010 3.81 2002 0.64 1994 1.07 1986
2.57 2019 1.66 2011 3.80 2003 0.53 1995 0.96 1987
2.58 2020 1.34 2012 3.63 2004 0.70 1996 1.04 1988
249 2021 1.83 2013 3.10 2005 0.65 1997 0.90 1989
2.57 2022 240 2014 244 2006 0.57 1998 0.93 1990
3.56 2023 2.25 2015 4.24 2007 115 1999 0.83 1991
3.66 2024 2.30 2016 223 2008 118 2000 0.85 1992

#2025/10/14 .http://www.climatologylab.org/terraclimate. html (NOAA) adgs : ysall

.#2025/10/14 (https://power.larc.nasa.gov (NASA) I -

22020-20008y5 &ka pé bl « Joull Oiiee sl Gol sla¥ly Skl o laball 2aladl as ) -

4.5

4

3.5

3

2.5

2

1.5

1

e

0
3 - o > Q 3 - o > Q 3 - o > Q 3 - o > o
> > e e - e - - . - - o o o o o < << <L
- - - - - - - - - - - s o o o o o o o o
> > > > > > > > > > > ¥ e e e e s e e -

£2024-1985 (gt Sbpaie § 7 byl & pud (Siund] Jasgill (4) oy JS&
(5) o8y Joazl e sleze¥ly 1 yupall

A Ll ol piad) Y Baidle AST dlaes allg adall elidl oiligSa Juls :Lgls
S paziadl s odadl Jially peldl cndall gag dlagun slge cre (rudall oLl 098 addall e Lidl Lo 11-2
outrlig Alaiiy (o sl 4 @iy (Al (10) el Gially el 1 A8Lia) «addall ol Lpd (s (AN (o) ) piso
I (& Gy g asat 090 Asglo BaT ey (ragas culaghall oda ALl 85500l (el J1 A8L] oyl puzd]
Ll (e i35 A LSl s (Sl sl elhyuall e Blall daiaiy 3sad 9l ¢ duad ¢l Ul (3 Ailiall
oyl s ls J1adladl )l Jgss aiasg JALI (85 8395 Ladoes Liguy aiaty dul=ll

Lr\:\landﬂ‘w‘%cu@edﬂug}um\um‘}ugu\wa&w\ ;M\SJLQ:JM‘S
sl et Al (3585 (ol ad 7 S5 JRIA e ) O30 e i 8 Al (1 e aelil) (el paiioy 10



ol s 1 pen) L) Alane ISSN: 2698 - 6159
Journal of Urban and Territorial Planning PAPASE PAG SRR ISSN (PRINT): 2699 - 2604

Ogiuw Sl 3L by § pudeiad | adlly caladl ©iligSa (s (1) ) )94

2025/9/19 il J3 sl
&l 055G o9l 0559 L iy sy Apsladll 1819l el Lile 8155 aiias :JAL) s @ Layong Lilad) dd1gadl 2-2
8lie Bue (e JAL U5l Jgi el dl il oo Jamy J81 9l i soady B Bugll (19S5 1L B yiall A8LLI
Oy bl e Unsys Sy ¥ Ay dased pdas el (e ddlgall aias 8 daedl ddlgally ol il 2-3
deginall ol ugamdl A8l gl Lowliy D 8yl Aalaill 098 5yl Jile cadidedl amy Liayly 5all (ya giuall Jil

Alin dad W1 Woun Lauaate Ao wm 8yl poedl ceadSs (yalall (1S . alall e

Cigaysa> 6319 & Al Hlma¥l y il (rog cad ! oLad] 3 eolad 3leS sl i : il Caiw 2-4
Lol Lo s (A1 ey Bl el gl bl of els 1 ooy lgall s (8 e putdetntd(3udl) cdall e i
(7950 2019 cblaadl diilise dazay Lo ol Jadis) Caziaull (oylge Bubasil pudeiuds Leg,s

Ogiu Sl 8 Gulall oLl 55005 de yun 3 Zealud| &yl Lol gadls LIl

Jio calorsdl gomi bl 381e Jyomty adadl Jlaelly Jlas¥l Cangs Jiaz i agdall Jlaells JLas¥l Cans 3-1
(s oladlly Ogti Liude Jto i I candl Jlme capne (@ly cdun Sl 381,L19 il ddudly pellally Gobliall
g9 oSl pagas il adall s Lidl e Lisge caslall (e 23550 8ylac (A (3 e Laogiy ciloasd] 83039
bl gumell (Slaly IS

Sl Ao L) iy clilim 389 2uigall cigudl Heas 3 4adslls Zasl ol Lpe g 5zl e 18y d1 3-2
(o adidg ailadl adoed 2 lia ol ccnlylead) maliais @lal Jilsol ol Bpeas aylie J1 8y5ell Aoyl dyigall
sl e Bl GLA o (3) 03 Byguall Hlail cshall




ol s 1 pen) L) Alane ISSN: 2698 - 6159
Journal of Urban and Territorial Planning PAPASE PAG SRR ISSN (PRINT): 2699 - 2604

=
a f3 < .

Gyt § sslall 5okl ULl 0 (3) oy Bypeal
2025/9/19 ilase Jo5i soall

Q] g S| (o Aaptid] Aaiadadl Sogeeedl oy ol iy csend e sl ety ol o 3-3
TSP FYES  PEXT VR SYRUR R VY Y VE SN | PO DUp R VOV | S SNOPE PFLN A SN RCIP R LN ES YTy DS
o iy Dl sLin o S 5 i ) Gl 538 Uil ks § oty aidall Sl 3 i 3
gad! ol de

RSN DR TIPUCIEY EUVITL UPOU ) DS SN DU B A FINPINR N E ST NI B IS T
Biuall Jilael gely meudy Ludgndl sldl gdad (ST 5le> Y1 o A8luse

0955 Ldall il dadl 09S desiaty audadl el Lol ladall s (3 209801 jUae¥l Corwd by HUaed] 3-4
oy £ iy ly Cilamlly Ll LLS Ly Jiteld il cslidall 8 555l 5ol e Boslall csladall 3 31 ull
o Bl Lol Loy 5y mas sy 45535 3 el Lo ST (s sl idall 515 imy 1)
AL el A ULl (3 BAATN T o5 (4) 3y Byl Lol adl el oo g osal] Aulac




ol s 1 pen) L) Alane ISSN: 2698 - 6159
Journal of Urban and Territorial Planning PAPASE PAG SRR ISSN (PRINT): 2699 - 2604

Al yUae¥! A

2025/9/19 ilase J35 suall

) 2a Tl 0588 Cam3Lidly o Ll Lo oty (A1 Al 318 eSS 3L s Lo LLe sonoildlg oy LAl 3-5
Loy i) O Bie (B Bals g lally Sl Bl e Lidl 4308 cadall (s Aiie (bl 2 (Allg Lidax]]
ol slmtlly camslidly (s Ll o S didiiud (Alg cosdally sladlg caladl o Lo Ll (8 poally z1905Y)
Jlsa¥dl (099,

reslaaglly galaall

)

W Bleg sl 7liey I3 (gd Sigapan slimimg 5319 § Slpall adol (ols Jlre Osiuw Slisnae Jlme uay -1
JEl sl ehmio (00 LasBy popall s (g0 LaBign dinyin

G ol shanw! e Aol §5leall cioalug (£ Hlatwl 3a> Cigapas @3ly e Oyt Slyie 3929 -2
ool e Wgaull Al T Al Letiul Zidal) §leall ady Ausils sl Zuasdall 5315l o BaLaza¥ly 5ol
31l G Loy

So¢ma Lpd Jd el y5ully Gially calall (29 2kl Al ligSe (e J3lies 2,31 (,SLely sgumy ke i -3
Cally bl Juadd 5l Byl By Lads Lite o3 Ll Slimpins Gulall sladl il 3 casly oihlens ooy
JILl i 3 AUl alasial 5 Los Jnll Lty o ylpaial e Wadlos bl 3 el slidl yaialy
el Lz ¥ 2 e g A58l o) CapiSally

5yl Ay pLanl iy BLL stects 3 ey Aiudall yleadl e il Jlall piaial 28 )kate <l iyl -4
Oty wasdl e golall ailadly Adglall GLLI 3243 3 7L, a8, LLads

Jos I ol @3 Jo¥l Lladl (o de 3l colss albyall ol galaad¥l LLaill gom ddudall 5yleall o365
& il cigdl Jax Iiag Laasll g Jymtll LTy Jlgad) gy sleiiadlly Sagall @ malsll Jos Leag ls=
bl Supusdl Sleaslly An) coewdly Colall (e Busdne g JI Jemets (ladlly @39 Ogtw diudaS (ol

G Jlme J) cdgms I




Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

e 1308 31 i 3 0Lkl e uLad b bolal J) 2ol ,leadl Jass o 2 cnmslis (apzlea 35296
Ly Jalge J) WLa) Ogie Slyate Bas¥l Slgiadl § aibll leall jeas § bl ol cwale -7
Ll glad¥l Jualss (s iy apdall Sl il

Al S e Sadgadl Laayoly Gilyanll Lelyis Layguads Gotiuw wbpite @ 2eigall §ylaally @lladl ezal -8
Lalaiw! Glagat

A PP |

Ot Slyate @ gt slidl 5sa05 3 2aalud! 2, dall Jolgall 2lolSie ulys -1

53551 ULl 068 il 2l Juneg Lgla )l Sotus (olidd Lyl Bl § 2 lin dumy cllasma sLad| -2
s9ads 3 Aaaill s Il ealudy Glo sllaay Lol ¥ Hlall 098 uadadl Lol Il 2ayd JaaT ¥ gt slas o0

(Gl sl

Jlrll 3 g S Slilac¥l jasss 4Lkl Gl Lalye 3 Laeealy 2uddall 5leall 2uaaly (£oll 45 -3
$9lmsal

Lyl bl s LILsly amladly Sllills syumlly 1,3¥1 bl Llexly Bluall 3 2sled Uaci -4
Jlzell

S Ly Aeddall 8y laatl Aol e Ladlons clile G iliypall § gzl pusil] cilizegilfinelg Jalas g -5

e iatiy Yo Aalzsll FLLl polic e @i Hsads 058 Ll LA o 5 patudl ilpall 2wal; ai il -6

- RN

sl

dele 3o dll (oo can 20,8 Slylie Cigayuis @3ly § Budaall 8yleall” (lgiay ((52011) meailliie coalls 2ol .1
28140 Baaall (e daale - ola¥ 4K Al o 3505 Sl

Slahyll Gigopas s A8l Cigayas Ame chgapas § Bleall 03 (2020) el ol el 2
5302 18 sl B bl Bl — Aelind Ao « iidlly 3352l Bl

Lalatl oYU § Al cilgs il ly & Al 3)leally s Lidl” Glginy «(22021) & dlliey suall psdl o1 .3
144 o 3oaall T alell i) sl il Sigoedd Cylall dloes Mllally A, Ll slay¥lg

#2020-2000 3y5iiie pé bily (Jodl Gstw sllas) ozl slo My Gl o lalall delall 2zl .4

sl Bysp 3K 1o Aslarudl Al Adlatl Blua¥ly As bl claall ((32021) Gpaas | L 5

Sy oo slaaded) s alusiel gae Byne 4cdd (@a ¥l sladll 455 (52018) Lidesls dax| dlle 3158 .6
1210 3,8l ¢ uads e Aaol - oY 2S5y dibe pt 51578 Ay Audl izl ilaglall elass

il Lres e (sung Cigasin> (6l § Aululall 5yleall ((32019) Caladl diliie dazas oludt dasl Jadia 7
T790e Taaall (16 aleell caadally Apapdall pglall Ciga > Zaals dlzes

Oue Aol Ums (Dgapas 601y & cabally bl Aalas¥ AsLadl 155lan (32022) 39,519 Gl el Jadis 8
5500 T auall (26 wlxll Aagdatlly agbll aglall

polall &5 agusll (ealedl ladl yasgll Mgl GLAT G # LA T Glsiay o(2025) Capas sl ¥y .9
6520 2024/12/4-3 (o Baell Cpall e



Alaall g Al jan) badsl) Ana ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

10. Sondos Omar Hmeedy and Giulia Annalinda Neglia (2025), Morphological Analysis

of Mud-Brick Architecture in Syrian Housing and Its Future Formulation: A Case
Study of Rif Dimashq, Buildings 2025, 15, 3974, p1.

11. Mazen Ebrahim Sheikh Al-Masawa, elt (2023), The Relationship Between Project
Risk Management Framework and Sustainable Development of Mud Architecture
Building in Yemen, International Journal of Business and Technology Management |
Vol.5, No. 1, p514.

12. tentative lists. /en /whc.unesco.org.// https

13. www.al-thawra.net(issue,n0.16093)yemen.

14. https://www.nabdalarab.com .

15. http://www.climatologylab.org/terraclimate.html (NOAA), 14/10/2025.

16.https://power.larc.nasa.gov. (NASA),14/10/2025.


http://www.al-thawra.net(issue,no.16093)yemen/
https://www.nabdalarab.com/

Alaall g i jand) Jabadsl) Alaa ISSN: 2698 - 6159
Journal of Urban and Territorial Planning ISSN (PRINT): 2699 - 2604

e Wadlme § Ao Ludl Galil e Lalniliy Al Lol Aus Ll | ol el
i) Slelyaly cinSH) S|

Afde yas o) ) g e
@‘933,9 § Il

Abstract:

Statistics indicate that around 1.2 billion people, representing 23% of the world’s
population, live within 100 kilometers of coastal zones. This proportion is expected to
rise to 50% by 2030. Consequently, coastal environments and floodplain areas are
among the most vulnerable to the impacts of global climate change, which are most
evident in sea-level rise and the occurrence of sudden floods. These phenomena
increase risks to the natural, economic, and social conditions of coastal communities.

Climate change and environmental degradation pose a direct threat to the
achievements of human development worldwide. Without effective control over
negative practices in land use and natural resource management, populations in
developing countries will be disproportionately exposed to climate-related disasters
such as floods, sea-water intrusion, and water pollution.

In Aden Governorate, these impacts have become increasingly evident in recent
years due to urban encroachments and violations of official city planning. Areas such as
Al-Buraiga and Ras Imran have witnessed sea-water intrusion into residential
complexes built within the coastal buffer zone (300 meters from the highest tide).
Moreover, the Al-Hiswa area in Al-Buraiga District experienced catastrophic flooding
when torrents swept through the main valley, causing human casualties and extensive
damage to housing constructed along the floodplain.

This situation underscores the urgent need for early preventive measures aimed at
protecting natural coastal zones and flood pathways. It also calls for the adoption of
land-use policies aligned with the characteristics of the terrain, capable of absorbing the
anticipated impacts of climate change. Strengthening adaptation capacities and
implementing mitigation measures are essential to safeguard sustainable development
and protect vulnerable coastal communities in Aden and beyond.

Keywords :Climate Change <Coastal Areas (Aden) <Adaptation Potentials<Mitigation
Measures
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Abstract

This study is based on a field investigation involving the collection and compilation of
data and information on the overall drinking water situation in Hadhramout Governorate from
2006 to 2017. The available data obtained from the Water and Sanitation Corporation in the
governorate were analyzed to assess the severe shortage in the supply of drinking water to
households. The research aimed to identify the causes, challenges, and constraints facing the
Water and Sanitation Corporation and to propose scientifically grounded solutions. Among the
key factors identified are weak institutional performance, financial constraints, excessive
extraction of drinking water, unregulated drilling of wells by residents near drinking water
sources, prolonged or recurrent power outages, urban expansion, and rural-to-urban migration
due to limited employment opportunities. The study also highlights climatic impacts—including
drought and low rainfall—as well as anthropogenic and industrial influences. Furthermore, the
substantial population increase in the governorate’s capital, Mukalla, over the past two decades
has exerted additional pressure on the drinking water supply network and contributed to the
rising demand for water. All of these factors were systematically analyzed, and appropriate
solutions were proposed based on the findings of this field study.

Keywords: Population growth rate, urban expansion, drought, low rainfall, climatic
impacts, financial constraints.
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Abstract:

Achieving sustainable water security is a central issue addressed by the 2030
Agenda for Sustainable Development, given its close association with food, health, and
environmental security. The issue of water scarcity in the Maghreb region has been
exacerbated by climate change, resulting in an increased reliance on non-traditional
water sources, such as seawater desalination and groundwater exploitation. The present
study aims to address the importance of trilateral cooperation between Algeria, Tunisia,
and Libya in the field of transboundary groundwater management as a strategic option
for promoting regional integration and governance of this precious resource. This is
achieved through a comprehensive analysis of the "Consultation Mechanism on Shared
Water in the Northern Sahara," which was formally initiated on April 24, 2024, and the
identification of the primary technical, administrative, legal, and ecological challenges
impeding this process. The study concludes by highlighting the most important
strategies for achieving water sustainability to ensure the long-term needs of future
generations in the region.

Key words:

Transboundary groundwater; Sustainable water security; Regional cooperation for
water resource management; Consultation mechanism, The Northern Western Sahara
Aquifer System (NWSAS) .
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Abstract

This Paper adresses the geo-spatial and hydrological assessment of the impacts of
Cyclone Tej (October 2023) on Haswayn Directorate in Al-Mahra Governorate, Yemen,
focusing on water and environmental security challenges under climate change. Utilizing
Geographic Information Systems (GIS), Remote Sensing (RS), and hydrological modeling
(HEC-1 and GEV maodel), the study revealed catastrophic changes in land use; the wadi (valley)
course expanded by 234% at the expense of 33% of agricultural land and 11% of settlements.
Hydrological analysis showed that the peak flood discharge reaches 3061.565 m?/s for a 100-
year return period, underscoring the necessity for high-capacity protection structures.* The dual
threat of water depletion and wadi obstruction caused by the increased spread of Prosopis
juliflora was also identified. The study recommends integrated strategies, including effective
hydraulic protection, adoption of modern irrigation and alternative energy for water security
enhancement, and the application of integrated Prosopis juliflora management linking
environmental protection with food security support through concentrated fodder production.

Keywords
Climate Change; Cyclone Tej; Haswayn; Water Security; GIS; Remote Sensing; Hydrological
Modeling; Prosopis juliflora.
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Analysis of Spatial Disparity and Distribution Efficiency of Governmental
Secondary Schools in Al Mukalla City: A Study in Spatial Planning using
Geographic Information Systems )GIS).
Abstract

This study evaluates the efficiency of the spatial distribution of governmental
public secondary schools in Al Mukalla City, aiming to determine the fairness and
balance of this distribution in light of optimal planning criteria. The research adopted a
spatial analytical approach using Geographic Information Systems (ArcGIS 10.8). The
methodology included documenting the existing school locations and constructing an
Applied Spatial Suitability Model that reflects necessary geographical and demographic
requirements. The spatial analysis involved applying key metrics, including the
calculation of the Mean Center, Directional Distribution, Standard Distance, Nearest
.Neighbor Analysis, and service area delineation.

The findings reveal a significant and uneven concentration of secondary school
sites, indicating an inefficient distribution pattern. Furthermore, the suitability model
assessment demonstrated that current school locations failed to adhere to all established
planning criteria, recording an overall rating of (acceptable). In the context of future
strategic spatial planning, the study recommends immediate intervention to rectify this
disparity. It is crucial to review the current distribution to ensure spatial equity among
residential neighborhoods and achieve the principle of equal access to educational
.services, based on the optimal location principle.

Keywords: Spatial Distribution, Spatial Suitability, Spatial Planning, Geographic
Information Systems (GIS), Spatial Equity, Al Mukalla City
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