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SCOPE OF THE JOURNAL

 » The Scienti�c Journal of the University of Health Sciences (Sci. J. UOHS) is a biennial and 
aims at reporting the scienti�c work produced within the university. However, results 
from other researchers in Somalia and abroad that report work of scienti�c relevance in the 
health �eld may be accepted and published in the journal.

 » Another objective of this journal is to be a platform not only for our researchers to present 
their research results but also to encourage our graduating students to compete for 
publishing in this journal the important results of their research thesis work. A selected 
number of research thesis works of merit might be considered for publication.

 » A third objective is to stimulate and motivate our young scientists to conduct research 
activities within the university and therefore learn and improve the art of both experimental 
and theoretical research activities. 

 » Minireviews and scienti�c comments on topics of interest in the health �eld and related 
areas may be considered for publication in this journal.
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AUTHOR GUIDELINES

A: Format and style:

• Word format for submission, and the manuscript must be a single �le.

• Double-spaced one-column format; Font: Times New Roman, 12 pt.

• No formal length restrictions, but authors are requested to be as concise as possible.

B. The manuscript should be prepared in the following order:

• Title: should be as brief as possible, including spaces. Authors and their af�liation 
institutions indicated by superscript numbers should be listed below the title on the �rst 
page of the manuscript.

• Abstract: The abstract should present brief background information on the topic in 
question, methods, results, and conclusions. The abstract should not exceed 300 words 
and should not contain citations or unexplained abbreviations. 

• Keywords: 3-5 keywords must be written on a separate line below the abstract.

• Introduction: should describe the background of the article (previous research), gaps 
and inconsistencies, aims, and provide a summary of the literature on the issue under 
investigation.  

• Methods: This section should outline how the research was carried out, and experiments 
were performed. Suf�cient information must be given to allow reproducibility.

• Results:  All relevant �ndings must be described in this section, and the results of the data 
and the analyzed variables must be presented and illustrated in tables and �gures. Titles 
and legends should be comprehensible without reference to the text. 

• Discussion: This section discusses the interpretations and observations of the reported 
results with respect to the study purpose. The main �ndings are highlighted, with emphasis 
on similarities and differences relative to prior literature, and the potential implications of 
the results are discussed. 

• References: references should be listed at the end of the manuscript in the order they 
appear in the text. All the information required to retrieve the source must be provided 
(see examples below):
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C. Illustrations 
Tables and �gures should be numbered in the order they are cited in the manuscript. The table 
title should be concise, clear, and at the top of the table, and the �gure title should be in the 
legend of the �gure (not in the �gure itself).  The �gures and tables should be embedded in the 
main text where they are �rst cited. 

D. Ethics Compliance
For human investigations, an informed consent statement should be included.  Plagiarism of 
any kind is not acceptable and should be avoided.

E. Submitting the Manuscript
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name and contact information (telephone number and email).
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EDITORIAL COMMENT ON THE 25TH ANNIVERSARY 
OF THE UOHS 

The year 2025 marks the 25th anniversary of the University of Health Sciences, a milestone that invites 

re�ection on the institution’s journey and its contributions to improving health in our community. The 

institution began as a health institute, a move triggered by the scarcity of medical personnel at Bendar 

Qassim Hospital in 1998.  That scarcity prompted the late Prof. Abdirizak to lay the foundations of the 

�rst nursing institute in Puntland. The institution grew gradually, �rst as a college, with the formation 

of additional health branches. In 2012, the institute was elevated to university status and renamed the 

University of Health Sciences by the Puntland State and the WHO. On May 13th, 2013, the University 

was recognized by the Federal Government of Somalia. Today, the university consists of the following 

faculties: Medicine, Pharmacy, Clinical Nursing, Food Science and Nutrition, Public Health, Medical 

Laboratory, Radiology and Clinical Midwifery.  In addition, there are several postgraduate courses in 

the health and related �elds. 

 The university has played a key role and continues to do so in improving health in communities across 

districts and villages, for instance, by training various health professionals and raising awareness of 

health issues. Since its foundation, over 3000 students, both male and female, have graduated, with a 

signi�cant impact on the well-being of Somali society in the health �eld. The University's graduates 

now work in many parts of Puntland and in Somalia. Furthermore, the University is engaged 

in community development, for example, it has contributed to the “ Ceel Daahir Project”, trained 

community midwives, and assisted in training Yemeni refugee laboratory technicians.     

The University is committed to serving the Somali society in the health sector and is also determined 

to improve further the educational quality in the health and related areas. A testimony re�ecting this 

commitment, and which additionally highlights the University’s achievement, is the foundation and 

continuation of our journal.
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EDITORIAL NOTE

Dear Colleagues and Readers,

It is with great pleasure that we present the second volume of the Scienti�c Journal of the University 
of Health Sciences (Sci. J. UOHS). The publication of Volume I in April 2024 marked the beginning 
of a journey, rooted in curiosity and a commitment to cultivating a culture of scienti�c research and 
knowledge advancement. Among the themes covered in that volume, to mention a few of them, were 
investigations of food insecurity in Bossaso; family planning among women of reproductive age in 
Bossaso City; a study of Giardiasis among patients who attended Bossaso General Hospital; the use 
of pesticides in khat cultivation and the associated health risks; and other health-related topics. The 
response from our community of readers has been both encouraging and inspiring. 

This new volume builds upon that foundation. The articles featured here re�ect the journal's diverse 
research topics and growing reach. The articles in this volume include one on zoonosis, the diseases that 
can be transmitted from animals to humans. The importance of this work is self-evident: our economy 
depends primarily on livestock, and contact between animals and our community is indispensable. The 
author of this article treats the subject from different perspectives. In another article, the drug-disposal 
practices of pharmacists in Puntland were examined, highlighting adverse health and environmental 
effects and underscoring the need for nationwide regulations to ensure proper disposal. Furthermore, 
another article examines investigations into aluminium phosphide, a highly toxic pesticide used for 
fumigating stored grains in Somalia and neighbouring countries. This article emphasises the health 
hazards of this pesticide and recommends national regulations to ban such harmful pesticides.  In 
addition, there are articles on the frequency of nonsteroidal anti-in�ammatory drug (NSAID) use 
among patients in Bossaso and on the risks of waste batteries, aimed at raising public awareness of 
the negative impact of improper disposal. Additionally, there is insightful commentary on the role of 
arti�cial intelligence in scienti�c discovery, as demonstrated by the solution of the 50-year-old protein 
folding challenge. The implications of this discovery in medicine and biology are thoroughly discussed.  

A relevant objective of the foundation of this journal remains to be a platform for our young researchers 
to publish their research results, but also scienti�c work performed in other institutions in the country 
and outside of the country may be accepted for publication in the journal, provided that they are of 
relevance in the health or related areas. Another key goal of this journal is to motivate and encourage our 
academic staff to pursue and conduct research at the University. Therefore, we encourage researchers 
in Puntland and across the country to submit their work to the journal. We aim to strengthen the 
practice of experimental and theoretical research among young researchers, enabling them to develop 
their writing skills and publish their work in internationally refereed scienti�c journals in their �elds 
of interest. 

Looking ahead, we are committed to strengthening our experimental research and hope to present 
experimental results in the next edition. 

Finally, we would like to extend our appreciation to the authors for their scholarly contributions, to the 
reviewers for their efforts and to the editorial board for their dedication. Their collective efforts make 
the journal move forward.
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A SIGNIFICANT PORTION OF THE 

COMMUNITY IN SOMALIA IS AT SERIOUS 

RISK OF ZOONOTIC DISEASES: 

(WHERE THERE IS AN ANIMAL, THERE IS ZOONOSIS)

 Abdirahman Abdullahi Warfa
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A SIGNIFICANT PORTION OF THE COMMUNITY IN SOMALIA IS AT SERIOUS RISK OF ZOONOTIC DISEASES 

The term “zoonosis” was first introduced by Virchow 
in 1888 to refer to diseases that can be transmitted 
from animals to humans. These diseases, caused by 
various pathogens such as bacteria, viruses, fungi, 
and parasites, often spread through contaminated 
food or water. 

Nomadic pastoralist societies face an increased 
risk of zoonotic disease transmission due to 
several factors, including shared living spaces 
with livestock, animal movement, limited access 
to medical facilities, low literacy rates, scarce 
freshwater resources, and inadequate sanitation 
systems.

Rainwater collection in these communities 
can lead to contamination from animal faeces 
and human waste, contributing to waterborne 
zoonoses. Milk-borne zoonotic diseases originate 
from contaminated milk or milk products, with 
contamination resulting from dairy animals, 
human handling, or environmental factors. The use 
of unhygienic, nonrecyclable plastic containers by 
milk vendors increases the risk of contamination. 
Meat-borne zoonoses are linked to inadequate 
meat inspection, poor conditions in meat-handling 
and processing facilities, and insufficient water for 
sanitation and hygiene. 

Keywords: 
Zoonosis; Pathogens; Nomadic pastoralist; 
Poor sanitation; Inadequate inspection; Water 
harvesting

1.   INTRODUCTION

Virchow first used the term zoonosis in 1888 (1). 
All animals naturally carry a group of diseases 
which can also affect humans. Such diseases are 
known as zoonoses and are transmitted between 
animals and humans. These diseases are caused 

ABSTRACT

by a wide range of pathogens, including bacteria, 
viruses, fungi, and parasites, collectively known as 
zoonotic diseases (2). These include Lyme disease 
(transmitted by ticks) and rabies (transmitted from 
mammals). Zoonotic diseases can cause a wide 
range of effects in people and, many times, even 
death (the morbidity and mortality are very high). 
Although humans may display signs of illness, 
animals do not always exhibit obvious symptoms of 
being sick. These animals are commonly referred to 
as “carriers” because they harbour pathogens that 
cause disease. 

Zoonotic diseases are well documented and not 
a new phenomenon; over more than 100 years of 
social experience, it has become clear that animal 
and human health are closely linked. There are 
more than 200 animal diseases transmissible to 
people, and at any given time, a new one emerges 
or re-emerges seasonally and geographically (3-
5). In this work, the author discusses the zoonotic 
diseases and their relevance in our community, 
as our economy and survival depend on livestock 
husbandry, as well as how the present situation of 
limited access to veterinary and medical facilities 
greatly contributes to the likelihood of the 
occurrence and the spread of this group of diseases 
in our society.  Furthermore, he outlines the factors 
that facilitate transmission of these diseases 
between humans and animals, including water-, 
milk-, and meat-borne components, among others. 
The author concludes with recommendations 
to educate our communities about the risks of 
zoonotic diseases and advocates improvements in 
hygiene and sanitation, as well as the establishment 
of necessary infrastructure for meat inspection and 
water hygiene.
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2. DISCUSSION

2.1. Livestock production in Somalia
Somalia’s livestock sector is a vital component of 
the national economy, contributing significantly to 
the country’s GDP, foreign exchange earnings, and 
employment, particularly for nomadic and semi-
nomadic populations. The country boasts a large 
livestock population, including camels, cattle, sheep, 
and goats, and is a major exporter, particularly to 
the Middle East. Despite its importance, the sector 
faces challenges like climate change impacts, 
drought vulnerability, and market access issues. 

After the civil war, the entire infrastructure 
collapsed, and unemployment increased across 
communities. The shift toward livestock production 
and its products has significantly increased the 
risk of zoonotic disease transmission across the 
country’s human and animal populations.

Characteristics of the nomadic pastoralist society 
that favour zoonotic disease transmission include 
sharing the same environment with livestock, 
movement of animal populations, limited access 
to human and veterinary medical facilities, low 
literacy rates, a lack of fresh water, poor sanitation/
hygiene, and artificial disasters (such as civil unrest 
or war).  

 While the Somali community is involved in 
livestock production, including taking care of their 
livestock, trading, utilizing it as food, handling 
its products and byproducts, and sharing shelter, 
water, and the environment (both micro and macro 
environments). From these intimate, direct, and 
indirect interactions between our community and 
animals, it is clear how readily zoonotic diseases 
can spread between animals and humans. 

2.2. Waterborne zoonosis and hygiene
Water in its natural state is among the purest 
substances known. Today, however, it is difficult 

to find a source of fresh water that has not been 
disturbed by humans, animals, or the surrounding 
environment. And the nastiest problem of 
zoonosis is the waterborne disease, in the pastoral 
agriculture, and internally displaced camps (IDP 
camps), all the families are using poorly harvested 
rainwater, which is contaminated with faeces from 
livestock, wildlife and human leftovers.  This type 
of water is contaminated with a large number of 
microorganisms, including protozoa (e.g., Giardia, 
Amebiasis, Cryptosporidium), Vibrio cholerae, 
mycobacteria, and parasites (6-9). Also, there are 
other opportunistic environmental organisms 
and decomposed materials (plant leaves, organic 
materials such as dead insects or small animals such 
as lizards, etc.), to mention a few, and chemicals are 
not absent ( such as detergents, pesticides, etc.). 
Cholera outbreaks are frequently reported during 
the dry seasons because of water scarcity (the 
contaminant load increases).

2.3. Milk-borne and milk hygiene
Milk contains nutrients that support the rapid 
multiplication of bacteria that cause spoilage 
(microorganisms). Unhygienic production, poor 
handling, and undesirable practices, such as adding 
already contaminated water or other substances, 
can introduce more bacteria (germs) that cause 
spoilage. Some of these germs are disease-causing 
organisms that can adversely affect human health, 
such as cholera, typhoid, brucellosis, amoebiasis, 
Giardiasis, and tuberculosis (10,11).

Also, the use of plastic containers which are recycled 
and are un-cleanable are taking the biggest role of 
contaminating and worsening the milk hygiene, 
these containers are altering the composition of 
the milk (physical characteristic of the milk), the 
test and its odour; these plastic containers are 
originally from petroleum by product residues and 
some are from hazardous chemicals that can cause 
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hepatitis and cancer to the community, as well as 
precipitation of milk clots and milk fats settle in 
the container and are difficult to remove or clean 
because of its narrow inlet opening, so these plastic 
containers cannot be easily washed, cleaned or 
disinfected.   

Milk-borne zoonotic diseases are usually caused 
by the ingestion of contaminated milk or milk-
containing food. Disease organisms in milk may be 
derived from the dairy animal, human handling or 
the environment. 

2.4. Meat-borne disease
Red meat is a nutrient-dense food that provides a 
significant amount of protein, essential amino acids, 
vitamins, and minerals, which are among the most 
common nutrient deficiencies worldwide, including 
vitamin A and zinc (12).  Red meat provides 91% 
of the recommended daily intake of vitamin B12. 
As a result, meat hygiene became a crucial issue 
and subject of legislation approximately 100 years 
ago, with the primary purpose of preventing the 
use of meat from diseased animals for human 
consumption. Meat hygiene then was synonymous 
with meat inspection. This was to control zoonotic 
diseases in communities or populations (meat-
borne diseases) (13).

The importance of meat-borne pathogens to global 
disease transmission and food safety is significant 
for public health. These pathogens, which can cause 
a variety of zoonotic diseases, include bacteria, 
viruses, fungi and parasites. Consuming pathogen-
contaminated meat or meat products can cause 
a variety of diseases, including gastrointestinal 
illnesses.  Humans are susceptible to several 
diseases caused by zoonotic bacterial pathogens 
transmitted through the consumption of meat, most 
of which affect the digestive system. Various stages 
of production, processing, transportation, and food 

preparation can expose meat and meat products 
to bacterial infections and/or toxins. Generally, 
bacterial meat-borne zoonotic diseases are caused 
by strains of Escherichia coli, Salmonella (14, 15), 
Listeria monocytogenes, Shigella, Campylobacter, 
Brucella, Mycobacterium bovis and toxins produced 
by Staphylococcus aureus, Clostridium species, and 
Bacillus cereus (16).

In Somalia, following the collapse of the central 
government, the conditions in slaughterhouses, 
the meat transportation system, and meat markets 
deteriorated hygienically. These infrastructures are 
known to be critical for safe guiding meat hygiene 
(16). In the meat facilities, there is no adequate 
water for cleaning or sanitation for the locations 
or the utensils in use, all the contamination factors 
accumulated and facilitated the multiplication of 
hazardous microorganisms (Salmonella, Shigella 
spp., C. Botulism etc.), and meat-born zoonosis 
or food poisoning increased in particular in the 
tropical areas, also meat inspection system is not 
existent at all.

The clinical laboratories in the Puntland State 
(Somalia) frequently report cases of Salmonella, 
Brucella, and nematodes; however, no accurate 
data are collected or archived.  

2.5. Other sources of zoonosis in Bossaso
A large number of women are involved in the goat 
trade in Bossaso town. These women are taking 
care of their animals in their houses, and in the 
residential area around (goats are semi-scavengers). 
The goats wander from house to house searching for 
leftovers from the families in the garbage collection 
area. These goats are sufficient to contaminate the 
microenvironment and spread the zoonotic disease.   
Other significant sources of the spread of zoonotic 
diseases include scavenging cats, rodents, insects, 
birds, and wildlife, among others.
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2.6. How do zoonotic diseases (germs) 
spread between animals and people?   
 Due to close contact between people and animals, it 
is essential to be aware of the common ways people 
can contract zoonotic germs. These common ways 
include:

Direct contact: coming into contact with body fluids 
such as saliva, blood, egg, urine, mucous and faeces 
of infected animals. Examples include petting or 
touching animals, as well as bites or scratches.
Indirect contact: coming into contact with the shelter 
area where animals live, objects, or contaminated 
utensils that contain harmful zoonotic germs. 
For example, water tanks, animal feed, watering 
equipment, restraint tools, and soil or dust from the 
farm, as well as contaminated human food.  

2.7. More exclusively and highly susceptible 
individuals: Occupational zoonosis (through 
contacts and inhalation of dust). 
Although the entire society is susceptible to the 
disease, certain individuals are more vulnerable 
than others (17, 18) and are:
• Slaughterhouse and meat market workers and 

meat/milk vendors,
• Nomadic pastoralist families sharing everything 

with their livestock (environment,      shelter 
and water),

• Hospital and laboratory personnel dealing with 
sick persons and handling hazardous biological 
materials,

• Veterinarians and vet. Assistants are frequently 
in contact with infected animals and 
contaminated sample materials,

• Children, the elderly, childbearing women and 
immunocompromised individuals.

• Garbage collection personnel (collecting 
rubbish from hospitals, private clinics and 
laboratories).

• And the civil war internally displaced 
community ( IDPs)

2.8. Conclusion  and recommendations
 Zoonotic diseases will persist beyond our 

lifetimes; therefore, prudent measures must 
be taken today to prevent and control disease 
tomorrow.

 Conduct awareness-raising activities and 
educate the community about the risks and 
hazards of zoonoses, as well as the need to 
enforce sanitation and hygiene measures. 

 Establish a task force comprising veterinary 
public health and human health experts. 
This team must conduct research to evaluate 
the situation on the ground and periodically 
monitor the status of zoonoses in the country.

 Our slaughterhouses and meat markets are in 
poor hygienic condition, utilizing rudimentary 
equipment, and have inadequate water 
supplies for cleaning and sanitation purposes. 
To minimize contamination and hazards, it is 
very important to take immediate action in 
accordance with the international standards 
(clean water system and cleanable equipment).

 The community and the government must 
improve water systems to provide potable 
water, particularly for nomadic and urban 
communities and their livestock. It is essential 
to implement boreholes with potable water. 
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Annex
The annexes below report figures illustrating the various sources of meat, milk, and water contamination, 
and consequently, the potential for zoonotic diseases. 
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Fig. 1. The meat market table is riddled with cracks 
that support the growth of microorganisms that 
cause meat contamination.

Fig. 3. Meat swung in the open air for daring, but 
the dust and flies are ready to contaminate it.

Fig.4. Even the children are at risk of zoonosis.

Fig 5. The recycled cartons between the table and 
the meat (the cartons might have been emptied of 
drugs, chemicals, food, etc.)

Fig. 6. Pulled harvested water for drinking and for 
family use (one of the worst health constraints in 
the country).

Fig. 2. Between the meat and the table, there are 
recycled cartons.
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Fig. 7. The water supplier is using recycled, 
uncleanable plastic containers for the market and 
families. 

Fig. 9. Recycling plastic containers for milk; milk 
vendors use these containers many times. The 
containers are uncleanable because the opening is 
tiny.

Fig. 10. Unhygienically handling milk from a filthy 
container; the milk had been in the container for 
several hours, allowing enough time for germs to 
multiply.

Fig. 8. Humans and animals drink from the same 
water trough.

A SIGNIFICANT PORTION OF THE COMMUNITY IN SOMALIA IS AT SERIOUS RISK OF ZOONOTIC DISEASES
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Aluminium phosphide (AlP) is a poisonous 
pesticide used to fumigate stored grains. Here, 
we investigated the widespread use of this 
product in Somalia by assessing its employment 
by establishments in Bossaso city, a commercial 
centre in Puntland State, which has strong 
business activities with the rest of the country 
and neighbouring countries. We interviewed 
43 individuals working at establishments that 
operate retail shops and grain storage facilities. 
We found that aluminium phosphide has been 
used in Somalia for decades, primarily for grain 
preservation. Our results reveal that approximately 
51% of participants handle the product with their 
bare hands during fumigation, indicating a lack 
of knowledge about its hazards. Indeed, 46.5% of 
participants believed the pesticide was harmless 
to public health and the environment, whereas 
39.5% thought it had a negative impact. The rest 
(14%) were unaware of its effect. Moreover, the 
participants disposed of the damaged tablets and 
spent powder residues in the trash, which is not 
the recommended procedure. Furthermore, almost 
half of the participants experienced accidents 
during the fumigation process with the product, 
such as suffocation, headache, nausea and allergy. 
It appears that no national regulations governing 
the sale and storage of aluminium phosphate are 
in place. The participants added that they did not 
receive local authority inspections or guidance on 
the safety and hazards of the pesticide.
In conclusion, due to the lethality of aluminium 
phosphide, we recommend that national and local 
authorities take immediate action by establishing 
laws to ban such harmful pesticides and raising 
public awareness of their health risks.

Keywords: 
Aluminium phosphide poisoning, Grain 
fumigation, Public health threats,  Somalia

ABSTRACT

1. INTRODUCTION

Pesticides are used in many developing countries 
to improve the quantity and quality of agricultural 
products. But improper use of these pesticides 
leads to the death of about 300,000 people every 
year globally (1). Metal phosphides are a group of 
pesticides commonly used as fumigants, including 
aluminium, magnesium, and calcium phosphides. 
One of the most lethal metal phosphides is 
aluminium phosphide (AlP), which is used for 
grain preservation in many parts of Asia, including 
India, Iran, the Middle East, and certain African 
countries (2). Aluminium phosphide is one of 
the most common causes of poisoning deaths in 
India, Iran, Oman and Morocco (3-7), but not in 
Western countries (8-9), where strict regulations 
exist for the sale and usage of this product under 
their national pesticide acts. Aluminium phosphide 
can be formulated into tablets, pellets, or powder 
sachets, with additional compounds such as 
ammonium carbamate, ammonium bicarbonate, 
urea, and paraffin to reduce flammability and 
control the release of the fumigant (10). Principally, 
it is marketed as a dark grey 3g tablet under the 
brand names such as Celphos, Alphos, Quickphos, 
Phosfume, Phostoxin, Talunex, Degesch, Synfume, 
Delicia, etc. (10). The toxicity of this product is 
due to hydrogen phosphine gas (PH3) formation 
when water reacts with aluminium phosphide 
(3).  A three-gram tablet releases one gram of 
phosphine.  This is why ALP tablets lose potency 
over time due to the gradual release of phosphine 
gas upon contact with atmospheric moisture (11). 
Phosphine gas is toxic to all aerobic organisms, 
including humans. The intoxication of aluminium 
phosphide can occur by ingestion or inhalation of 
phosphine gas and through damaged skin (12). 
After ingestion, aluminium phosphide reacts with 
water and hydrochloric acid, producing phosphine 
gas. The liberated phosphine gas is absorbed in 
the gastrointestinal tract and rapidly distributed 
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throughout systemic circulation, diffusing into 
the rest of the body, resulting in adverse effects. 
Essentially, phosphine gas blocks cellular 
respiration, causing an energy crisis in organs 
such as the heart and kidneys, leading to oxidative 
stress in tissues (13). Additionally, concentrated 
phosphine gas can potentially ignite and cause 
explosions at room temperature (10).  

Although high morbidity and mortality are associated 
with aluminium phosphide, which originates from 
occupational exposure and intentional incidents, 
and consequently merits raising public awareness 
and urging the establishment of national regulations 
on the sale and usage of this pesticide,  there is 
a shortage of data on aluminium phosphide’s 
health concerns in  East Africa, though its usage is 
widespread. To our knowledge, only a recent work 
has reported the emergence of metallophosphides 
as a significant public health threat in Ethiopia (14). 
The present study aims to explore the frequency of 
aluminium phosphide usage, the establishments 
involved, the duration of its use in the country, 
and how consumers store and handle the product. 
Additionally, we investigated whether consumers 
experienced incidents, their knowledge of the 
health and environmental impacts, and the disposal 
methods for the damaged and residual products.

2. RESEARCH METHOD

This qualitative research employed a structured 
questionnaire as an interview tool to collect data on 
aluminium phosphide from participants working in 
retail shops and storage facilities for various types 
of grains and agricultural products in Bossaso city, 
the commercial city of Puntland State, Somalia. The 
sample size was 43 participants. The participants 
were chosen at random.

2.1. Data Analysis 
The collected data were analysed in Excel, and the 
results were presented in figures and tables. 

2.2. Ethical considerations
Participants were informed of the research 
purpose, and their consent was obtained prior to 
participation. Confidentiality is maintained, and 
the approval of the research board of the University 
of Health Sciences was obtained. 

3. RESULTS

Figure 1 reports the types of establishments (retail 
shops and storage houses) and the number of men 
and women who were interviewed and engaged 
in the business. The number of shops was slightly 
more than the number of warehouses. More men 
worked in shops than women.

The period during which a participant has been 
handling aluminium phosphide ranged from 1 
to 43 years (data not shown), indicating that this 
pesticide has been used for decades in Somalia. The 
typical formulation used in the country is a tablet. 
The primary purpose for which customers purchase 
aluminium phosphide is grain preservation, and it 
is rarely used for rodenticide (Figure 2).

Figure 1. Number of males and females interviewed 
and types of establishments (retail  shop and 
storage house) 
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Figure 2. The primary purposes employed for the 
aluminium phosphide 

  Figure 4. The possible ways customers handle the 
product

Figure 5. Knowledge of the customers about the 
environmental impact of aluminium phosphide 

Figure 3. Percentage of customers who experienced 
accidents related to aluminum phosphide 

When participants were asked whether they had 
ever experienced any incident or accident related to 
aluminium phosphide, their responses are shown 
in Figure 3. Approximately 46.5% of participants 
reported affirmative responses, and 53.5% reported 
no incidents.

To gain insight into whether participants were aware 
of the product’s dangers, we asked them how they 
handled the tablet when applying it to their grains. 
In other words, we wanted to know whether or not 
they use gloves and masks. As shown in Figure 4, 
almost half used their bare hands without resorting 
to other tools. Furthermore, the participants were 
asked if this product harms the environment. 

Most participants (46.5%) believed that the product 
does not affect the environment, whereas 39.5% 
stated that it has an adverse effect (Figure 5). The 
remaining 14% indicated that they were unaware 
of it.

As shown in Table 1, we asked the participants 
additional questions regarding aluminium 
phosphide. One of these questions was to list the 
most frequent accidents that the participants have 
experienced with the pesticide, to which they 
replied: headache, suffocation, nausea and allergy 
(Table 1). It is relevant to note that some of them 
stated they had slept in the fumigated place during 
its active phase. Further, they stored the product 
in the storehouse or shop (Table 1). When asked 
how they dispose of the damaged tablets and 
residues, the participants answered that they dumb 
them into the trash (Table 1). Finally, we asked 
the participants whether they were familiar with 
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national regulations governing the sale or storage of this pesticide, and whether they had ever received 
any inspections or guidance from local authorities on the safety of aluminium phosphide (Table 1). The 
participants’ answers were unanimously negative to both questions (Table 1).

Table 1. Some additional questions regarding aluminium phosphide for the customers

Questions Responses Number of 
participants 
(n= 43)

Percentage 
(%)

1. What are the most frequent accidents of 
aluminium phosphide?

a) Headache
b) Suffocation
c) Allergy
d) Nausea

20

23 (met no 
accident)

46.5

53.5

2. Where do you store aluminium 
phosphide?

In the shop/
storage room 

43 100

3. How do you dispose of the damaged 
products and residues?

Into the trash 43 100

4. Are you aware of any Puntland state or 
national regulations governing the sale or 
storage of this product?

No 43 100

5. Do you receive any authority inspection or 
guidance from local regulatory authorities?

No 43 100

4. DISCUSSION

The present study revealed that aluminium 
phosphide, a highly toxic pesticide, has been 
widely used in Somalia for decades to preserve 
grain. Retail shops and storage houses in Bossaso 
city, the commercial centre of Puntland State, use 
this insecticide as a grain-preservation fumigant in 
tablet form (Figures 1 and 2). Most of the grains 
originate from southern Somalia or neighbouring 
countries, with the pesticide already present in the 
grains; therefore, this pesticide is used throughout 
the country. The toxicity of the aluminium 
phosphide is due to phosphine gas, which is formed 
when water reacts with AlP  as follows: 

AlP + 3H2O Al(OH)3+ PH3

Phosphine gas is very toxic, and currently, there is 
no antidote for its poisoning. In the workplace, an 
air phosphine level of 50 mg L-1 (50 mg ppm (parts 
per million) may damage health, and 400-600 mg 
ppm may cause death in 30 minutes (15). Our study 
revealed that users of this pesticide are unaware of 
its adverse effects. Indeed, most participants handle 
the tablets with bare hands, without any other 
safety measures, such as masks (Figure 4). Some 
of the participants experienced accidents with this 
product, such as headache, suffocation, nausea, 
and allergy (Figure 3 and Table 1). Furthermore, 
most participants (46.5%) believed that AlP does 
not harm the environment (Figure 5). In fact, all 
participants stated that they dispose of the spent 
tablet residues in the trash (Table 1). This is contrary 
to the recommended practice, in which the residues 
of the spent powder are deactivated with a water 
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and detergent mixture and then disposed of, as the spent powder still contains 3-5% unreacted aluminium 
phosphide (16,17). This observation highlights the need to raise public awareness about the safety and 
hazards associated with dangerous pesticides, such as aluminium phosphide.

 Because of the lethality of this pesticide and its intentional or accidental exposure to harm the public, the 
participants were asked if they were aware of any national regulations governing the sale and storage of 
this product, and whether or not they received inspections and guidance on the safety and hazards of the 
product (Table 1).  The answers to these questions were negative (Table 1).  

In conclusion, the primary purpose of this work was to assess how widespread the use of this lethal product 
in Somalia is and to what extent the public is aware of its lethality and adverse effects. Aluminium phosphide 
has been used in Somalia for decades without an evaluation of its negative impact on public health, and 
even those occupationally involved in its use are unaware of its consequences. It appears that no national 
regulations governing the sale, storage, or safety guidelines exist, nor are workplace inspections carried out 
by local authorities.  We urge the authority to take immediate action against pesticides, such as aluminium 
phosphide, and to raise public awareness of their potential dangers.
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Background: Drug disposal refers to discarding 
unused and expired medications to prevent 
improper use and protect the environment. 
Improper disposal poses significant risks to public 
health and the environment, particularly in low- 
and middle-income countries. Thus, this study 
aimed to investigate drug disposal practices among 
pharmacists in major cities in Puntland, Somalia.

Method: A descriptive cross-sectional study 
was conducted between July and October 2024, 
involving a conveniently selected sample of 81 
registered pharmacies across four major cities in 
Puntland. Data were collected using a structured 
questionnaire and analyzed using Microsoft 
Excel and R programming. Descriptive statistics, 
including frequency tables, were used to identify 
disposal methods.

Results: Most respondents were male (54.3%), of 
whom 38.3% belonged to the age group of 17–26 
years. About 51.9% of the pharmacists held a 
Bachelor’s degree. A significant proportion (93.8%) 
of the pharmacists had no prior training on proper 
disposal methods. The most common drug disposal 
methods were discarding into general garbage 
(65.4%) and open burning (23.5%). Circa 44.4% of 
the respondents identified the lack of designated 
disposal areas as a primary barrier, followed by a 
lack of knowledge on the issue. Of the disposed 
drugs, antibiotics represented the majority (38.3%), 
followed by antifungals (26%). Further, 97.5% of 
the respondents emphasized establishing a state 
agency for the drug disposal system, and 90.1% 
recommended training pharmacists and healthcare 
workers in proper disposal practices.

Conclusion: Based on this study’s results, we 
found that pharmacists in Puntland engage in 
inappropriate disposal practices, underscoring 
the urgent need for regulatory interventions. 
Furthermore, there is a significant association 

ABSTRACT between drug disposal methods and pharmacists’ 
educational level, highlighting the need for 
workshops and training for healthcare workers, 
including pharmacists.

Recommendation: We propose establishing 
a state agency responsible for drug disposal 
procedures, conducting training programs for 
pharmacists and waste collectors, and enforcing 
standardized disposal guidelines necessary to 
enhance pharmaceutical waste management in 
Puntland, Somalia.

Keywords: Drug disposal methods, Barriers 
of Drug Disposal, Environmental Pollution, 
Public Health
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INTRODUCTION

Treatment with medicines is one of the most cost-
effective healthcare interventions (1). However, it is 
known that drugs may expire before use, leading to 
financial losses and the need for proper disposal (2). 
Improper management of expired drugs can cause 
serious environmental problems, including air, 
water, and soil pollution, endangering life, including 
human life. Safe disposal methods are crucial to 
minimize these risks and protect both public health 
and the environment (3). The WHO (World Health 
Organization) recommends several methods for 
the disposal of expired drugs: returning them to the 
donor or manufacturer (e.g., antineoplastic drugs), 
direct landfill disposal, and encapsulation in solid 
blocks within drums. Certain liquid medications, 
like syrups and fluids, can be diluted with water 
and flushed into sewers. However, open burning at 
low temperatures is discouraged due to the risk of 
releasing toxic pollutants (2). 
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Pharmaceutical waste has become a critical 
issue worldwide, particularly in regions facing 
conflicts or natural disasters, where large-scale 
donations of medicines often arrive in excess or 
near expiration, leading to their accumulation and 
improper disposal (4). In countries like Ethiopia 
and Uganda, expired medication donations have 
been identified as a major source of pharmaceutical 
waste (5). Additionally, patient behaviors, such as 
frequently changing prescriptions or accumulating 
medications due to easy access, contribute to 
the buildup of unused drugs, increasing the 
risk of irrational use, accidental poisoning, and 
environmental contamination (6,7). 

The environmental impact of improper 
pharmaceutical disposal is profound. 
Pharmaceuticals enter ecosystems through various 
channels, including manufacturing waste, human 
excretion, improper consumer disposal, and 
agricultural runoff (8). Contaminants like synthetic 
estrogens disrupt aquatic life, while psychiatric 
medications have been shown to alter the behavior 
of fish species, affecting their activity and feeding 
patterns (9,10). These findings highlight the urgent 
need for proper waste management to mitigate 
potential ecological and health risks (11). The 
improper disposal of antibiotics, in particular, is 
alarming as it contributes to the development 
of antibiotic-resistant bacteria and endocrine 
disorders, posing a serious global health threat (12, 
14). 

Inappropriate disposal of unused and expired drugs 
further exacerbates environmental and health 
issues, particularly in developing countries. The lack 
of proper disposal practices can lead to irrational 
medicine use, poisoning of children, the elderly, 
and animals, drug misuse, and environmental 
contamination. Improper disposal of antibiotics 
is particularly concerning as it contributes to 
antibiotic resistance, with emerging pollutants in 
water sources posing significant health threats, 
such as the development of antibiotic-resistant 

bacteria and endocrine disorders (13). Studies 
performed in countries like Tanzania and Nigeria 
showed improper disposal practices such as 
flushing medications or burning them, resulting in 
environmental pollution and potential health risks 
(14,15).

Despite the increasing global focus on 
pharmaceutical waste management, there is a 
significant gap in understanding drug disposal 
practices in low- and middle-income countries, 
especially Somalia. This relevant issue has received 
little attention, and there is a lack of awareness about 
proper pharmaceutical disposal methods. Further, 
the lack of national guidelines exacerbates this issue, 
leading to widespread improper disposal practices 
that may have severe consequences for public health 
and the environment (16). To our knowledge, only 
one study in Somaliland highlighted inadequate 
handling of expired medicines, revealing that 
hospitals lack effective waste management systems 
(17).  No comprehensive studies have been 
conducted in Somalia to assess how unused and 
expired medications are managed. 

In Puntland, especially in rural areas, residents rely 
on Berkads (retention ponds) for water storage, 
which can be contaminated by pharmaceutical 
waste from open landfills. Rainwater and floods 
often carry waste, including pharmaceuticals, into 
these water sources, posing health risks to humans 
and animals. A study conducted in Mogadishu 
revealed significant contamination in retention 
pond water, raising concerns about water quality  
(18). In the present study, we aim to investigate 
drug disposal practices among pharmacists in 
Puntland, assess current disposal methods and 
identify barriers. Based on the findings presented 
here, we suggest solutions to improve drug disposal 
systems in the country.
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METHODS

Study Area and Study Population
Puntland State is geographically located in the 
north-eastern part of Somalia. It borders the 
northern part of Somalia (Somaliland) to the 
northwest, the Gulf of Aden to the north, the Indian 
Ocean to the southeast, the central regions to the 
south, and Ethiopia to the southwest. Like the rest 
of Somalia, Puntland has a tropical hot climate, with 
little seasonal variation and daily temperatures that 
vary from 27°C to 37°C. The country experiences 
low annual rainfall and four seasons: Gu’ and Deyr 
are the rainy seasons, and Haga and Jilal are the 
dry seasons (19). The participants of this study were 
registered pharmacies located in Bossaso, Gardo, 
Garowe, and Galkayo, the main cities in Puntland. \

Study Design and Period
A descriptive cross-sectional study was conducted 
among registered pharmacies in Puntland between 
July and October 2024. 

 Sample Size Determination
A Sloven’s formula with a population size (N) of 
421 and a 90% confidence level was selected for 
use.

Where,
n= required sample size
N= population size
e= margin of error
Sampling technique

This study employed a convenience sampling 
method to select pharmacies from four major 
cities in Puntland: 81 pharmacies participated, 
of which 23 were selected from Bossaso, 22 from 
Galkayo, 20 from Garowe, and 16 from Gardo. 
Convenient sampling was chosen for its practicality 
and feasibility, allowing the selection of readily 
accessible pharmacies to represent each city.

Inclusion and Exclusion Criteria
Eligible pharmacies were required to be both 
registered and large in size. Small pharmacies 
in less populated areas, such as rural regions 
and city outskirts, were excluded from the study. 
Unregistered pharmacies were also excluded from 
the sample.

Data Collection Tools and Procedures
Data for this study were collected using a 
structured questionnaire. The questionnaire was 
first translated into Somali by language experts 
proficient in Somali and English to ensure clarity 
and accuracy. It was then distributed to pharmacists 
via a Google Form link. For participants without 
internet access or smartphones, data were 
collected through interviews conducted by an 
interviewer-administered method. After data 
collection, the responses were re-translated into 
English to maintain consistency and reliability. 
The questionnaire was adopted and modified from 
several previous related studies and then organized 
based on the objectives of the study ((14,20,21). 
The questionnaire consisted of 21 questions and 5 
sections. The first section consisted of demographic 
factors; the second section was intended to assess 
the quality of pharmacists by asking if they had 
previously attended workshops on drug disposal, 
if what they learnt was related to their pharmacy 
work, and their level of training. Section three was 
about drug disposal methods, where participants 
were asked about the frequency of disposal, the 
method used, storage practices of unwanted 
drugs, types of unwanted drugs found in health 
facilities, and barriers to disposal. Section four 
aimed to understand the pharmacist’s perspective 
on funding the disposal of unwanted medicines 
and whether Somalia requires state regulations for 
drug disposal. Section five consisted of 5 questions 
on recommendations for improving pharmacists’ 
views on drug disposal safety.
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Data Quality Control and Management
To ensure data quality, a structured and pre-tested questionnaire was used. The pre-test was conducted 
on 5% of the calculated sample size, excluding actual study participants, to evaluate the clarity of wording, 
the appropriateness of the questions, and the respondents’ reactions to the questions and the interviewer. 
Based on the pre-test findings, necessary adjustments were made to improve the questionnaire. During the 
data collection phase, rigorous supervision and daily monitoring were conducted. Ultimately, completeness 
and consistency were verified for all collected data during the data-cleaning process.

Data Processing and Analysis
The completeness of the data was thoroughly checked and coded appropriately. Errors were identified 
and fixed after a review of the original data using the code numbers. After this, the data were entered and 
cleaned using Microsoft Excel and then exported to R Programming for further analysis. 
                                                               
Results
Table 1 provides an overview of the respondents’ demographic characteristics, including gender, age, 
education level, and years of experience. 

Table 1. Demographic characteristics of the respondents 

Variable Labels Frequency Percentage
Gender Male

Female

44

37

54.3

45.7
Age 17-26

27-36

37-46

47-56

31

28

12

10

38.3

34.6

14.8

12.3
Level of education Bachelor’s Degree

C.M.O.A

Diploma

Primary School

Secondary School

42

15

11

3

10

51.9

18.5

13.6

3.7

12.3
Experience 3 years or less

4-6 years

7-9 years

10 years and more

36

31

9

5

44.4

38.3

11.1

6.2

The majority of respondents were male (54.3%), and most belonged to the age group of 17–26 (38.3%) 
and 27–36 (34.6%). About 51.9% of the pharmacists held a Bachelor’s degree, while a smaller portion had 
education levels ranging from primary school to secondary school. Circa 44.4% of respondents had three 

EXAMINING THE DRUG DISPOSAL  PRACTICES OF PHARMACISTS IN PUNTLAND, SOMALIA



SCI. JOURNAL OF UOHS, VOLUME 2, 2026  | 24  

years or less experience, suggesting that many participants were relatively new to the field. (Table 1). About 
51.9% of respondents’ fields of study are related to pharmacy, whereas 48.1% come from unrelated areas. 
This result highlights the diversity of pharmacists’ educational backgrounds in Puntland, which is more 
likely to influence their approach to drug disposal practices. When the participants were asked whether 
they had participated in a workshop or training on drug disposal methods, most participants (93.8%) stated 
they had not, whereas 6.2% had such training. This lack of formal training suggests a significant gap in 
awareness and know-how on safe drug disposal practices of Puntland pharmacists. 

Concerning the drug disposal methods used by the participants, we found that the most common method 
of drug disposal was throwing drugs into the garbage (65.4%), followed by burning in open spaces (23.5%) 
(Fig. 1). 

Other methods, such as returning the drugs to suppliers and pouring them into sinks/toilets, were rarely 
used. On the question of drug disposal frequency, 53.1% of the respondents dispose of drugs every six 
months, and 24.7% stated “when necessary.” Very few of them dispose of drugs annually or biannually, 
indicating a lack of consistency in disposal schedules (Fig. 2).
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Fig. 2. Frequency of Drug Disposal

Regarding the storage of unwanted drugs before disposal, most respondents (88.9%) segregated unwanted 
medicines from usable ones, indicating some awareness of safe storage practices (Table 2). Only a small 
percentage labelled these drugs or had a designated area/box, highlighting opportunities for improvement 
in pre-disposal handling procedures. Of the unwanted medicines, antibiotics were the most frequently 
reported (38.3%), followed by antifungals (26%) and antidepressants (16%) (Fig. 3). 

Table 2. Storage practice of unwanted medicines before disposal

Storage practice Frequency     Percent

I don’t know 2 2.5

Labeled properly 2 2.5

Presence of a separate area/box 5 6.2

Segregated from usable medicines 72 88.9
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Fig. 3.  Frequency of expired medicine types in the health facilities

                       Fig. 4. Barriers to drug disposal

Furthermore, the participants were asked about the barriers they encountered in disposing of drugs. The 
most common barrier reported is a lack of designated areas for disposal (44.44%), followed by inadequate 
knowledge (29.63%) and others, such as the high cost (3.7%) and long disposal procedure (3.70%) (Fig. 4). 
These findings indicate the need for accessible disposal facilities and increased education on safe disposal. 
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When participants were asked if a state regulation is required for drug disposal, most respondents (97.5%) 
argued for a national drug disposal system accessible to all pharmacies, underlining the pharmacists’ strong 
support for a more organized disposal system to address existing challenges. Most respondents (46.9%) 
thought the local government should fund the drug disposal expenses, followed by the district health board 
(34.6%). Only a few suggested that pharmaceutical companies or patients should fund the costs (Table 3).

Table 3. Who should fund drug disposal systems?

Labels Frequency Percent

Community pharmacists 3 3.7

District health board 28 34.6

Local government 38 46.9

Patients 2 2.5

Pharmaceutical companies 10 12.3

Finally, the participants were asked to express their opinions on improving drug disposal practices (see 
Table 4).

Table 4. Pharmacists’ views on improving the drug disposal practices

Variable Agree Disagree Neutral Strongly Agree
Putting containers for unwanted 
drugs in the pharmacy and assigning 
a day of the year to collect and dispose 
of these medications 25(30.9%) 7(8.6%) 12(14.8%) 37(45.7%)
Pass strict laws regarding the safe 
disposal of all forms of drugs   
  27(33.3%) 11(13.6%) 15(18.5%) 28(34.6%)

Organizing events and scienti�c 
forums, including conferences and 
workshops, around the proper 
disposal of unwanted drugs 16(19.8%) 6(7.4%) 9(11.1%) 50(61.7%)

Distribution of brochures on safe drug 
disposal to encourage pharmacists to 
read and stay up to date on the topic 
continually    
 

20(24.7%) 14(17.3%) 18(22.2%) 29(35.8%)

Providing proper training to healthcare 
workers regarding the management of 
expired medications    
 

17(21.0%) 2(2.5%) 6(7.4%) 56(69.1%)
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Most respondents (90.1%) supported the proper 
training of pharmacists and healthcare

 workers, followed by organizing educational events 
and scientific workshops (81.5%). The installation 
of disposal containers in pharmacies and the 
passage of strict disposal laws also received strong 
support (76.6% and 67.9%, respectively). Though 
the distribution of brochures was endorsed, it 
received relatively less support (60.5%) than other 
strategies.

DISCUSSION

Pharmaceutical medications play a vital role in 
managing and treating various diseases; however, 
drugs must be used responsibly. Indeed, improper 
disposal of unused or expired medications can pose 
serious risks to human health and the environment, 
with detrimental effects (22). The present study 
evaluated pharmacists’ disposal practices for 
unused and expired medicines in Puntland, 
Somalia. We assessed the most common methods 
of drug disposal, the frequency of disposal, the 
barriers encountered, methods for storing expired 
medications before disposal, the main expired drugs, 
and pharmacists’ views on improving and achieving 
safe drug disposal strategies. The demographic 
characteristics of the participants of this study are 
reported in Table 1. The most common method of 
drug disposal among respondents was discarding 
medications in the garbage (65.4%) (Fig. 1). This is 
consistent with previous studies from other parts 
of the world, particularly in many developing 
countries, and highlights the prevalent practice of 
disposing of expired medicines. For instance, about 
41% of the respondents in Tanzania and 82% in India 
used dustbins for drug disposal ((23,24). Likewise, 
in Pakistan, pharmaceutical waste was typically 
disposed of alongside municipal and local waste 
(25). Also, a study in Thailand found that expired 
and leftover medications were often discarded in 
trash bins (26). In contrast, developed countries use 

appropriate methods for drug disposal. A survey 
study performed in 2007 in Sweden, investigating 
the level of knowledge of the general public on 
drug disposal, found that 85% of the respondents 
knew the correct method for disposing of unused 
medicines was returning them to a pharmacy, 
adhering to the government’s recommendation (27). 
Similarly, a study conducted in Barcelona, Spain, 
showed that (52.4%) of the patients returned their 
unwanted medicines to community pharmacies, 
and, in 32.2% of the cases, a relative returned 
the unwanted drugs (28). Interestingly, a study in 
Palestine, a developing country, found that 73.3% 
of community pharmacists disposed of unwanted 
medicines by returning them to manufacturing 
companies and warehouses (20). In New Zealand, 
contractors typically collect and incinerate solid and 
semi-solid dosage forms returned to pharmacies 
(29). Similarly, in Nigeria, the National Agency 
for Food and Drug Administration and Control 
(NAFDAC) operates a drug take-back system, 
similar to the contractors used in New Zealand (30).

Another disposal method identified in our study was 
the open burning of unwanted medications, which 
23.5% of the respondents used. Although open 
burning of unwanted drugs is not a recommended 
disposal method for pharmaceutical waste, it is still 
used in various countries (3). A survey by Manyele and 
Anicetus on existing medical waste management in 
Tanzanian hospitals showed that open-pit burning 
was the predominant disposal method (31). Also, in 
Lithuania, burning pharmaceuticals was reported 
by 50% of respondents (32).

Further, we found that 53.1% of respondents 
disposed of drugs once every six months, whereas 
24.7%  of the participants did “when necessary.” 
(Fig. 2). A few respondents had annual or biannual 
disposal schedules, indicating inconsistency in 
disposal practices due to the lack of a standardized 
disposal schedule, suggesting a need for clear 
guidelines. Regarding how the respondents stored 
the expired drugs before disposal, we found 
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that respondents (88.9%) segregated unwanted 
medicines from usable ones, demonstrating 
awareness about safe storage practices (Table 2). 
However, only a tiny percentage labelled these 
segregated drugs or used a designated area/box, 
highlighting areas for improvement in pre-disposal 
handling. Among expired medicines, antibiotics 
accounted for the majority (38.3%), followed by 
antifungals (26%) and antidepressants (16%) (Fig. 
3). Similarly, in Tanzania, more than half of the 
unfit medicines were antibiotics (23). The improper 
disposal of unused antibiotics poses a significant 
risk, as they can enter aquatic systems, contributing 
to the rise of multidrug-resistant microbes and 
exacerbating antimicrobial resistance (12, 35). 
According to the respondents of this study, the 
most common barrier to drug disposal was the lack 
of designated areas for unfit medications (44.4%), 
followed by inadequate knowledge (29.6%) (Fig. 4), 
stemming from the increasing privatization of land 
as well as a lack of government awareness regarding 
the benefits of establishing proper disposal sites. In 
Somalia, land ownership disputes are a root cause 
of conflicts, driven by weak institutional capacity 
and ineffective regulations (34). Designating 
specific areas for the disposal of unfit medications 
would improve the efficiency of disposal systems. 

Finally, most participants (97.5%) thought that 
Somalia must establish a state agency responsible for 
drug disposal issues to address existing challenges. 
Also, the respondents strongly supported initiatives 
to improve drug disposal practices. The most 
favored recommendation was providing proper 
training to healthcare workers (90.1%), followed 
by organizing educational workshops and training 
on matters of drug disposal (81.5%), as well as 
placing disposal containers in pharmacies (76.6%) 
(Table 4). These findings highlight the relevance 
that pharmacists attribute to education, systematic 
solutions, and regulatory measures in enhancing 
drug disposal practices in Somalia.

CONCLUSION:

In conclusion, in this study, we assessed issues 
including the drug disposal methods used by 
the pharmacists in Puntland State (Somalia), the 
frequency of disposal, the barriers and challenges 
met, the most common unused and expired drugs, 
and the steps needed to be taken by the state to 
improve the existing disposal approaches. The most 
common disposal method identified was discarding 
medications once every 6 months, though other 
disposal schedules were reported. Antibiotics were 
the principal type of expired, unused medicines 
disposed of. Barriers included a lack of designated 
areas for unused medications, inadequate knowledge 
of drug disposal issues, the absence of containers, 
and the absence of structured regulations on drug 
disposal practices. We recommend establishing a 
state agency to address drug disposal issues. This 
could be achieved by increasing pharmacists’ and 
healthcare workers’ knowledge through scientific 
workshops and training, as well as by raising public 
awareness of these issues, which are of significant 
importance to the environment and public health.  
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Proteins are miniature machines that carry out 
cellular functions, including structural roles and 
dynamic functions such as enzymatic activities, 
defence (e.g., via antibodies), cell signalling, and 
transport. Proteins consist of twenty basic building 
blocks known as amino acids. A protein’s biological 
function depends on its three-dimensional structure, 
which results from folding its amino acid sequence.  
About fifty years ago, it was shown that the amino 
acid sequence of a protein specifies its three-
dimensional structure; however, it has been a long-
standing mystery to predict the three-dimensional 
structure from the amino acid sequence. Here, the 
author traces the birth and development of the 
protein-folding problem and the solution to the 
prediction of three-dimensional protein structures, 
achieving, in some cases, accuracies superior to 
experimentally obtained models using AlphaFold, 
a machine-learning method. This remarkable 
discovery will impact structural biology, medicine, 
biotechnology, and sustainability solutions, like 
environmental protection.

1.   INTRODUCTION

Proteins are one of the major biomolecules in cells. 
The word protein derives from the Greek prōteios, 
meaning “first quality,” underscoring the central 
role of proteins in biology (1). This word was coined 
by the Swedish chemist Berzelius in 1838. Proteins 
have structural and dynamic functions in cells. The 
structural proteins include keratin, collagen, actin, 
and myosin, for example, present in muscles and 
skin, etc., among the dynamic functions of proteins, 
are cellular defence as antibodies, enzymatic 
catalysis important in metabolism, transport, and 
storage roles like hemoglobin and myoglobin, cell 
signalling transmission, receptors, and hormonal 
activities. 

ABSTRACT  Proteins are made of small building blocks known 
as amino acids. There are twenty different amino 
acids present in proteins. However, there are other 
amino acids present in cells but not in proteins; the 
first twenty amino acids are known as standard 
amino acids, whereas the other amino acids not 
found in proteins have different functional roles 
in the cell.  Each amino acid contains an amine 
group, a hydrogen, and a carboxyl group, which 
are common for all amino acids, and an R-group 
characteristic for each amino acid. In other words, 
amino acids differ in this R-group. Because of 
this group, amino acids have different physical 
and chemical properties. For instance, some are 
water-soluble, whereas others are hydrophobic 
(i.e., they do not interact with water).  Proteins 
have various levels of structure. The first level of 
protein structure is called primary structure and 
results from the sequence of the amino acids. Every 
protein has a unique sequence of amino acids. The 
sequence of amino acids undergoes local folding 
into α-helices and β-pleated sheets. These local 
folds are known as secondary structures and are 
stabilized mainly by hydrogen bonds between the 
amide and carbonyl groups of amino acid residues 
in the protein sequence.  The third level of protein 
structure is the tertiary structure, in which a protein 
assumes a three-dimensional shape. A protein may 
have a fourth (quaternary) structure when multiple 
chains called subunits constitute the protein. The 
biological function of a protein depends on its 
three-dimensional structure, which is ultimately 
determined by the folding of its polypeptide 
sequence (2).  In other words, the conformation of 
a protein determines its function.  

A significant challenge in protein structure 
prediction is predicting a protein’s three-
dimensional conformation from its amino acid 
sequence. Recently, an extraordinary achievement 
has been made in protein structure prediction, 
and this issue is thought to have been effectively 
resolved (3, 4). In this commentary, we discuss the 
origin and development of this more than 50-year-
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old puzzle in protein structure and the possible implications of its solution for structural biology, medicine, 
biotechnology, and sustainability.

2. DISCUSSION

2.1. The genetic code determines the amino acid sequence of a protein. 
Following the discovery of the structure of the genetic material, known as DNA (5), the decoding of the 
genetic code commenced. It was determined that a triplet of purine and pyrimidine bases in the DNA 
strand encodes one of the amino acids (see the structure of an amino acid, Fig. 1A), and, in some instances, 
multiple triplet bases may code for the same amino acid, a phenomenon referred to as degeneracy (6). The 
genetic code is universal across all living organisms, from bacteria to humans. Each protein has a distinct 
sequence of amino acids (primary structure, Fig. 1B), and substituting even a single amino acid with another 
may disrupt the protein’s function.

Because the DNA is present in the nucleus of eukaryotic cells and the machinery that synthesizes proteins, 
the ribosome, is located in the cytoplasm, the genetic information is transcribed from the DNA to another 
nucleic acid molecule known as ribonucleic acid messenger, consisting of a single strand (RNA messenger). 
This RNA messenger can pass through the nuclear membrane pores to the cytoplasm. The ribosome 
reads the genetic information and translates it into a protein sequence of amino acids. During amino acid 
sequence formation, the protein folds (see Fig. 2) and assumes a defined shape or conformation (tertiary 
structure, Fig. 2), ultimately determining its function. A legitimate question is what leads a protein to fold 
and adopt a specific shape?    

Fig. 1A. The structure of an amino acid                 

Fig. 2. Protein folding to its 3-dimensional structure 

Fig.1B. The Primary structure of a protein
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2.2. The amino acid sequence of a protein determines its three-dimensional structure 
Studies on the principles governing the folding of a protein into a unique three-dimensional structure 
were undertaken in the late 1960s by biochemist Christian Anfinsen and his collaborators on the protein 
ribonuclease (7, 8).  This protein has four disulfide bonds. That means eight cysteine residues or amino acids 
form disulfide bonds in the native state of ribonuclease (Fig. 3A, see the black dots in the protein sequence).

Fig. 3A. The amino acid sequence of bovine pancreatic ribonuclease

Fig. 3B. Bovine pancreatic ribonuclease after denaturation 
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When the ribonuclease enzyme is denatured using urea and full reductive cleavage agents (mercaptoethanol) 
of its disulfide bonds, the protein unfolds and loses its enzymatic activity (Fig. 3B). However, if the urea 
and reducing agents are removed, the ribonuclease refolds and regains its enzymatic activity. These 
investigations on ribonuclease and other studies (7-10) induced Christian Anfinsen to propose that the 
three-dimensional structure of a protein in its normal physiological milieu is the one in which Gibbs’ free 
energy is the lowest. In other words, the native conformation of a protein is determined by its amino 
acid sequence. The polypeptide, once synthesized, should be capable of folding to its native conformation 
without additional information from outside. These studies established the relationship between the amino 
acid sequence and a protein’s biologically active conformation, and the biochemist Anfinsen was awarded 
the Nobel Prize in Chemistry in 1972. Later studies showed that an unfolded protein, for instance, one 
consisting of 100 amino acids, adopts its native conformation within milliseconds, although the number 
of alternative conformations is vast (11). The alternative conformations are ≥ 10300  for a chain of 100 
residues (11).  This protein folding puzzle is known as Levinthal’s paradox (12).  The correlation between 
amino acid sequence and protein structure suggested the potential to predict protein structure in advance.  
This is particularly important since experimental methods employed to determine the three-dimensional 
structures of proteins are complex, expensive, and laborious. These experimental techniques are briefly 
outlined below.

2.3. The experimental approaches to three-dimensional protein structure determination
X-ray crystallography has been the most common method for determining three-dimensional protein 
structures. The oxygen-binding proteins, hemoglobin and myoglobin, were the first two proteins 
whose 3-D structures were determined using X-ray crystallography (13, 14). The technique requires the 
macromolecules to be crystals and a beam of X-rays is bombarded on the protein crystals, resulting in a 
diffraction pattern; by measuring the angles and intensities of the reflection, it is possible to determine the 
three-dimensional structure of the electron density within the crystal, consequently, the atom coordinates 
employing mathematical tools.

Fig. 4A.  A crystal bombarded with X-rays. Fig. 4B. X-ray diffraction pattern 
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Though this technique has contributed much 
to our understanding of the structure of matter, 
it is painstaking work. First, the protein must 
be purified, a sufficient quantity collected, and 
crystallized, which is quite challenging.  Second, the 
whole process is expensive and time-consuming. 
Another important technique for structure 
elucidation is NMR (Nuclear magnetic resonance) 
spectroscopy; however, this technique is used for 
small molecules and not for macromolecules, like 
proteins. The advantage of the NMR technique is 
that sample molecules can be analyzed in solution 
at room temperature. Cryo-electron microscopy is 
another recently developed experimental approach 
employed for the 3-D structure of macromolecules. 
This technique uses an electron beam rather 
than an X-ray beam to irradiate the frozen 
protein sample, and the reflection pattern of the 
macromolecule’s shape is detected and analyzed. 
Cryo-electron microscopy addresses one of the 
shortcomings of X-ray crystallography: the need 
for protein crystallization. However, it is mostly 
suitable for complex macromolecules. In 2017, the 
Nobel Prize in Chemistry was awarded to Jacques 
Dubochet, Joachim Frank, and Richard Henderson 
for their contributions to the development and 
application of cryo-electron microscopy for 3D 
protein structure determination. However, due to 
the constraints of these techniques, the number of 
proteins with resolved tertiary structures is limited 
(approximately 200,988 proteins are available in the 
public resource, the Protein Data Bank (15). This is 
a fraction of the number of protein sequences that 
were known at least by January 2023 (229,580,745 
entries in UniProtKB) (15).  Thus, the only way 
to overcome this limitation is to develop novel 
approaches to protein structure prediction.

2.4. A gigantic leap in solving three-
dimensional protein structure prediction 
using an arti�cial intelligence method
Since Anfinsen discovered that the sequence of 
amino acids specifies the 3-D protein structure, it 
has been a major challenge in biology for 50 years 

to solve the protein structure prediction problem, 
also known as the “protein folding problem.”  Two 
computational approaches have been the main 
methods for predicting three-dimensional protein 
structure (15,16). These computational methods 
are: 1) Computational molecular physics, which 
uses force fields of atom-atom interactions, solvent 
interactions, and satisfies physical principles (17). 
Although theoretically appealing, this approach 
encountered challenges with even moderate-
sized proteins due to the intensive computational 
demands. 2) The other computational method uses 
the available protein sequence data and considers 
the evolutionary information of homologous 
protein sequence alignment. For instance, if in 
a given protein sequence two amino acids co-
vary across organisms, these two amino acids 
might be important for the protein’s folding 
process; therefore, the machine learns from 
this and takes it into account. The British group 
DeepMind developed a novel learning-based 
system (AlphaFold) that incorporates physical and 
biological knowledge of protein structure (16). 
The computational method of this British group 
demonstrated high accuracy, comparable to the 
experimental structures of target proteins, and won 
the challenging 14th Critical Assessment of Protein 
Structure Prediction (CASP14) competition (18). 
This novel computational method is a significant 
achievement in 3-D protein structure prediction 
and solves the folding problem of static protein 
monomers. The Deep Learning and American  
Baker group of computational protein design was 
awarded the Nobel Prize in Chemistry in 2024. 
What occupied structural biologists for years can 
now be done in a few minutes. Indeed, AlphaFold 
has predicted the structures of  98.5%  of proteins 
in the human proteome (19).

Despite this remarkable improvement in protein 
structure prediction, more work is needed, as 
this computational method has yet to address 
the dynamic aspects of proteins. Proteins are 
nanomachines that carry out dynamic activities, 
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including interactions with nucleic acids, other proteins, and ligands. Enzymes bind with their substrates 
not like a key-lock approach but in a dynamic process, where the enzymes undergo conformational changes. 

2.5. The impact of AlphaFold technology on structural biology and life science in general
Computational protein design technology and DeepMind’s artificial intelligence (AlphaFold), used to solve 
the protein-folding problem, will impact structural biology, medicine, biotechnology, and sustainability 
solutions, including environmental protection. In structural biology, AlphaFold would enable scientists to 
determine the 3D structures of many proteins in a short time, thereby facilitating the prediction of their 
functions. Furthermore, the method will support experimentalists’ efforts. In medicine, these computational 
techniques will help us understand drug interactions with proteins and, therefore, allow scientists to 
design better drugs; they will also help us understand disease mechanisms resulting from gene mutations. 
Because of a gene mutation, the amino acid sequence of a protein changes, potentially altering its structure 
and, consequently, its function. Moreover, some human diseases result from protein misfolding, such as 
Alzheimer’s disease, in which amyloid fibrils form and aggregate. Understanding the structures of these 
proteins enables us to comprehend aggregation processes and to prevent them by designing proteins that 
interact with them and halt aggregation. In biotechnology and sustainability, novel proteins not found 
in living organisms can be designed for various purposes, including enhancing photosynthetic efficiency 
by harvesting light or creating enzymes that degrade waste products such as plastics, thereby mitigating 
environmental pollution.  

In conclusion, using the computational modelling of AlphaFold a significant advance has been made in 
predicting 3D protein structure which will certainly have an impact on biological science and will open 
a new era in improving drug designing, understanding the mechanisms of many diseases including 
neurodegenerative diseases caused by misfolded proteins and diseases originating from gene mutations 
as well as potentially designing new enzymes that are not found in living organisms for biotechnology and 
sustainability of life on our planet.
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Background
Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are commonly used for pain relief, fever reduction, 
and the management of inflammation. However, 
self-medication and misuse can lead to significant 
health risks, particularly in areas with limited 
medical access. This study evaluates the frequency 
of NSAID use, the types of drugs utilized, awareness 
of their side effects, and pharmacists’ prescribing 
practices for patients in pharmacies and hospitals.
Methods: A cross-sectional survey was conducted 
with 41 pharmacists and 106 residents in Bossaso, 
collecting data on sociodemographic traits, NSAID 
types, usage frequency, self-medication practices, 
sources, side-effect awareness, and accessibility 
through structured questionnaires. Descriptive 
statistical analysis was performed to identify trends.
Results: Most participants (91.5%) reported using 
NSAIDs, primarily Ibuprofen and Diclofenac, 
with 59.8% obtaining them over the counter, 
indicating a high prevalence of self-medication. 
Most participants used NSAIDs for headache 
relief, followed by diabetic sufferers. Pharmacists 
attributed overuse of NSAIDs to easy accessibility 
(46.3%) and lack of awareness of their side effects 
by the consumers (31.4%). 

Conclusion: The study suggests that to mitigate 
NSAID-related risks, enhanced pharmacist 
intervention, stricter prescription regulations, and 
improved patient education are essential. Targeted 
campaigns could reduce self-medication and 
promote safer NSAID use.

Keywords: NSAIDs; Self-medication, Usage 
frequency; Side effects; Bossaso City.

1. INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are used extensively throughout the world to 

ABSTRACT control inflammation, lower fevers, and manage 
pain. By blocking cyclooxygenase (COX) enzymes, 
these medications reduce the production of 
prostaglandins, which are essential for pain and 
inflammatory reactions [1]. Because they are easily 
accessible as both prescription and over-the-
counter (OTC) drugs, NSAIDs are commonly used 
to treat musculoskeletal injuries, headaches, and 
arthritis [2].

Despite their efficiency, NSAIDs carry several 
dangerous side effects, such as bleeding, kidney 
damage, cardiovascular problems, and stomach 
ulcers [3].  These issues highlight the necessity of 
keeping an eye on NSAID prescription procedures, 
consumption trends, and public knowledge to 
reduce any potential side effects.

Although NSAIDs are commonly used in Somalia 
to treat pain, fever, and inflammation, to our 
knowledge, no research has been conducted on 
how often they are used, how they are prescribed, 
or the knowledge of patients about the health 
risks associated with them. Inadequate patient 
information, fake drugs, and financial difficulties, 
together with limited access to healthcare in 
Somalia, exacerbate NSAID-related health issues 
[4].

Thus, in the present study, we focused on NSAID 
usage patterns, the types employed, sources, 
pharmacist prescribing procedures, and the 
knowledge of patients frequenting hospitals and 
pharmacies in Bossaso city. By gaining insight 
into NSAID use patterns among patients, we 
aim to provide crucial information to improve 
patient education and inform regulatory changes, 
ultimately contributing to enhanced public health 
in the country.

In this study, we focused on the usage patterns of 
non-steroidal anti-inflammatory drugs (NSAIDs) 
among patients in Bossaso city. We examined the 
types of NSAIDs used, the sources from which they 

EVALUATION OF THE PRESCRIPTION PATTERNS AND FREQUENCY OF NSAIDS MEDICATION AMONG PATIENTS IN BOSSASO CITY,
 PUNTLAND STATE (SOMALIA)



41| SCI. JOURNAL OF UOHS, VOLUME 2, 2026 

are obtained, the procedures pharmacists follow 
when dispensing them, and the level of knowledge 
patients have regarding these medications. Our goal 
is to gain insights into how patients use NSAIDs, 
which will help us enhance patient education and 
inform regulatory changes. Ultimately, we aim to 
contribute to the improvement of public health in 
the country.

1. METHODOLOGY

2-1. Study Design 
This study used a cross-sectional survey approach 
to evaluate NSAID prescribing practices, usage 
patterns, awareness of side effects, and patients 
frequenting pharmacies and hospitals in Bossaso 
City, Puntland (Somalia).

2.2. Study Population and Sampling
Participants included 106 individuals resident in 
Bossaso city and 41 pharmacists.  Convenience 
sampling was applied, focusing on individuals who 
agreed to participate while visiting pharmacies or 
medical facilities.

2.3. Data Collection Methods
A consumer questionnaire collected data on 
sociodemographic characteristics, NSAID types 
and usage patterns, self-medication practices, and 
knowledge of associated health risks. A pharmacist 
questionnaire focused on prescribing practices, 
patient counselling, and suggestions for regulation. 

2.4. Data Analysis
Quantitative data were analyzed using SPSS 
software, employing descriptive statistics. The 
results obtained were displayed in tables and 
figures.

2.5 Ethical Considerations
Conducted under the supervision of the University 
of Health Sciences, the study adhered to ethical 
standards. Participants provided informed consent, 

ensuring voluntary participation, confidentiality, 
and the right to withdraw. The research followed 
the guidelines for studies involving human subjects.

2. RESULTS

To determine the prevalence of NSAID (non-
steroidal anti-inflammatory drug) use and 
knowledge of related side effects among individuals 
frequenting hospitals and pharmacies in Bossaso 
city, Somalia, a total of 106 participants were 
evaluated in this study. Among the participants, 
8.5% reported not using NSAIDs, while 91.5% did. 
In this study, 41 pharmacists were also included 
to assess NSAID prescription practices, their side 
effects, the frequency of NSAID use in the city, and 
to identify the most commonly used NSAIDs.

Table 1 compares NSAID users and non-users 
based on gender, age, occupation, and medical 
history. The gender distribution indicated that 
38 women (30.2%) and 59 men (60.8%) reported 
using NSAIDs. NSAID use was highest in the age 
groups 18-20 (38.1%) and 21-44 years (42.3%), 
while it decreased among older age groups, with 
13.4% of users aged 45-65 and 6.2% over 65.  Based 
on medical history, NSAID use was most prevalent 
among headache sufferers (30.9%), followed by 
diabetics (20.6%), and lowest among individuals 
with hypertension  (17.5%) (Fig. 1). 

Table 1. NSAID Use Across Demographics and 
Types: Frequency & Chronic Pain Management
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Demographic Variable NSAID Users (n=97)%
Gender
Female 38 (39.2%)
Male 59 (60.8%)
Age Group
18-20 37 (38.1%)
21-44 41(42.3%)
45-64 13 (13.4%)
65+ 6 (6.2%)
Type of NSAID Used for Chronic Pain
Ibuprofen 12 (12.4%)
Naproxen 14 (14.4%)
Aspirin 19 (19.6%)
Diclofenac 52 (53.6%)
Frequency of NSAID Use for Acute Pain
Everyday 19 (19.6%)
Once a week 8 (8.2%)
Once a month 4 (4.1%)
Occasionally 66 (68%)

Yes 64 (66%)
No 33 (34%)
Frequency of NSAID Use for Chronic Pain
Daily 23 (23.7%)
Weekly 8 (8.2%)
Monthly 11 (11.3%)
Occasionally 55 (56.7%)

             Figure 1. The medical conditions leading to NSAID usage

EVALUATION OF THE PRESCRIPTION PATTERNS AND FREQUENCY OF NSAIDS MEDICATION AMONG PATIENTS IN BOSSASO CITY,
 PUNTLAND STATE (SOMALIA)



43 | SCI. JOURNAL OF UOHS, VOLUME 2, 2026 

Most respondents (68%) indicated that they use NSAIDs occasionally for acute pain, while 19.6% reported 
daily use (Table 1). Figure 2 shows that the most frequently utilized NSAIDs for acute pain management 
were Ibuprofen (37.1%) and Naproxen (27.8%), with Aspirin being the least commonly used.   

In contrast, the most popular NSAID for managing chronic pain was Diclofenac (53.6%), followed by Aspirin 
(19.6%) and Naproxen (14.4%) (Table 1). Notably, despite its popularity for acute pain, Ibuprofen was the 
least frequently used for chronic pain management (12.4%) (Table 1). For chronic pain, most participants 
(56.7%) stated they use NSAIDs occasionally, and 23.7% reported daily use (Table 1). 

Table 2. Sources of NSAID Use for Acute Pain Management, Knowledge and Awareness of Side Effects

Variable Yes (n=97, %)
Self-Rated NSAID Knowledge
Excellent 47 (48.5%)
Good 11 (11.3%)
Moderate 35 (36.1%)
Poor   4 (4.1%)
Awareness of NSAID Side Effects
High Blood Pressure / Cardiovascular Disease 91 (85.8%)
Asthma / Allergy Risk 89 (84.0%)
Digestive System Problems 84 (79.2%)
Kidney Problems 94 (88.7%)
Do you read NSAID information lea�ets?
Always 33 (34.0%)
Never 10 (10.3%)
Sometimes 54 (55.7%)

Figure 2. Types of NASIDs used for acute pain management 
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             Figure 3. Sources of NSAIDs for acute pain management

Has anyone explained the side effects of NSAIDs to you?
Yes 80 (82.5%)
No 17 (17.5%)
Does combining NSAIDs provide better relief?
Agree 76 (78.4%)
Disagree 21 (21.6%)
Do you know NSAIDs can interact with other medications?
Yes 84 (86.6%)
No 13 (13.4%)

   
We also explored how NSAID users obtain their medications. Most participants (59.8%) sourced NSAIDs 
from over-the-counter options, followed by prescription sources (36.1%), while 4.1% obtained them from 
friends or relatives (Fig. 3). Participants with lower incomes tended to rely more on over-the-counter 
NSAIDs, while those with higher incomes had better access to prescription-based options (data not shown).

When asked about their knowledge of NSAIDs, 48.5% of respondents rated their knowledge as excellent, 
11.3% as good, 36.1% as moderate, and 4.1% as poor (Table 2).

Furthermore, we assessed pharmacists’ prescribing practices regarding NSAIDs. We found that 53.7% 
always requested a prescription to dispense NSAIDs, while the remaining 41.5% occasionally demanded 
prescriptions, and 4.9% never did (Table 3). This highlights the inconsistency in prescription demands for 
NSAIDs.
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Table 3. Perspectives of Pharmacists on NSAID Use and Awareness in Bossaso

Question Response Frequency Percent (%)

Do you give NSAIDs with a prescription? Always 22 53.7

 Often 10 24.4

 Sometimes 5 12.2

 Rarely 2 4.9

 Never gives 2 4.9

Do you think the use of NSAIDs 
in Bossaso is excessive?

Strongly agree 24 58.5

 Neutral 9 22

 Disagree 7 17.1

 Unclear 1 2.4

What are the most commonly requested 
NSAIDs by Bossaso clients?

Ibuprofen 16 39

 Aspirin 6 14.6

 Naproxen 5 12.2

 Diclofenac 12 29.3

 Others 2 4.9

What measures do you think can be taken 
to reduce the excessive use of NSAIDs in 
Bossaso?

Strict regulations on non-
prescription dispensing

26 63.4

 Public awareness 
campaigns

9 22

 Access to quality 
healthcare services

1 2.4

 Patient education on 
medication use

3 7.3

 Training for healthcare 
professionals

1 2.4

 Others 1 2.4

When pharmacists were asked whether there is excessive NSAID use in Bossaso, 58.5% responded 
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               Figure 4. The main causes of high use of NSAIDs in Bossaso

         Figure 5. Pharmacists’ perspective on clients’ knowledge of NSAID side effects 
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4. DISCUSSION

CONCLUSION
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Aim: To characterize metabolic risk patterns and 
evaluate the screening performance of body mass 
index (BMI), waist circumference (WC), and waist-
to-hip ratio (WHR) in detecting hyperglycemia 
among urban adults in Bossaso, Somalia.

Methods: A community-based cross-sectional 
study was conducted with 160 adults (aged ≥18 years) 
in Bossaso. Participants underwent anthropometric 
measurements and random blood glucose (RBG) 
testing. Hyperglycemia was defined as RBG  ≥140 
mg/dL (7.8 mmol/L). K-means clustering was used 
to identify exploratory metabolic patterns. Receiver 
Operating Characteristic (ROC) analysis assessed 
the discriminative ability of anthropometric indices.

Results: The prevalence of screening 
hyperglycemia was 13.8%. Participants with 
hyperglycemia had significantly higher BMI (31.5 
vs. 26.2 kg/m2, p<0.001) and WC (100.9 vs. 94.3 
cm,  p=0.003 ) than normoglycemic individuals. 
WHR did not differ significantly between groups 
( p=0.761). In ROC analysis, BMI demonstrated 
the highest discriminatory power (AUC=0.76, 95% 
CI 0.64–0.88), followed by WC (AUC=0.71). WHR 
failed to discriminate hyperglycemia (AUC=0.51). 
Cluster analysis identified a distinct “High Sugar–
Normal BMI” subgroup (30.0% of the sample).

Conclusions: In this urban Somali 
population, BMI showed higher discrimination 
for hyperglycemia compared to WHR, contrasting 
with findings from Somali migrant populations 
in Europe and other sub-Saharan contexts. The 
presence of non-obese individuals with high sugar 
intake suggests a need for comprehensive screening 
strategies beyond anthropometry alone.

Keywords: 
Somalia; Hyperglycemia; Body Mass Index; 
Anthropometry; Urban Health Screening

ABSTRACT 1. INTRODUCTION

To our knowledge, there is no published evidence 
comparing body mass index (BMI), waist 
circumference (WC), and waist-to-hip ratio (WHR) 
as screening tools for hyperglycemia among adults 
in Somalia. This evidence gap constrains informed 
decision-making by health practitioners and 
policymakers regarding the selection of appropriate 
anthropometric indicators for early detection and 
prevention. The burden of non-communicable 
diseases (NCDs), particularly type 2 diabetes (T2D) 
and metabolic syndrome (MetS), is rising rapidly 
in low- and middle-income countries (LMICs) [1-
3]. This epidemiological shift is driven by complex 
interactions between urbanization, lifestyle 
transitions, and environmental determinants [4]. 
In sub-Saharan Africa, the prevalence of metabolic 
risk factors, including obesity, hypertension, and 
dysglycemia, varies widely but is consistently 
higher in urban settings [5-7]. Recent systematic 
reviews estimate the prevalence of MetS in African 
populations at approximately 32%, with significant 
heterogeneity across regions [8,9].

Anthropometric indices are critical, low-cost tools 
for screening diabetes risk in resource-limited 
settings. While Body Mass Index (BMI) remains the 
standard measure for general obesity, its diagnostic 
accuracy in African populations is debated due 
to ethnic variations in body composition [10]. 
Increasing evidence from West and East Africa 
suggests that measures of central adiposity, such as 
Waist Circumference (WC) and Waist-to-Hip Ratio 
(WHR), may be superior predictors of glycemic 
dysregulation [11,12]. For instance, studies in 
Ethiopia [13,14], Ghana [15], and Nigeria [16] often 
report that central obesity markers outperform 
BMI in predicting diabetes and hypertension. 
Conversely, data from Malawi suggest BMI may 
retain stronger associations with cardiometabolic 
risk in certain urban populations [17].
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Specific data on Somali populations are largely 
limited to diaspora studies. Research among Somali 
migrants in Finland [18], Norway [19], and the 
United States [20] indicates a high prevalence of 
diabetes and obesity, with some studies suggesting 
WC and waist-to-height ratio (WHtR) are better 
risk indicators than BMI in these groups [18]. 
However, environmental factors in the diaspora 
differ vastly from those in the Horn of Africa. In 
Somalia, rapidly urbanizing cities like Bosaso face 
a “double burden” of malnutrition and emerging 
NCDs, yet local empirical data are scarce. It remains 
unclear whether the anthropometric cut-offs or 
preferences established in diaspora or neighboring 
African studies [21,22] apply to adults residing 
within Somalia.

This study aimed to: (1) characterize metabolic 
risk patterns and lifestyle behaviors among urban 
adults in Bosaso; and (2) evaluate the screening 
performance of BMI, WC, and WHR in detecting 
elevated random blood glucose. 

2. METHODS

2.1 Study Design and Setting
A community-based cross-sectional study was 
conducted in Bosaso, a major commercial hub in 
the Puntland State of Somalia. The setting was 
selected to reflect an environment undergoing 
rapid urbanization. Data collection occurred over a 
defined period on June 5 /2025.

2.2 Study Population
The study population consisted of adult men 
and women (aged ≥18 years) residing in Bosaso. 
Participants were recruited via convenience 
sampling from high-traffic public locations 
(markets, social gathering spots) to capture a 
diverse cross-section of the urban population. 
Exclusion criteria included pregnancy, physical 
disabilities preventing accurate measurement, and 
acute illness requiring immediate hospitalization. A 
total of 160 participants were included.

2.3 Data Collection
Sociodemographic and Lifestyle Data: A structured 
questionnaire covered demographics and 
socioeconomic status and included a frequency-
based dietary assessment (5-point scale) of key food 
groups, including sugary foods. Anthropometry: 
Measurements were conducted in accordance with 
World Health Organization (WHO) protocols [23]. 
Height and weight were measured to the nearest 
0.1 cm and 0.1 kg, respectively, to calculate BMI ( 
kg/m^2). Waist circumference (WC) was measured 
at the midpoint between the lower rib margin and 
iliac crest. Hip circumference was measured at the 
widest portion of the buttocks. WHR was calculated 
as WC divided by hip circumference.

2.4 Biochemical Analysis
Random blood glucose (RBG) was measured in 
milligrams per deciliter (mg/dL) at the time of data 
collection using a venous blood sample. Venous 
blood was collected by standard phlebotomy 
procedures, and glucose concentration was 
determined immediately using a calibrated glucose 
analyzer in accordance with the manufacturer’s 
instructions and standard quality-control 
procedures.

Because blood glucose was measured in a non-
fasting state at a single time point, the outcome 
is interpreted as screen-positive elevated RBG 
rather than a diagnostic classification of diabetes. 
Hyperglycemia for screening purposes was defined 
as an RBG level ≥ 140 mg/dL (7.8 mmol/L), 
consistent with guidelines for risk assessment in 
non-fasting populations.  [24]. 

2.5 Statistical Analysis
Data were analyzed using Stata SE (Version 
17.0). Continuous variables were presented as 
means ±standard deviations (SD). Normal RBG 
vs. screen-positive elevated RBG were assessed 
using independent t-tests for continuous variables 
and Chi-square tests for categorical variables. To 
explore underlying patterns, K-means clustering 
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was performed using standardized Z-scores of BMI, WC, age, physical activity, and sugar intake. The 
number of clusters ( k=3) was determined based on cluster stability and interpretability. Receiver Operating 
Characteristic (ROC) curve analysis evaluated the discriminative ability of anthropometric indices for 
hyperglycemia. The Area Under the Curve (AUC) was calculated, and pairwise comparisons were performed 
using the DeLong method. Statistical significance was defined as  p<0.05.

2.6 Ethical Considerations
Ethical approval was obtained from the Institutional Review Board of the University of Health Sciences. 
Informed consent was obtained from all participants.

3. RESULTS

3.1 Participant Characteristics
The study included 160 adults (51.3% male, 48.8% female). The majority (53.8%) were aged 40–59 years. 
Socioeconomic indicators revealed vulnerability: 51.3% had no formal education, and 46.3% earned 
<$100 per month. Notably, 100% of participants reported never having received professional nutritional 
counseling.

Table 1. Sociodemographic Characteristics of the Study Population

Variable Category Frequency (n) Percentage (%)
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3.2 Anthropometric Indices by Glycemic Status
The prevalence of screening hyperglycemia (RBG  ≥140 mg/dL) was 13.8% (n=22). Participants with 
hyperglycemia exhibited significantly higher measures of general and central obesity compared to those 
with normal glucose levels (Table 2).

Table 2. Comparison of Anthropometric Indices by Glycemic Status

Variable Normal Glucose (n=138) High Glucose (n=22) t-value p-value

Mean ± SD Mean ± SD
BMI ( kg/m ²) < 0.001*

Waist Circ. (cm) 0.003*

WHR
Age (years)

Mean BMI was significantly higher in the hyperglycemic group (31.52 ± 5.72 kg/m2) compared to the 
normoglycemic group (26.20 ± 4.12 kg/m2;   p<0.00 ). WC was also significantly elevated in the hyperglycemic 
group (p=0.003). However, WHR did not differ significantly between groups (0.95 vs. 0.94; p=0.761).

3.3 Exploratory Metabolic Pro�les
K-means clustering identified three distinct metabolic patterns (Table 3):

1. Cluster 1 (Obese–High Adiposity): 38.8% of the sample, characterized by the highest BMI 
(31.1 kg/m2) and WC (103.6 cm), had the highest hyperglycemia prevalence (24.2%).

2. Cluster 2 (High Sugar Intake–Normal BMI): 30.0% of the sample was characterized by 
normal mean BMI (24.4 kg/m2) but the highest frequency of sugary food consumption.

3. Cluster 3 (Lean–Lower Intake): 31.2% of the sample was characterized by the lowest adiposity 
and sugar intake scores.

Table 3. Characteristics of Data-Driven Metabolic Clusters

Feature Cluster 1 (n = 62) Cluster 2 (n = 48) Cluster 3 (n 
= 50)

p-value

BMI Intake
—

mean
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Note: Shows means for BMI, WC, Sugar Intake Score, and Hyperglycemia prevalence across 3 
clusters.

3.4 Screening Performance of Anthropometric Indices

Table 4. Screening Performance (ROC Analysis) for Predicting Hyperglycemia

Anthropometric Index AUC (Area Under 
Curve)

Std. 
Error

95% Conf. 

Interval

Interpretation

BMI

Note: Shows AUC, SE, and 95% CI for BMI, WC, and WHR.

Figure 1. ROC Curves for Anthropometric Indices
Note: Visual comparison of sensitivity vs. 1-specificity.
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BMI demonstrated the highest discriminative power (AUC = 0.76; 95% CI: 0.64–0.88), followed by WC 
(AUC = 0.71; 95% CI: 0.61–0.80). WHR failed to discriminate hyperglycemia effectively (AUC = 0.51), 
which was not statistically different from chance. Pairwise comparison confirmed that BMI was significantly 
superior to WHR ( p=0.016).

4. DISCUSSION

This study provides valuable empirical data on metabolic risk profiles in urban Somalia. We observed a 
prevalence of hyperglycemia of 13.8%, consistent with the rising burden of dysglycemia reported in the East 
African region [25] and across the continent [26,27].

Our finding that BMI (AUC 0.76) outperformed WC (AUC 0.71) and WHR (AUC 0.51) contrasts with 
findings from Somali migrants in Finland, where WC and WHtR were superior risk indicators [18]. It 
also differs from studies in Ethiopia [14,28], Ghana [15], and South Africa [10, 29], where central obesity 
measures often outperform BMI. However, our results align with findings from Malawi [17] and a global 
analysis of LMICs [30], suggesting BMI remains a robust screening tool. The poor performance of WHR in 
our sample is particularly noteworthy. While WHR is often cited as a strong predictor of cardiovascular risk 
[31,32], its utility may vary by ethnicity and environmental context [33]. Questions arising from our study 
include: Does the Somali body shape phenotype in the Horn of Africa differ from diaspora populations 
due to environmental or nutritional factors? Or did cultural clothing practices in a field setting affect hip 
measurement precision?

Further, the identification of a “High Sugar–Normal BMI” cluster (30% of participants) is clinically significant. 
This group mirrors the “metabolically obese normal weight” phenotype described in global literature 
[34] and highlights the role of dietary transitions in urban Africa [35]. Relying solely on anthropometry 
measurements might overlook these at-risk individuals.

 However, we met challenges during this study. A major challenge was the lack of baseline population health 
data, which necessitated a convenience sampling approach. Additionally, measuring anthropometrics in 
public urban spaces required careful cultural sensitivity, particularly regarding gender norms. Moreover, 
we relied on RBG for screening feasibility. While this method is suitable for population screening, using 
HbA1c or Oral Glucose Tolerance Tests (OGTT) would have provided more precise diagnostics [36]. Recent 
reviews in Africa highlight the high utility of HbA1, but cost remains a barrier [37]. Furthermore, detailed 
24-hour dietary recalls would have refined the characterization of the “High Sugar” cluster compared to the 
frequency score used.

Finally, despite calls to move beyond BMI [38], our data suggest that BMI remains a valid, simple first-line 
screening tool for hyperglycemia in this specific urban Somali context. However, the presence of high-risk 
dietary behaviors among non-obese individuals suggests that screening protocols in Bosaso should integrate 
dietary history. The complete lack of prior nutritional counseling reported by participants emphasizes the 
urgent need for basic health education interventions, similar to those recommended for other African urban 
populations [39-41].
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5. CONCLUSIONS

In this urban Somali population, BMI demonstrated fair discriminative power for screening hyperglycemia, 
outperforming WHR. This contrasts with findings from the Somali diaspora and some neighboring regions, 
suggesting that optimal screening tools may be context-specific. The detection of distinct metabolic clusters, 
including non-obese individuals with high sugar intake, underscores the need for multifaceted public health 
strategies [42-44] to address the rising burden of NCDs in Somalia.
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A battery is a device that stores energy and 
converts chemical energy into electrical energy. We 
use batteries for various purposes, often without 
realizing that they are a potential hazardous waste 
with a negative impact on the environment and 
human health. Batteries are divided into two main 
types: primary (non-rechargeable) and secondary 
(rechargeable).  

A battery contains electrodes (anode and cathode) 
and an electrolyte, which is a liquid or a solid (paste/
gel). When batteries wear out or are spent, we throw 
them away, along with non-hazardous household 
rubbish, into the trash and the soil. Because 
batteries contain toxic substances such as metals, 
lead, cadmium, and mercury, these substances 
are released into the soil, which ultimately 
contaminates the water, food, and air on which 
we depend. In this communication, we discuss the 
basics of a battery structure, its classification, and 
the potential hazards associated with improper 
disposal. We also outline the steps required to 
reduce the negative impact of dead battery products 
on the environment and human health, including 
their recycling and the consequent positive effects 
on the economy and the environment.

Keywords: 
Battery; Hazardous waste; Toxic substances; 
Recycling; Regulations; Public awareness; 
Environment; Human health

1. INTRODUCTION

A battery is any device capable of transforming 
chemical energy to electrical energy via oxidation-
reduction (redox) reactions of its components, 
electrodes and electrolyte (1). Batteries are 
ubiquitous and around us. It is believed that 
batteries preceded all forms of inventions, providing 
energy (1). Although some archaeological findings 

ABSTRACT suggest that a form of battery was used in ancient 
times in  Iraq, where iron and copper tubes were 
used for electroplating, it is documented that 
Alessandro Volta discovered the first battery in the 
1800s (2). The history of battery technology and 
development is of enormous interest, but outside 
the scope of this work (1). Batteries are closely 
linked to human activities, and there is hardly any 
human activity devoid of their applications. These 
applications include clocks, calculators, laptops, 
watches, flashlights, recorders, televisions, portable 
radios, motorcycles, electric vehicles, signals and 
alarms, and many others.

Although you encounter batteries frequently 
in your daily life, you might not be fully aware 
of their potential as hazardous waste. Indeed, 
batteries contain toxic metals like lead, cadmium, 
and mercury. When old, spent batteries are not 
properly disposed of, but are thrown into the 
environment, the contents of the batteries leak out 
and are released into the soil, making the batteries 
a significant household hazard. The heavy metals 
contaminate the environment and constitute an 
undeniable challenge to the safety of humanity and 
wildlife.

In this article, we describe the main battery types: 
single-use and rechargeable. We will cover their 
components, the economic and environmental 
importance of battery recycling, and the harmful 
toxic materials that can be released into the 
soil if spent batteries are improperly disposed 
of. Additionally, we will explore the impact of 
these materials on the ecosystem and human 
health. Finally, we will highlight the role of 
public authorities in raising awareness, creating 
regulations, providing guidelines for proper battery 
waste management, and ensuring the necessary 
infrastructure is in place.
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2. DISCUSSION

2.1. The Main types of batteries
There are two main types of batteries: primary and 
secondary batteries. Primary batteries, also known 
as non-rechargeable batteries, are intended for 
single use. Once their energy is depleted, they need 
to be replaced. Examples of these batteries include 
alkaline (AA, AAA, and AAAA) and lithium metal 
batteries. Alkaline batteries utilise zinc (Zn) as the 
negative electrode and manganese dioxide (MnO2) 
as the positive electrode, with an alkaline electrolyte 
typically consisting of potassium hydroxide (KOH). 
These batteries are mainly used in electronic 
devices, flashlights, toys, and portable electronics. 
Alkaline batteries usually have a long shelf life. 
On the other hand, lithium metal batteries utilize 
lithium metal (Li) as the negative electrode, and a 
combination of substances such as iron disulfide 
(FeS2) and manganese dioxide (MnO2) as the 
positive electrode. These batteries have relatively 
long shelf lives and are used in medical devices, 
calculators, and watches.

In contrast to primary batteries, secondary batteries 
can be recharged after discharge by supplying 
energy to the battery and reversing the current 
flow. In other words, the redox reaction between 
the electrodes and the electrolytes is reversed. Thus, 
the consumer can use these batteries and reuse 
them until the end of their life. These batteries 
can be recycled, and the metals they contain can 
be reused to produce new batteries or for other 
purposes. Examples of secondary batteries include 
nickel–metal hydride (NiMH), lead-acid batteries, 
lithium-ion (Li-ion) batteries, and solid-state 
batteries. These batteries have a wide range of 
applications, including cameras, cordless phones, 
automotive, and electric vehicles.

2.2. The components of a battery
If you look at any battery (see the picture in Figure 
1), you will notice that it has two terminals. One 
terminal has a plus sign marked (+) and is at the 

top of the battery. This is the positive end of the 
battery and is referred to as the cathode. The flat 
end of the battery has a minus sign (-).

The negative end of a battery is called the anode. 
There is a liquid, solid or paste/gel, depending on 
the battery type, called an electrolyte between the 
cathode and the anode.

Electricity is generated when electrons move from 
the negative electrode (anode) to the positive 
electrode (cathode). Electrons move from the anode 
to the cathode only when the battery is loaded, i.e., 
when it is connected to a device, such as a light 
bulb or a radio. The exact number of electrons lost 
by the anode is gained by the cathode, undergoing 
oxidation and reduction, respectively. The electrons 
are produced in a series of chemical reactions 
between the electrodes and the electrolyte. When 
the original chemicals (electrodes and electrolyte) 
wear out and different chemicals form, the battery 
becomes dead unless you reverse the reaction and 
reform the original chemicals, a process possible 
with secondary (rechargeable) batteries. Recycling 
or proper disposal is the only remaining option for 
primary batteries, as they are not rechargeable, as 
described in section 2.1. Even rechargeable batteries 
will eventually wear out and must be disposed of 
properly.

Fig. 1. The components of a battery
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2.3. Batteries are hazardous waste
Batteries are classified as hazardous waste because they contain toxic substances, such as lead, mercury, 
cadmium, and lithium. If these substances are released and leak into the soil, water, and air, they may harm 
both humans and wildlife. Additionally, some electrolytes are strong acids and bases, such as sulphuric acid 
and potassium hydroxide. The most common health effects in humans resulting from contamination with 
these metals are summarised in Table 1(14). 

Table 1. Comparison of metals and their health effects³

Metal Potential health effects

 Mercury death, birth defects, neurological damage, impaired vision, reproductive and genetic 
problems

Cadmium carcinogen, kidney stones, birth defects

 Lead neurological damage, IQ deficits, kidney damage, carcinogens, reproductive problems

 Nickel carcinogen, kidney damage, liver damage, skin disorders, immunological disorders

Zinc carcinogen, birth defects, anemia, and kidney damage

 Lithium neurological damage, adverse effects on children, kidney damage, birth defects

Some battery products can ignite fires and cause explosions, such as lithium, a reactive metal that interacts 
easily with oxygen. Therefore, no wonder that in many countries, especially those with advanced technology, 
there are regulations and guidelines for disposing of spent batteries. The manufacturer, the transporter and 
the end-user are expected to follow these regulations. Some of these regulations are: 1) Batteries should 
not be combined with non-hazardous household rubbish in regular trash bins; they must be separated.  
2) Wear protective gloves for handling dead/spent batteries. 3) Batteries must be classified and labelled as 
they contain different chemicals. Separating the batteries is necessary because different elements may react, 
leading to contamination. 4) Store batteries in a dry, cool place away from flammable materials and avoid 
puncturing and crushing batteries to prevent leakage. In many countries, there are waste companies or 
agencies responsible for the disposal of batteries. These agencies transport dead batteries to their recycling 
process sites. 

2.4. Battery recycling
The importance of recycling batteries cannot be overemphasized. It not only prevents hazardous waste 
from harming the environment and reducing pollution, but it also recovers precious metals from batteries 
to make new ones or use them for other applications, thus conserving natural deposits of these elements. 
To understand how a recycling process works in its simplest form, let’s take a lead-acid battery. Many cars 
that run on gasoline use this rechargeable battery. Lead-acid batteries have plastic containers that hold lead 
and lead products, and acid as an electrolyte. In recycling this battery, the acid electrolyte is first neutralized, 
and then the battery is crushed. The crushed parts are put into water. The plastic parts float, and the lead 
parts sink.  Upon separation, the plastic parts are recycled into new batteries, and the lead parts are melted 
and recycled into new batteries (4).
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3. CONCLUSION AND RECOMMENDATION

In conclusion, batteries are ubiquitous in our lives and serve many purposes, yet we often overlook their 
potential hazards. Many people dispose of used batteries in landfills alongside regular household waste. 
This practice can release toxic substances into the soil, contaminating our drinking water, food, and air and 
leading to serious health consequences (see Table 1). In our country, there are currently no guidelines, reg-
ulations, or infrastructure in place for the proper disposal of spent batteries. This raises a crucial question: 
What can we do in these circumstances?

Fortunately, there are at least three established methods to mitigate the negative impact of spent batteries 
on the environment, commonly referred to as the three R’s: Reduce, Recharge, and Recycle. 1. Reduce: To 
reduce battery waste, we should only use batteries when no alternative power source is available. This is the 
most effective way to prevent environmental contamination. It is important to be mindful of the number of 
batteries we purchase and to select batteries that contain fewer or no toxic substances. Additionally, if an 
electronic device will not be used for an extended period, the battery should be removed and stored in a 
dry, cool place. 2. Recharge: The advantages of rechargeable batteries are clear. Although these batteries will 
eventually wear out, they can be reused through recharging for a long time, making them more economical 
and environmentally friendly than single-use batteries. However, it's worth noting that most rechargeable 
batteries contain heavy metals such as lead, cadmium, and mercury, which can be more toxic. Despite this, 
their longer lifespan means fewer are discarded into the environment. 3. Recycle: Recycling spent batteries 
is essential for both economic and environmental reasons (see section 2.4). However, developing countries, 
including many in Africa, face significant challenges in the recycling sector due to a lack of infrastructure, 
regulations, public awareness, and high costs associated with recycling. For instance, recycling lithium-
ion batteries can be costly. We recommend establishing infrastructure for recycling batteries containing 
toxic metals like cadmium, lead, and nickel, as this may be less costly than recycling lithium-ion batteries. 
Additionally, electronics and battery retailers should form agreements with foreign companies that source 
these batteries to implement take-back programs for used batteries. These companies should also cover the 
costs of transporting spent batteries and other related expenses.

Ultimately, the Federal Government and state governments have a responsibility to safeguard our 
environment and public health. They must raise awareness, establish regulations, and provide resources for 
the recycling of spent batteries.
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