
 

*Corresponding Author Email: oejeromedoghene@seu.edu.cn; Tel.: +86-18851663211 

PRINT ISSN 1119-8362 

Electronic ISSN 1119-8362 

 

 

J   A  S   E  M .OURNAL OF PPLIED CIENCE AND NVIRONMENTAL ANAGEMENT
 

J. Appl. Sci. Environ. Manage.  

Vol. 25 (3) 385-396 March 2021 

Full-text Available Online at 

https://www.ajol.info/index.php/jasem 

http://ww.bioline.org.br/ja 

Impact of Pharmaceutical Waste Generation and Handling on Environmental Health in 

Developing Countries: COVID – 19 Pandemic in Perspective! 

 
1,2*EJEROMEDOGHENE, O; 3NWOSISI, MC; 4TESI, GO; 5NORAGBON, EJ; 6* 

AKINYEYE, RO  
 

*1Department of Chemistry, College of Physical Sciences, Federal University of Agriculture, PMB 2240 Abeokuta, Ogun State, Nigeria 
2School of Chemistry and Chemical Engineering, Southeast University, Jiangning District, Nanjing, Jiangsu Province, 211189, PR China 
3Department of Environmental Management and Toxicology, Federal University of Petroleum Resources, PMB 1221 Effurun, Delta State, 

Nigeria 
4Department of Chemical Sciences University of Africa, Toru-Orua, Bayelsa State, Nigeria. 

5Department of Pediatrics, University College Hospital, PMB 5116, Ibadan, Nigeria 
6Department of Industrial Chemistry, Ekiti State University, P.M.B. 5363, Ado-Ekiti, Ekiti State, Nigeria 

 

*Corresponding Author Email: oejeromedoghene@seu.edu.cn; Tel.: +86-18851663211; 2nd Corresponding Author: 

richard.akinyeye@eksu.edu.ng 

 

ABSTRACT: The World Health Organization (WHO) has declared the novel Covid-19 pandemic currently ravaging 

the world as a global mishap due to its wide-spreading across different nations. As the number of confirmed cases 

continues to increase daily, there will be a great need for the delivery of pharmaceutical palliatives to developing nations 
for them to manage the situation. Most pharmaceutical supplies used in many developing countries such as test kits and 

protective suits are a complex mixture of toxic and non-degradable compounds that are improperly disposed into open 

dump sites. The increase in Covid-19 cases and strategic attention to grapple will lead to multiple waste generation 
problems, thereby posing another health risk if not properly handled and disposed. In this review, we have highlighted the 

composition, categories, and hazards associated with pharmaceutical wastes and also appraised the current disposal 

practices and recommended some appropriate disposal methods of these associated wastes. 
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As the world continues to grapples with the “Novel 

Corona Virus” (Covid-19) pandemic, there will be an 

obvious need for large quantities of pharmaceuticals. 

Undoubtedly, these pharmaceuticals play a major role 

in reducing the mortalities and alleviating the 

distresses associated with the pandemic. Nevertheless, 

there would be major disposal problems of these 

pharmaceuticals in the offing in the future. Most 

notably, there will be a barrage of pharmaceuticals that 

may have expired or are almost expired upon receipt. 

The accumulation of pharmaceuticals that have almost 

passed its shelf life is largely not intentional, but the 

bureaucracies involved in taking delivery of some of 

these pharmaceutical supplies (especially in many 

developing countries) are largely to be blamed. 

Similarly, some of the pharmaceuticals that may have 

been labeled in unrecognizable languages; becomes 

unusable for particular needs, and may have been sent 

in unusually large amounts, would add up to the piles 

that end up as wastes. In addition, the lack of storage 

spaces, competent staff to operate equipment, abysmal 

management systems, and poor maintenance culture, 

will culminate in an increased number of accumulated 

pharmaceutical wastes to be disposed after some years 

(WHO 1999). The resultant pharmaceutical wastes 

over time are a great challenge in many countries in 

the world. It is an open secret that the disposal methods 

for these pharmaceuticals in developing countries are 

largely inappropriate and unsafe (Oladimeji-Salami et 

al 2017). The mainstream of the disposed 

pharmaceuticals in developing nations ends up in open 

dumps. Most of these pharmaceuticals are non-

biodegradable and there is the possibility of the 

immobilization of its chemical constituents unto 

another chemical substance and the transfer of such 

compounds into other environmental media 

(Babanyara et al 2013). The chemical compounds 

released in the open dumps could contaminate 

adjoining soils through lateral dispersion, leaching 

into the groundwater, and volatilization into the 

atmosphere (Agbozu and Nwosisi 2015).  
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When pharmaceutical wastes are not properly 

disposed, the resulting human exposure via contact 

and ingestion could lead to a variety of ailments e.g. 

infections, skin irritations, cancers, infertility, genital 

deformities, respiratory and neurological disorders, 

etc. (NIOSH 2004). There is also the risk of 

contracting deadly diseases such as hepatitis, HIV, and 

other viral infections through sharp objects 

contaminated with infected blood. The transfers of 

chemicals from disposed pharmaceuticals thus pose a 

consequential high risk to human health. Based on the 

above, this review highlights the composition, 

categories, and hazards associated with 

pharmaceutical wastes and also appraised the current 

disposal practices as well as some appropriate disposal 

methods for these associated wastes. 

 

Pharmaceutical Palliatives Used in Combating 

Covid-19: Many developing countries in the world, 

including some parts of Africa, are not well prepared 

and equipped to combat the emergency medical 

challenge occasioned by the Covid-19 pandemic. 

They, therefore, depend on assistance from developed 

nations for the supplies of medical needs in the form 

of palliatives to enable them to grabble with urgent 

incident cases in the short term. The major 

pharmaceuticals that are utilized in the fight against 

the Covid-19 pandemic (Plate 1) include but not 

limited to: test kits; surgical masks; gloves; scrubs; 

hospital gowns; headgears; thermometers; swab 

sticks; hand sanitizers and disinfectants; face shields; 

drugs; syringes; intravenous bags; protective suits; 

tubings and vials. A number of these pharmaceuticals 

can only be used once on a patient. This implies that 

they cannot also be reused and consequently have to 

be disposed off after its first use. According to the 

Centre for Disease Control and Prevention (CDC), 

over 23 million people have been tested with the aid 

of swab sticks for the novel virus in many parts of the 

world (CDC 2020). This paints a gloomy picture on 

the quantum of pharmaceuticals that would have been 

used and gets eventually disposed in the course of 

testing more citizens. This shows why it is pertinent 

for developing countries to be equipped with adequate 

technologies for appropriate disposal of their 

pharmaceutical wastes to prevent potential hazards 

that could be caused by them. 

 
Plate 1: Medical worker receiving pharmaceutical deliveries for fighting the Covid-19 pandemic in Abuja, Nigeria. Source: (Joe and 

Drakopoulos 2020). 

 

Classifications of Pharmaceutical Wastes: 

Pharmaceutical wastes are broadly categorized under 

hazardous and non-hazardous wastes. The 

pharmaceutical wastes that are dangerous and 

potentially harmful to human health or the 

environment are categorized as hazardous waste. 

Hazardous pharmaceutical wastes can be in the form 

of solids, liquids, enclosed gases, and sludges. As a 

result of their ability to cause severe harm even at their 

minute concentrations in the human environment, they 

are usually governed by strict sets of regulations. Only 

about 5 – 10% of pharmaceutical wastes turn out as 

hazardous. These hazardous pharmaceutical wastes 

can be further sub-divided into two categories: listed 

and characteristic wastes (USEPA 2017). 

Pharmaceutical wastes that are generated from 

discarded commercial chemical products are 

categorized as listed wastes. Characteristic wastes, on 

the other hand, exhibit hazardous properties such as 

ignitability, corrosivity, reactivity, and toxicity. Thus, 

this type of pharmaceutical wastes is highly regulated. 

Pharmaceutical wastes that are neither listed nor 

characteristic are considered solid wastes. 

Characteristic pharmaceutical wastes can be ignitable. 

They are potential fire hazards when they are stored, 

disposed, and transported. They are also capable of 

exacerbating a fire once it has started because they are 

highly flammable (Verma 2020). Similarly, 

characteristic pharmaceutical wastes can corrode 

materials and burn human skin. They are highly 

unstable and when heated, or compressed or mixed 

with water, can cause explosions and the release of 
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toxic fumes, gases, and vapors. Using the USEPA 

definition for listed hazardous wastes, which are 

source linked, they are termed F-, K-, P-, and U-listed 

hazardous pharmaceutical wastes which are discussed 

briefly underneath.  

F-listed: Although the sources of F-listed hazardous 

pharmaceutical wastes are non-specific (Hope and 

Rodewald 2017), however, these wastes originate 

from drug products generated during manufacturing 

and also through several other route like healthcare 

facilities e.g. methanol, methylene chloride, xylene, 

acetone, toluene, government, and school agencies. 

The F-listed wastes are of several sources, for 

example, F001 – F005 is from spent solvents, F006 – 

F012, F019 are from metal finishing operations and 

electroplating activities, F020 – F023, F026, F028 are 

from dioxin burdened wastes, while wastes from 

chlorinated aliphatic hydrocarbons are tagged F024 – 

F025. Others include the wood processing wastes 

(F032, F034, F035) while F039 is from multiple 

sources of leachates (U.S. Environmental Protection 

Agency, 2005).  

 

K-listed: According to Heritage Environmental 

Services (HES) (HES 2013), K-listed wastes are 

source-specific, and also generated from 

manufacturing veterinary health facilities and solid 

wastes from certain industries with hazardous 

products. In this list, the wastes from wood processing 

are listed K001 like creosote and pentachlorophenol, 

inorganic pigment production (K002 – K008), organic 

chemicals which are K- 001, -011, -030, -083, -095, -

096, -103, -105, -107, -118, -136, -149, -151, -156, -

159, -161, -174, -175, and K-181, the inorganic 

chemical manufacturing companies that listed K-071, 

-073, -106, -176, and  K-178 (Hope and Rodewald 

2017); pesticide production waste included as K-031, 

-043, -097, -099, -123, -126, -131, and K-132; and the 

veterinary pharmaceuticals manufacturing company 

wastes included as K-084, -101 and K-102.  

 

P-listed: In this group, when a lethal dose of 50 mg/kg 

of P-listed compounds is orally administered, the drug 

can be hazardous to environmental health. According 

to Hope and Rodewald, (Hope and Rodewald 2017) 

eight listed chemicals are Nitroglycerin (P-081), 

Nicotine (P-075) which include 1 -methyl-2-(3-

pyridyl)pyrrolidine and 3-(1 -methyl-2-pyrrolidyl) 

pyridine, Phentermine (P046), Epinephrine (P-042) 

sourced from emergency allergy kits, Warfarin >0.3% 

(P-001), Physostigmine salicylate (P188), 

Physostigmine (P-204) and chemotherapy Arsenic 

trioxide (P-012). They originate from unused 

pesticides, pharmaceuticals, or chemicals. Other 

common ones in this class include acutely toxic metals 

and compounds like Arsenic (P-012), and cyanide 

salts. Manganese dimethyldithiocarbamate (P-126), 

Zinc phosphide (P-122), Phenylmercuryacetate 

(P092), chloropropionitrile (P-027) from 

pharmaceutical synthesis and Cyanide salts (P-030) 

from laboratories are also included in this list. 

U-listed: These wastes are disposed in whole without 

been used for its original purpose. According to 

MPCA (MPCA 2011), the U-listed wastes includes 

discarded commercial chemicals products such as 

Uracil mustard (U237), Streptozotocin (U206), 

Melphalan (U150), Mitomycin (U010), Lindane 

(U129) from lice shampoo and spray, Mercury 

(U151), Hexachlorophene (U132), Selenium sulphide 

(U205) from shampoos and ointments, Resorcinol 

(U201), Accharin (U202), Reserpine (U200 and 

U201) which are from antihypertensive drugs, 

Dichlorodifluoromethane (U075), Chloral hydrates 

like Acetaldehyde, trichloro- (U034), Melphalan 

(U150), Phenol (U188), Diethylstilbestrol (U089), 

Trichloromonofluoromethane (U121), Paraldehyde 

(U182), and Chlorambucil (U035),  Azaserine, Acetyl 

chloride, Hydrofluoric acid (U134), m-Cresol (U052), 

and Cumene (U055). Others include A2213 (U394), 

Acetic acid, (2,4-dichlorophenoxy)-, salts and esters 

(U240), Bendiocarbs (U278, U364) Acetic acid, 

Thallium (1+) salt (U-214), and 2-

Acetylaminofluorene (U005), Carbamic acids and its 

derivatives (U-372, -271, -280, -178, -373, - 409), and 

Carbofuran phenol (U-367). A comprehensive list is 

obtainable at MPCA (MPCA 2011).  Dichlorobenzene 

(U071) from moth repellent and deodorizer blocks, the 

chemotherapy drugs like Duanomycin (U059), 

Cyclophosphamide and/or Cytoxan-Neosar, Cytoxan 

lyophilized/VHA Plus (U058). 

 

Non-hazardous pharmaceutical wastes have no 

significant hazardous properties, but the hazardous 

components present in non-hazardous pharmaceutical 

wastes are however below the threshold for causing 

harm to human health. Therefore, the non-hazardous 

pharmaceutical wastes which initially have no 

significant hazardous properties can easily change to a 

hazardous waste with addition or removal of specific 

items from the waste stream. 

 

Composition and Hazards Associated With 

Pharmaceutical Wastes: Pharmaceutical wastes are 

diverse and encompass all forms of wastes generated 

from over-the-counter medications, nutritional 

supplements, sunscreen products,  personal (cosmetic) 

skincare products (Shannon and Woolridge 2011), 

fragrances, veterinary drugs, unused or expired drugs 

(Vallini and Townend 2010), remains of diagnostics 

tools, vials, syringes, fertilizers, pesticides, 

paraphernalia (gloves, masks, bottles) (Jaseem et al 

2018) and intravenous therapy waste (Voudrias et al 
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2012). They are excreted or introduced into the 

environment by pharmaceutical companies, from 

domestic sewage, through agricultural activities, 

leaching, and metabolized oral pharmaceuticals 

excreted through urine or excreta. Common examples 

include pharmaceutical products such as drugs, 

antibiotics, hormones, vaccines, steroids, and 

oncogenic (chemotherapy) substances. According to 

the Resource Conservation Recovery Act (RCRA) of 

the Environmental Protection Agency (EPA), certain 

drugs are tagged hazardous when introduced into the 

environment and must be disposed in a careful and 

recommended manner. This is because they are 

harmful to humans, animals, and the environment 

(lithospheric and hydrospheric flora and microbes). 

Additionally, they can be infectious, toxic, or 

radioactive in nature. 

 

Composition of Pharmaceutical Wastes: 

Pharmaceutical wastes could be classified into non-

hazardous and hazardous. Hazardous wastes constitute 

about 15% of the total pharmaceutical wastes. The 

World Health Organization opined that hospitals alone 

generate a daily amount of about 0.5 kg and 0.2 kg of 

hazardous waste in high- and low-income countries 

respectively (WHO 2018). However, their 

composition is described by their characteristics as 

listed wastes. The harmful or hazardous 

pharmaceutical wastes are not only limited to the 

expired medications that are discarded but also the 

containers that are used to store pharmaceutical 

contents like vials, which have trace quantity of the 

toxic and non-biodegradable constituents. When 

released into the environment, they are cytotoxic, 

genotoxic, carcinogenic, and mutagenic in some cases. 

Also, personal protective gear spilled pills and liquid 

medications are also classified as pharmaceutical 

wastes mostly generated in almost all health care 

facilities and pharmacies including cosmetic 

preparation discharges (Zafar 2019). Certain peculiar 

characteristics are attributed to these categories of 

waste which delimits them from non-hazardous 

wastes, for example, they are either corrosive, irritates, 

reactive, ignitable, or toxic. About 5% – 10% of the 

components used in pharmaceutical products are 

harmful (Pines and Smith 2008). 

 

Hazard elements in Pharmaceutical Wastes: The 

indiscriminate disposal of pharmaceutical wastes 

especially from expired and unused drugs can pose 

serious environmental hazards for humans, animals, 

plants, soil, and water bodies (Ali et al 2019; Hester 

and Harrison 2016). Over time, they become harmful 

to natural fauna and flora as they contaminate lakes, 

rivers, and streams (Kar et al 2020; Patel et al 2019). 

These wastes are a threat to biological entities and may 

cause several toxic effects ranging from genotoxicity, 

mutagenesis, anatomical aberrations, and 

physiological imbalances amongst others (Gotz et al 

2019). These wastes have been detected in varying 

quantities in the soil, water bodies, aquatic sediments, 

and sludge; and under the nutrient cycle, they can 

concatenate in food webs, with an extended effect on 

humans (Roig and D’Acco 2016). Thus, these 

exposures would have negative effects on humans who 

eventually consume food from the terrestrial and 

aquatic environments (Ali et al 2019). Furthermore, 

the P- and K-listed hazardous wastes are the most 

essential pharmaceuticals that are more toxic. 

Therefore, the hazards associated with the use and 

indiscriminate disposal of these pharmaceutical wastes 

are consequent of the hazardous chemicals contained 

in it. Some of these chemical constituents are Polymer 

compounds, Arsenic trioxide (Trisenox), Dioxins, 

Chlorambucil (Leukeran), Uracil mustard, 

Diethystilbestrol (DES), Stilphostrol, Melphalan 

(Alkeran/L-PAM), Mitomycin-C, Mutamycin, 

Streptozotocin, Nitroglycerin, Epinephrine, Warfarin, 

Nicotine and Cyclophosphamide (Cytoxan-Neosar). 

The health implications associated with each are 

discussed underneath. 

 

(a) Polymer compounds are the chief constituents of 

Covid-19 palliatives such as nose masks, surgical 

gloves, test kits, swabs, tubing, and vials, etc. These 

materials are made from non-biodegradable polymers 

such as polypropylene, polypropylene, polyesters, etc. 

which are the main source of phthalates in the 

environment. These compounds can stay in the 

environment for several years, thereby wreaking mild 

to severe havoc in different aspects of the ecosystem 

where they are deposited (Henneberry 2020; Kilinc 

2015; Piotrowska et al 2020). As such, they can result 

in microplastic pollution, which is currently a growing 

concern in Africa. The inappropriate handling and 

disposal of these non-reusable items can lead to severe 

environmental and marine pollution with serious 

health implications if not properly managed. 

(b) Arsenic trioxide is the major active formulation for 

the treatment of promyelocytic leukaemia but has been 

reported to cause cardiotoxic reactions during 

treatment (Haybar et al 2019). It is a medication given 

by injection into the vein, stored in a bottle, and 

produced under the trade name Arsenox or Trisenox. 

It can be injected into the small intestine from 

inhalation and skin contact. It causes cellular enzyme 

inactivation, impairs DNA repair and synthesis, causes 

vomiting, diarrhoea, abdominal pain, and nausea. It 

has been reported that it causes encephalopathy, 

peripheral neuropathy, and carcinogenic (Ratnaike 

2003). Jahangirnejad et al. (Jahangirnejad et al 2020) 

reported that arsenic from cosmetic and agricultural 
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productions contaminates drinking water and it is a 

carcinogenic metalloid that can cause mitochondrial 

and lysosomal damage and apoptosis in liver cells in 

rats. It is also found to be clastogenic and genotoxic in 

Dawley rats as investigated by Patlolla and 

Tchounwou (2005). The discarded bottles of Arsenox 

as hospital wastes eventually contaminate drinking 

water via leaching into aquatic systems. 

(c) Dioxins also are known as dirty dozen with name 

2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) are 

persistent environmental pollutants found to 

accumulate in the food chain, in fatty tissues of 

animals, and humans through food. They are released 

into the environment from uncontrolled incineration 

activities from hospital, fertilizer, or pesticide usage 

(de Titto and Savino 2019). It damages the immune 

systems, and causes reproductive problems including 

developmental disorders; it impairs hormonal 

functions and is a precursor for cancer. In humans, it 

causes skin lesions (dark patches and chloracne) and 

alters liver functions (WHO 2016). 

(d) Mitomycin C also under the brand names 

Ametycine, MitoExtra or Mitoplus (6-amino-8-

[[(aminocarbonyl)oxy]methyl]-1,1aS,2,8S,8aR,8bS-

hexahydro-8a-methoxy-5-methyl-

azirino[2',3':3,4]pyrrolo[1,2-a]indole-4,7-dione) 

exhibits acute toxicity, suspected to cause cancer. The 

compound can be inhaled or absorbed subcutaneously. 

It causes irritation of the skin; eye or respiratory tract 

as mostly experimented in mouse (Company et al. 

2015).  It has been detected in green algae in surface 

waters (Gouveia et al 2019) and thus poses a serious 

risk for humans as a predisposing factor for cancer 

(OECD 2019). 

(e) Diethylstilbestrol synonymous with 4,4'[(1E)-1,2-

diethyl-1,2-ethenediyl]bis-phenol is classified as a 

carcinogenic substance that causes skin, respiratory 

tract, and eye corrosion and irritation. It is highly toxic 

to aquatic life forms as it has been reported to be 

carcinogenic, and damages fertility in animals 

(Company et al 2015). 

(f) Nicotine is released into the environment by 

Tobacco producing companies or as cigarette waste 

(Qamar et al 2020), and it has a great hazardous impact 

on the climate, soil, and humans (Hendlin and Bialous 

2020). Although nicotine is been sourced from plants, 

it can be absorbed subcutaneously during harvest in 

the rain. It is also responsible for the Green Tobacco 

Sickness (GTS), a function of wet nicotine poisoning 

(Achalli et al 2012; Park et al 2018). Nicotine from 

cigarette smoke reacts with indoor air pollutants to 

form toxic compounds e.g., nicotine and nitrous acid 

can create a carcinogenic compound called nitroamine 

ketone (4-(methylnitrosamino)-1-(3-pyridyl)-1-

butanone). It reacts with the ozone to form an ultrafine 

particle-sized secondary organic aerosol and also 

creates an unpleasant odor in residential areas (Matt et 

al 2017). Infants' exposure to this third-hand smoke 

embedded with nicotine may be vulnerable to it as it 

impairs organ development (McKnight and Spiller 

2005). Nicotine entering landfills leachates, 

wastewater, and groundwater and may be a threat to 

human lives (WHO 2017). 

(g) Cyclophosphamide is an oxazaphosphorine 

compound used in the production of chemotherapeutic 

drugs with cytostatic character and also used for the 

treatment of autoimmune diseases. Burge et al. 

(Buerge et al 2006) reported the presence of 

cyclophosphamide in wastewater and surface waters 

in Switzerland. The Organization for Economic Co-

operation and Development (OECD) (OECD 2019) 

submitted it has carcinogenic, mutagenic, teratogenic, 

cardiogenic, and embryotoxic effects. These effects 

affect the reproductive biology and immunology. 

Taina (Tainá 2018) reported that the compound causes 

oxidative and DNA damages and alteration in 

burrowing behavior in Nereis diversicolor. The 

compound has been identified to inhibit reproduction 

in aquatic organisms and fishes as examined in rotifers 

(Russo et al 2018). Gouveia et al (2019) detected 

cyclophosphamide along with other cytostatic 

(antineoplastic) drug residues as one of the top five in 

different aquatic systems. These compounds are 

difficult to degrade in treatments plants and have been 

detected in hospital effluents (Hamon et al 2018), 

wastewater treatment plants influents and effluents 

(Isidori et al 2016), workspace isolators in Oncology 

Centers (Soteriades et al 2020) and surface waters 

(Usawanuwat et al 2014). 

(h) Chlorambucil is one of the 14 frequently found 

antineoplastics in surface waters and effluents from 

hospitals that is carcinogenic to humans (Gouveia et al 

2019). Gupta and Salvatore reported that the 

alkylating agent used to treat a broad spectrum of 

tumors is insoluble in water, and can be very 

detrimental when exposed to humans through 

inhalation, dermal contact or accidental ingestion 

(Gupta and Salvatore 2014). It interferes with RNA 

transcription and DNA replication. It causes seizures, 

abnormal vision, has psychiatric effects, 

myelosuppression, leukopenia, and pulmonary 

fibrosis and also toxic to the kidney and liver. 

(i) Nitroglycerin is a nitrocellulose compound used in 

the production of resins, varnishes, adhesives, skin 

protectants in cosmetics, nail polishes, and inks 

(Mattos Simoes Mendonca et al 2015). It is insoluble 

in water and easily found in sediments. Oral or skin 

exposure in humans can disrupt women's menstrual 

cycle, allergic dermatitis affecting the victim’s face 

and neck (Moreira et al 2017). It causes intravascular 

haemolysis and neuropathy. In the environment, it has 

been found in fish tissues in streams, it influences the 
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chemical and physical properties of the aquatic 

habitat. It was found to be toxic to algal species in 

freshwater ecosystems (Kim 2014).  Quinn (Quinn 

2015) reported that in mammals it causes decreased 

weight gain, gross necropsy, and intestinal impaction 

in mice. 

(j) Epinephrine (4-[(1R)-1-hydroxy-2-

(methylamino)ethyl]-1,2-benzenediol) is toxic when 

exposed to humans through skin contact. When 

inhaled, the potential hazards of the chemical 

compound could be irritation of the mucous 

membranes, upper respiratory tract, skin, and eyes 

(CCC 2019). Similar reactions and hazards are 

associated with Streptozotocin. 

(k) Melphalan is a phenylalanine derivative of 

nitrogen mustard (cytotoxic organic compounds with 

the chloroethylamine functional group) which exhibits 

antineoplastic activities. It is known to be teratogenic, 

suspected to be reproductive toxicity (damaging 

fertility), causes skin irritation, and germ cell 

mutagenicity (NCBI 2020). 

 

Current Disposal Practices of Pharmaceutical 

Wastes: Disposal practices of pharmaceutical wastes 

in many developing countries often fall below the 

requisite specifications. An effective waste 

management system dictates that wastes should be 

sorted, segregated, stored, collected, and then 

transported to final disposal (Emmanuel et al 2001). 

However, this is not the case with most healthcare 

establishments that generate pharmaceutical wastes in 

many African nations. There is no formal waste 

segregation being carried out in a number of their 

establishments, as most of the pharmaceutical waste 

generated are muddled together (Awodele et al 2016). 

There is hardly any distinction in the collection and 

storage of hazardous and non-hazardous 

pharmaceutical wastes. This is more worrisome 

because it has been established that non-hazardous 

wastes can easily become hazardous when mixed 

(Patil and Pokhrel 2005). Waste storage before 

collection is another upsetting episode in most 

healthcare institutions in many countries (Plate 2). 

There is usually a designated place where all the 

wastes are dumped within the premises of the 

healthcare establishment. In most instances, the wastes 

are not sorted, bagged, and are placed carelessly in 

large waste bins. The poor waste storage system makes 

the collection point to be a haven for scavengers, stray 

domestic animals, and a breeding ground for all kinds 

of disease vectors. Since most of these collection 

points are not covered, rainfall and other natural 

actions of meteorology worsen the situation. These 

wastes are usually washed into drains, watercourses, 

and eventually into the rivers thus endangering human 

and aquatic lives. Liquid pharmaceutical waste from 

diagnostic laboratories also finds its way into 

watercourses via open and shallow drainage systems 

in some healthcare establishments. 

 

 
Plate 2: Pharmaceutical wastes generated due to Covid-19. 

Source: (Al Nasseri 2020; Bahagijo 2020). 

 

These rivers and streams contaminated with 

pharmaceutical wastes are subsequently used to source 

water for irrigation and other farming purposes. The 

open burning of pharmaceutical wastes is widely 

practiced in some healthcare establishments. This is 

particularly dangerous because these wastes are not 

segregated, implying that both hazardous and non-

hazardous materials are mixed and burnt together 

(Ngwuluka et al 2009). There will be a release of 

hyper doses of toxic compounds (as listed above) into 

the atmosphere as a result of combustion since some 

of the pharmaceutical wastes are cytotoxic, 

carcinogenic, and mutagenic to the human system 

(Gholap et al 2018). 

 

In some cases, the pharmaceutical wastes are 

transported with open trucks to the final open dump. 

At these open dumps which are always mistaken for 

landfills, the wastes are buried by covering with a layer 

of earth. Periodically, they are burnt to reduce their 

quantity and make space available for another set of 

wastes. These landfills are non-engineered and are 

largely inappropriate for the disposal of 

pharmaceutical wastes. Due to its poor or unavailable 

structural design, the risk of water pollution is high. 

Materials leached from the pharmaceutical waste can 

permeate into the aquifer or flow into watercourses, 

https://irepos.unijos.edu.ng/jspui/browse?type=author&value=Ngwuluka%2C+Ndidi
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thereby polluting drinking water (Agbozu and Nwosisi 

2015). Likewise, scavengers can go into these sites, 

pick pharmaceutical wastes such as syringes, wash and 

reuse or reintroduce into the environment. Such 

practices would be deleterious to human health. Proper 

disposal of pharmaceutical wastes is based on policies 

and procedures of state and federal regulations 

environmental laws. The first port of call for the 

disposal of pharmaceutical waste is to return such 

wastes to the manufacturers or the donor agencies.  

 

This is specifically apt for expired drugs and other 

pharmaceuticals that may have passed their shelf life. 

If this is practicable, it would solve the dilemma of 

improper disposal. Manufacturers are fully aware of 

the constituents of their products and the best way to 

safely dispose of such products. Pharmaceutical 

wastes containing antineoplastic have proven to be 

difficult in disposing and would, therefore, require 

expert attention for its safe disposal. Returning such 

kinds of waste to the manufacturers for disposal is 

highly recommended for developing countries. It 

shifts the burden of disposal and removes the likely 

human health impact that would have resulted from 

improper disposal.  

 

However, care should be taken during the return of 

certain hazardous pharmaceutical wastes to prevent 

the boomerang effect. The returning agency should 

carefully consider the provisions of the regulation in 

the Basel Convention on the Trans-boundary 

Shipment of Hazardous Wastes (WHO 1999). The 

disposal of pharmaceutical wastes into landfills is 

another option that should be considered. Landfilling 

means placing wastes directly on land earmarked for a 

disposal site without prior treatment or preparation 

(Agbozu et al 2015).  

 

The non-engineered landfill which is the most widely 

used in developing countries is inappropriate for the 

disposal of pharmaceutical wastes. An engineered 

sanitary landfill is therefore highly recommended for 

the disposal of pharmaceutical waste. Engineered 

sanitary landfills are properly designed and 

constructed with preference to the protection of the 

aquifer.  

 

Developing nations are enjoined to upgrade their open 

dump waste disposal sites to the engineered sanitary 

landfills (Ferronato and Torretta 2019). Waste 

encapsulation is another highly effective method for 

the disposal of pharmaceutical waste. This involves 

immobilizing the pharmaceutical waste in containers 

made of impervious and non-reactive metals. These 

containers are then sealed with concrete, plastic, or 

steel and are either buried or transported to an 

engineered sanitary landfill for final disposal. Some 

pharmaceutical waste such as syrups and intravenous 

fluids can be diluted with a proportionate amount of 

water and flushed into sewers. However, it is advised 

that they should be flushed in smaller quantities over 

a longer period. High-temperature incineration is 

adequately suited for the disposal of pharmaceutical 

waste containing halogenated compounds. Cement 

kilns that operate at temperatures above 850 °C are apt 

for the incineration of such pharmaceutical wastes. 

Since cement raw materials and combustion gases 

burn at temperatures of about 1450 °C and 2000 °C 

respectively, and the gas residence time at a severely 

high temperature is few seconds, organic compounds 

in the pharmaceutical wastes would be effectively 

disintegrated (WHO 2014). 

 

Nigeria as well as other developing countries that have 

cement factories could benefit from this method of 

disposal of pharmaceutical wastes. If appropriate 

incinerators are unavailable, chemical decomposition 

of the pharmaceutical wastes in line with the 

recommendations of the manufacturer, and subsequent 

disposal in an engineered sanitary landfill, is 

recommended. A summary of the disposal methods 

recommended by the WHO for different categories of 

pharmaceutical wastes is presented in Table 1. 

 

Following the assertions of Fawzy et al (2018) and 

Mahadik (2016), it is obvious that harmful 

pharmaceutical wastes can be detrimental to terrestrial 

life, thus building an intentional strategy for its safe 

disposal is most pertinent. This will curtail poor waste 

disposal practices in pharmaceutical and health 

facilities across the globe. Some of the very effective 

ways being recommended are as follows: 

 

a. Using environmentally friendly, safe, and 

favorable methods of treatment of hazardous should be 

imbibed. These treatment patterns include 

autoclaving, integrated steam treatment, and 

microwaving. 

b. Gradual improvement of a comprehensive 

system to handle irresponsible handling and disposal 

of wastes should be pursued at different levels of 

government. 

c. Promotion of policies and practices through 

different communication medium that encourage the 

process of reducing waste generation and differential 

sorting before disposal and 

d. Institutionalizing awareness campaign and 

advocacy programs purposively for raising the 

knowledge and literacy of health workers on the risks 

involved in the illegal disposal of harmful wastes. 
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Table 1: Pharmaceutical waste categories and appropriate disposal methods (Adapted from (WHO 1999)). 

Category Disposal methods Comments 

Solids Landfill No more than 1% of the daily municipal 
waste should be disposed of daily in an 

untreated form (non-immobilized) to a 

landfill. 

Semi-solids Waste encapsulation  

Powders Waste inertization  

 Medium and high-temperature 
incineration (cement kiln 

incinerator) 

 

Liquids Sewer Antineoplastics not to the sewer. 
 High-temperature incineration 

(cement kiln incinerator) 

 

Ampoules Crush ampoules and flush diluted 
fluid to Sewer 

Antineoplastics not to the sewer. 

Anti-infective 

drugs 

Waste encapsulation Liquid antibiotics may be diluted with 

water, left to stand for several weeks, and 
discharged to a sewer. 

 Waste inertization  

 Medium and high-temperature 
incineration (cement kiln 

incinerator) 

 

Antineoplastics Return to donor or manufacturer Not to landfill unless encapsulated. 
 Waste encapsulation Not to the sewer. 

 Waste inertization No medium temperature incineration. 
 Medium and high-temperature 

incineration (cement kiln 

incinerator) 
(chemical decomposition) 

 

Controlled 

drugs 

Waste encapsulation Not to landfill unless encapsulated. 

 Waste inertization  

 Medium and high-temperature 

incineration (cement kiln 
incinerator) 

 

Aerosol 

canisters 

Landfill Waste encapsulation Not to be burnt: may explode. 

Disinfectants To sewer or fast-flowing 

watercourse: small quantities of 

diluted disinfectants (max. 50 
liters per day under supervision) 

No undiluted disinfectants to sewers or 

watercourses. 

 
Maximum 50 liters per day diluted to 

sewer or fast-flowing watercourse. 

No disinfectants at all to slow-moving or 
stagnant watercourses. 

PVC plastic, 

glass 

Landfill Not for burning in open containers. 

Paper, 

cardboard 

Recycle, burn, landfill  

 

Conclusion: The handling of pharmaceutical wastes is 

a serious environmental concern that require strict and 

urgent attention. Therefore, managers of health 

facilities are encouraged to ensure that the appropriate 

disposal methods are adhered to succinctly by all 

health workers involved in the use, handling, and 

disposal of chemicals/wastes generated in the 

hospitals. Also, government environmental agencies at 

local, state, national, and international levels are 

hereby further reminded to ensure proper monitoring 

of the handling and disposal of pharmaceutical wastes 

in the various health facilities available in their 

jurisdiction such that all the WHO guidelines are 

properly enforced. 
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