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ABSTRACT 

Fumigation involves the use of a highly toxic pesticide which leaves behind residues that are 

classified as hazardous wastes. Such wastes enter our environment owing to improper disposal that 

pose a huge threat to public health and the environment at large. This study explored the disposal 

of fumigation pesticide residues in Zambia. It aimed at assessing the chemical composition of the 

fumigant residues to be disposed of, methods of disposal of fumigation pesticide residues being 

practiced in Zambia and to what extent fumigators comply with Zambian environmental 

regulations. A mixed- method approach was used and purposive sampling helped in establishing 

the study location. Laboratory tests were conducted using the X-Ray Fluorescence at the Zambia 

Bureau of Standards Laboratory for 25 samples, collected from 15 districts along the line of rail, 

from Livingstone to Chingola. 25 fumigators and 50 assistants conducting fumigation in Southern, 

Lusaka, Central and Copperbelt provinces participated in the study. Results obtained were 

analyzed using the Statistical Software version 20 (SPSS) alongside Excel 2010. The findings 

revealed that only 22 % always buried the fumigant residues in a 1-meter-deep pit. However, 

through observations, 17 fumigators from the 15 districts disposed the fumigant residues on open 

surfaces despite being aware of the environmental regulations. On the other hand, the Zambia 

Environmental Management Agency visited only 48 % of fumigators’ premises. The mean 

standard deviation of the Provincial Laboratory results were as follows: Southern 1692 ppm; 

Copperbelt 11608 ppm; Central 13901 ppm and Lusaka 10339 ppm. All results were below the 

lower flammable limit of 18000 ppm of aluminium phosphide in fumigant residues. However, 

samples from three districts gave values  more than the 2000 ppm allowable level for human safety. 

The findings also showed that only 21 % of fumigators were compliant with the law in their 

disposal methods while the remaining 79 % were non-compliant. Though fumigators were trained 

before engaging in fumigation activities, they took little useful action for safe disposal of fumigant 

residues. Findings in this study require immediate attention by the government through Zambia 

Environmental Management Agency to develop policies that will help abolish unsafe disposal of 

fumigation pesticide residues. Further, trained fumigators and not their assistants should conduct 

disposal of fumigant residues. Zambia Environmental Management Agency should intensify their 

inspections to ensure the law is enforced and standard fumigant disposal protocols must be devised 

and made available to the fumigators. 

Key words: Fumigants, Residues, Pesticides, Disposal, Compliance. 
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CHAPTER ONE: INTRODUCTION 

1.1 Introduction 

This chapter serves as the general introduction, highlighting the issues of fumigation pesticide 

usage. A problem formulation, research objectives and questions also form part of this chapter 

followed by the justification for carrying out the research, the theoretical framework and the 

definition of key terms. The chapter concludes with the scope of the study and gives a chapter 

synthesis. 

1.2 Background of the study 

Maize is a staple food in Zambia (JICAF, 2008) and as such, protection against storage pests is 

critical. It is the major crop stored by the Zambian Government through the Food Reserve Agency 

(FRA) for the strategic national reserve. In 2007, FRA purchased about 396, 000 tons of maize 

(JICAF, 2008). A shortage of storage capacity led to the design of 700 sites for maize depots across 

the country so that the government could store more grain (Brenda 2016). Maize grain is stored in 

concrete silos and storage sheds in bags. The main method used to control storage pests is 

fumigation. 

The United Kingdom Cooperative Extension Service (2004) defines fumigation as the use of 

poisonous gases to kill pests in an enclosed area. Fumigation involves the use of a broad-spectrum 

pesticide known as a fumigant, which is a chemically simple molecule that exerts potent and wide-

ranging effects on the target organisms (Knowles, 2005). Knowles, (2005) further highlights that 

fumigants diffuse as separate molecules, which empowers them to pierce through the material 

being fumigated. Good fumigants must be highly toxic as to serve their intended purpose of killing 

pests. The most common fumigant currently in use is aluminium phosphide, which produces highly 

toxic and flammable phosphine gas upon reacting with water or moisture in the air. 

According to Nthenga (2015), the public has been increasingly concerned about the adverse effects 

of pesticides on human health and the environment. This has resulted in greater emphasis being 

given to methods that can get rid of the use of these materials. Nevertheless, the Food and 



2 
 

Agriculture Organization (FAO), in 2008, stated that the need for chemical pesticides, particularly 

fumigants is likely to continue for many years to come because fumigants have unique capabilities 

that permit use in numerous situations where other forms of control are not feasible or practical. 

This entails that fumigants will continue being used resulting in an increase in fumigant residues. 

These fumigant residues are hazardous wastes that require safe disposal methods to avoid polluting 

or damaging the environment. 

The thirteenth schedule of Statutory Instrument No. 112 on Environmental Management 

(Licensing) Regulations, provides for the disposal options available for pesticides, their residues 

and wastes from toxic substances.  The question was how relevant were the disposal options 

provided to the fumigators?  This study was thus found necessary in order to uncover how the 

legalized fumigators were disposing the fumigant residues and whether their methods of disposal 

complied with the environmental regulations (Statutory Instrument No. 112 of 2013). 

1.3 Problem Statement 

Increased demand for fumigation has resulted in increased fumigation pesticide residues that may 

be a danger to human health and the environment if not properly disposed. The New Jersey 

Harzadous Substance Fact Sheet (2005) stated that aluminium phosphide can affect humans when 

inhaled, can irritate the skin and eyes when contact occurs, can irritate the nose, throat, lungs 

causing coughing or breathlessness and long term exposure can damage the lungs, liver and 

kidneys. Water contaminated with aluminium phosphide also affects aquatic life even killing it, 

while creating a problem for people or children who are exposed to it. However, like many other 

developing countries, Zambia is faced with the issue of safe disposal of aluminium phosphide 

(Nthenga 2015).  The Zambian government through the Zambia Environmental Management 

Agency (ZEMA) may be aware of the challenges faced in this regard, but may be slow to act in 

doing everything possible to improve the situation. Sometimes there is little or no willpower to 

enforce legal frameworks, such as the Environmental Management Act 2011, that protect the 

environment against hazardous pesticide waste disposal. Usually, this is due to deficiency of 

capacity for implementation by relevant institutions tasked to execute the enforcement (Makondo 

et al., 2015). This may in turn result in lack of a detailed account of pesticide residues, which might 

pose a danger to human life.  
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Therefore, it was imperative that a detailed study on the methods of disposal of the fumigation 

pesticide residues was conducted, while determining whether the methods were safe, whether 

ZEMA was aware of any disposal challenges faced and whether it had the capacity to enforce the 

legal framework that protects the environment. 

1.4 Purpose of study 

The aim of this study was to investigate the disposal of fumigation pesticide residues in Zambia 

and further develop recommendations that ensure safe disposal and help form a basis for 

formulation of a feasible policy framework in Zambia. 

1.5 Research Objectives 

The objectives of the study were as follows: 

(i) To assess the chemical composition of the fumigant residues to be disposed. 

(ii) To determine the methods of disposal of the fumigation pesticide residues.  

(iii) To establish compliance of fumigators with environmental regulatory bodies in Zambia. 

(iv) To develop recommendations on safe disposal methods for environmental regulatory bodies 

and fumigators. 

1.6 Research Questions 

(i) What is the chemical composition of the fumigation pesticide residues? 

(ii) What methods are being used to dispose of the fumigation pesticide residues?  

(iii)  Are the disposal methods including chemicals used in line with the environmental 

regulations of Zambia? 

(iv)  What safe methods of disposal of fumigation pesticide residues are recommended for 

environmental regulatory bodies and fumigators? 
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 1.7 Brief Research Methodology 

The study adopted a mixed methods approach in which both qualitative and quantitative data was 

collected using primary and secondary sources of data in this regard. Primary data collection 

methods considered included face to face personal interviews, non-participant observations, 

admission of structured questionnaires, statistical sampling methods and laboratory assessments. 

Due to financial limitations, purposive sampling was adopted to collect samples of residual 

fumigants in fifteen (15) districts lying along the line of rail, running from Livingstone to Chingola. 

Laboratory analysis was conducted at the Zambia Bureau of Standards (ZABS) using  X-Ray 

Fluorescence. Twenty five (25) fumigators and Fifty (50) assistants participated in the study. 

Results obtained in the study were analyzed using the Statistical Package for Service Solutions 

Software version 20 (SPSS) alongside Excel 2010. 

1.8 Justification 

Zambia uses a lot of fumigation to control pests in huge quantities of its storage produce such as 

maize. Due to this reliance on fumigation, Zambia needed to establish methods of disposal of 

fumigation pesticide residues. If mismanagement of disposal existed and yet it was not controlled, 

the impact on human health and the environment would be grave. The country would also not 

comply with multilateral agreements to which it is party. In order to prevent any further disposal 

problems and to combat it where it had developed, disposal of fumigation pesticide residues 

needed to be determined, measured  and  monitored over time. This research has helped the country 

know the disposal methods practiced by fumigators and recommended feasible disposal methods.  

Furthermore, results from this research will aid in shaping the focus of the Zambia Agriculture 

Research Institute (ZARI) annual fumigation trainings and fumigation registration and/or renewal 

requirements. Handlers of fumigant residues will benefit by knowing the importance of protecting 

themselves from effects of fumigant residues. The results from this research have also opened up 

areas of further research in hazardous waste disposal in Zambia. 
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1.9 Theoretical Framework 

It is vital for a researcher to have a preliminary theory that would aid in analysis of the research 

findings. Yin (2003) highlighted that “Without any guidance of a theory, there would be a 

misleading in understanding of the case”. This entails that a theory acts as a guide for the researcher 

to design possible solutions to the problem in question. As such, this research adopted the 

institutional analysis theory advocated by Scott (2001). 

The institutional theory originates from appreciating the general meaning of institution from 

recognized forms of rules such as constitutions, legal systems and government structures to include 

informal aspects of life. Meyer et al (1994) cited by Mungure (2008) defines Institutions as 

“cultural rules that give collective connotation and value to certain entities and activities 

incorporating them into larger schemes.” This entails that the conduct of persons and their 

involvement in other communal or collective aspects is determined by wider rules (Meyer et al 

1994). On the other hand, Scott (2001) defines institutions as being composed of cultural-

cognitive, normative and regulative elements that, combine with related activities and resources, 

to provide stability and meaning to social life.  

Although rules, norms and cultural beliefs are considered fundamental elements of institutions, 

Scott (2001) attests to the fact that, human behaviour must be considered, for humans make and 

apply these norms or standards, infer meanings or beliefs and formulate, adjust and choose to obey 

or disobey these rules. Hence, they cannot be detached from the accompanying behavior and 

material resources (Scott, 2001). Accordingly, institutions can either empower or restrain the 

actor’s conduct therefore making them more or less inclined to operate according to the rules. In 

fumigation, this implies that, the actor’s behavior towards disposal of fumigation pesticide residues 

can influence the management towards success or failure of the systems for hazardous waste 

disposal created by regulatory bodies.   

The theory of institutions was applicable in this research because most regulatory bodies gave 

higher priorities to national issues that generate income unlike hazardous waste disposal (Mungure, 

2008). Though lack of capacity may be among major constraints in hazardous waste management 

systems, the institutional context in which organizations and individuals operate is an important 

aspect worth analyzing in order to foster an improved performance in the disposal of fumigant 

residues.  While governments usually operate through law enforcements, Lambi (2007) argues that 
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people’s cultures have a greater influence on waste management and that how waste was generated 

was determined by people’s attitude and behaviors. The theory is therefore important in that it 

brings out the elements of culture, rules and norms incorporated in institutions in the framework 

of political, socio cultural, economic, regulating and technological issues.  This helped create 

awareness either positively or negatively in the community and foster involvement in fumigation 

pesticide waste management activities. Those practicing fumigation must develop the habit of 

disposing off fumigation pesticide residues in an environmentally friendly manner. 

1.10 Definition of Key Terms 

Disposal: means any operation to recycle, neutralize, destroy or isolate pesticide waste, used 

containers and contaminated materials. 

Container: means any object used to hold a pesticide product. 

Fumigation: A method of pest control that uses a poisonous gas under airtight conditions to 

suffocate or poison an organism. 

Pesticide: substances meant for attracting, destroying, or mitigating any pest. 

Residue: means any specified substances in environmental media including soil, air and water 

resulting from the use of a pesticide. These include; the residual powder that remains in the 

packaging material; the packaging material itself and the pesticide residue that remains after the 

whole fumigation process. 

1.11 Scope of Study  

The scope of the study was limited to fumigant residues disposal options practised by registered 

Zambian fumigators, more specifically those along the line of rail, from Southern province 

(Livingstone) to the Copperbelt province (Chingola). The study covered fumigators in parts of four 

out of the ten provinces of Zambia, namely: Southern, Lusaka, Central and Copperbelt provinces. 

Lusaka province had the highest number of fumigators (20), leading to a high generation of 

fumigation pesticide residues which is an issue of not only health but also environmental concern 

to the authorities. The Lusaka based fumigators offered fumigation services wherever they were 



7 
 

required throughout the country. Further, grain storage facilities, including circumstances under 

which fumigation was carried out were similar throughout Zambia. The situation of disposal of 

fumigation pesticide residues in the four provinces could therefore be generalised as a 

representation of the disposal situations in other regions of the country. 

The study made use of the X-Ray Fluorescence Spectroscopy for laboratory analysis of fumigant 

residues. Due to the limitations of available laboratories, the Zambia Bureau of Standards (ZABS) 

laboratory was used. The residue samples were  collected from various districts in four provinces 

of Zambia. Much research had not been done on disposal of pesticide residues which left very little 

information on the subject.  Dongbin et al (2007) also conquers with the fact that more 

investigations should be conducted to have a basis for addressing existing problems in the pesticide 

residues management, collecting information on pollution sources of pesticide residues, their 

environmental risks and identification of any new alternative pesticides.  

1.12 Organisation of the Dissertation 

Chapter One of this report highlighted why fumigation became a very important activity in Zambia 

causing more people to adopt it, thus leading to an increase in fumigant residues that needed 

disposal. The chapter also brings out the aim of the research, its objectives and the research 

questions answered. Additionally, it summarised the methodology adopted and gave a theoretical 

framework that the study embraced. The reason for carrying out the study was justified and the 

key terms defined. The chapter then concluded with the scope of the study in which the limitations 

experienced were highlighted. 

Chapter Two brings out what reviewed literature indicated about the practice of fumigation in 

different parts of the world. It mentions the exposure that victims may undergo and their associated 

health risks. Furthermore, it highlights pesticides management and control policies in Zambia and 

the recommended disposal methods according to Statutory Instrument No. 112 of 2013. On the 

other hand, chapter three dwells on the methodology adopted in the study, giving a clear picture 

of the project site. The site consisted 15 districts in four provinces of Zambia, that is, Southern; 

Lusaka; Central and Copperbelt provinces.  The sample size of 25 fumigators and 50 assistants to 

fumigators were engaged in the study. Data collection tools such as questionnaires, face to face 

interviews and non-participant observations were also described in the chapter. 
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Chapters Four and Five gave a presentation and discussion of findings respectively. The results 

were analysed using the Statistical Package for Service Solutions (SPSS) version 20 and excel 

2010. Chapter Four presents the findings in form of tables and figures, while chapter five gives 

details of the results citing some reasons why fumigators could have preferred certain disposal 

options to the other. The report then gives conclusions and recommendations in chapter six. 

1.13 Chapter Summary 

This chapter introduced the subject of fumigation and the disposal of its residues. It further 

highlighted the research aim, objectives and questions and gave a brief summary of the 

methodology adopted in the study. The justification of carrying out the study was highlighted, with 

the theoretical framework adopted in the study then being discussed. The chapter also provided a 

definition of key terms used, the scope and limitations and concluded with a chapter synthesis.  
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Introduction 

This chapter outlines what other literature has revealed in relation to this work. The understanding 

of this different literature helped the researcher to connect with the research findings and make an 

informed discussion. As a result, the chapter begins with the global perspective of fumigation and 

then presents a review of Zambia’s fumigation practices, management, methods and disposal 

options available. 

2.2 Global Perspective of Fumigation 

There is a very high likelihood that almost one-third of all the grain harvested worldwide is lost 

before consumption or sale (Maire & Cook, 2016). Lessening the amount of grain lost after harvest 

is very imperative in achieving food and nutrition security at global level. In place of the traditional 

methods of grain storage that were practiced for thousands of years, the use of chemical pesticides 

and fumigants to safeguard stored grain was increasingly adopted in the last half of the 20th century 

(Maier & Cook, 2016). Fumigation occurs in two main types: space and soil fumigations. Space 

fumigation is one conducted in places such as vacuum chambers, vehicles, tarpaulins, empty 

buildings, rodent burrows and beehives (Desaeger et al, 2004). Desaeger et al (2004) further points 

out that Soil fumigation on the other hand, takes place in fields, nurseries, greenhouses and seed 

or transplant bed soils, including non-tarp fumigation by injection. In both space and soil 

fumigation, aluminium phosphide is used. Aluminium phosphide reacts with moisture from air, 

water, acids and many other liquids to release phosphine gas. It is formulated in tablets, Pellets or 

even gas bags (Weevil-cide manual, 2012). 

Unfortunately, the use of fumigants, including aluminium phosphide can lead to a victim’s 

overexposure. By the time their effect on the environment is spotted, great damage could have 

already been caused. Maier and Cook (2016) admitted that in the US Environmental Management 

Agency (EPA) most fumigants were no longer recommended for use primarily because of their 

negative effect on the environment, or because of their toxicity and safety concerns. Two of such 

fumigants are dichloro-diphenyl-trichloroethane (DDT) and bromo-methane, commonly known as 

methyl bromide.   



10 
 

According to the US EPA website, DDT was one of the first man made insecticides developed in 

the 1940s. At first, it was used for fighting insect-borne diseases such as malaria and typhus. It 

was also useful for controlling insects in crop and livestock production, institutions, homes, and 

gardens. In no time, DDT became widely used in the United States and other countries as a 

fumigant. However, in 1972, EPA dispensed a cancellation order to prevent continued use of DDT 

due to its environmental effects and health risks on humans. Since 1996, international negotiations 

had been held to prevent the use of DDT and other organic pollutants. Nevertheless, in September 

2006, the World Health Organization (WHO) declared that it was in support of the use of DDT for 

indoor purposes in African countries where malaria remained a major health problem, mentioning 

that benefits of the pesticide outweigh the health and environmental risks (US EPA website). 

Meanwhile, methyl bromide, a fumigant that was  introduced as a pesticide in 1932 was also being 

used alongside DDT for fumigation (EPA, fact sheet, 2000). The EPA fact sheet (2000) attested 

to the fact that methyl bromide was  phased out of use as a pesticide in 2005. Further, Ian Musgrave 

(2015) highlighted that in 2005 Australia stopped the use of methyl bromide for all purposes, 

including fumigation, except for a few uses for which there was no suitable alternative to methyl 

bromide. The phasing out would come as a result of the pesticide being discovered as one that 

contributed to the destruction of the ozone layer. As such, even when pesticides are being 

recommended for use, they may have unknown negative effects both on the environment and 

humans that handle them. It is therefore imperative that all pesticides including fumigants are 

considered hazardous even at disposal stage.  

The US Environmental Protection Agency (EPA, 2004) compiled a list of materials that are 

extremely hazardous and required records to be kept by the local Emergency Planning Committee 

and the state of Emergency Response Commission. EPA also set up Threshold Planning Quantities 

(TPQ's) and Reportable Quantities (RQ's) for each material on the list. Among the hazardous 

materials on the EPA list were a number of pesticide active ingredients including Aluminium 

phosphine, though it was among the most commonly used fumigants (UK Cooperation, 2004). The 

reality according to Maier and Cook (2016) was that globally, industries and governments did not 

provide financial resources for carrying out research that would help develop useful and less costly 

alternative stored grain insect pest treatment know-hows. Thus, the practice of fumigation was 

bound to continue growing, resulting in an increase in fumigation pesticide residues to be disposed.  
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2.2.1. Exposure to pesticides 

An estimated 1000 chemical substances, both biological and physical were used as pesticides in 

different parts of the globe (Abdulhamid, ND). Abdulhamid further stated that globally, utilization 

of pesticides had risen to 2.6 million metric tons, with 75 % being used on agriculture. Such rapid 

growth was witnessed even more in developing nations, with the most frequently used pesticides 

being insecticides, including fumigants.  Added to this, the July 2008 version of the WHO training 

manual titled ‘Children’s Health and the Environment’, established that 25 % of the world’s 

pesticides production is used in developing countries.  

 According to Abdulhamid (ND), for as long as pesticides were continually used, human exposure 

to them was inevitable. This is because pesticides are deliberately released into the environment 

to execute their function. The United Nations Environmental Program (UNEP, 2009) attested to 

the fact that, what makes pesticides efficient also makes them poisonous to humans. Further UNEP 

recommended understanding hazards related to pesticides and minimizing the use of pesticides as 

a way of reducing damage to human health and the environment. The United States Department 

of Agriculture (USDA), in its fumigation handbook (2006), also supported being familiar with 

symptoms of exposure when using pesticides such as Aluminum phosphide. It listed the following 

symptoms to be noted by fumigators; nausea, feeling of exhaustion, pressure in the chest, gastro-

intestinal symptoms, stomach pain, diarrhea, sever chest pains, difficulty in breathing, difficulty 

in walking, poor blood oxygen content, unconsciousness and even death. 

Furthermore, the WHO (2008) highlighted that 99 % of deaths due to pesticides occurred in 

developing countries. Singh et al (1999) reported that in one part of India, 65 % severe poisoning 

due to Aluminium phosphide was detected. Further, some children in Russia fell sick due to 

exposure to hazardous waste that was unsafely disposed. Such reports help us relate how crucial 

Hazardous Waste Management is. If left unchecked, fumes of pesticides, not excluding Aluminium 

phosphide can exist in the environment in levels that portray a hazard to both human and animal 

health. As such, there is need to manage the disposal of all fumigation pesticide residues 

effectively.   
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2.2.2. Hazardous Waste Management 

Hazardous waste management involves taking all practical measures to protect both humans and 

the environment from the harmful effects of wastes (Hopkins, 2012). This calls for proper disposal 

to prevent entry of such wastes into the environment. If disposal of empty containers is 

mismanaged, these could be re-used for storing food and water resulting in pesticide poisoning 

(FAO, 2008). Therefore, fumigators involved in the disposal of residual fumigants, together with 

their support personnel, should comprehend how important hazardous wastes are in terms of 

human health and the environment (Nkonge et al., 2012).   

Biswas et al. (2011) raised the issue of segregation of wastes right at the point of generation as a 

safer waste management procedure. This entailed separating wastes in categories depending on 

how dangerous the wastes were. Colour codes would thus be used to differentiate the categories. 

The WHO recommended the use of red colour for highly infectious wastes (ROK, 2008).  Wastes 

should not be stored for more than seven days without a permit from regulatory authorities, and 

they must be stored in restricted or fenced areas. In case of accidents or spillages, there should be 

set procedures to be followed to correct the problem before it threatens the health of the personnel 

handling the pesticides. The United States Department of Labour through OSHA, (2007) reported 

that management in various nations should be responsible for providing and requiring the use of 

Personal Protective Equipment when handling hazardous wastes such as residual fumigants. In 

addition, it was necessary to have those handling residual fumigants vaccinated against specified 

diseases (CDC, 2011).  

In Kenya according to Ministry of health (2008), the standards for protection when handling 

hazardous waste included immunization against Hepatitis B and tetanus. Handlers had to have 

Personal Protective Equipment such as heavy-duty gloves, as well as overalls, for use as they 

handled wastes, as a Hazardous Waste Management (HWM) standard. All waste handlers also 

needed to be given proper education on the risks associated with hazardous waste, how to protect 

themselves and how to manage wastes at various levels (Ramokate and Basu, 2009).  According 

to OSHA (2007), employers had to ensure that all their workers received training on the risks they 

might encounter while handling hazardous wastes at any level of waste management. The training 

should be very broad and all health care employees should become cognizant of the dangers 

accompanying poor disposal of hazardous wastes (WHO, 2011).  
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Most of the developing countries apply two Systems of handling solid waste. The first is a formal 

system in which the government manages the waste. In this case, municipalities in the cities have 

the responsibility to ensure safe, consistent and cost effective collection and final disposal of waste. 

This usually needs huge amounts of money than allocated for in the public budget, leading to the 

extent of the problem being very difficult to handle (Gombya, 2000). The second is the informal 

system which makes use of private dealers such as communities of scavengers and private 

associations. These represent a major part of the economy as they are cognizant of the potential 

part of certain materials such as plastic, empty containers or bottles and paper and cans for 

domestic purposes. The involvement in municipal waste includes collecting, sorting, recycling and 

selling waste (UNIDO, 2003). However, management of hazardous residues is usually highlighted 

in the regulatory policies of environmental management authorities, though such policy 

frameworks are usually said to be weak. 

China, the largest developing country has been undergoing rapid economic growth in the past two 

decades, resulting in increased amounts of persistent pesticides being used in the field of 

agriculture. Dongbin et al (2007) asserted that due to its incomplete management framework, the 

improper disposal of pesticides residues brought about serious pollution problems. Past fumigation 

pesticide consumption and disposal of residues records were incomplete, making management 

difficulty.  Suffice to say, china had done a lot to come up with a modern regulatory system. 

Unfortunately, the system was still feeble and unproductive, with a lot of challenges ahead 

(Dongbin et al, 2007). In support of the institutional theory, Dongbin et al, recommended getting 

the public involved in the disposal of hazardous pesticides in China and further strengthening 

international cooperation and communication. However, the main problem in the management of 

fumigant residues may not only be the amount of residues accumulated for disposal, but also a 

lack of capacity by the governments and hazardous waste management authorities to handle the 

scope of the problem itself. 

2.3 Zambia’s Fumigation Practices, Management, Methods and Disposal 

While various countries may have similar fumigation practices, they may vary in their 

management of fumigation and disposal methods. In most African countries problems of 

environmental nature pose a great challenge. This is especially so in the area of solid waste 
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management including hazardous wastes, whose quantity continues to increase. However, the 

effectiveness of the means of handling wastes in terms of collection and disposal continue to be 

undesirably low (Mungure 2008). Most municipalities lack the efficient collection techniques, 

making most of the waste generated remain uncollected. This can be clearly seen from the 

increasing dumpsites and abandoned wastes around the township streets of many countries 

including Zambia. Such wastes save as breeding grounds for disease carrying organisms resulting 

in diseases such as cholera and malaria. Mungure quoting the African Development Bank (ADB, 

2002) projected that the conditions will worsen if waste production remains uncontrolled. Further 

warning was given that waste generation would experience a high increase by about five times by 

2025.  

2.3.1. Pesticides Management and Control Policies in Zambia 

Fumigation practices in Zambia are mainly governed by Zambia Agriculture Research Institute 

(ZARI) and Zambia Environmental Management Agency (ZEMA). The ZARI is responsible for 

training, registering and ensuring that fumigators meet the required standards at the point of 

carrying out an act of fumigation. On the other hand, the right to manage the disposal of fumigation 

pesticide residues was granted to ZEMA through the Environmental Management Act (EMA) of 

2011.  The ZEMA works hand in hand with various stake holders to ensure wastes are collected, 

transported and disposed in accordance with the Act. The Agency has the responsibility of 

controlling the importation, exportation, manufacture, storage, distribution, sale, use, packaging, 

transportation, disposal and advertisement of pesticides and toxic substances. It also provides for 

the monitoring, in the environment, of pesticides and toxic substances and their residues (EMA, 

2011). The regulations provide for the following requirements: registration of pesticides, testing, 

labeling, general handling, packaging, distribution, use and disposal of pesticides at national level 

in relation to the international agreements. 

The management of pesticides in Zambia is based on the Life Cycle Approach. As highlighted in 

the figure 2.1, this includes all activities from the point of manufacture of the pesticides, storage, 

transportation, usage, to the final disposal of all pesticide residues. This ensures that safety is 

maintained at all stages of waste management for better health. 
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The agency through the board will register the pesticide or toxic substance if satisfied that the 

pesticide or toxic substance, which is the subject of the application is suitable and effective for the 

purposes for which it is intended without causing damage to the environment. An enforcement 

notice must be served on any person or company that contravenes the law. Failure to comply after 

an enforcement notice has been issued would result in the registration cancelled. Offenders will be 

guilty of wrongdoing and upon conviction shall be liable to a fine or a jail sentence (EMA, 2011). 

As such, the use and disposal into the environment of a pesticide or poisonous substance in 

violation of the EMA is an offence that should result, upon conviction, to a fine of not more than 

five hundred thousand penalty units or to imprisonment of not more than five years. In some cases 

the offender may be subjected to both payment of the fine and imprisonment. 

The literature above shows Zambia’s policies on pesticides management and control. However, an 

exploration of whether Zambia does carry out any post fumigation surveillance of pesticides to 

determine disposal methods being used on the ground and ensuring that conditions on human 

health and the environment were considered had to be undertaken. If there had been 

mismanagement in the disposal of fumigation pesticide residues, it was important to investigate 

what had been the result.  

Figure 2.1 : Life cycle management of pesticides indicating all stages from manufacture to 

disposal of a pesticide to enhance safety at all stages (Source: ZEMA, 2017) 
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2.3.2. Phosphine fumigation 

Stored grains in Zambia and world-wide have mainly been fumigated using Aluminium phosphine 

(Brenda 2016). It has been used as a primary fumigant with the phasing out of methyl bromide in 

2005. Additionally, Ahmad et al (2013) asserted that other available types of insecticides such as 

dust were only used at a small scale level and on limited products. Ahmad et al further asserted 

that the wide use of phosphine was also attributed to its properties such as low molecular weight 

and low boiling point that enabled it to diffuse rapidly and penetrate deeply into large bulk 

materials of grain and other tightly closed materials. Furthermore, it is relatively inexpensive, easy 

to apply, leaves minimum residues and can be applied on a wide range of agricultural products 

(Ahmad et al.2013). Gurjar et al (2011) also highlighted that Aluminium phosphide is commonly 

used as a fumigant because of it being cheap, effective, free from toxic residue and not affecting 

the seed viability. Phosphine fumigation usually takes place in tarpaulins and silos. Figures 2.2 (a) 

and 2.2 (b) show fumigation taking place in tarpaulins and silos respectively in an airtight 

environment. 

  

(a) Fumigation in tarpaulins                                            (b) Fumigation in silos 

Figure 2.2: Phosphine fumigation in (a) tarpaulins &  (b) silos indicating an airtight 

environment required for successful fumigation (Source ZARI 2017)  

  

With regard to preparation, Aluminium phosphide is prepared in different forms such as pellets, 

tablets and small sachets of powder with other materials such as ammonium carbanate, ammonium 

bicarbonate, urea and paraffin. Figure 2.3 shows Aluminium phosphide packaged in form of tablets 
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and pellets. Aluminium phosphide consists 56 % of ALP and 44 % of carbamate (Gurjar et al, 

2011). The United Phosphorus Inc (2012) notes that the rounded tablets weigh approximately 3 

grams and release 1 gram of phosphine gas. They have a diameter of about 16.5 mm and are usually 

bulky, packed in reseal able aluminium flasks containing 500 tablets. On the other hand, the pellets 

weigh about 0.6 grams and release 0.2 grams of phosphine gas, with a diameter of about 16.5 mm. 

Pellets are also packaged in reseal able flasks containing either 1660 or 2500 pellets (United 

phosphorous, 2012). 

     

Figure 2.3: Different packages of Aluminium phosphide showing tablets and pallets 

(Source: ZARI, 2017) 

     

However, Aluminium Phosphide fumigants react with water or atmospheric moisture to release 

phosphine gas which is extremely toxic (United phosphorus, inc 2012). This is the case for both 

wildlife and human beings. The tablets comprise fire-suppressing materials such as ammonium 

carbamate which gives off both ammonia gas and carbon dioxide to prevent an ignition of fire as 

the phosphine is generated at the beginning of fumigation (USDA, 2006). The USDA further 

showed that phosphine is used principally as a grain fumigant. Usually, it is applied at a rate of 6 

to 10 tablets, each liberating 1 g of phosphine per ton of grain which is kept under fumigation for 

72 hours at temperatures at or above 20°C. When conditions are favorable, doses as low as 3 tablets 

per ton have been used. Phosphine is known to ignite spontaneously at levels that are more than 

its lower flammable limit of 1.8 v/v or 18 000 ppm. Workers exposure to phosphine gas should 

not exceed the allowable limit of 0.3 ppm. Levels higher than 50 ppm are hazardous to life while 
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at levels between 400 ppm and 600 ppm, phosphine gas proves to be fatal within half an hour 

(Sudakin, 2005). FAO (ND) also highlighted that a concentration of 2000 ppm is lethal to humans 

in a very short time and that exposure even to small amounts should be avoided. Fire coming from 

inflamed aluminium phosphide will produce irritating, corrosive and/or toxic gases. Runoff from 

fire control or dilution may be corrosive and/or toxic and cause pollution. Monitoring equipment 

are used to determine the phosphine concentration levels. The 0.3 ppm levels of phosphine must 

also be established before reentry into a treated structure, unless protected by an approved 

respirator. Unfortunately, fumigation assistants who are responsible for placing ALP tablets on 

stacks of grain face a high risk of being unintentionally exposed to phosphine gas (Sudakin, 2005). 

2.3.3. Health risks associated with poor management of fumigant residues 

Though aluminium phosphide (ALP) has got safe decomposition products that are environmentally 

friendly, it has been proved to be toxic to both human beings and animals. The toxicity is due to 

phosphine ((hydrogen phosphide, phosphorus trihydride or PH3) gas which is released instantly in 

the presence of moisture (Shakeri et al. 2014). Aluminium Phosphide may cause acute poisoning 

either through direct ingestion of the salt or through indirect inhalation of the phosphine gas 

generated. In their study on acute poisoning cases at the department of India medical science, 

Shivani et al (ND) established that aluminium phosphide accounted for 31 % of poisoning cases. 

Upon ingestion, it reacts with hydrochloric acid in the stomach and liberates phosphine gas. The 

gas which is highly toxic is rapidly absorbed through the gastrointestinal tract resulting in toxic 

effects involving the heart, lung, kidney and liver with manifestations of serious cardiac 

arrhythmias, intractable shock, acidosis and pulmonary edema (Gurjah et al. 2011). The weevil-

cide applicators manual for United Phosphorous incorporation (2012) described aluminium 

phosphide as a restricted use pesticide due to the high acute inhalation toxicity of the phosphine 

gas generated. The manual thus highlighted the following as symptoms of exposure to it; 

headaches, dizziness, nausea, difficult breathing, vomiting, and diarrhea. Further, any cases of 

overexposure should get medical attention immediately, with the victim transported to a doctor or 

emergency treatment facility. Poor management of fumigant residues can lead to scavenging and 

re-use of such leading to the aforementioned effects. 
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 2.3.4. Disposal of Wastes 

The thirteenth schedule of Statutory Instrument (SI) No. 112 of 2013 provides for the disposal of 

pesticides and wastes from toxic substances, pesticides that have expired or toxic substances and 

spillages, obsolete and leftover products and packaging materials. As such, it recommends the 

following disposal options; product use by recycling; incineration under high temperatures or high 

temperature thermal oxidation; chemical treatment for unformulated pesticides; waste 

solidification or fixation; long term storage for pesticides that cannot be disposed of using existing 

technology until suitable disposal technology is developed and landfill though not recommended 

for pesticides which can be leached.  

The Statutory Instrument No. 112 of 2013 further recommended triple rinsing as a safety measure 

for disposing empty pesticide containers. Small packs are to be rinsed thrice with water, followed 

by burning, either in an incinerator or using hot fire or buried in an area secluded from human 

habitation or in an approved landfill. Triple rinsing empty containers is effective because it is 

capable of reducing the residual pesticide concentration to levels below the established threshold 

value. Accordingly, the containers can be handled as non- hazardous residues for disposal (Hellen 

et al, 2014).  The empty containers are to be punctured on all sides including the underside. This 

applies to both plastic and steel containers, in order to make it impossible for them to be re-used. 

On the other hand, if large steel containers are to be disposed, they can be melted or buried in an 

approved landfill, at 1m below the ground or disposed at any other designated disposal sites. 

Graver et al (2000) in their study, discovered that burial can reduce the amount of aluminium 

phosphide capable of generating PH3 to 0.6 - 4.1 % of the original quantity, which is similar to 

that found in fully spent formulations after fumigation exposures. These results were obtained from 

different phosphide formulations including blankets, pellets and tablets. All contaminated 

packaging materials such as bags, cartons and boxes must likewise be cut and made non-usable. If 

the manufacturer is willing to accept expired obsolete stocks then that is an option for disposal as 

well. Any other approved recycler can also be used as a means for disposed. Washings are to be 

thrown in designated soakaways (SI No. 112 of 2013). 

Zambia thus has a number of regulations and guidelines on disposal of hazardous wastes including 

fumigants. However, such information may not readily be available to the general public (Nthenga 

2015). Nthenga also attested to the fact that while indiscriminate disposal of pesticide residues 
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such as empty containers existed, relevant data might not be available.  In addition, though 

Zambia’s regulations recommend both burning and burying of all primary pesticides packaging, 

these have been condemned by FAO (2008). 

The International Code of Conduct on the Distribution and Use of Pesticides by FAO, 2005 

addressed the issue of disposal of pesticide residues. It recommended carrying out an inventory of 

obsolete or unused stocks of pesticides and used containers, and creating and implementing an 

action plan for their disposal or remediation in the case of sites that have already been 

contaminated. Such activities should then be recording for any future reference. The pesticide 

industry should also be stimulated to help out with disposal of unused pesticides and used 

containers, in an environmentally friendly manner. Re-use where there is minimum risk was also 

recommended where approval was granted and it was appropriate to do so. Governments and 

various stakeholders, including the international organization and the agricultural community 

should ensure policies and practices are implemented to prevent the indiscriminate accumulation 

of pesticide residues. Governments should further rigidly enforce punitive measures that 

effectively deter wrong conduct in disposal of fumigation pesticide residues (FAO, 2005). 

2.4 Chapter Summary 

The reviewed literature showed that the practice of fumigation was bound to continue growing, 

resulting in an increase in fumigation pesticide residues to be disposed, making human exposure 

to them inevitable. It further highlighted pesticides management and control policies in Zambia, 

the health risks associated with poor disposal of fumigant residues and also the recommended 

disposal methods according to Statutory Instrument No. 112 of 2013. 
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CHAPTER THREE:  RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter outlines what other literature has revealed in relation to this work. This chapter 

focuses on how the research was undertaken. It highlights the approaches and methods that were 

adopted for data collection. The section begins with a brief discussion of the forms of methodology 

available and further provides details of how the research was undertaken and introduces the study 

areas. A description of the study area is provided and the specific study locations indicated. Some 

mechanisms as to how the data was collected, the sources that were used and the software and 

statistical tools used for data analysis are also brought out. Lastly, the chapter outlines how ethical 

issues were considered in this research.  

3.2 Methodology 

Research methodology is defined by Leedy & Ormrod (2001) as “the general approach the 

researcher takes in carrying out the research project.” A research project can either be carried out 

qualitatively or quantitatively. Qualitative research involves the use of unstructured interviews, 

verbal and visual interactions and use of existing documents as a means of data collection. On the 

other hand, quantitative researchers adopt research designs, tests and measurement procedures and 

statistical analyses. However, some studies have been carried out both quantitatively and 

qualitatively, using the mixed methods approach. This approach is an extension rather than a 

replacement of the quantitative and qualitative approaches to research, as the latter two will 

continue to be very useful and important in carrying out research (Johnson & Onwuegbuzie, 2004). 

In this study, the mixed methods approach was embraced to investigate the disposal of fumigation 

pesticide residues in Zambia. The mixed methods applied to this study in order to help collect and 

examine not only numerical but also data from observations and semi-structured interviews. These 

result in multiple facets that can be best handled both qualitatively and quantitatively. Shema & 

Jenny (2013) support this notion, for they felt that the mixed methods approach can address some 

research questions more comprehensively. The weaknesses of the two methods are overcome 

while building up on the strengths.  
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3.3 Research Site 

The study was conducted in the Southern, Lusaka, Central and Copperbelt Provinces of Zambia in 

the districts that physically lay along the line of rail. Areas with grain storage shades and silos in 

which fumigation was carried out in the four provinces were visited. These included all districts 

that lay along the line of rail, with the furthest two districts being Livingstone (southern province) 

and Chingola (copperbelt province).  Figure 3.1 shows the specific districts that were visited 

marked in red. 

 

 

Figure 3.1: Study Area showing the 15 districts visited along the line of rail 

  



23 
 

3.4 Research Design 

The Mixed-methods approach was used to conduct the research in which both qualitative and 

quantitative designs were used. Murray and Beglar (2009), define the Mixed-methods approach as 

a blending of both quantitative and qualitative approaches, which take advantage of the strengths 

of each approach while concurrently overcoming the weaknesses. A number of data collection 

tools are used and analysis is conducted using purely quantitative or qualitative tools thereby 

providing a healthier understanding of the subject under study.  

This research, therefore, employed primary and secondary sources of data collection . Primary data 

collection techniques considered included face to face personal interviews, non-participant 

observations, admission of structured questionnaires, statistical sampling methods and laboratory 

assessments. Due to financial limitations, purposive sampling was adopted to collect samples in 

districts lying along the line of rail. Primary data collection through interviews and observations 

was important in this research to authenticate the data on disposal methods practiced. Secondary 

information was obtained from various literatures including the EMA (2011) and other related 

regulations. Samples of pesticide residues collected were placed in air-tight plastic containers for 

further laboratory analysis. This method was also used by Graver et al (2000) in their study of the 

phosphine residues in aluminium phosphide preparations after burial.  

The Zambia Bureau of Standards (ZABS) Chromatography laboratory was used for laboratory 

assessments using the X-Ray Fluorescence. An X-Ray Flourescence instrument made use of high 

energy x-rays or gamma rays to emit characteristic secondary fluorescent x-rays which are vital in 

producing results. The African Mineral Standards (AMIS) which contained disks with certified 

reference and reference materials as defined by ISO guides 30-35 while fumigation pesticide 

residues were obtained from the research area where trained fumigators conducted fumigation 

activities. The methodological technique was selected based on the fact that Yin (1994) suggests 

“multiple sources of evidence as a way to ensure construct validity”. 

3.5 Study Population 

White (2003) asserted that a study population included all members of any distinctly classified 

people, events or objects that are premeditated to be the main focus of a study. Sixty (60) 

fumigators were legally authorized to practice their activities throughout Zambia and so the 
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researcher attempted to use a representative sample for the entire population due to financial and 

time constraints. Therefore, the study population for this research included trained fumigators in 

districts along the line of rail (the rail running from Livingstone to the Copperbelt). The study 

covered all sheds and silos in the said districts, where fumigation takes place, including places 

were out door fumigation was carried out. All fumigators, both newer and older ones were engaged 

in the study. Twenty-seven (27) questionnaires were distributed but only 25 gave feedback.   

3.6 Sample Size 

A sample is a representation of the total population, while a sample size entails the number of 

individual pieces of data collected in a survey. The researcher adopted purposive sampling. This 

is a non-probabilistic sampling method which is used when a difficult to reach population needs 

to be reached (Neetij & Bikashi, ND). Neetij & Bikashi (ND) further recommends the use of 

purposive sampling alongside the Mixed-Methods approach, since its weaknesses are 

overshadowed by the use of both the quantitative and qualitative methods. In this study, the 

researcher ideally sought to use a sample size of 27 fumigators and carried out at least two face to 

face interviews with the support staffs who helped in the fumigation.  

3.7 Data Collection Instruments 

Qualitative and quantitative data designs were used to collect both primary and secondary data. 

Primary data collection instruments for qualitative data included face to face personal interviews 

and non-participant observations.  Quantitative primary data was collected using structured 

questionnaires and laboratory assessments. The statistical sampling method used was purposive 

sampling so that the sampling easily related to the problem under investigation (Banda, 2017). On 

the other hand, secondary data was collected through review of literature from scholarly journals, 

text books, manuals, the internet and the EMA 2011 and other regulations. Any mapping deemed 

fit in the study was produced using Geographic Information System (GIS). 

3.7.1. Face to face personal interviews  

These were semi-structured, making use of the interview schedule guide. Proceedings of the 

interviews were recorded using a mobile phone voice recorder. Green and Thorogood (2004) argue 

that interviews are suitable for discovering and authenticating ideas and provide detailed 
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information about particular cases of interest. The interview guide was used because of its ability 

to allow the researcher and the respondent to interact as data was collected. This enabled the 

researcher to uncover any information that may have been hidden. The researcher prepared a topic 

guide in order to develop the right questions asked as the respondents were availed the opportunity 

to share their perceptions on the issue of disposal of fumigation pesticide residues. According to 

Patton and Cochran (2002), a topic guide usually has a list of the key questions the interviewer 

would like to cover, with some useful prompts to encourage the interviewee to talk about specific 

issues if they did not come up naturally. 

3.7.2. Non- participant observations  

An observation guide was used to collect data and to validate the data. According to Best and Kahn 

(2005), observation involves seeing the behavior and systematically recording the observed results 

with the help of well-planned questions. Non-participant observation, which this study adopted, is 

the type of observation in which the researcher enters a social system to observe the situation with 

the aim of gaining a direct understanding of a phenomenon in its accepted state. Observations can 

be done either openly or concealed, but the researcher merely watches the situation or behavior of 

subjects without allowing them to participate. An observation checklist was used to ensure that the 

observed data was in accordance with the research topic. Things that seemed important were noted 

whilst making the observations, including those things that the researcher did not anticipate but 

were identified during the observation. Observation helped gain accurate information as 

participants may have concealed vital information when being interviewed. Where the researcher 

was allowed, photos of what was observed were taken. 

3.7.3. Structured Questionnaires  

Questionnaires help researchers gather information from respondents through use of questions. 

Best and Khan (2005), highlighted that questionnaires serve as good data collection instruments 

because they enable the researcher to explain the purpose of the study and use the same question 

items on all respondents. This study adopted the use of questionnaires to gather information from 

fumigators. The questionnaire addressed issues concerning the fumigators’ history in pesticide 

usage and handling and also safety and disposal of fumigation pesticide residues. Since the identity 

of the respondents remained anonymous, participants confidently and freely expressed themselves. 
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However, there may have been a tendency by respondents to hide the truth, thus making the 

information invalid.  

3.8 Data Analysis 

Data was analyzed quantitatively using the Statistical package for Service Solutions (SPSS version 

20) and Microsoft Excel 2010. Questionnaire responses were coded and then entered into the 

software which analysed the data using descriptive statistics, from which graphs and charts were 

then derived. Thematic Analysis was used to analyze qualitatively the data that was collected from 

interviews. A thematic analysis is one that looks across all the data to identify the common issues 

that reappear, and identify the main themes that summarize all the views one has collected. The 

first step notably involved a preliminary observation of the data followed by identifying themes. 

Theme identification involves making sense of the data and grasping the meaning of the responses. 

Development of coding schemes followed, after which the codes developed were applied to the 

whole data set. This was done by either writing codes on the margins of transcripts or notes or 

marking the text on line using computer software (Patton and Cochran, 2002). 

3.9 Ethical Issues 

Patton and Cochran (2002) define ethics as simply moral principles that guide our behaviour based 

on shared values and beliefs about what is good or bad. The study involved human participants 

whose rights were protected. In this regard, the researcher obtained authorisation from the Ethics 

committee of the University of Zambia as well as an introductory letter from the School of 

Engineering and authorization from the Food Reserve Agency which owned three quarters of the 

grain storage facilities. Further, consent was obtained from the participants who remained 

anonymous, being aware that the data was analysed for academic research purposes only. 

Participants were given the right to withdraw from the research if need arose.  

3.10 Chapter Summary 

This chapter brought out the details of how the research was carried out in terms of the 

methodology of the study in order to meet the specified objectives. The study adopted the mixed 
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methods approach, taking up both a descriptive survey and the use of numerical and statistical 

methods. The study population encompassed registered fumigators in districts along the line of 

rail, from Livingstone to Chingola. A sample size of 25 fumigators and at least two assistants were 

to be selected using purposive sampling. However, in some cases only one (1) assistant would be 

interviewed while in other cases three were interviewed. Therefore, the sample size had a total of 

75 participants, 50 assistants interviewed and 25 fumigators who took part in the questionnaire 

survey. The chapter also brought out the data collection instruments, which included; Semi-

structured interview guides, observation check list and Structured Questionnaires, while the data 

was analysed using the Statistical Package for Service Solution version 20, Microsoft Excel 2010 

and descriptive statistics. GIS was used for mapping purposes. Pictures were captured using an LG 

smart phone. 
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CHAPTER FOUR: PRESENTATION OF FINDINGS AND ANALYSIS 

4.1 Introduction 

This chapter outlines the findings from the research which aimed at uncovering the disposal of 

fumigation pesticide residues in Zambia. The findings are presented according to the research 

techniques used in data collection. Primary data collection techniques used comprised structured 

questionnaires, face to face personal interviews, non-participant observations and laboratory 

assessments. The fumigators were respondents to the questionnaires while their assistants were 

personally interviewed.  

4.2 Questionnaire Results and Discussion 

The study reviewed that only 32 % of the fumigators visited in Southern, Copperbelt and Lusaka 

provinces personally took the responsibility to dispose of the fumigation pesticide residues. 

However, 64 % left the responsibility for disposal to their assistants while 4 % allowed other 

people to do the disposal on their behalf. 

From Table 4.1, more than half of the fumigators (64 %), left the process of disposal of fumigant 

residues to their assistants. Such assistants were not trained by relevant institutions to carry out 

fumigation and may have lacked knowledge on the importance of safe disposal, leading to mal-

practice in disposal methods practiced. Assistants may lack the urge to take up the responsibility 

 Table 4.1: Those responsible for disposal of fumigant residues 

 Frequency Percent (%) 

Fumigator him/herself 8 32 

Support personnel to fumigator 16 64 

Others specify 1 4 

Total 25 100 

 

to manage and use fumigant residues in a safe, legal and responsible way, including the returning 

of  empty containers for appropriate recycling/disposal. This explains why disposal of empty 

pesticide containers can be done even on open surfaces without rinsing them. Only 32 % of the 
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fumigators indicated they either participate in disposal or were present during the process of 

disposal of fumigant residues. Their unavailability during disposal can be attributed to the fact 

that, one fumigator may be responsible for fumigation in a number of districts. As such, being a 

business man, he is mainly concerned with having a successful fumigation conducted than disposal 

of residues, since that is where his payment comes from. This indicates that fumigators leave the 

fumigation site immediately after the fumigation process begins and would not return after the 

seven days of the fumigation process have elapsed. Creating an airtight environment for the 

produce to be fumigated and applying the correct remains their main concern. 

 

However, fumigators, as employers of these assistants have the responsibility to train them on 

proper handling of fumigants and disposal of their residues. This is important because the risks 

faced while handling such hazardous wastes will be appreciated resulting in compliance to 

regulatory bodies. Fumigators should thus ensure that every one of their employees is made aware 

of the risks associated with poor disposal of fumigant residues. This was supported by the World 

Health Organization in 2011.   

 

It is clear from Table 4.2 that a number of fumigators simply dispose the fumigant residues in open 

fields. These open fields were usually readily available and could be found near the fumigation 

sites. As such fumigators could have found it easier to simply throw the residues in such places, 

thus contaminating the environment. 

       

 Table 4.2: Those that throw the residues in an open area or rubbish pit 

 Frequency Percent (%) 

Always 19 76 

Often 6 24 

Total 25 100 

                       

The Environmental Management Act does not provide for disposing hazardous wastes in open 

areas or fields. Any such disposal of fumigant residues is thus illegal and calls for penalty charges 

by the Zambia Environmental Management Agency. Disposal in open fields contaminates the 

environment thus putting humans at a risk of being exposed to Aluminium phosphide.  Since the 
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residues are exposed on the surface, it is easy for people to come in direct contact with them. The 

study revealed that some people picked the empty containers and re-used them for domestic 

purposes such as drinking water. This exposes humans to fumigant residues through pathways 

such as inhalation. Exposure can also come through skin contact when fumigant residues come in 

direct contact with the skin. This can lead to a secondary exposure pathway of ingestion, after skin 

contact has occurred, and one puts their hand in the mouth, thus transferring the pesticide from the 

hands to their mouth. 

Unfortunately, children are susceptible to ingestion and direct skin contact because in their daily 

activities, they have a tendency to have frequent hand- to -mouth contact and introduce non -food 

items into their mouth. Soil, sediments or dust can act as agents for human exposure to fumigant 

residues disposed of in open fields if one accidentally ingests it or have direct skin contact.  

Even with this foresight, the study established that 76 % of the fumigators always disposed of the 

fumigant residues on the open surface while the remaining 24 % rarely used the recommended 

methods of disposal. Since all fumigators underwent training on good fumigation practices, 

including recommended disposal methods, this indicates that mal-practice in disposal of fumigant 

residues occurred even when fumigators had the full knowledge of what was right. The reason 

behind could be that fumigators deliberately did not want to follow stipulated regulations on 

disposal of fumigation pesticide residues. 

Table 4.3 indicates that only one (1) fumigator, representing 4 % of the total fumigators, returned  

empty containers to the manufacturer. Returning to the manufacturer is very important because it 

allows for recycling and can greatly reduce the amount of material to be disposed of, if many 

fumigators practiced it. There is no loss of the raw material and it is a highly recommended option 

over the options where the material is destroyed or unavailable for use. Unfortunately, it required 

that the fumigator plans an efficient schedule for return and put in place cost measures for the 

same. This explains the reason why only one fumigator had adopted this method of disposal.  
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Table 4.3: Those that retained empty containers for recycling 

   

Always 1 4 

Often 6 24 

Never 18 72 

Total 25 100 

 

Figure 4.1 shows that 78 % of the fumigators buried the fumigation pesticide residues in a 1m deep 

pit. Of these, 44 % always buried in the pit, while 22 % often buried and 12 % rarely buried and 

another 22 % never buried in a dug pit respectively. Burying is recommended because it reduces 

the amount of aluminium phosphide present in the residues, thus reducing its toxicity (Graver et 

al. 2000). Burying at 1m deep prevents residues from being washed away to contaminate other 

important natural resources. The EMA (2011) recommends burying after triple rinsing has been 

done. However, as highlighted in literature review, FAO/WHO recommended that burial of  

 

 

Figure 4.1: Those that buried in a 1m dip pit 

 

fumigant packaging be prohibited even though rinsing had been done. This can be supported 

Always
22%

often
11%

rarely
6%

5
11%

Total
50%
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because burying possibly uses up land that is so scarce and the empty containers can remain buried 

indefinitely since they are made of material that is not easily biodegradable. 

 

On the other hand, triple rinsing empty containers is necessary because it reduces the toxicity of 

any residual powder that may remain inside the container. The process can allow for residues to 

be classified as non- hazardous wastes thus reducing the potential hazard it creates for human 

health and the environment. Triple rinsing also does not require any complicated mechanism. 

Fumigators who triple rinsed empty fumigant containers before disposal account for 16.7 % and 

those that did not triple rinse empty containers account for 83.3 % as shown in figure 4.2.   

 

With regard to whether the Zambia Environmental Management Agency does carryout inspections 

to check for compliance and how many times they do so in a year, 26 % have never had their 

premises or disposal methods inspected by ZEMA, while 14 % were rarely inspected and 10 % 

were inspected only once per year.  

 

 

Figure 4.2: Those Fumigators that triple rinsed empty containers before disposal 

 

Figure 4.3 indicates that 52 % of fumigators have never been visited by ZEMA for the purpose of 

carrying out inspections. 28 % acknowledged being rarely visited while 20 % had been visited 

once by ZEMA. On the other hand, none of the fumigators has ever been penalised for non-
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compliance with environmental laws on disposal of fumigation pesticide residues. Fumigators 

indicated that they had never been penalised nor did they have knowledge of anyone having been 

penalised. This may be because ZEMA does not take seriously the need to enforce the law in this 

regard or it just lacks the capacity to do so. With fumigators being left unpunished for any unsafe 

disposal conducted, the trend is bound to continue, thus increasing on the number of residues 

posing a great danger to the environment. 

 

 

Figure 4.3 : How many times ZEMA conducted inspections per year 

 

Figure 4.4 illustrates the percentages and reasons why fumigators themselves thought they don’t 

comply with regulations on disposal of fumigation pesticide residues. The majority of the 

fumigators did not comply with regulations on disposal methods due to either negligence or 

incompetent personnel used in the fumigation process. The two reasons accounted for 41.7 % and 

29.2 % respectively, making a total of  70.9 %. Fumigators who felt the recommended methods of 

disposal were difficult to follow accounted for 8.3 % while 20.8 % felt both incompetent personnel 

used and negligence contributed to non-compliance and 0.03 % of the fumigators were not sure.   
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Figure 4.4: Why Fumigators do not comply with regulations on disposal 

4.3 Laboratory Results and Discussion 

The laboratory analysis was conducted on 25 samples at the Zambia Bureau of Standards (ZABS) 

using the X-Ray Fluorescence Spectroscopy.  Figure 4.5a shows the researcher conducting a 

laboratory analysis in the chromatography laboratory at ZABS while Figure 4.5b shows some 

samples with reactive Aluminium phosphide. A garlic-like odor was experienced when handling 

all samples of the residual powder. Reference materials for the analysis were obtained from 

African Mineral standards which were multi-element matrix matched reference materials. Tables 

4.4a and 4.4b indicate the standards used by ZABS for laboratory analysis. 

The standards involved use of discs containing certified reference and reference materials of 

varying grades and matrix characteristics, of which the use, manufacture and certification was 

defined by the ISO Guide 30-35.  
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Table 4.4a: African Mineral Standards used for XRF laboratory analysis (Source ZABS 

2018) 

Major Element Cu (%) Ca (%) Remark 

AMIS0160 2.08 3.19 Copper Cobalt Oxide Mukondo 

CD 

AMIS0161 0.46 1.55 Copper Cobalt Oxide Mukondo 

CD 

AMIS0050 11.26 0.01 Copper Oxide Lonshi CD 

AMIS0201 6.07 0.31 Copper Cobalt Oxide Tenke CD 

AMIS0417 3.85 0.53 Copper Cobalt Oxide Tenke CD 

AMIS0415 - - Blank Silica Powder 

 

Table 4.4b: African Mineral Standards used for XRF laboratory analysis (Source ZABS 

2018) 

 

 

 

 

 

 

Major 

Element 

(XRF) 

Al2O3 

(%) 

CaO 

(%) 

Cr2O3 

(%) 

Fe2O3 

(%) 

K2O 

(%) 

MgO 

(%) 

MnO 

(%) 

Na2O 

(%) 

P2O3 

(%) 

SiO2 

(%) 

TiO2 

(%) 

AMIS0160 9.88 0.41 - 2.49 1.90 5.38 0.18 0.10 0.49 65.53 0.80 

AMIS0161 11.91 0.37 - 2.00 2.44 5.67 0.08 0.09 0.13 68.19 0.77 

AMIS0050 11.88 0.30 0.03 6.48 2.61 0.67 0.07 0.72 0.25 50.91 0.83 

AMIS0201 14.11 0.05 0.03 2.40 3.14 6.44 0.01 0.10 - 56.51 0.77 

AMIS0417 14.86 0.00 0.05 2.61 3.22 6.03 0.02 0.14 - 60.37 0.86 

AMIS0415 0.40 < 2 0.00 0.03 0.14 0.03 < 2 0.01 0.01 99.25 0.02 
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Figure 4.5 a: Lab analysis at ZABS                       Figure 4.5b : Laboratory samples at ZABS 

   

Table 4.5: Laboratory Results for residual powder (FAO lethal standard is 2000 ppm) 

PROVINCE Sample 1 

(ppm) 

Sample 2 

(ppm) 

Sample 3 

(ppm) 

Sample 4 

(ppm) 

Sample 5 

(ppm) 

Sample 

6 (ppm) 

Mean 

SDV ± SEM 

Southern 8800 9000 10800 12400 - - 1692 ±  846 

Lusaka 34900 7400 21150 8900 10800 15400 10339 ± 4221 

Central 43600 15400 8400 13400 15600 - 13901 ± 6217 

Copperbelt 34900 7400 15100 17600 - - 11608 ± 5804 

 

As shown in Table 4.5, the amount of Aluminium phosphide in the residual powder for disposal 

ranged between 7400 ppm to 43600 ppm.  The sample that gave the lowest value was from Lusaka 

while the one with the highest value was from Central province. The mean standard deviation 

calculated on all samples per province was 1692 ppm, 10339 ppm, 13901 ppm and 11608 ppm for 

Southern, Lusaka, Central and Copperbelt provinces respectively. In comparing the mean standard 

deviation values with the FAO lethal standard for Aluminium phosphide, it is noticed that only 

Southern had a value less than the 2000 ppm lethal standard. The rest of the provinces gave values 

greater than 2000 ppm. The formula used for calculation of the standard error of the mean was; 
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σ M = 
σ

√N
   where is: 

σ M = the standard error of the mean 

σ = σ stands for the standard deviation of the original distribution and 

√N = the square of the sample size 

4.4 Interview Results and Discussion 

The study conducted interviews with 50 assistants to fumigators using structured interview guides. 

Figure 4.6a shows the researcher conducting an interview with a fumigation assistant. On the other 

hand, Figure 4.6b shows fumigation assistants in their protective gear just after conducting 

fumigation, before engaging in an interview. The results obtained were presented in Table 4.6. As 

regards the number of assistants interviewed in each province; the researcher interviewed 11 

assistants in Central province, 9 assistants in Southern province, 16 assistants in Lusaka province 

and 14 assistants in the Copperbelt province. 

 A few other fumigators stored the residues for ZEMA to collect. Referring to table 4.6, the results 

indicate that both fumigators and their assistants are involved in the disposal of fumigation 

pesticide residues, though assistants do it more frequently.  The interview results also show a non-

existence of fumigators who return empty containers to companies or distributors for recycling 

purposes, no burning of fumigant residues, no triple rinsing and few health problems experienced 

during handling of residues. Also, very few disposed of in open fields, but many buried in a 1m 

deep pit and rarely in an unknown depth. 

Table 4.7 shows that 4 % of fumigators sell empty containers to either battery or scrap metal 

dealers. As regards ZEMA making follow-ups to determine if disposal of fumigation pesticide 

residues is compliant with prescribed standards, assistants showed that “ZEMA did not conduct 

inspections for non-compliance on disposal of fumigation pesticide residues”. 
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Table 4.6: Interview Responses 

Theme Southern  Lusaka  Central  Copperbelt 

Disposal by fumigators Usually present 

during disposal 

Rarely present 

during disposal 

Usually present 

during disposal 

Rarely present 

during 

disposal 

Disposal by Assistants Very few 

independently 

Mostly 

independently 

Mostly 

independently 

Mostly 

independently 

Return to 

company/Distributor 

None None None None 

Throw in open field None None Very few None 

Burned None None None None 

Buried in 1m deep Regularly  Regularly Regularly Regularly 

Buried at unknown 

depth 

Rarely Rarely Rarely Rarely 

Thrown in rubbish pit None None Very few None 

Thrown in unused pit 

latrine 

None None Few Few 

Stored for ZEMA to 

collect 

None Very few None None 

Triple rinsing None None None None 

Experienced Any 

health problems  

Few 

 

Few Few Few 

Whether ZEMA 

inspected for non-

compliance 

None None None None 

Any fumigator 

penalised 

None None None None 
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 Table 4.7: Summary of Interview Responses 

PARAMETER PERCENTAGE 

(%) 

YES 

PERCENTAGE 

(%) 

NO 

Assistants who underwent formal training 12 88 

Those that triple rinsed empty containers 0 100 

Sold empty containers to unknown people 4 96 

Punctured empty containers before disposal 28 72 

Witnessed accidents due to unsafe disposal 30 70 

Whether ZEMA carried out inspections 0 100 

 

 

  

Figure 4.6a: Researcher conducting an      Figure 4.6b: Fumigators wearing full 

 interview with an assisstant                         face masks   

4.5 Observation Results and Discussion 

The researcher took time to observe the conditions under which disposal of fumigation pesticide 

residues was done.  The figures below thus indicate the observed results. 
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Figure 4.7a: Dumpsite for fumigant residues     Figure 4.7b: Crushed tins for disposal 

      

Figures 4.7a and 4.9b indicates that some fumigators disposed of the fumigation pesticide residues 

at dumpsites. Such dumpsites are not legally prescribed by the regulatory authorities but are as a 

result of the fumigator’s initiative. However, some fumigators did follow the regulation of 

puncturing the empty containers before disposal. Figure 4.7b shows empty tins punctured before 

disposal. Unfortunately, some after puncturing handed over the empty containers to business men 

that in turn sell them to scrap metal dealers. 

 

  

Figure 4.8a: Disposal in open area by        Figure4.8b: Residual powder for disposal 

fumigator 

 

Mostly fumigants were placed on disposable paper plates leaving the residual powder on the same 
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plates as indicated in Figure 4.8b. With regards to empty tins, some were disposed of on open 

surfaces without even puncturing them as shown in Figure 4.8a. Disposal could even be done less 

than 100m from human habitation 

 

  

Figure 4.9a: Stored residual powder in a    Figure 4.9b: Dumpsite for fumigante  

 warehouse                                                       residues in chisamba 

      

Some fumigators chose to store the residues in their ware house for ZEMA to collect them at a 

later stage. Figure 4.9a indicates clearly how some fumigators kept residues in sacks stacked in 

open drums in warehouses. Such fumigators claimed that they deactivated the residues using the 

wet method, by mixing the residue with water and some detergent in a drum. ZARI (2012) pointed 

out that deactivation of the residual powder can be done by mixing with water and a mild detergent 

in an open-topped drum in open air. However, storing up such residual powder in an open drum 

exposed to environmental conditions or placed in a compartment was discouraged.  

 

            

Figure 4.10a: Freshly buried rubbish pit             Figure 4.10b: Researcher obseving 

used for  residues disposal                                     residues on  the  surface of  the ground                                                                                 
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In some cases, fumigators disposed of residues in rubbish pits just near homes. Figure 4.10a shows 

one such site which the assistants to fumigators buried upon realizing that the researcher was 

collecting data on disposal of fumigation pesticide residues.  Figure 4.10b shows an empty 

container that the assistant claimed had buried at 1m deep. The tin was dug out barely 15cm below 

the surface. 

   

Figure 4.11a: Bush where burial of residues     Figure 4.11b: Site where some residues were 

is done                                                                    buried 

      

The observations carried out, also revealed that fumigators dispose of pesticide residues by burying 

in bushes away from human habitation as shown in Figures 4.11a and 4.11b.  

4.6 Chapter Summary 

This chapter presented the research findings.  To begin with, findings from quantitative methods 

were presented. These were results obtained through use of structured questionnaires and 

laboratory assessments. Quantitative data revealed that some fumigators using burying at 1m deep 

as a method of disposal, while others throw in open fields or rubbish pit or sell to scrap metal 

dealers. On the other hand, laboratory results showed that Aluminium phosphide was not fully 

spent at the point of disposal because it was still detected in the residual powder in amounts ranging 

from 7400 ppm to 43600 ppm. Qualitative data obtained through interviews and observations 

brought to the fore what is really on the ground. In this regard assistants to fumigators mostly were 

responsible for disposal of fumigant residues. The disposal methods practised included burying at 

unknown depths, throwing in open fields and rubbish pits and selling to scrap metal dealers.  
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CHAPTER FIVE: DISCUSSION OF FINDINGS 

5.1 Overview 

This chapter gives a detailed discussion of the findings of the study which aimed at investigating 

the disposal of fumigation pesticide residues in Zambia. The findings from the fumigants are 

discussed alongside those from their assistants. 

5.2 Chemical composition of the fumigation pesticide residues 

Fumigation pesticide residues are likely to continue increasing because use of fumigation 

pesticides especially in grain storage yields good results.  It helps preserve large quantities of grain 

and other produce thus helping to maintain food security. The greyish-white powder that remains 

as residue after fumigation is expected to be non-hazardous with just a small amount of un-reacted 

aluminium phosphide, which should not be unsafe for the environment (ZARI, 2012). 

The lower flammable limit for aluminium phosphide in fumigant residues is 18 000 ppm while 

amounts higher than 2000 ppm are hazardous to humans and can even cause death. From table 4.5, 

the mean standard deviation from the laboratory results were as follows: Southern 1 692 ppm; 

Copperbelt 11 608 ppm; Central 13 901 ppm and Lusaka 10 339 ppm. These results indicate that 

only Southern had levels less than the 2 000 ppm lethal standard for aluminium phosphide. The 

rest of the provinces gave values 5 times or more above the hazardous level of 2 000 ppm. This 

shows that while literature may indicate that the residual fumigant powder should be non- toxic, it 

is not the case practically.  All fumigant residues should therefore be treated as hazardous wastes 

with handlers dressed in their full protective gear.  

As regards the flammable limit of 18 000ppm, Lusaka province had two samples out of the six 

samples tested that had values greater than 18 000 ppm with the samples having 34 900 ppm and 

15 400 ppm of aluminium phosphide. Central and Copperbelt had a sample each with values above 

the threshold value, that is, 43 600 ppm and 34 900 ppm respectively, while Southern province 

had no residual sample giving a value above that of the threshold. All individual samples above 

the 18 000 ppm would ignite and produce flames when in contact with water or moisture. Such 

flames can develop into a fire that can be destructive. 
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Clustered pellets, sachets or tablets could have caused the high amount of aluminium phosphide 

in the samples tested, which restricts the penetration of moisture to the center of the fumigation 

preparation. Another reason could be due to lower temperatures, moisture conditions, or even 

shorter fumigation duration. However, fumigators buried most of the residual powder as a means 

of disposal.  Graver et al (2000) analysed over a 19 months’ period that, material capable of 

generating phosphine gas could be reduced by 0.6 to 4.1 % by means of burial. This means that 

the aluminium phosphide available in the samples tested can be reduced as follows; Southern 

province, between 1 622.6 ppm to 1 681.9 ppm; Copperbelt between 11 132 ppm to 11 538.4 ppm; 

Central between 13 331.1 ppm to 13 817.6 ppm and Lusaka between 9 915.1 ppm to 10 277 ppm. 

This reduction is insignificant because in every sample, 85.9 % to 99.4 % of aluminium phosphide 

remains even after burial, leaving most samples still above the 2 000 ppm FAO level of safety to 

human life. 

5.3 Methods of disposal of the fumigation pesticide residues 

Improper disposal of fumigation pesticide residues by fumigators is a source of contamination and 

pollution, making it a health and environmental hazard. Many fumigators and their assistants are 

not sure of the appropriate way of disposing fumigation pesticide residues because standard 

protocols for disposal are not present (Nilufer et al, 2017). Burying and disposal either on open 

surface or in a rubbish pit were the most common methods of disposal practised with a few others 

selling empty containers to those that recycle.  

The results obtained through the questionnaires indicate that, about 76 % of the fumigators 

acknowledged having disposed of fumigation pesticide residues in open fields or in a rubbish pit. 

However, 78 % further acknowledged having buried the residues underground. Disposal on open 

surfaces and burying seemed to be the easiest way for fumigators regardless of their effect on the 

environment. Meanwhile, the Environment Management Act (2011) does not provide for these 

two methods as options for disposal of such hazardous wastes as fumigation pesticide residues. It 

came to the researcher’s attention that burying of residues was usually advised as a disposal option 

for residues accumulated on a small scale by ZEMA. This though required that triple rinsing and 

puncturing or attenuation in the case of empty containers be done. However, as regards triple 

rinsing before disposal, only 16.7 % of the fumigators indicated that they triple rinsed empty 
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containers. Triple rinsing is very important because it allows for empty containers to be classified 

as non-hazardous waste (Bruce 2016). The FAO (2008) also recommended triple rinsing of the 

empty containers, for developing countries, immediately after emptying the pesticide as a way of 

reducing the dangers accompanying the successive process and the risks to public health and the 

environment. It reduces the likelihoods of exposure to users, the public at large, plants, domestic 

and wild animals and the environment. Further, properly rinsed containers reduce the likelihoods 

of contamination to the soil, surface and ground water. Karasali et al (2015) established that triple 

rinsing efficiently removes remaining pesticide residues from the used containers, getting rid of 

about 99.8 % of the active ingredient. This would make the rinsed fumigation pesticide containers 

be acceptable for disposal at municipal sanitary landfills. While 16.7 % of fumigators attested to 

triple rinsing empty containers, they remained silent on what they do with the rinsate. They 

possibly triple rinsed at any nearby available tap, thus allowing the contaminated water to drain or 

expose such water to the environment. It is also possible that the rinsing was not done to the proper 

degree since it’s a method that was never emphasised to the fumigators. However, the interviews 

conducted with fumigation assistants brought out the fact that none of them ever triple rinsed 

empty tins before disposal. Instead, 38.9 % did crush empty containers to make them un-usable 

before disposal. This helped to prevent people from picking the containers and using them for any 

domestic purposes. Both fumigators and their assistants mentioned having found people, especially 

in rural areas, using the fumigation pesticide empty containers for drinking water. The villagers 

claimed the aluminium containers helped keep their water cool especially during the hotter seasons 

of the year. Such experiences clearly indicated that disposal of fumigation pesticide residues was 

done in manner that left them exposed for humans to easily pick them for re-use. 

Burying on the other hand, was mostly conducted within the fumigation area. Sometimes though, 

clients would not allow fumigators to bury within their premises and fumigators would have to 

dispose of at any alternative places. The FAO (2008) sternly condemned burying of empty 

containers, whether rinsed or not. Burying has the potential of using up the limited land and can 

be a danger to animals. Fumigation pesticide empty containers, being aluminium products, are not 

biodegradable and can remain intact for many years. Apart from that, the vacuum in empty 

containers along with their low density causes them to rise steadily to the surface of the soil. One 

assistant interviewed hinted having seen empty containers resurface in one of the provinces of 

Zambia, with a high water table. Results from observations revealed that, while assistants claimed 
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they buried the residues at an advised depth of 1 m, many of them actually did not. About 68 % of 

fumigation pesticide residues were seen exposed either on the open surface or in the rubbish pit, 

while some were buried at shallow depths of about 15 cm compared to the 1m advised.  

Another method of disposal used by fumigators was disposal in old pit latrines and in water bodies. 

Four percent (4 %) acknowledged having once used pit latrines for disposal of both the residual 

powder and empty containers. In one interview, an assistant narrated how he witnessed the collapse 

of a pit latrine as the fumigant residual powder reacted with the moisture in the latrine, thus causing 

an explosion and flames, leaving the pit latrine collapsed. Others who carried out fumigation near 

water bodies took advantage of the rivers or streams as disposal sites. This is very dangerous 

because as already alluded to, for it can cause a fire and explosions. The Nautical Institute (2014) 

attested to the fact that a number of fires and explosions have been caused in oceans and seas due 

to unsafe disposal of residues of aluminium phosphide.  It is obvious that residues containing active 

ingredient of aluminium phosphide are dangerous to aquatic life.  

A very limited number of fumigators, representing 4 % did not dispose of the fumigant residues 

but kept them for ZEMA to collect. The fumigators claimed they deactivated the residual powder 

using soapy water before storing in open drums in the warehouse. However, samples collected 

from the drums and tested for presence of aluminium phosphide indicated an amount above the 

threshold value of 18 000 ppm. This means that, it’s either the fumigators did not deactivate the 

residues or deactivation was not done successfully. Apart from that, offices were present and other 

operations were conducted within the same warehouse where the drums were kept. This 

undoubtedly exposed humans to health dangers involving the heart, lung, kidney and liver with 

manifestations of serious shock (Gurjah et al, 2011).  Eighty percent (80 %) of the fumigators 

along with their assistants confirmed that exposure to fumigation pesticide residues caused some 

health problems, such as nausea, diarrhoea, dizziness, lack of strength and even fainting in some 

cases. This would be confirmed because all those exposed to aluminium phosphide would 

experience similar symptoms. Storing up residues in an open drum exposed to environmental 

conditions or placed in a compartment would undoubtedly lead to build-up of phosphine especially 

if dump conditions exist which can lead to flames, this may be the case during the rainy season if 

a leaking roof allows water to come in contact with the residues in the open drum. 

 



47 
 

5.3 Compliance of Fumigators with Regulatory Bodies 

Regulatory bodies are very vital because they enact laws that allow people to behave in a particular 

way and enforce the laws to get people to obey it. The EMA (2011) governs the disposal of 

fumigation pesticide residues in Zambia in order to protect or improve the quality of the 

environment. It has stipulated five methods that fumigators can adopt as their disposal options. 

These are incineration; inertisation; encapsulation; recycling and triple rinsing. However, ZEMA 

officials also advise fumigators to bury the fumigation pesticide residues especially if residues 

were produced on a smaller scale. Through the EMA (2011), ZEMA is mandated to ensure safe 

disposal of fumigation. The WHO (2014), showed that governments have the responsibility to 

safeguard the environment by making sure that there is proper treatment and safe disposal of 

hazardous wastes such as fumigant residues. Government should ensure that any disposal of 

fumigation pesticide residues is carried out in line with national and regional regulations, relevant 

international standards and Multi-national environmental agreements such as the Basel 

convention.  

On the contrary, the study established that ZEMA rarely carried out inspections to determine 

whether fumigators complied with regulations on disposal of fumigant residues. Twenty percent 

(20 %) of the fumigators highlighted that ZEMA carried out inspections once a year while 28% 

showed that ZEMA rarely carried out inspections in a year and 52 % highlighted that they had 

never been visited by inspectors from ZEMA to ensure compliance with disposal methods. With 

fumigators’ disposal methods left unchecked, non-compliance with recommended disposal options 

was most likely to continue. None of the fumigators practised any of the five recommended 

methods in full. While 20 % of the fumigators could sell the empty tins to some battery dealers for 

recycling, they failed to triple rinse them before selling. As regards incineration, inertisation and 

encapsulation, no fumigator practised them.  Most likely, this may have been because fumigators 

were not even aware of these methods of disposal, especially the assistants who carried out most 

of the disposal. On the other hand, it may be that fumigators were only concerned with getting rid 

of storage pests, thereby not being interested in what happens after a successful fumigation, 

including disposal of fumigant residues.  

When asked why they think there was non-compliance to disposal methods, fumigators gave the 

following responses; 41.7 % mentioned negligence by fumigation personnel responsible; 29.2 % 
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incompetent personnel used; 8.3 % felt recommended methods were difficult to follow, 20.3 % 

felt that both use of incompetent personnel and negligence contributed to non-compliance while 

0.03 % were not sure of the reasons why.  This meant that 62 % of the fumigators agreed to either 

having incompetent personnel in fumigation activities or just being negligent as regards following 

regulations on disposal of fumigant residues. The fumigators together with their assistants may 

simply have been careless, not being interested in following regulations. This may be because the 

training provided to the assistants by the fumigators, may not be sufficient to help them realise the 

dangers behind unsafe disposal. It can be concluded that the recommended methods were not 

difficult to follow because only a minority 8.3 % felt they were difficult. The study established 

that about 21 % of fumigators were compliant with disposal methods while the remaining 79 % 

were not. ZEMA may lack the capacity to carry out regular checks to ensure compliance, either 

due to shortage of expertise or due to financial constraints. As such, it failed to penalise any 

fumigators in order to enforce the laws related to disposal of fumigation pesticide residues in 

Zambia. 

5.4 Chapter Summary 

Chapter 5 presented a detailed discussion of the findings of the study. Findings from fumigators, 

assistants and observations were presented together. 
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS 

6.1 Introduction 

In most African countries, environmental problems pose a great challenge. This was witnessed in 

the case of hazardous waste management including disposal of fumigation pesticide residues 

(Mungure, 2008). The last decades have seen growing concern about the improper disposal of 

fumigation pesticide wastes that potentially become a hazard to human health and the environment 

(Buczynska et al, 2005). Countries have stipulated disposal options for fumigators in line with 

national and international agreements. To effectively  comply with recommended disposal options, 

fumigators should understand the importance of fumigation pesticide residues in terms of humans’ 

health and the environment (Nkonge et al., 2012). 

The study sought to determine the chemical composition of the fumigant residues disposed of, the 

methods of disposal of the fumigation pesticide residues, establish compliance of fumigators with 

regulatory bodies in Zambia and finally develop recommendations on safe disposal methods for 

environmental regulatory bodies and fumigators. Results were obtained by means of laboratory 

analysis, structured questionnaires, interviews and observations. 

6.2 Conclusions 

Disposal of fumigation pesticide residues has emerged as an important human and environment 

health that both fumigators and the public may actually be exposed to. The Zambian fumigators 

were well trained by the Zambia Agricultural Research Institute in collaboration with the Zambia 

Environmental management Agency to carry out safe disposal of fumigation pesticide residues but 

they failed to make use of such knowledge acquired. Instead, disposal was mostly left to their 

assistants who due to lack of training, saw no need of safe disposal. 

The pesticide residues usually contained active aluminium phosphide at the time of disposal with 

a number of them having aluminium phosphide greater than the threshold value of 18 000ppm for 

flammability. On the other hand, samples tested revealed that all samples from three out of the 

four provinces visited were above the 2000 ppm lethal threshold level to humans. Regardless of 

this, disposal of fumigation pesticide residues was mostly done on open surfaces, in very shallow 
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pits or in the rubbish pit together with domestic wastes. Poor knowledge of the dangers on unsafe 

disposal and awareness of recommended disposal options, other than burying was observed, 

especially with the assistants.  

Most fumigators did not comply with recommended disposal options because of the use of 

assistants who were incompetent to carryout fumigation and also due to negligence by fumigation 

personnel. Apart from that, there was no central disposal system where fumigators could take their 

wastes for collection, so the closest that came to their mind was burial as encouraged by ZEMA.  

Meanwhile the containers disposed though punctured were usually not triple rinsed leaving them 

under the class of hazardous waste. 

The trend in disposal of fumigation pesticide residues was likely to continue because ZEMA rarely 

carried out inspections to determine whether fumigators complied with regulations on disposal of 

fumigant residues. Further, no known fumigator had ever been penalised for non-compliance. 

6.3 Recommendations 

In order to ensure that safe disposal of fumigation pesticide residues is realised, the following have 

been recommended; 

 

1) A protocol for placing of tablets, pellets and sachets should be outlined to allow aluminium 

phosphide to be fully spent, leaving it inert at the time of disposal. This will help bring the 

amount of aluminium phosphide in the residual powder to below the threshold value for 

human safety of 2000 ppm. Standard fumigant disposal protocols should also be devised 

and made available to the fumigators so that they can be reminded of the disposal options 

available and choose the one most applicable to them. 

 

2) Disposal of fumigation pesticide residues should always be conducted in the presence of 

trained fumigators. Even though assistants actually carry out the disposal, fumigators must 

always be present to ensure safe disposal. Just as the Zambia Agricultural Research 

Institute carries out inspection of every fumigation before it takes place, the mandate to 

ensure safe disposal of fumigation pesticide should also be given to ZARI instead of 
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ZEMA, who should also carry out safe disposal inspections. 

 

3) Regulating against burial of all containers should be done and a container management 

scheme that makes it easy for all users to return empty pesticide containers to the 

distributors of aluminium phosphide for further recycling should be done.  Monetary value 

should be added to every empty container returned to encourage fumigators to return the 

empty containers. Those who sell empty tins to battery and scrap metal dealers for 

recycling should be encouraged to continue doing so. This process should be formalised so 

that all can take advantage of it and assess the environmental impacts of doing so.  

 

4) Since the fumigant containers were refillable, the manufacturer could also reclaim them 

and refill with same product. This would benefit the manufacturer in that he would 

experience reduced cost of manufacturing a new container and reduced cost of their 

disposal.  

 

5) Another option is where, local councils or other collection agencies enter into an agreement 

with fumigators to collect empty containers on their behalf. Fumigators would thus able to 

deliver cleaned, that is, triple rinsed containers, free of any visible residue to designated 

collection points, where they can be inspected and either accepted or rejected.  

 

6) Regular health surveillance programs should be conducted of fumigators and their 

assistants who are exposed to fumigation pesticides and investigate as well as document 

any poisoning cases. 

 

7) Every effort should be made to publicize and create awareness on the dangers of unsafe 

disposal of fumigation pesticide residues. Fumigators and their assistants must be made 

aware of the importance and ways of protecting health and the environment through safe 

disposal of fumigant residues. All possible means for collecting reliable data, maintaining 

statistics on environmental contamination and adverse effects, and reporting specific 

incidents related to fumigation pesticides residues disposal must be utilised.  

 

8) Only suitably trained personnel should be allowed to carry out fumigation activities and 
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adequate resources should be made available to ensure regular checks are carried out to 

enhance compliance with regulatory authorities. 

 

9) After considering results of this study, a feasible policy framework that will allow 

fumigators dispose fumigant residues safely and without feeling any restraint should be 

devised in Zambia.   

 

10) Further studies on the disposal of fumigation pesticide residues in relation to the 

biochemical mechanism of action of aluminium phosphide in animals and aquatic life and 

effect on the crops grown must be conducted. 

 

11) As adopted from Scotts institutional theory, to avoid restraining fumigators from carrying 

out correct disposal methods, ZEMA should intensify their inspections to ensure the law is 

enforced and any fumigators that are non-compliant should be charged with penalty fees 

as stipulated in the Environmental Management Act.  
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APPENDICES 

APPENDIX I - QUESTIONNAIRE 

QUESTIONNAIRE 

 

Disposal of Fumigation Pesticide Residues in Zambia 

 

Dear Sir/Madam. You are kindly requested to take part in a research study conducted by Ms Tisah 

Ziwa, a Master of Engineering student at the University of Zambia, working under the 

supervision of Dr J. Nyirenda and Dr. E.M. Mwanaumo. 

 

She is interested in learning your disposal methods as your carry out fumigation. Please be advised 

that your responses will be treated with strict confidentiality and anonymity. The information 

provided will be used for research purposes only. We would appreciate if you provide us with 

answers to the best of your knowledge. Note that you can freely withdraw from participation 

without any implications whatsoever.  

 

You are among some 50 fumigators selected to take part in this study. Your voluntary participation 

is greatly appreciated. 

 

(Fill in or Tick where applicable) 

 

SECTION A: BIOLOGICAL DATA & COMPANY CHARACTERISTICS 

 

1. What is your gender?   

A. Male [  ]    B. Female [  ] 

 

2. What position do you hold in the company?   

A.  Company Owner [  ]      B. Pest Control officer [  ]    C.  Helper [  ]   

D. Other specify……………………………………………………   
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3. How many years has the company been practising fumigation.  

A. 0 – 5 years [  ] B. 6 - 10 years [  ] C. 11 – 15 years [  ] D.  over 15 years [  ] 

       

SECTION B: HANDLING, SAFETY AND DISPOSAL 

 

4.  Who is responsible for disposing of fumigant residues( e.g. powder, packaging material)  

A. ZEMA  [  ] 

B. Fumigator him/her self  [  ] 

C. Support personnel to fumigator  [   ] 

D. Others (specify)………………………………………………………………………. 

5. How are the containers of packages, contaminated materials and the residual fumigant 

powder disposed? 

 Always  Often Rarely  Not Sure 

Returned to company/distributor     

Thrown in open field     

Burned in a rubbish pit     

Buried in a 1m deep pit at home     

Buried in a 1m deep pit within 

the premises of fumigation area 

    

Thrown in the rubbish pit     

Stored for ZEMA to collect     

Others (specify)     

 

6. Do you triple rinse the empty containers before disposal?  

A. Yes [   ]  B.  No [   ] 

 

7. Do you puncture the empty containers on all sides including the underside before disposal? 

A.  Yes [   ]  B.  No [   ] 

 

      8. Do you flatten the empty containers before disposal?  

         A.  Yes [   ]  B.  No [   ] 
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 9. When using fumigation pesticides or being exposed to them, have you ever                                            

experienced any health problems?  

A.  Yes [  ]  B.  No [   ].  

If yes, please provide details…………………….......................................... 

……………………………………………………………………………………… 

……………………………………………………………………………………… 

10. What precautions do you undertake to remedy the symptoms? ……………………… 

 

11. Have you ever experienced or witnessed any accident as a result of unsafe disposal of 

fumigation pesticide residues in your operations?   

  A.  Yes [  ]  B.  No [  ] 

12. If yes to question 11 how many times have you had or witnessed such accidents?  

  A. Once [  ] B. Twice [  ]  C.  Thrice [  ] D. More than three times [  ] 

 

 13. Please provide details of what happened……………………………………………… 

 

14. What do you do with left over fumigation pesticide residues? 

  A.  Keep for re-use [  ] B.  Throw away [  ] C.  Sell [  ]  

D.  Give away [  ]  E.  Other 

specify……………………………………………………………………………… 

 

15. What do you do with expired fumigation chemicals? 

A.  Keep for re-use [  ] B.  Throw away [  ] C.  Sell [  ]  

D.  Give away [  ]  E.  Other specify……. 

16. Have all the workers engaged in fumigation ever received any formal training on safe 

handling and disposal of fumigation chemicals?  

  A.  Yes [  ] B.  No [  ] 

17. If yes, who provided the training? 

 A. Fumigator [   ] 

 B. Through work experience [   ] 

18. Does the Zambia Environmental Management Agency (ZEMA) carry out regular 

inspections on your fumigation activities to check for compliance on disposal methods? 
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  A.   Yes [  ] B.   No [  ] 

19. If so how many times do they do that per year?  

A.  Once [  ]  B.  Twice or more [  ]  C. Randomly [   ] 

20. What do you think is the reason why some fumigators may not comply with 

recommended disposal options? 

  A.   Negligence [  ]  

B.  Use of incompetent personnel in fumigation [  ]  

C. recommended methods are not easy to follow [   ]  

C.  Others 

(specify)………………………………………………………………… 

21. Has anyone you know or yourself ever been penalised for non-compliance on disposal 

methods. If yes what were the charges 

………………………………………………………………………………………………

……………………………………………………………………………………………… 

22. What suggestions do you give to improve the disposal of Fumigation chemical residues 

in Zambia?  

 

………………………………………………………………………………………………

……………………………………………………………………………………………… 

 

Thank you for your participation. 
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APPENDIX II: INTERVIEW GUIDE  

Interview Guide 

Disposal of Fumigation Pesticide Residues in Zambia 

Dear Sir/Madam. You are kindly requested to take part in a research study conducted by Ms Tisah 

Ziwa, a Master of Engineering student at the University of Zambia, working under the 

supervision of Dr J. Nyirenda and Dr. E.M. Mwanaumo. 

 

She is interested in learning your disposal methods as your carry out fumigation. Please be advised 

that your responses will be treated with strict confidentiality and anonymity. The information 

provided will be used for research purposes only. We would appreciate if you provide us with 

answers to the best of your knowledge. Note that you can freely withdraw from participation 

without any implications whatsoever.  

 

You are among some 50 assistants to fumigators involved in fumigation selected to take part in 

this study. Your voluntary participation is greatly appreciated. 

 

SECTION B: HANDLING, SAFETY AND DISPOSAL 

 

1. Who is responsible for disposing of fumigant residues in your company ( e.g. powder,     

packaging material) …………………………………………………………………………… 

 

2. How are the containers of packages, contaminated materials and the residual fumigant 

powder disposed?................................................................................................................... 

 

3. Do you triple rinse the empty containers before disposal? …………………………………. 

 

4. If so how do you dispose of the washings?.............................................................................. 

 

5. Do you puncture the empty containers on all sides including the underside before disposal? 

…………………………………………………………………………………………….. 
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6. Do you flatten the empty containers before disposal?........................................................... 

 

7. When using fumigation pesticides or being exposed to them, have you ever experienced 

any health problems……………………............................................................................... 

…………………………………………………………………………………………….. 

8. Have you experienced or witnessed any accident or witnessed any accident as a result of 

unsafe disposal of fumigation pesticide residues in your operations? 

……………………................................................................................................................ 

…………………………………………………………………………………………….. 

9. Does the Zambia Environmental Management Agency carry out regular inspections on 

your fumigation activities to check for compliance on disposal methods? 

……………………................................................................................................................ 

…………………………………………………………………………………………….. 

 

10. What do you think is the reason why some assistants may not comply with recommended 

disposal options?…………………….................................................................................. 

…………………………………………………………………………………………….. 

 

11.  Has any fumigator you know ever been penalised for non-compliance on disposal 

methods. …………………….................................................................................. 

 

12. What do you think is the reason why some assistants may not comply with recommended 

disposal options?…………………….................................................................................. 

…………………………………………………………………………………………….. 

13. What suggestions do you give to improve the disposal of Fumigation chemical residues in 

Zambia?........................................................................................................................... 

 

Thank you for your time 
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APPENDIX III: OBSERVATION GUIDE  

1. As respondents are speaking, observe non-verbal communication. 

2. Observe intently the non-verbal actions and rephrase the question if need arises. 

3. Record what the action might mean. 

4. With regard to the fumigation premises, check where pesticide residues such as containers, 

residual powder and contaminated materials are disposed. 

5. Are the pesticide residues buried according to the recommended methods? 

6. How is the general behavior of the fumigators upon visiting the disposal site? 

7. What do you notice within the fumigation premises, which might give information on the way 

fumigation pesticide residues are disposed? Record any useful information. 
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APPENDIX IV: CONSENT FORM 

As you may be aware, I am a student at the University of Zambia pursuing a Master of Engineering 

in Environmental Engineering. I am carrying out research with the title, “Disposal of Fumigation 

Pesticide Residues in Zambia”. I am going to ask you some questions in connection with disposal 

methods being practiced for pesticide residues. Please respond as honestly as you can and there 

are no wrong or right answers. Be assured that the information you provide will be used strictly 

for academic purposes and be held in the strictest confidentiality. You are free to withdraw your 

participation at any time if you so wish. 

 

 

……………………………SIGN     ………………………...DATE 

Tisah Ziwa 

 

Consent by Respondent 

 

 

Having read or heard the information concerning this study, I hereby voluntarily consent to be one 

of the respondents. In this regard, I reserve the right to withdraw my participation if need be or 

choose not to answer particular questions if necessary.  

 

Name: _________________________ 

……………………………SIGN     ………………………...DATE 

 

 


