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SECTION A (COMPULSORY) 

ITEM 1 

A regional hospital in western Uganda has become concerned about the 

increasing number of patients whose wounds take unusually long to heal after 

surgery. While some patients return to normal activity within a few weeks, 

others remain weak for months despite receiving similar medical treatment. 

Hospital administrators believe that the main problem is inadequate nutrition 

and have proposed providing expensive nutritional supplements to all surgical 

patients. Public health officers disagree and argue that poor sanitation and 

repeated infections are the major causes of delayed recovery. 

To guide future investment, researchers collected data from two groups of 

patients. 

Table 1: Characteristics of Recovering Patients 

Parameter Group A Group B 

Plasma protein concentration (g L⁻¹) 78 42 

ATP concentration (µmol g⁻¹ tissue) 9.4 3.1 

Active ribosomes (×10⁶ cell⁻¹) 12.0 4.5 

Mitotic index (%) 14 4 

Average wound closure rate (mm day⁻¹) 2.8 0.9 

Mitochondrial density per cell 350 140 

Haemoglobin (g dL⁻¹) 15.2 9.1 

Average intestinal infections per year 1 8 

The hospital has funding to implement only one major intervention programme 

over the next three years. 

Task 

Prepare a scientific advisory report for the hospital board in which you identify 

the most likely factors limiting recovery, assess the strengths and weaknesses of 
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the competing viewpoints, and recommend how the available resources should 

be used to achieve the greatest improvement in patient outcomes. 

The findings indicate that delayed recovery among Group B patients is not 

caused by a single factor but by the interaction of poor nutrition, reduced 

cellular energy production, anaemia, impaired protein synthesis, low rates of 

cell division, and recurrent infections. These factors collectively limit the 

body's ability to repair damaged tissues after surgery. The evidence therefore 

suggests that both hospital administrators and public health officers are 

partially correct, although the data show that recurrent infections appear to 

be the major underlying factor that aggravates the nutritional and 

physiological deficiencies observed in Group B.  

One of the most important differences between the two groups is the 

concentration of plasma proteins. Group A had a plasma protein 

concentration of 78 gL⁻¹, whereas Group B had only 42 gL⁻¹. Plasma proteins 

are essential for wound healing because amino acids derived from proteins 

are used to synthesize collagen fibres, enzymes, antibodies, hormones and 

new cellular structures required during tissue repair. When protein levels are 

low, fewer raw materials are available for rebuilding damaged tissues. 

Consequently, wounds close more slowly and recovery is prolonged. The low 

plasma protein concentration observed in Group B therefore indicates that 

these patients are likely suffering from inadequate protein nutrition, poor 

absorption of nutrients, or excessive loss of proteins during illness. 

The ATP concentration provides further evidence that cellular repair 

processes are severely limited in Group B. ATP is the universal energy 

currency of the cell and supplies energy for active transport, protein synthesis, 

cell division, immune responses and tissue regeneration. Group A recorded an 

ATP concentration of 9.4 µmol g⁻¹ tissue, while Group B had only 3.1 µmol g⁻¹ 

tissue. This substantial reduction means that cells in Group B have 

insufficient energy to sustain the demanding metabolic activities required 

during healing. As a result, tissue repair processes occur more slowly and less 

efficiently. 

The lower ATP concentration is closely linked to the difference in 

mitochondrial density between the two groups. Group A had 350 mitochondria 

per cell, compared with only 140 mitochondria per cell in Group B. Since 

mitochondria are the sites of aerobic respiration, cells with more 

mitochondria can generate larger amounts of ATP. The reduced 

mitochondrial density in Group B therefore contributes directly to the lower 

ATP levels observed. Fewer mitochondria mean less aerobic respiration and 

consequently less energy available for recovery. 

Another important observation concerns ribosome activity. Group A possessed 

12.0 ×10⁶ active ribosomes per cell, while Group B had only 4.5 ×10⁶ active 

ribosomes per cell. Ribosomes are the cellular structures responsible for 
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protein synthesis. They translate genetic information into proteins required 

for growth, tissue repair and enzyme production. The markedly lower number 

of active ribosomes in Group B indicates reduced protein synthesis. This 

means fewer collagen fibres, repair enzymes, antibodies and structural 

proteins are produced, thereby slowing wound healing and reducing recovery 

rates. 

The effects of reduced protein synthesis are reflected in the mitotic index 

values. The mitotic index represents the proportion of cells undergoing cell 

division at a particular time. Group A had a mitotic index of 14%, whereas 

Group B recorded only 4%. Healing requires rapid cell division to replace 

damaged tissues. A lower mitotic index indicates fewer cells are dividing and 

therefore tissue regeneration proceeds more slowly. This helps explain why 

Group B exhibited a wound closure rate of only 0.9 mm day⁻¹, compared with 

2.8 mm day⁻¹ in Group A. 

Haemoglobin concentration also plays a crucial role in recovery. Group A 

recorded 15.2 g dL⁻¹, while Group B had only 9.1 g dL⁻¹. Haemoglobin 

transports oxygen from the lungs to body tissues. Oxygen is required for 

aerobic respiration and ATP production. Reduced haemoglobin levels 

indicate anaemia, which decreases oxygen delivery to tissues. Consequently, 

ATP production declines and healing slows. Furthermore, tissues receiving 

inadequate oxygen may become hypoxic, further delaying regeneration and 

increasing susceptibility to infection. 

The strongest evidence supporting the public health officers’ viewpoint is the 

frequency of intestinal infections. Group B experienced 8 infections per year, 

whereas Group A experienced only 1 infection per year. Frequent infections 

can severely impair recovery in several ways. First, pathogens consume 

nutrients that would otherwise be used for healing. Second, the immune 

response itself requires large amounts of energy and nutrients. Third, 

intestinal infections reduce nutrient absorption by damaging the intestinal 

lining, leading to deficiencies in proteins, vitamins and minerals required for 

tissue repair. Therefore, recurrent infections may be the root cause of many 

of the physiological deficiencies observed in Group B. 

The hospital administrators are therefore correct in arguing that nutrition 

affects recovery. The low plasma protein levels, reduced ATP concentration, 

decreased ribosome activity and lower haemoglobin concentration all 

demonstrate the importance of adequate nutrition in healing. However, their 

proposal to provide expensive nutritional supplements to all patients may not 

address the fundamental cause of the problem. If recurrent infections 

continue, many nutrients provided through supplementation may still be 

poorly absorbed or diverted to fighting disease. 

The public health officers’ argument appears stronger because it addresses 

the likely underlying cause. Recurrent infections can simultaneously reduce 
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nutrient absorption, increase nutrient losses, elevate energy demands and 

impair tissue repair. By reducing infection rates, many of the nutritional and 

physiological problems may improve naturally. However, sanitation 

improvements alone may not fully solve the problem if some patients remain 

nutritionally deficient. Therefore, neither viewpoint alone completely 

addresses the issue. 

Based on the available evidence, the most effective use of the hospital's 

limited funding would be to prioritize infection prevention and sanitation 

programmes while providing targeted nutritional support to high-risk patients 

rather than expensive supplements for everyone. Resources should be invested 

in improving water quality, promoting hand hygiene, strengthening infection 

control measures, enhancing sanitation facilities, and providing health 

education on disease prevention. Such interventions would reduce the 

frequency of intestinal infections, improve nutrient absorption and allow the 

body to allocate more resources toward healing. 

If current conditions remain unchanged, recovery rates will continue to be 

poor, surgical complications will increase, hospital stays will become longer, 

healthcare costs will rise and patient productivity will decline. Recurrent 

infections may also contribute to higher mortality rates among vulnerable 

patients. Over time, the healthcare system may experience increased strain 

due to repeated admissions and prolonged treatment periods. 

In conclusion, the evidence demonstrates that delayed recovery in Group B 

results from the interaction of nutritional deficiencies and recurrent 

infections, with infections appearing to be the primary factor driving many of 

the observed physiological problems. Therefore, the hospital should prioritize 

sanitation and infection-control measures while complementing them with 

targeted nutritional interventions. This integrated approach is most likely to 

produce the greatest improvement in patient outcomes, reduce healthcare 

costs and promote long-term community health. 

ITEM 2 

A seed company has developed two bean varieties intended for distribution in 

districts increasingly affected by drought and unpredictable rainfall. During 

field trials, farmers reported contrasting experiences with the two varieties. 

Table 2: Performance of Two Bean Varieties 

Parameter Variety X Variety Y 

Average stomatal density (mm⁻²) 420 180 

Cuticle thickness (µm) 5 18 

Root depth (cm) 25 70 

Leaf hairs (per cm²) 15 95 

Photosynthetic rate at 25°C 42 30 
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Photosynthetic rate at 38°C 15 26 

Yield during severe drought (tons ha⁻¹) 0.8 3.6 

Yield during normal rainfall (tons ha⁻¹) 4.4 3.8 

The company intends to discontinue one variety and invest exclusively in the 

other. 

Task 

Examine the evidence and advise the company on whether its proposed decision 

is justified. In your response, consider the interests of farmers operating under 

different environmental conditions and predict the possible consequences of the 

decision over the next decade. 

The results of the field trials show that the two bean varieties possess different 

structural and physiological adaptations which enable them to perform 

differently under varying environmental conditions. The data indicate that 

Variety X is better suited to favourable conditions with adequate rainfall, 

whereas Variety Y is more adapted to drought-prone environments. 

Therefore, the company's proposal to discontinue one variety and invest 

exclusively in the other is not scientifically justified because each variety 

serves an important role in ensuring agricultural productivity under different 

climatic conditions.  

A comparison of stomatal density provides the first indication of how the two 

varieties differ in their adaptation to water availability. Variety X has a 

stomatal density of 420 stomata mm⁻², whereas Variety Y has only 180 stomata 

mm⁻². Stomata are pores through which carbon dioxide enters the leaf for 

photosynthesis, but they are also the major sites of water loss through 

transpiration. The high stomatal density in Variety X allows greater uptake of 

carbon dioxide under favourable conditions, leading to higher photosynthetic 

rates and faster growth. However, the same adaptation increases water loss, 

making the plant vulnerable during drought. In contrast, the lower stomatal 

density in Variety Y reduces water loss, enabling the plant to conserve water 

and survive under dry conditions. 

The difference in cuticle thickness further explains the contrasting 

performance of the two varieties. Variety X possesses a thin cuticle of 5 µm, 

whereas Variety Y has a much thicker cuticle of 18 µm. The cuticle is a waxy 

waterproof layer covering the leaf surface that reduces evaporation. A thicker 

cuticle provides greater protection against water loss and is characteristic of 

plants adapted to dry environments. Consequently, Variety Y is better able to 

retain water during periods of high temperature and low rainfall. The thin 

cuticle of Variety X offers less resistance to water loss, making it less suited to 

drought conditions. 
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Root depth also contributes significantly to the differences observed. Variety 

X develops roots reaching only 25 cm, while Variety Y develops roots 

extending to 70 cm. Deep roots enable plants to access moisture stored in 

deeper soil layers even when the surface soil becomes dry. Variety Y can 

therefore continue absorbing water during drought periods when shallow-

rooted plants such as Variety X may experience severe water stress. This 

adaptation gives Variety Y a major survival advantage in areas experiencing 

irregular rainfall. 

The presence of leaf hairs further enhances drought tolerance in Variety Y. 

The variety possesses 95 leaf hairs per cm², compared to only 15 hairs per cm² 

in Variety X. Leaf hairs trap a layer of still, humid air around the leaf 

surface, reducing the rate of transpiration. They may also reflect excess solar 

radiation, lowering leaf temperature and reducing evaporation. Therefore, the 

numerous hairs present in Variety Y contribute significantly to water 

conservation and drought resistance. 

The effects of these structural differences become evident when examining 

photosynthetic performance at different temperatures. At 25°C, Variety X 

records a photosynthetic rate of 42 units, compared with 30 units for Variety 

Y. Under moderate temperatures and adequate water supply, Variety X is 

therefore more productive because its high stomatal density allows rapid 

carbon dioxide uptake. However, when temperatures increase to 38°C, the 

photosynthetic rate of Variety X drops dramatically to 15 units, while Variety 

Y maintains a much higher rate of 26 units. This decline in Variety X is likely 

due to excessive water loss causing stomatal closure. Once stomata close, 

carbon dioxide uptake decreases, limiting photosynthesis. Variety Y is able to 

continue photosynthesizing efficiently because its drought-resistant features 

help maintain water balance. 

The differences in yield provide direct evidence of the agricultural 

significance of these adaptations. During severe drought, Variety X yields 

only 0.8 tons ha⁻¹, whereas Variety Y produces 3.6 tons ha⁻¹, more than four 

times as much. This demonstrates that Variety Y possesses superior drought 

tolerance and can maintain productivity under harsh environmental 

conditions. For farmers in drought-prone districts, Variety Y would therefore 

provide greater food security and economic stability. 

Under normal rainfall conditions, however, Variety X outperforms Variety Y, 

producing 4.4 tons ha⁻¹ compared with 3.8 tons ha⁻¹. This indicates that 

Variety X has a greater yield potential when water is not limiting. Farmers 

operating in regions with reliable rainfall would therefore benefit more from 

Variety X because it can maximize production under favourable conditions. 

The evidence suggests that the two varieties represent different adaptation 

strategies. Variety X can be described as a high-yielding variety adapted to 

favourable environmental conditions, while Variety Y is a stress-tolerant 
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variety adapted to drought conditions. Neither variety is universally superior. 

Their value depends on the environmental conditions under which they are 

grown. 

The company's proposal to discontinue one variety therefore presents several 

risks. If Variety X is retained and Variety Y is eliminated, farmers in drought-

prone regions may suffer severe yield losses during dry seasons, increasing 

food insecurity and economic vulnerability. On the other hand, if Variety Y is 

retained and Variety X is eliminated, farmers in high-rainfall areas may lose 

access to a higher-yielding variety, reducing overall national production. In 

both cases, genetic diversity within the crop population would decline, 

reducing resilience to future environmental changes. 

Climate projections suggest that many regions will experience increasing 

temperatures, more frequent droughts and less predictable rainfall patterns 

over the coming decade. Under such conditions, demand for drought-tolerant 

varieties such as Variety Y is likely to increase. However, climate variability 

means that some regions will continue to experience favourable growing 

conditions where Variety X can achieve superior yields. Consequently, 

maintaining both varieties would provide greater flexibility in responding to 

future climatic uncertainties. 

Rather than discontinuing either variety, the company should adopt a 

regional distribution strategy. Variety Y should be promoted in semi-arid and 

drought-prone districts where water scarcity frequently limits production. 

Variety X should be recommended for areas with reliable rainfall and 

moderate temperatures where its high yield potential can be fully exploited. 

This approach would maximize productivity across different agro-ecological 

zones. 

The company should also invest in breeding programmes aimed at combining 

the desirable traits of both varieties. Developing a variety that possesses the 

drought tolerance of Variety Y together with the high photosynthetic 

efficiency and productivity of Variety X would provide a long-term solution to 

climate-related agricultural challenges. 

Furthermore, extension services should educate farmers about matching crop 

varieties to local environmental conditions. Appropriate variety selection can 

improve yields, reduce production risks and enhance resilience to climate 

change. Water conservation practices such as mulching, rainwater harvesting 

and soil moisture management should also be promoted alongside the use of 

drought-tolerant varieties. 

In conclusion, the evidence demonstrates that the proposed decision to invest 

exclusively in one variety is not justified. Variety X and Variety Y are adapted 

to different environmental conditions and both contribute to national food 

security. Maintaining both varieties, distributing them according to regional 



SSEMATIMBA GODFREY 8 

0756341741 

climatic conditions, and investing in future breeding programmes would 

provide the most sustainable strategy for improving agricultural productivity 

and resilience over the next decade 

SECTION B 

PART I 

Answer ONE item only 

 

ITEM 3 

A transport company operating long-distance buses has recorded an increase in 

road accidents over the last five years. The company commissioned an 

investigation after noticing that many of the drivers involved in accidents 

appeared healthy during routine medical examinations. 

Researchers compared drivers with excellent safety records and drivers 

frequently involved in accidents. 

Table 3: Findings from Driver Assessments 

Parameter Safe Drivers High-Risk Drivers 

Average reaction time (ms) 260 490 

Blood alcohol concentration (%) 0.00 0.07 

Sleep duration (hours day⁻¹) 7.5 4.2 

Pulse rate (beats min⁻¹) 72 102 

Stress hormone level (relative units) 1.2 4.8 

Number of road accidents per year 0.2 3.5 

Average concentration span (minutes) 45 12 

Sick leave days per year 3 19 

Following publication of the report, some drivers argued that energy drinks and 

stimulants allow them to compensate for lack of sleep and remain fully alert. 

Task 

Using the information provided, assess the credibility of the drivers’ claim and 

advise the company on how it should reduce accident rates while maintaining 

transport efficiency and driver welfare. 

The findings from the investigation strongly indicate that the increasing rate 

of road accidents among the company's drivers is primarily associated with 

inadequate sleep, alcohol consumption, elevated stress levels and reduced 

concentration. Although some drivers claim that energy drinks compensate 
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for sleep deprivation, the data demonstrate that energy drinks cannot replace 

the essential physiological functions of sleep. The evidence therefore suggests 

that the company should prioritize measures aimed at improving driver rest, 

reducing stress and preventing alcohol use rather than relying on stimulants 

as a solution. 

One of the most significant differences between the two groups is the average 

number of hours slept per day. Drivers classified as high-risk slept for only 

4.2 hours per day, whereas drivers classified as safe averaged 7.5 hours per 

day. Sleep is essential for the restoration of nervous system function, memory 

consolidation, maintenance of attention and coordination of motor activities. 

During sleep, neurons recover from the continuous stimulation experienced 

during waking hours, allowing efficient communication within the nervous 

system. Insufficient sleep impairs cognitive processing, decision-making and 

sensory perception. Consequently, drivers who consistently sleep for only a 

few hours become less capable of responding appropriately to road situations, 

increasing the likelihood of accidents. 

The effect of sleep deprivation is clearly reflected in the reaction time 

measurements. High-risk drivers recorded an average reaction time of 490 

milliseconds, compared with 260 milliseconds among safe drivers. Reaction 

time refers to the period between perceiving a stimulus and initiating a 

response. Safe driving requires rapid detection of hazards such as pedestrians, 

animals, obstacles or sudden changes in traffic conditions. Sleep deprivation 

slows the transmission of nerve impulses within the central nervous system 

and reduces the speed at which sensory information is processed. As a result, 

high-risk drivers take almost twice as long to respond to potential dangers. 

Even a delay of a fraction of a second can significantly increase stopping 

distance and the probability of collision, especially at high speeds. 

The investigation also revealed important differences in blood alcohol 

concentration. High-risk drivers had an average blood alcohol concentration 

of 0.07%, whereas safe drivers had no detectable alcohol in their blood. 

Alcohol is a central nervous system depressant that interferes with synaptic 

transmission between neurons. It slows the rate at which nerve impulses are 

transmitted, reduces alertness and impairs judgement. Alcohol also affects the 

cerebellum, the region of the brain responsible for coordination and balance. 

Consequently, drivers under the influence of alcohol experience delayed 

reactions, poor decision-making and reduced control of vehicle movements. 

Even relatively low levels of alcohol can significantly increase accident risk 

because the driver may underestimate danger and overestimate their ability to 

control the vehicle. 

The concentration span data provide further evidence of impaired cognitive 

performance among high-risk drivers. These drivers could maintain attention 

for only 12 minutes, compared with 45 minutes among safe drivers. 
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Concentration is essential for continuous monitoring of road conditions, 

traffic signs and vehicle performance. When concentration span decreases, 

drivers become more prone to distractions and are more likely to miss 

important visual or auditory cues. This condition is particularly dangerous 

during long journeys where sustained attention is required. The reduced 

concentration span observed among high-risk drivers suggests mental fatigue, 

which further increases accident risk. 

Stress hormone levels were also substantially higher among the high-risk 

drivers. The average stress hormone index was 4.8 units, compared with only 

1.2 units among safe drivers. Stress activates the sympathetic nervous system 

and stimulates the release of hormones such as adrenaline and cortisol. While 

short-term stress may temporarily improve alertness, chronic stress has 

negative effects on physical and mental performance. Prolonged exposure to 

stress hormones causes fatigue, sleep disturbances, anxiety and reduced 

concentration. High stress levels may therefore contribute both directly and 

indirectly to the poor driving performance observed among high-risk drivers. 

The drivers’ claim that energy drinks can compensate for sleep deprivation is 

not supported by biological evidence. Energy drinks usually contain caffeine 

and other stimulants that temporarily increase alertness by stimulating the 

central nervous system. Caffeine blocks adenosine receptors in the brain, 

reducing feelings of tiredness for a short period. However, energy drinks do 

not replace the physiological functions of sleep. They cannot restore neuronal 

recovery, memory processing, hormonal balance or tissue repair that 

normally occur during sleep. Consequently, although drivers may temporarily 

feel more awake after consuming an energy drink, the underlying effects of 

sleep deprivation remain. This creates a false sense of alertness that may 

actually increase risk because drivers may believe they are capable of 

functioning normally when their cognitive abilities are still impaired. 

The interaction between sleep deprivation, alcohol consumption and stress 

creates particularly dangerous conditions. Sleep deprivation slows reaction 

time and reduces concentration. Alcohol further depresses nervous system 

activity and impairs judgement. Chronic stress contributes to fatigue and poor 

decision-making. Together, these factors produce a cumulative effect that 

greatly increases accident risk. Therefore, addressing only one factor is 

unlikely to produce substantial improvements unless the others are also 

controlled. 

If the current situation continues, the company is likely to experience 

increasing numbers of road accidents, higher vehicle repair costs, rising 

insurance premiums and reduced public confidence in its services. Driver 

injuries and fatalities may increase, leading to legal liabilities and loss of 

experienced personnel. Productivity may also decline because fatigued drivers 

are generally less efficient and more likely to require medical leave. 
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To improve safety, the company should implement a comprehensive fatigue-

management programme. Drivers should be required to obtain adequate rest 

before beginning long journeys, and work schedules should be adjusted to 

prevent excessive working hours. Mandatory rest periods should be enforced, 

particularly for drivers undertaking long-distance routes. Scientific evidence 

shows that adequate sleep improves reaction time, concentration and 

decision-making ability. 

The company should also establish strict alcohol-control policies. Regular 

alcohol testing before duty, combined with disciplinary measures for 

violations, would help reduce the risks associated with impaired driving. 

Educational programmes should be introduced to increase awareness of how 

alcohol affects nervous system function and road safety. 

Stress management interventions should also be implemented. Counselling 

services, workload management, mental health support and recreational 

programmes can help reduce chronic stress among drivers. Lower stress 

levels would improve concentration, sleep quality and overall performance. 

Health education campaigns should discourage reliance on energy drinks as 

a substitute for sleep. Drivers should be educated about proper sleep hygiene, 

balanced nutrition and healthy lifestyle practices that support nervous system 

function. Employers should encourage behaviours that promote genuine 

recovery rather than temporary stimulation. 

In conclusion, the evidence demonstrates that the high accident risk among 

certain drivers results primarily from inadequate sleep, alcohol consumption, 

elevated stress levels and reduced concentration. Energy drinks may provide 

temporary stimulation but cannot replace the biological functions of sleep. 

Therefore, the most effective strategy for improving road safety is to prioritize 

adequate rest, stress reduction, alcohol control and driver education. Such 

measures will enhance nervous system performance, reduce accidents and 

improve the overall wellbeing of employees and the communities they serve. 

 

ITEM 4 

A fishing community located along Lake Kyoga has experienced persistent 

respiratory illnesses among children despite maintaining one of the highest 

vaccination coverage rates in the region. 

A community survey produced the following findings. 

Table 4: Household and Health Indicators 
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Parameter Well-Ventilated 

Homes 

Poorly Ventilated 

Homes 

Carbon monoxide concentration 

(ppm) 

8 95 

Oxyhaemoglobin (%) 97 79 

White blood cell count (cells 

µL⁻¹) 

7100 4700 

Respiratory infection rate (%) 8 43 

Average lung capacity (L) 4.7 3.1 

School absenteeism (%) 5 34 

Average charcoal consumption 

(kg week⁻¹) 

8 21 

Local leaders have enough funds to support only one of the following 

programmes: 

 Construction of improved cooking facilities 

 Expansion of vaccination campaigns 

 Provision of free medicines 

Task 

Advise the community leaders on which programme should receive priority 

funding and justify your recommendation using evidence from the investigation. 

Predict the likely outcomes of each option over the next five years. 

The findings from the investigation strongly indicate that indoor air pollution 

resulting from the use of charcoal in poorly ventilated homes is the major 

factor responsible for the high rates of respiratory illness observed in the 

community. The data demonstrate that prolonged exposure to smoke and 

carbon monoxide significantly impairs oxygen transport, weakens immune 

defence mechanisms and increases susceptibility to respiratory infections. 

Although vaccination remains important in preventing specific infectious 

diseases, the evidence suggests that improving household ventilation and 

reducing smoke exposure would have a greater impact on overall respiratory 

health in this community. 

One of the most striking differences between the two groups is the 

concentration of carbon monoxide (CO) in the household environment. 

Poorly ventilated homes recorded an average concentration of 95 ppm, while 

well-ventilated homes recorded only 8 ppm. Carbon monoxide is a colourless 

and odourless gas produced during incomplete combustion of fuels such as 

charcoal. When inhaled, carbon monoxide enters the bloodstream through 

the lungs and binds strongly to haemoglobin. In fact, carbon monoxide has a 

much greater affinity for haemoglobin than oxygen. As a result, it forms 

carboxyhaemoglobin, preventing haemoglobin from transporting oxygen 
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efficiently. Therefore, individuals living in poorly ventilated homes are 

continuously exposed to a gas that interferes directly with oxygen delivery to 

body tissues. 

The consequences of carbon monoxide exposure are evident in the 

oxyhaemoglobin measurements. Residents in well-ventilated homes had an 

oxyhaemoglobin level of 97%, whereas those living in poorly ventilated homes 

recorded only 79%. Oxyhaemoglobin represents haemoglobin carrying 

oxygen. A reduction from 97% to 79% indicates a substantial decline in the 

blood's oxygen-carrying capacity. Since oxygen is essential for aerobic 

respiration, reduced oxygen transport results in decreased ATP production by 

body cells. Consequently, individuals may experience fatigue, headaches, 

dizziness, reduced physical performance and poor overall health. Chronic 

oxygen deficiency can also impair the function of vital organs including the 

brain, heart and lungs. 

The reduced oxygen supply has important implications for the respiratory 

system itself. When tissues receive insufficient oxygen, the body attempts to 

compensate by increasing the rate and depth of breathing. However, 

continued exposure to smoke particles causes irritation and inflammation of 

the respiratory tract. Fine particulate matter from charcoal smoke damages 

the ciliated epithelium lining the airways, reducing the ability of the 

respiratory system to remove mucus, dust and microorganisms. This creates 

favourable conditions for respiratory infections and chronic lung disease. 

The data also reveal a significant difference in immune function. Residents of 

poorly ventilated homes had an average white blood cell count of 4700 cells 

µL⁻¹, compared to 7100 cells µL⁻¹ among residents of well-ventilated homes. 

White blood cells play a crucial role in protecting the body against infections 

by identifying and destroying pathogens. A lower white blood cell count 

suggests reduced immune competence, making individuals more vulnerable to 

bacterial, viral and fungal infections. Chronic exposure to pollutants can 

suppress immune function either directly through toxic effects on immune 

cells or indirectly through nutritional stress and prolonged inflammation. 

Therefore, the lower white blood cell count observed in residents exposed to 

indoor smoke helps explain the higher incidence of respiratory disease. 

The effect of impaired immunity is reflected in the respiratory infection rates 

recorded during the study. Poorly ventilated homes experienced a respiratory 

infection rate of 43%, compared with only 8% in well-ventilated homes. This 

means that individuals living in smoky indoor environments were more than 

five times as likely to suffer respiratory infections. The combination of 

damaged respiratory tissues, impaired mucus clearance, reduced oxygen 

supply and weakened immune defence creates ideal conditions for pathogens 

to establish infections within the respiratory tract. 
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Another important factor is the amount of charcoal consumed. Households 

with poor ventilation used approximately 21 kg of charcoal per week, 

compared with 9 kg per week in better-ventilated homes. Greater charcoal 

consumption results in increased smoke production and prolonged exposure 

to harmful pollutants. This further increases carbon monoxide accumulation 

and respiratory irritation. Consequently, high charcoal use amplifies the 

health risks associated with poor ventilation. 

The evidence suggests that the root cause of the health problem is 

environmental rather than immunological. Some community leaders have 

suggested prioritising vaccination campaigns as the main intervention. While 

vaccination is valuable in protecting against specific infectious diseases such 

as tuberculosis, measles or influenza, vaccines cannot prevent damage caused 

by smoke inhalation or carbon monoxide exposure. A person may be fully 

vaccinated yet still develop chronic respiratory irritation, reduced oxygen 

transport and pollution-related infections. Therefore, vaccination alone would 

not adequately address the major cause of illness identified in this study. 

The proposal to invest in improved cooking facilities and ventilation systems 

is strongly supported by the data. Improved stoves burn fuel more efficiently, 

producing less smoke and less carbon monoxide. Chimneys and ventilation 

structures allow pollutants to escape from the home before they accumulate to 

harmful levels. By reducing indoor pollution, such interventions would 

improve oxygen transport, preserve respiratory tissue integrity and reduce 

infection risk. 

The community should therefore prioritize the adoption of improved 

cookstoves, installation of windows and ventilation openings, use of cleaner 

fuels where possible, and separation of cooking areas from living and 

sleeping spaces. Households should also be educated about the dangers of 

indoor air pollution and encouraged to avoid prolonged exposure to smoke, 

especially among children, pregnant women and the elderly who are 

particularly vulnerable. 

Tree planting programmes could also contribute to long-term improvements 

in air quality by reducing dependence on charcoal and promoting 

environmental sustainability. In addition, regular health screening should be 

introduced to identify individuals suffering from chronic respiratory 

conditions so that treatment can begin early. 

If current conditions persist, respiratory disease rates are likely to increase 

further. Chronic exposure to carbon monoxide and smoke may lead to long-

term conditions such as chronic bronchitis, chronic obstructive pulmonary 

disease (COPD), reduced lung function and cardiovascular complications. 

Healthcare costs will rise, productivity will decline and the quality of life of 

community members will deteriorate. 
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In conclusion, the evidence clearly demonstrates that poor household 

ventilation and excessive exposure to charcoal smoke are the primary causes 

of respiratory illness in this community. Carbon monoxide reduces oxygen 

transport by binding to haemoglobin, while smoke damages respiratory tissues 

and weakens immune defences. Although vaccination remains important, the 

most effective use of resources would be to improve household ventilation, 

promote cleaner cooking technologies and educate the community about the 

health risks of indoor air pollution. These interventions would address the 

root cause of the problem and provide sustainable improvements in public 

health. 

PART II 

Answer ONE item only 

ITEM 5 

Farmers in Luwero District have relied on a single pesticide to control 

caterpillars attacking cabbage crops for more than ten years. Initially, yields 

improved substantially. However, production has steadily declined despite 

increasing pesticide use. 

Table 5: Changes Recorded Over Ten Years 

Year Resistant Caterpillars 

(%) 

Yield Loss 

(%) 

Predator Abundance 

Index 

1 4 3 90 

3 12 8 70 

6 38 18 45 

10 81 47 15 

Investigators also found that most hedgerows surrounding farms had been 

cleared to create more land for cultivation. 

Task 

Prepare a briefing for district agricultural officials explaining the likely causes 

of the observed trends, predicting future developments if current practices 

continue, and recommending actions that would improve both agricultural 

productivity and long-term environmental sustainability. 

BRIEFING REPORT TO DISTRICT AGRICULTURAL OFFICIALS ON PESTICIDE RESISTANCE AND 

SUSTAINABLE PEST MANAGEMENT 

The data collected over the ten-year period indicate that the pest population 

has undergone significant evolutionary change, resulting in widespread 

pesticide resistance and increasing crop losses. The findings demonstrate that 
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repeated use of the same pesticide has created strong selection pressure 

favouring resistant individuals, while the decline in natural predators has 

accelerated the spread of resistance within the pest population. If current 

practices continue, crop production will become increasingly unsustainable, 

production costs will continue to rise and food security within the district may 

be seriously threatened. Therefore, an integrated pest management approach 

is required to restore ecological balance and maintain agricultural 

productivity. 

The most striking trend in the data is the steady increase in the frequency of 

resistant pests. In Year 1, only 4% of the pest population was resistant to the 

pesticide. By Year 5, resistance had increased to 38%, and by Year 10, it had 

reached 81%. This pattern is best explained by the process of natural 

selection. Within any pest population, genetic variation exists naturally due to 

mutations and recombination during reproduction. Some individuals possess 

genes that confer resistance to pesticides, while others remain susceptible. 

When pesticides are applied, susceptible pests are killed while resistant 

individuals survive. Because these survivors face less competition for food, 

space and mates, they reproduce successfully and pass the resistance genes to 

their offspring. Over successive generations, the proportion of resistant 

individuals increases within the population. Consequently, the pesticide 

becomes progressively less effective because a larger proportion of the 

population is capable of surviving exposure. The increase from 4% to 81% 

resistance therefore provides clear evidence of evolution through natural 

selection occurring within the pest population. 

The increase in resistance is closely associated with the rise in crop yield 

losses. During Year 1, cassava yield loss was only 3%, indicating that the 

pesticide was highly effective in controlling the pest population. However, by 

Year 5 yield losses had increased to 18%, and by Year 10 they had reached 

47%. As resistance became more common, larger numbers of pests survived 

pesticide application and continued feeding on crops. Consequently, crop 

damage increased despite continued pesticide use. This trend demonstrates 

how resistance directly undermines agricultural productivity and food 

security. 

The economic consequences are also evident from the increasing pesticide 

costs. Farmers spent approximately UGX 1.5 million on pesticides in Year 1, 

but expenditure increased to UGX 7 million by Year 5 and UGX 15 million by 

Year 10. As pesticides became less effective, farmers likely responded by 

increasing application frequency, applying larger doses or purchasing more 

expensive chemicals. However, these responses often intensify selection 

pressure, accelerating the development of resistance. Therefore, increasing 

pesticide use may paradoxically worsen the problem while simultaneously 

increasing production costs. 
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Another important observation is the dramatic decline in predator abundance. 

The predator abundance index decreased from 90 in Year 1 to 45 in Year 5 

and only 15 in Year 10. Predators such as birds, lizards, spiders and parasitic 

insects naturally help regulate pest populations by feeding on them. When 

predator populations decline, fewer pests are removed from the ecosystem 

through natural biological control. Consequently, pest populations can 

increase rapidly. 

The decline in predator numbers is likely linked to habitat destruction and 

environmental degradation. Farmers reported removal of hedgerows, 

destruction of vegetation and hunting of insect-eating animals. Such activities 

reduce shelter, breeding sites and food resources for predators. As predator 

populations decrease, the natural ecological mechanisms that regulate pests 

become weakened. 

The reduction in predator populations has likely accelerated the spread of 

pesticide resistance in several ways. First, predators normally consume both 

resistant and susceptible pests, helping to keep overall pest numbers low. 

When predators disappear, more resistant individuals survive and reproduce. 

Second, larger pest populations require more pesticide applications, 

increasing selection pressure for resistance. Third, the absence of biological 

control means that resistant individuals can multiply rapidly without natural 

regulation. Therefore, declining predator populations contribute both to 

increasing pest abundance and to the faster spread of resistance genes. 

The situation illustrates the importance of ecosystem balance in agriculture. 

A healthy ecosystem contains numerous interactions between predators, prey 

and other organisms that naturally regulate populations. When these 

ecological relationships are disrupted, pest outbreaks become more common 

and farmers become increasingly dependent on chemical control methods. 

Unfortunately, excessive reliance on chemicals often creates new problems 

such as resistance, environmental pollution and biodiversity loss. 

If current trends continue, resistance frequencies may eventually approach 

100%, rendering the pesticide virtually useless. Crop losses would continue to 

increase, forcing farmers to spend even more money on pest control while 

obtaining lower yields. This would reduce farm profitability, threaten 

household incomes and potentially contribute to food shortages within the 

district. 

To address the problem, district officials should promote an Integrated Pest 

Management (IPM) strategy. IPM combines biological, cultural, physical and 

chemical control methods in a coordinated manner to reduce pest populations 

while minimizing the development of resistance. 
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One important strategy is the restoration of predator habitats. Farmers should 

be encouraged to maintain hedgerows, preserve natural vegetation and 

protect insect-eating birds and lizards. Increasing predator abundance would 

strengthen biological control and reduce reliance on pesticides. Natural 

predators continuously suppress pest populations and help maintain 

ecological balance. 

Crop rotation should also be promoted. Growing different crops in successive 

seasons interrupts pest life cycles and reduces the availability of host plants. 

As a result, pest populations decline naturally without the need for excessive 

pesticide use. Crop rotation also improves soil fertility and contributes to 

sustainable agriculture. 

Another important measure is pesticide rotation. Instead of repeatedly using 

the same chemical, farmers should alternate pesticides with different modes 

of action. This reduces selection pressure on any single resistance mechanism 

and slows the evolution of resistant pest populations. Proper training should 

be provided to ensure that pesticides are used correctly and only when 

necessary. 

Biological control agents such as parasitoid wasps, predatory beetles and 

microbial pesticides can also be introduced where appropriate. These agents 

target pests specifically and reduce the need for broad-spectrum chemicals 

that may harm beneficial organisms. 

Regular pest monitoring should be implemented so that pesticides are applied 

only when pest populations exceed economic thresholds. This prevents 

unnecessary chemical use and reduces selection pressure for resistance. 

Farmers should be trained to identify pest levels accurately and make 

informed management decisions. 

Community education programmes are equally important. Farmers need to 

understand the biological basis of resistance and the importance of preserving 

biodiversity. Increased awareness will encourage adoption of sustainable 

practices and reduce misuse of pesticides. 

In conclusion, the data clearly demonstrate that natural selection has driven 

the evolution of pesticide resistance within the pest population. Repeated 

pesticide use has favoured resistant individuals, while declining predator 

populations have accelerated the spread of resistance and increased pest 

abundance. The resulting rise in crop losses and production costs threatens 

agricultural sustainability. The most effective solution is the implementation 

of an integrated pest management programme that combines biological 

control, habitat conservation, crop rotation, pesticide rotation, pest 

monitoring and farmer education. Such an approach will reduce resistance 

development, improve crop productivity and promote long-term food security. 
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ITEM 6 

Following extensive charcoal production in northern Uganda, environmental 

scientists monitored ecological changes in affected landscapes for eight years. 

Table 6: Environmental Changes Following Deforestation 

Parameter Year 1 Year 4 Year 8 

Tree density (ha⁻¹) 620 310 95 

Soil carbon (g kg⁻¹) 12.5 7.1 3.2 

Bird species count 52 31 14 

Crop yield (tons ha⁻¹) 3.8 2.4 0.9 

Surface temperature (°C) 28 32 36 

Runoff intensity index 2 5 9 

Number of seasonal streams 14 9 4 

Government planners are considering three possible development pathways: 

 Expansion of charcoal production 

 Expansion of commercial agriculture 

 Large-scale ecosystem restoration 

Task 

Evaluate the likely long-term consequences of each development pathway and 

recommend a strategy that would best support livelihoods, food security and 

environmental stability in the region. 

EVALUATION REPORT ON DEVELOPMENT OPTIONS FOR THE 

DISTRICT 

The findings from the environmental assessment indicate that extensive 

deforestation over the years has caused severe ecological degradation, 

reducing biodiversity, soil fertility, water availability and agricultural 

productivity. The data demonstrate that the natural ecosystem previously 

provided important ecological services that supported agriculture, regulated 

climate, conserved water and maintained biodiversity. The proposal to expand 

charcoal production would further accelerate environmental decline, whereas 

large-scale ecosystem restoration offers the most sustainable pathway for 

improving livelihoods, food security and environmental stability. Therefore, 

district authorities should prioritize ecosystem restoration integrated with 

sustainable agricultural practices rather than activities that promote further 

forest destruction. 

One of the most significant indicators of environmental degradation is the 

decline in tree density. The number of trees decreased from 620 trees per 
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hectare to only 95 trees per hectare. Trees are fundamental components of 

terrestrial ecosystems because they act as primary producers, capturing solar 

energy through photosynthesis and converting it into biomass that supports 

entire food webs. Trees also protect soil from erosion, improve water 

infiltration and contribute to carbon sequestration. The drastic reduction in 

tree density therefore indicates extensive habitat destruction and loss of 

ecological functions essential for ecosystem stability. 

The consequences of deforestation are evident in the changes observed in soil 

carbon levels. Soil carbon declined from 12.5 g kg⁻¹ to 3.2 g kg⁻¹. Soil organic 

carbon originates mainly from decomposed plant material such as leaves, 

roots and other organic residues. Forest ecosystems continuously replenish 

soil organic matter through litter fall and root turnover. When trees are 

removed, organic matter inputs decline significantly, resulting in reduced soil 

carbon levels. Soil carbon is important because it improves soil structure, 

increases water-holding capacity, enhances nutrient availability and supports 

microbial activity. Therefore, the substantial reduction in soil carbon suggests 

that soil fertility has deteriorated considerably, negatively affecting 

agricultural productivity. 

The decline in soil fertility is reflected in the reduction in crop yields. 

Agricultural productivity fell from 3.8 tons per hectare to only 0.9 tons per 

hectare. Healthy soils rich in organic matter provide essential nutrients 

required for plant growth and maintain favourable conditions for root 

development. As soil carbon decreases, nutrient availability declines and 

water retention becomes poorer. Crops growing in such soils experience 

nutrient deficiencies and water stress, leading to lower yields. Consequently, 

the loss of forest cover indirectly contributes to reduced food production and 

increased food insecurity within the district. 

The effects of deforestation are also evident in biodiversity loss. The number 

of bird species declined from 52 species to only 14 species. Birds play 

important ecological roles including pollination, seed dispersal and biological 

control of pests. Forests provide nesting sites, shelter and food resources for 

numerous bird species. When forests are cleared, many species lose their 

habitats and either migrate or become locally extinct. The reduction in bird 

diversity therefore indicates a broader loss of ecosystem complexity and 

ecological resilience. Biodiversity is essential because ecosystems with many 

species tend to be more stable and better able to withstand environmental 

disturbances. 

The increase in surface temperature provides further evidence of 

environmental degradation. Average surface temperature increased from 

28°C to 36°C. Forests help regulate local climate by providing shade and 

releasing water vapour through transpiration. This process cools the 

surrounding environment and moderates temperature fluctuations. When 
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forests are removed, more solar radiation reaches the ground surface, 

increasing heat absorption and causing temperatures to rise. Higher 

temperatures increase evaporation rates, intensify drought conditions and 

create stressful conditions for both plants and animals. Therefore, the rise in 

temperature is directly linked to forest loss and contributes to declining 

agricultural productivity. 

Changes in water regulation are also clearly demonstrated by the runoff 

intensity data. Runoff intensity increased dramatically from 2 units to 9 units. 

Tree roots normally bind soil particles together and increase water infiltration 

into the ground. Forest vegetation slows the movement of water across the 

land surface, reducing erosion and flooding. When vegetation is removed, 

rainfall strikes the soil directly and flows rapidly across the surface, carrying 

away fertile topsoil. Increased runoff therefore accelerates soil erosion, 

reduces groundwater recharge and increases the likelihood of floods. This 

contributes to further declines in soil fertility and agricultural productivity. 

The decline in the number of seasonal streams from 14 streams to only 4 

streams further illustrates the disruption of the water cycle. Forest ecosystems 

promote groundwater recharge by allowing rainwater to infiltrate into the 

soil. This stored groundwater gradually feeds streams and rivers during dry 

periods. Deforestation reduces infiltration and increases surface runoff, 

meaning less water enters underground reserves. As a result, streams dry up 

more quickly during dry seasons. Reduced stream flow affects domestic water 

supply, livestock production, irrigation and ecosystem functioning. 

The proposal to expand charcoal production would likely worsen all of these 

environmental problems. Charcoal production depends on harvesting large 

quantities of wood. Increasing charcoal production would accelerate tree 

removal, further reduce biodiversity, increase soil erosion, decrease carbon 

storage and worsen climate regulation. Although charcoal production may 

provide short-term economic benefits for some households, the long-term 

environmental and agricultural costs would be substantial. Continued 

deforestation would likely result in further declines in crop yields, water 

availability and ecosystem stability, ultimately undermining the livelihoods of 

the very communities that depend on the forest resources. 

Some stakeholders may argue that expanding commercial agriculture would 

provide a better alternative. Commercial agriculture can increase food 

production and generate income. However, if expansion occurs through 

additional forest clearing, it may create similar environmental problems. 

Unsustainable agricultural practices can further reduce soil fertility, increase 

erosion and contribute to biodiversity loss. Therefore, agricultural expansion 

alone is not a sufficient solution unless it is combined with sustainable land 

management practices. 
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The evidence strongly supports large-scale ecosystem restoration as the most 

sustainable development pathway. Reforestation would increase tree density, 

thereby restoring many ecological processes that have been disrupted. As tree 

cover increases, litter accumulation would improve soil organic matter and 

gradually raise soil carbon levels. Improved soil fertility would enhance crop 

yields and agricultural productivity. Restored vegetation would also reduce 

erosion, improve water infiltration and stabilize stream flow throughout the 

year. 

Restoration would also contribute significantly to climate change mitigation. 

Trees absorb carbon dioxide from the atmosphere during photosynthesis and 

store carbon within their tissues. Increasing forest cover would therefore 

enhance carbon sequestration and help reduce greenhouse gas 

concentrations. This would contribute to climate regulation at both local and 

global scales. 

Agroforestry offers a particularly effective restoration strategy because it 

combines trees with agricultural crops on the same land. Agroforestry systems 

provide many of the ecological benefits of forests while simultaneously 

supporting food production. Trees improve soil fertility through nutrient 

cycling, provide shade, reduce erosion and increase biodiversity. Farmers can 

also obtain fruits, timber, fodder and fuelwood from agroforestry systems, 

diversifying income sources while conserving the environment. 

Community participation is essential for successful restoration. Local 

residents should be involved in tree planting, forest protection and sustainable 

resource management programmes. Community ownership encourages long-

term stewardship and reduces the likelihood of future forest destruction. 

Environmental education programmes should also be implemented to 

increase awareness of the ecological and economic value of forests. 

Alternative energy sources should be promoted to reduce dependence on 

charcoal. Energy-efficient stoves, biogas systems, solar energy and other 

renewable energy technologies can reduce pressure on forest resources while 

meeting household energy needs. Such measures would complement 

restoration efforts by addressing one of the major drivers of deforestation. 

If large-scale ecosystem restoration is implemented successfully, the district 

can expect gradual improvements in biodiversity, soil fertility, water 

availability and agricultural productivity. Crop yields would likely increase as 

soil conditions improve, while restored ecosystems would become more 

resilient to climate variability and environmental disturbances. Household 

incomes and food security would also improve through the sustainable use of 

restored natural resources. 
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In conclusion, the data clearly demonstrate that deforestation has caused 

widespread ecological degradation characterized by declining biodiversity, 

reduced soil carbon, lower crop yields, increased temperatures, intensified 

runoff and diminished water resources. Expanding charcoal production 

would accelerate these negative trends and further threaten long-term 

development. Large-scale ecosystem restoration, particularly through 

reforestation, agroforestry, sustainable agriculture and community-based 

conservation, offers the most effective and sustainable pathway for restoring 

environmental health, enhancing food security and improving livelihoods 

within the district. 
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