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Abstract 

The COVID-19 pandemic triggered the urge to utilize machine learning to build models to predict biomedical waste 
for futuristic waste management. In this study, the machine learning approach (Random Forest Regressor) is used to 
build a model that predicts biomedical waste weight generated based on the COVID-19 pandemic case. Data 
gathered during the period of COVID-19, which is specific to the United Arab Emirates and key features of the 
study were involved in the machine learning algorithm (PCR tests, vaccine doses, Masks, and Death Wraps). The 
generated model showed 92.67% accuracy, reflecting the overall predictive accuracy relative to the average 
biomedical waste observed. Pareto chart is used to identify which feature affects the overall generated biomedical 
waste; in this case, the model's initial prediction for a hypothetical scenario showed that around 2015.53 kg of the 
total biomedical waste is generated from PCR tests, whereas the least contributor was due to death wraps around 
41.13 kg. The model can predict a COVID-19 case like a pandemic that generates a huge amount of waste, with 
futuristic model improvements to include other vital features to the model's algorithms. The model has shown 
high accuracy which can be used in future pandemics to manage waste produced, especially medical waste.  
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1. Introduction
The outbreak of the COVID-19 pandemic has not only posed unprecedented challenges to global healthcare 
systems but has also significantly impacted waste management practices, particularly in the field of medical waste. 
Figure 1 shows the number of cases in GCC countries, vaccine doses, and deaths caused by the COVID-19 
pandemic (Mathieu 2020). The rapid growth in infectious medical waste, including personal protective equipment 
(PPE), masks, gloves, and other disposable materials, has strained existing waste management infrastructures 
worldwide. The United Arab Emirates has been no exception to this challenge with its strong healthcare sector 
and dynamic economy. As the UAE continues to combat the COVID-19 pandemic, effective management of 
pandemic-induced medical waste has become a critical priority for ensuring public health and environmental 
sustainability. 
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Figure 1. Covid-19 cases, vaccines, and deaths in the GCC counties. The graphs show the rapid spread of the disease 

between March 2020 and July 2022. These numbers led to the generation of medical waste across the countries. 

In response to the pressing need for innovative solutions, this paper proposes a machine-learning approach for 
predicting pandemic-induced medical waste in the UAE, focusing on the COVID-19 case analysis. Machine 
learning, a subset of artificial intelligence, has shown great potential in various domains, including healthcare and 
environmental science. By manipulating data on medical waste generation, epidemiological trends, population 
dynamics, and other relevant factors, machine learning models can be trained to forecast the volume and 
composition of medical waste generated during the COVID-19 pandemic in the UAE (Ngoc 2022). 
 
Assessing and evaluating the COVID-19 waste management plan is crucial for developing a comprehensive 
framework for future pandemics. Also, exploring existing waste management models globally provides insights 
into creating an integrated framework for effective pandemic waste management. Moreover, proposing an 
adaptable waste management system based on the UAE approach sets the stage for a comprehensive and 
sustainable approach to handling pandemic medical waste (Dhaiban 2023). 
 
By implementing the power of machine learning, this research seeks to provide valuable insights and decision-
support tools to policymakers, healthcare administrators, waste management authorities, and other stakeholders 
involved in pandemic response efforts in the UAE. Through proactive planning and evidence-based decision-
making, the proposed approach aims to enhance the resilience and effectiveness of the UAE's medical waste 
management infrastructure in the face of the ongoing COVID-19 pandemic and future public health crises. 
 
2. Literature Review 
Healthcare facilities serve as the primary sources of healthcare waste. Healthcare waste, also known as medical 
waste and biomedical waste, consists of various materials generated within healthcare facilities, ranging from 
harmless to hazardous, infectious to non-infectious, and chemical in nature. Approximately 1-2% of general waste 
production is attributed to healthcare waste, 85% of wastes are non-hazardous and 15% are classified as hazardous, 
including radioactive, infectious, or toxic materials. Hospitals, medical labs, clinics, research facilities, and blood 
banks are among the primary generators of healthcare waste. The production of healthcare waste varies among 
countries globally and is influenced by several factors. These factors include waste management practices, the 
diversity of healthcare facilities and their specialties, the availability of reusable equipment, and the volume of 
daily patient care. Nevertheless, documented healthcare waste production tends to be lower in developing nations 
compared to developed ones (Janik-Karpinska 2023). 
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Since March 2020, the global focus has been on combating the COVID-19 pandemic, prompting concerns about 
whether insufficient waste management could contribute to the spread of the virus. Studies have revealed varying 
survival rates of the virus on different surfaces, ranging from 4 hours on copper to up to 3 days on plastic surfaces 
and stainless steel. The stream in waste generation during the pandemic, along with the disposal of contaminated 
disposable personal protective equipment (PPE), has strained waste management systems. Consequently, ensuring 
efficient, safe management of COVID-19 medical waste has become a crucial aspect of pandemic control efforts. 
Alongside established standards covering identification, collection, storage, transportation, processing, and 
disposal, factors such as disinfection and training have emerged as integral components of effective healthcare 
waste management. There are no substantial differences between the overall management of COVID-19-related 
healthcare waste and standard medical waste management practices before the pandemic (Janik-Karpinska 2023). 

 
The COVID-19 pandemic has resulted in a surge in household waste production, leading governments to postpone 
waste recycling initiatives. Consequently, there has been an increase in the shipping of unrecycled packaging 
materials, exacerbating environmental degradation. Moreover, the management and disposal of waste during the 
pandemic pose significant environmental challenges. The widespread use of PCR tests for diagnosing the virus 
has generated over 15,000 tons of plastic waste globally, raising concerns about its proper disposal and control. 
Around 97% of plastic residues from these tests are incinerated, emitting toxic chemicals into the atmosphere 
during the process. Additionally, the excessive use and disposal of personal protective equipment (PPE) has led 
to marine environment contamination in various regions worldwide. The United Arab Emirates ranks ninth among 
the top ten countries globally in terms of plastic waste generation. The improper disposal of face masks has 
contributed to environmental degradation, particularly in areas with insufficient waste collection infrastructure. 
The increased use of facemasks in the UAE has led to the contamination of marine ecosystems (Alalawi 2022). 
 
Globally, the frequent occurrences of the virus and the waste made it incredibly challenging for academic research. 
This research primarily delves into the root causes, consequences, and management strategies of the crisis. 
Additionally, scholars have examined external factors contributing to the medical waste disposal crisis, including 
deficiencies in regional management systems and the government's failure to fulfill its public health role. As for 
the manifestations of the medical waste crisis, the widespread improper disposal of medical waste poses significant 
threats to society, the economy, and the environment. These impacts include severe deterioration of air quality, 
threats to public hygiene, risks to public health, destruction of aquatic ecosystems, and substantial disruptions to 
global trade and investment (Ma 2022). The proposed study involves the construction of a machine-learning model 
that predicts pandemic-induced waste so that it can be handled and disposed of correctly. 
 
Used machine learning models solve practical problems that include image classification and analysis. These 
include convolutional neural networks and deep neural networks. These models help in reducing the manual image 
classification for medical waste. However, the main problem is finding an algorithm that will help manage these 
wastes (Zhou 2022). The random forest model, a prominent machine learning approach, has become a significant 
focus in artificial intelligence research due to its robust adaptive learning capabilities and nonlinear mapping 
proficiency. This makes it well-suited for simulating wastewater treatment processes, which are characterized by 
significant lag, non-linearity, and multiple variables (Cheng 2023). 
 
A key application of the random forest algorithm is random forest regression, based on the statistical learning 
theory developed by Breiman. Random forest regression uses Bootstrap resampling to draw multiple samples from 
the original dataset and build decision trees for each sample. These decision trees are then aggregated to make 
predictions, with the final prediction being the average of the outputs from all the trees. The core of the random 
forest regression algorithm lies in using multiple decision trees to make predictions, combining their outputs to 
enhance accuracy. This approach offers high prediction precision, strong generalization capabilities, and quick 
convergence, and requires minimal parameter adjustments, effectively mitigating the risk of overfitting. It is well-
suited for handling diverse datasets and robustly extracting variables from ultra-high-dimensional vector spaces. 
Random forest regression has widespread application across various fields, including medicine, management, and 
agriculture. By leveraging limited samples to construct multiple decision tree models, random forest regression 
increases the diversity of the decision trees and enhances the accuracy of the final integrated model (Cheng 2023). 
 
3. Methods 
3.1. Prediction of Biomedical Waste Quantities 
The prediction of biomedical waste was coded in Python, Jupyter's Notebook, as a Random Forest Regressor 
model, where the machine learning algorithm is versatile, robust, and can handle complex data relationships. The 
Random Forest Regressor combines ensemble learning and decision trees to make predictions for continuous 
outcomes. 
Data Extraction, Preprocessing, and Feature Engineering 
The extracted data from the literature was firstly inputted into the algorithm, which consists of columns of the 
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number of cases, PCR weight (kg), vaccine weight (kg), masks weight (kg), population, death wrap weight (kg) 
and total biomedical waste (kg) over two years; the climax of the pandemic (2020-2022). The selected columns 
were converted to float time as part of the data preprocessing to ensure that they were numerical for further 
calculations. Consequently, feature engineering was performed as new features were calculated based on the 
existent features in the dataset. The features included 'ratio of PCR weight to the number of cases', 'ratio of vaccine 
weight to the population', 'ratio of mask weight to the population,' and lastly, 'ratio of death wrap weight to the 
population'. These new features can provide additional information for predicting biomedical waste quantities. 
 
Data Splitting and Feature Scaling 
The data was then split into training and testing sets. This allows for model training on one portion of the data 
(80%) and evaluation on another portion (20%) to assess its performance. The features were also standardized to 
have a mean of 0 and a standard deviation of 1, which is crucial to ensure fair treatment of features for improved 
model performance, faster convergence, and better interpretability and robustness to outliers. 
 
Model Training and Model Evaluation 
The training data were initialized and trained as a Random Forest Regressor model; the model learns to predict 
the total biomedical waste based on the features provided. The model was then evaluated through various 
regression metrics such as Mean Absolute Error (MAE), Mean Squared Error (MSE), Root Mean Square Error 
(RMSE), and R-squared (R2) score to evaluate the performance of the trained model on the test data. 
 
Feature Importance Visualization 
The importance of each feature was visualized in biomedical waste prediction using a bar plot. This gives a visual 
representation of the most significant influence on the model's predictions. 
 
3.2. Prediction of Total Biomedical Waste for a Hypothetical Next Pandemic 
A hypothetical scenario was stimulated where predictions are made for the features and total biomedical waste 
for a 'next pandemic' based on a trained Random Forest Regressor model. 
 
Sample Data Creation, Feature Selection, and Feature Scaling 
The next pandemic data was defined as a sample dataset that represents the number of cases and population for 
the next pandemic scenario. The target columns' population' and 'number of cases' were dropped from the next 
pandemic data frame to create another Data Frame that contains only the input features required for prediction. 
The features' population' and 'number of cases' were selected to train a model for predicting other features. And 
the features were scaled. 
 
Model Training for Feature Prediction 
The Random Forest Regressor model is initialized for reproducibility and the scaled training data is used as well 
as the features to be predicted to train the model; during the training, the model learns the underlying patterns and 
relationships between the input features population and number of cases and the target features to be predicted 
'total biomedical waste (kg) and possibly other features. The Random Forest Regressor algorithm constructs an 
ensemble of decision trees based on the training data where each decision tree in the ensemble is trained on a 
random subset of the training data and features, introducing randomness to reduce overfitting. The trees in the 
ensemble collectively make predictions, and the final prediction is often an average or a weighted average of the 
individual tree predictions. 
 
Feature Prediction for the Next Pandemic 
The trained model is used to predict the values of features other than 'population' and 'number of cases' for the 
next pandemic scenario; these predicted features represent various aspects related to the pandemic, such as 
healthcare resource utilization, disease spread dynamics, or public health interventions. The predicted feature 
values are stored in a separate Data Frame where each column corresponds to a predicted feature, such as hospital 
bed demand, medical supply requirements, or healthcare personnel needs. The trained model predicts total 
biomedical waste based on the predicted features and the next pandemic numbers. This prediction provides 
insights into the potential impact of the next pandemic, estimating the total biomedical waste, better preparation, 
and resource allocation to manage waste disposal, and ensuring environmental and public health safety during the 
pandemic. 
 
Prediction Outcomes 
The model outcomes comprise printed predicted total biomedical waste for the next pandemic and the predicted 
features for the next pandemic. 

 
4. Data Collection 
In this section, we provide detailed information about the process of data collection involving the COVID-19 cases 
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level and quintessential biomedical wastes during the spread of the virus in the United Arab Emirates (UAE). The 
collected data comprise the number of diagnosed cases, daily PCR tests, vaccinations, masks, and deaths. These 
datasets play a particularly important role in understanding the pandemic's dynamics and the waste of medical 
things it generates. 

 
The data was obtained from reputable sources to help guarantee authenticity and boost the information's reliability. 
Specifically, the following sources were utilized: Information on diagnosed cases, daily PCR tests, and deaths 
were sourced directly from the official COVID-19 dashboard of the UAE government (National Emergency Crisis 
and Disaster Management, 2023). To get a representative sample, 68 dates were randomly chosen from March 
2020 to June 2022, which makes the sample remarkably diverse because of the variety of case scenarios that were 
selected. Data on the coronavirus vaccine distributed and administered in the UAE were retrieved from Our World 
in Data, one of the most competitive databases of statistics and trends in the field (Daily COVID-19 vaccine doses 
administered, 2024). In this respect, the dates that were picked articulate with the cases diagnosed, the conducted 
PCR tests, and the deaths that occurred on those specific dates for temporal consistency in the analysis. Data 
relating to the use of face masks in the UAE were obtained from a scholarly article (Al-Omran et al., 2023). This 
source offers insights into mask utilization and supports the estimation of mask weights in the process of 
biomedical waste calculation. 

 
In finding out the specific weights of components in biomedical wastes, the specific weights were based on 
existing standards and relevant literature. The daily number of vaccines was calculated by multiplying the number 
of vaccines administered by 0.00824kg, which is equal to the weight of a single vaccine dose (Al-Omran et al., 
2021). Likewise, the weight of PCR tests per day was calculated through the multiplication of the number of tests 
carried out by 0.01252 kg, which signifies the weight of one PCR test (Al-Omran et al., 2021). The weight of 
death wraps, used to cover deceased patients within the infirmaries was projected at 3.5 kg per wrap. Furthermore, 
the weight of masks for each day was computed and determined by the multiplication of daily mask count by 
0.00285 kg, which is the amount of weight a single mask would have. 

 
The total biomedical waste per day was, therefore, computed as the sum of the weights of PCR tests, vaccines, 
masks, and death wraps. These computations will help form a complete overview and comprehension of the 
amount and material composition of the medical waste that occurred during the COVID-19 pandemic in the UAE. 
Overall, the data collection process was carried out in a very meticulous way, which gave the collected information 
a high level of accuracy and reliability, thus allowing the analysis of the pandemic-induced medical waste 
management in the UAE to be strong and comprehensive. 

 
References were sought to provide evidence to back up the assigned weights of one PCR test, one mask, one 
vaccine dose, and one death wrap. These values are the key to determining the whole biomedical waste produced 
during the COVID-19 epidemic. As an example, comprehending one PCR test's weight lets one calculate the total 
weight of tests done in a day, and the same goes for vaccine doses, which enables the correct understanding of the 
total weight of vaccines injected. The same is true for the weight of one death wrap, as it is vital for estimating 
the overall weight of a deceased patient's wraps. Also, one mask's weight holds the same value for measuring the 
mass of all daily worn masks. References obtained serve to validate and substantiate these allotted weights, 
guaranteeing the accuracy and dependability of the waste estimation process. 

 
5. Results and Discussion 
5.1 Numerical Results 
Data Preparation and Feature Engineering 
The study was initiated by transforming all relevant variables into floating-point numbers to maintain consistency 
across the data manipulations. The analysis focused on several key variables, and the dataset was tested through feature 
engineering to include ratios such as 'PCR to cases ratio,' 'Vaccine to population ratio,' 'Masks to population ratio,' 
and 'Death wrap rate'. These ratios were anticipated to provide deeper insights into the factors influencing biomedical 
waste generation during the pandemic. This step is critical in developing AI models for predicting biomedical waste 
during pandemics. Proper data preparation ensures consistency and reduces errors. This standardization is crucial for 
enhancing model compatibility with machine learning algorithms and improving the overall predictive accuracy and 
reliability of the model. 
 
For instance, ratios such as "PCR to cases ratio," "Vaccine to population ratio," and "Masks to population ratio" 
provide a perception of the scale of medical interventions relative to the population size and infection rates. These 
features help the model capture non-linear relationships and improve the interpretation of the model's outputs, enabling 
policymakers to understand which aspects of pandemic management most heavily influence waste production. 
 
 
Model Training and Evaluation 
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The features were standardized to reduce variance and improve the performance of the machine learning 
algorithm. A random forest regressor was employed due to its robustness and effectiveness in handling outliers 
and non-linear data. The model's performance was evaluated using various metrics: 
• Mean Absolute Error (MAE): 183.30 kg, indicating the average error in predictions. 
• Mean Squared Error (MSE): 48,480.18 kg², suggesting variability in the prediction errors. 
• Root Mean Squared Error (RMSE): 220.18 kg, providing a measure of error magnitude. 
• R² Score: 0.978, representing a high degree of variance explained by the model. 
• Accuracy Percentage: 92.62%, reflecting the overall predictive accuracy relative to the average biomedical 

waste observed. 
 
These metrics collectively suggest that the Random Forest model achieved a high level of predictive accuracy, 
making it a reliable tool for forecasting biomedical waste outputs based on the modeled predictors. The 
effectiveness of the model, as demonstrated in the provided results, underscores its importance in shaping AI-
driven strategies for future pandemic responses, specifically in the management of biomedical waste. The random 
forest regressor, chosen for its robustness and reliability, provided a high R² score of 0.978, indicating that the 
model could explain approximately 98% of the variability in biomedical waste production during the COVID-19 
pandemic. This high level of accuracy demonstrates the model's ability to capture complex patterns in pandemic-
related data, making it a powerful tool for predicting waste outputs under similar circumstances. Additionally, the 
relatively low RMSE of 220.18 kg highlights the model's precision in quantitative forecasts, which is crucial for 
planning waste management logistics and capacities. 

 
The model's evaluation metrics MAE, MSE, RMSE, and a 92.62% accuracy percentage serve multiple functions. 
They validate the effectiveness of the feature engineering and data preparation strategies. Also, these metrics guide 
iterative improvements in the model by pinpointing areas where predictions could be enhanced. For instance, by 
analyzing instances where the model underperforms, the features can be refined or adjusted to improve accuracy. 
 
Prediction of Total Biomedical Waste for a Hypothetical Next Pandemic 
Initial predictions focused on deriving expected feature values for a hypothetical scenario. The features predicted 
include the weights of PCR tests, vaccines, masks, and death wraps, along with corresponding ratios that relate 
these values to the number of cases and population size. These predictions are instrumental in understanding each 
factor's relative impact on biomedical waste. 
• Predicted Total Biomedical Waste (kg) for the next pandemic: 6684.94 kg 
• Predicted PCR weight (kg): 2015.53, suggesting a significant reliance on PCR testing in the modeled scenario. 
• Predicted vaccine weight (kg): 1101.43, indicating substantial vaccine distribution. 
• Predicted mask weight (kg): 226.36, reflecting protective measures in response to the pandemic. 
• Predicted death wrap weight (kg): 41.13, which relates to the management of fatalities due to the pandemic. 
• Ratios: These include PCR-to-cases ratio (0.623), vaccine-to-population ratio (0.000115), masks-to-

population ratio (0.000024), and the death rate (0.012649), providing insights into the scale and response 
intensity of medical interventions compared to population and infection rates. 

This prediction is vital as it quantifies the potential waste challenges that might arise, allowing for better resource 
planning and management. The use of predictive modeling to estimate future pandemic-induced biomedical waste 
is a proactive approach that aids in the preparation and effective management of healthcare resources. The ability 
to forecast the scale of required medical interventions (such as testing and vaccination) and the resultant waste can 
significantly influence strategic planning and operational efficiencies in pandemic responses. These predictions 
also facilitate the development of targeted waste reduction strategies, ensuring environmental sustainability and 
public health safety are maintained during pandemic outbreaks. These results, derived from a robust AI model, 
demonstrate the potential of machine learning in enhancing predictive capabilities and preparedness for future 
health crises, thereby mitigating their impact on both healthcare systems and the environment.  
 
5.2 Graphical Results 
The Random Forest Regressor model was subjected to a feature importance analysis to identify the primary factors 
contributing to biomedical waste generation. Figure 2 illustrates the relative importance of each feature in the 
predictive model, highlighting which aspects of the pandemic data (e.g., PCR tests, vaccine distribution, mask 
usage) are most predictive of biomedical waste volumes. As shown in Figure 2, the most significant factor 
influencing biomedical waste production is the weight of PCR tests (PCR Weight (kg)), which has an importance 
value of approximately 0.7. This indicates that the frequency and scale of PCR testing play a crucial role in 
determining the volume of biomedical waste during a pandemic. 
 
Other notable features include the weight of masks (masks weight (kg)) and the vaccine-to-population ratio, which 
also contribute to the model’s predictions but to a lesser extent. The number of cases, the population size, and the 
death rate have relatively low importance values, suggesting that they are less influential in predicting biomedical 
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waste volumes. These results underscore the importance of PCR testing as a significant driver of biomedical 
waste. Therefore, managing and optimizing PCR test usage can be critical for controlling biomedical waste during 
future pandemics. Understanding the importance of these features helps policymakers and healthcare managers 
prioritize resources and develop targeted waste management strategies to mitigate environmental impacts. 
 

 
 

Figure 2. The relative importance of features in predicting biomedical waste generation during a pandemic is 
derived from the Random Forest model. 

 
This detailed analysis of features of importance provides valuable insights for planning and managing biomedical 
waste during pandemics. By identifying the key drivers of waste production, the model helps inform strategic 
decisions and optimize resource allocation to address the most impactful factors. 

 
Model Scalability and Applicability 
The model’s scalability and applicability to other contexts beyond the UAE can be applied and considered by the 
utilized data. The data preparation techniques and feature engineering strategies used in this study are universally 
applicable, allowing the model to be adapted to different geographic and demographic contexts. For instance, 
global data on PCR tests, vaccine distribution, mask usage, and death rates during the COVID-19 pandemic have 
been widely collected, making it feasible to apply this model to other countries with similar data availability. 
 
To apply this model in other countries, the following steps are recommended: 
1. Data Collection: Gather data on PCR testing, vaccine distribution, mask usage, and death rates specific to 

the country of interest. Ensure the data is comprehensive and covers the entire pandemic period. 
2. Feature Engineering: Apply the same feature engineering techniques to create ratios such as 'PCR to cases 

ratio,' 'Vaccine to population ratio,' 'Masks to population ratio,' and 'Death wrap rate.' This ensures 
consistency and comparability across different regions. 

3. Model Training: Use the collected data to train the random forest regressor, ensuring the model is tailored 
to the country's specific context and demographic characteristics. 

4. Model Evaluation: Evaluate the model's performance using metrics such as MAE, MSE, RMSE, R2 Score, 
and Accuracy Percentage. Compare these metrics to the original study to assess the model's reliability and 
accuracy in the new context. 

5. Prediction and Analysis: Use the trained model to predict biomedical waste outputs for future pandemic 
scenarios. Analyze the predictions to inform strategic planning and resource allocation. 

 
These global data points demonstrate the model's potential to be scaled and adapted for use in diverse settings, 
providing valuable insights and enabling effective pandemic management strategies worldwide. This adaptability 
ensures that the findings and methodologies from this study can contribute to global efforts to predict and manage 
biomedical waste during future pandemics. 
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5.3 Proposed Improvements 

1. Data acquisition: data collection was challenging since we had to find comprehensive and high-quality data 
specific to COVID-19 cases. In this work, the primary data inventory is selected from the UAE government 
(National Emergency Crisis and Disaster Management, 2023); however, for future work international data 
around biomedical wastes generated during the COVID-19 period can be incorporated to have an international 
model. In addition, data normalizing can be implemented during data reprocessing to enhance the model's 
interpretability and accuracy. 
 

2. Features Selection: this work included the most utilized variables during the identification and treatment of the 
COVID-19 pandemic (PCR tests, Vaccine doses, Masks, and Death Wraps). However, many features can be 
considered too. Recursive Feature Elimination analysis can be used to identify the most relevant features for 
the case study. 

 
3. Model parameters fine-tuning: looking at the Mean Absolute Error (MAE), which is around 183.30 kg that 

corresponds to the average error in prediction, the learning rate, regularization strength, and model complexity 
can be adjusted to optimize the performance of the model. 

 
4. Data validation: techniques such as K-Fold cross-validation can be used to validate various subsets of data. 

Nonetheless, the accuracy of the model generated in this work reached 92.62% accuracy of the overall 
predictive accuracy. By applying these improvements, the accuracy and performance of the machine learning 
model will enhance in addressing futuristic biomedical wastes, hence supporting decision-making for 
biomedical waste management strategies. 
 

5.4 Validation 
To identify the most significant biomedical wastes that contribute to total biomedical wastes generated during 
COVID-19, a Pareto chart is produced in Figure 3 Bars represent the categories of biomedical wastes or features 
included in this study (the highest bar is the PCR test) impact the overall waste presented, whereas the line (in 
green) corresponds to the cumulative total, as it gives an insight into how does the effects of each feature on the 
other one (steep rise from PCR test to vaccine doses). The chart in Figure 3 shows that PCR tests and Vaccine 
doses are both potentially the most important variables in the total generated biomedical waste, in which the 
"70/30" rule is applied where 70% of the effect comes from 30% of the causes. Pareto charts can be used in future 
pandemics to help prioritize resources and, hence, decide on the appropriate treatment methods and their relative 
disposal pattern to reduce the overall biomedical waste. 

 

 
Figure 3. Pareto Chart of Biomedical Wastes "70/30", the chart displays the distribution of biomedical waste types 
by weight in kilograms, with the left vertical axis showing the percentage contribution, and the right vertical axis 
showing the total weight. PCR waste and vaccine doses together contribute to over 70% of the total biomedical 

waste, while masks and death wraps make up a smaller fraction according to the paretro principle.  
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6. Conclusion 
During the COVID-19 pandemic, there was an increase in medical waste generated due to the heightened demand 
for Personal Protective Equipment (PPE), testing supplies, and disposable medical equipment. Efforts were made 
to ensure the safe and efficient disposal of COVID-19-related medical waste. Therefore, many countries had to 
adapt to the increased volume of medical waste by implementing enhanced disposal practices. Machine learning 
can be used to build models that predict pandemics by analyzing various data sources such as previous pandemic 
data like patient's healthcare information, and the machine learning algorithm can identify patterns and trends that 
may indicate the emergence of a pandemic. In this work, a Random Forest Regressor model is used to model the 
COVID-19 pandemic, in which data is collected from the official COVID-19 dashboard of the UAE government 
(National Emergency Crisis and Disaster Management, 2023). Then data is reprocessed for machine learning 
training that involves collecting recent data and scaling these numerical data. The features selection process 
included the weights of PCR tests, vaccines, masks, and death wraps, which were concluded to be the most used 
during the COVID-19 period. The importance Vs. The feature plot showed that the PCR test weight (kg) scored 
the highest in importance, corresponding to the availability of these tests during the COVID-19 period. The model 
also predicted that 6684.94 kg of biomedical waste would be generated in a COVID-19 case-like scenario while 
highlighting the contribution of PCR test weight in kg during the COVID-19 pandemic. The generated model can 
predict a similar case/pandemic in which the main variables/features are similar to the study in this paper, which 
was the main goal of this study, in which most medical treatments use masks and tests, and in later stages, vaccines 
will be developed. To conclude, the COVID-19 pandemic encouraged the utilization of machine learning when it 
comes to waste management by providing a predictive model for proper waste handling and disposal. 
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