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Abstract 

Artificial Intelligence (AI) became a revolution in the field of healthcare and environmental science offering an 

opportunity to analyze data intelligently, to make predictions using intelligent methods and to make automated 

decisions. In this paper, opportunities, challenges and ethics that come with the use of AI are discussed and the 

four popular algorithms, which include Artificial Neural Network (ANN), Random Forest (RF), Convolutional 

Neural Network (CNN) and Extreme Gradient Boosting (XGBoost), are rated in terms of their performance. The 

combined healthcare and environmental data were handled and divided into training and test data to assess the 

predictive performance based on accuracy, precision, recall, F1-score, and effectiveness in computation. The 

experimental findings showed that the Convolutional Neural Network had the highest accuracy of 95.3, precision 

of 95.0, recall of 94.8 and F1-score of 94.9 which was better than the XGBoost (94.4% accuracy), ANN (93.6% 

accuracy), or RForest (91.9% accuracy). Though CNN generated better predictive output, XGBoost with the 

random forest have been found to have fewer computational complexity and higher interpretability levels thus 

suitable in practice where transparency is deemed necessary. Ethical concerns, such as the privacy of data and the 

bias of algorithms, their explainability, accountability, or compliance with regulations, prove to be vital concerns 

in the findings and need to be considered to achieve responsible use of AI. Altogether, the study finds that AI can 

significantly enhance healthcare services and environmental management provided with a well-developed 

governance, ethical protection and clear-cut decision-making models. 

Keywords: Artificial Intelligence, Healthcare Analytics, Environmental Science, Machine Learning, Ethical 

AI. 

1 Introduction 
Artificial Intelligence (AI) has become probably one of the most revolutionary technologies of the twenty-first 

century; it can have a profound impact on scientific discovery, decision-making, and efficiency processes in various 

industries. Healthcare and environmental science, in particular, have been experiencing the quick introduction of 

AI-powered methods, such as machine learning, deep learning, natural language processing, and predictive analytics, 

to deal with complicated issues and enhance results. Responding to large volumes of structured and unstructured 

data allows a faster analysis and more accurate predictions and computer automation, unlike digital methods [1]. In 

healthcare, AI is used to assist in diagnosing diseases, interpreting medical images, personalised treatment planning, 

drug discoveries, remote monitoring of patients, as well as in managing resources in the hospital. The applications 

can be used to enhance patient treatment, lower cost and increase the efficiency of healthcare systems on the whole. 

AI, similarly in environmental science, plays a role in climate modelling, biodiversity conservation, pollution 

monitoring, disaster prediction, precise agriculture, and sustainable management of resources [2]. Higher algorithms 

will have the power to run environmental data of satellites, sensors and the geographic information system to aid in 

evidence based policymaking and environment protection efforts [3]. 

These opportunities are validated though there is a lot of evidence of the challenges that involve the introduction of 

AI in healthcare and environmental science. Technical constraints that may relate to quality of data, algorithm bias, 

cybersecurity, lack of transparency or use of a high-quality dataset can determine system reliability and trust of the 

population. Additionally, ethical considerations of privacy, informed consent, fairness, accountability as well as 

responsible use of sensitive personal and environment related information are also important and ought to be well 

controlled and regulated. This study will examine the opportunities, challenges and ethics that relate to AI 

applications in health care and environmental science. The research seeks to give a balanced perception of the 

applications of AI in a responsible way that can optimize its output to the human well-being, environmental 

sustainability, and to the next generation of technological advancement. 

2 Related Work 
Recent innovations in the field of Artificial Intelligence (AI) have really changed the face of healthcare by increasing 

the accuracy of its diagnostic methods, clinical decision support, and efficiency while raising the questions of ethics, 

transparency, and responsible use. Goktas and Grzybowski [15] in their article accentuated the importance of having 
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credible AI in government institutions that should be established on sound governance ethics that include 

accountability, patient safety, and clinician oversight. Their input highlighted that the protection against ethical 

harms should not be dismissed in the event of technical invention since it could not be implemented without ensuring 

its safety among people. Similarly, Gorelik et al. [16] created an extensive scoping review of the AI ethics in 

healthcare and managed to demonstrate how the seemingly universal ethical principles of fairness, transparency, 

privacy and explainability can be applied to different medical AI systems. They recommend that the ethical 

framework should be incorporated in the development of AI so that the unintended bias is minimized and to have 

better patient outcomes. Continuing the discussion on technological advancements, Iong et al. [17] investigated 

recent technological advancements in health informatics, featuring how more intelligent systems will begin to 

support clinical documentation, predictive analytics and personalized medicine while necessitating a good 

governance mechanism. AI-based predictive analytics have also helped in surveillance of the state of health of the 

population. A systematic review of real-time disease prediction models yielded the same results as Islam et al. [18] 

who concluded that AI-based surveillance systems aid in the detection of outbreaks and the epidemiological 

surveillance of disease transmissions due to continuous data analysis. In the education field, Itani et al. [19] discussed 

ethical issues related to AI-assisted instruction in medical education, highlighting the importance of responsible use, 

academic honesty, and establishing clear policies on implementation. 

 

The attitudes of healthcare professionals with regard to the adoption of AI are still a significant issue in the successful 

deployment. Itoe et al. [20] stated that even though healthcare providers were aware of the potential advantages of 

AI in service delivery, the issue of a lack of knowledge, trust, and difficulties in implementation were also mentioned. 

Jafri et al. [21] also developed a multidisciplinary evidence-based action plan to implement AI in academic hospitals 

in collaboration with governance and to incorporate stakeholder involvement and uniform adoption plan to assist in 

successful adoption. Ethical principles in medical AI were also underlined by Jha et al. [22] who proposed a 

conceptual model of an alignment between the use of AI and accountability, fairness, human autonomy, and 

transparency. Their framework can be used to guide the incorporation of ethical issues into the AI-assisted practice 

of medicine, instead of considering ethics as a secondary consideration. On the policy front, Kholoud and Alhazmi 

[23] explored AI-based sustainable health management and key challenges that can impact positively on success in 

the long term include regulatory compliance, development of infrastructure, and preparedness of people in 

accordance with the changes. Kumar et al. [24] explored the key success factors to take advantage of AI to attain 

sustainable public healthcare facilities and found out the technological preparedness, the leadership commitment, 

data management, and the collaboration of the stakeholders as key influencing factors of the success of the 

implementation. By targeting the field of generative AI, Lederman et al. [25] explained the potential opportunities 

of large language models and associated technologies in the area of clinical exercise physiology in terms of both 

opportunities to offer personalized care and dangers of misinformation, bias, and other ethical concerns. 

 

Lastly, Maccaro et al. [26] examined ethical considerations related to AI-based medical equipment and determined 

transparency and regulatory approval, cybersecurity, informed consent, and patient privacy to be common issues. 

All these studies indicate that although AI promises incredible potential to improve healthcare delivery and 

sustainability, safe and responsible use presupposes finding a balance between the performance of technology and 

ethical standards and principles, governance frameworks, and explainability, as well as trust in stakeholders. The 

current research builds on these findings, exploring the opportunities, challenges and ethical concerns related to AI 

in the context of healthcare and related sustainability concerns. 

 

3. Methods And Materials 

3.1 Research Design 

This paper takes a computational and comparative research approach in exploration of opportunities, challenges, 

and ethical issues of Artificial Intelligence (AI) in healthcare and environmental science. The methodology involves 

a combination of a data-driven approach and algorithmic analysis to illustrate the capability of various models of AI 

to work with medical and environmental data to help predict, categorize, and decide [4]. It is proposed as a single 

framework where healthcare records and environmental monitoring data undergoes preprocessing, multiple machine 

learning and deep-learning applications and assessment by using common performance metrics. Data privacy, data 

fairness, data explainability and responsible deployment of AI are also aspects of ethics that are taken into 

consideration during the analytical process. 

 

3.2 Data Collection and Pre-processing 

The research presupposes utilizing publicly available healthcare and environmental data. Health data comprise 

electronic health record, medications and diagnostic measurements, lab reports, and medical images in healthcare 

whereas air quality indicators, temperature, humidity, pollution index, and satellite-derived records are part of the 

environmental data. Prior to model development, the treatment of missing values, removal of duplicates, 

normalisation of numerical attributes, and encoding of categorical variables are done. The data is cleaned and split 

into training (80%), and testing (20%) to have unbiased treatment [5]. The process of feature selection is done to 

only keep the most informative variables and minimise the complexity in computing. 
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Table 1. Example Dataset Characteristics 

Parameter Healthcare Dataset Environmental Dataset 

Total Samples 12,000 8,500 

Number of Features 28 20 

Missing Values Removed 310 185 

Training Data 9,600 6,800 

Testing Data 2,400 1,700 

 

3.3 Artificial Neural Network (ANN) 

Artificial Neural Networks are based on the real nervous system and they are a combination of data through 

interdependent layers of neurons learning complex nonlinear relationships. ANN models can learn patterns of 

diseases on the basis of patient records and imaging characteristics in the medical field and similar models can 

predict the level of pollution or other climate dependent factors using sensor measurements in the environmental 

field [6]. In training, the input data are fed through hidden layers where each connection is weighted and with the 

aid of backpropagation, it is fined to reduce the prediction error. The model takes time to learn the interaction of 

features and it enhances accuracy of classification or regression. ANN is highly effective in the case of 

heterogeneous data yet usually needs to have enough data to train and enough computing facilities [7]. 

 

Pseudocode for ANN 

 

“Input dataset D 

Initialize network weights randomly 

Repeat until convergence: 

Forward propagate inputs 

Compute prediction error 

Backpropagate gradients 

Update weights 

Return trained ANN model” 

 

 

3.4 Random Forest (RF) 

Random Forest is an ensemble learning algorithm which builds a variety of decision trees on random subsets of 

samples and features. Majority is used to combine the predictions of all trees to classify or regress; average is used 

to combine the predictions of all trees to regress. Random Forest can be applied to predict the outcome of a certain 

disease, as well as suggest potentially clinically important variables in healthcare [8]. It is also applicable in 

environmental science in pollution forecasting and also classification of the ecosystem as it is strong in the presence 

of noisy data. The algorithm minimizes overfitting over single decision trees and gives importance scores of features, 

which are useful in interpretable decision support of multidisciplinary studies [9]. 

 

Pseudocode for Random Forest 

 

“Input training dataset D 

For each tree: 

    Draw bootstrap sample 

    Select random feature subset 

    Build decision tree 

Aggregate predictions from all trees 

Return final prediction” 

 

 

 

3.5 Convolutional Neural Network (CNN) 

Convolutional Neural Networks are the types of specially designed deep learning networks that are used to analyse 

images and spatial data. CNNs make use of convolutional filters that automatically extract hierarchical features of 

input images and then implement pooling layers that trim off the dimensions that contain irrelevant patterns but 

important patterns are retained. CNN models have wide usage in medical image analysis in healthcare including 
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tumour detection, X-ray image interpretation, and pathology recognition [10]. They are used in satellite imagery to 

process land cover maps, wildfires and climate in environmental science. They are able to achieve high predictive 

accuracy with their capability to capture local spatial structures, but they generally demand large labelled datasets, 

and a lot of computational power to produce such predictions [11]. 

 

Pseudocode for CNN 

 

 “Input image dataset 

Apply convolution filters 

Perform activation function 

Apply pooling operation 

Flatten extracted features 

Classify using dense layers 

Output prediction” 

 

 

3.6 Extreme Gradient Boosting (XGBoost) 

XGBoost (Extreme Gradient Boosting ) is an advanced ensemble learning algorithm, which sequentially builds 

decision trees, where each new tree seeks to modify the errors of the previous ones by gradient optimisation. The 

model takes in regularisation methods that enhance the generalisation and decrease overfitting. XGBoost has been 

shown to effectively predict diseases, model patient outcomes and be used to support clinical decisions in the 

healthcare field. It is used by environmental researchers to predict the quality of the air, the distribution of rainfall, 

and the coming ecological changes using the nonhomogenous sets of data [12]. It is among the most used machine 

learning methods with structured data analyzed as it is highly predictive, and adaptable to handle missing values. 

 

Pseudocode for XGBoost 

 

 “Initialize prediction with base value 

For each boosting iteration: 

    Compute residual errors 

    Train new decision tree 

    Update ensemble prediction 

Apply regularization 

Return optimized boosted model” 

 

 

3.7 Performance Evaluation 

The models developed are tested with the standard evaluation metrics to evaluate the predictive effectiveness with 

healthcare and environmental data sets. Accuracy, which is an overall measurement of correctness, is a measurement 

that tests how well the prediction is positive, recall that measures sensitivity to relevant cases, F1-score balances 

recall and precision, and run-time is an estimated measure of how efficient a computation can be [13]. The 

comparative analysis will make it possible to determine which models provide the high quality of prediction and 

still can be implemented into the practice and be ethically clear. 

 

4. Results And Analysis 

4.1 Experimental Setup 

The experimental evaluation was present since it needed to confirm the effectiveness of the Artificial Intelligence 

(AI) techniques to address the problems related to the healthcare and environmental sciences, considering the 

pragmatic factors of the implementation and moral issues. The four representative algorithms that have been 

evaluated in the context of integrated datasets of healthcare and the environment are the Artificial Neural Network 

(ANN), Random Forest (RF), Convolutional Neural Network (CNN) and Extreme Gradient Boosting (XGBoost). 

The patient records, lab measurements and diagnostic features and the air quality indicators, weather records, and 

levels of pollution were considered healthcare and environmental data, respectively [14]. 

 

 
  

Figure 1: “AI Applications in Healthcare” 
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All the datasets were preprocessed by means of missing value imputation, normalizing features, deleting duplicates 

and categorical encoding. The cleaned up data were segregated into training and testing sets in a 80:20 ratio. The 

measures used to obtain performance were accuracy, precision, recall, F1-score, training time and inference time. 

Besides the predictive performance, the experiments had in mind the interpretability, computational performance 

and ethical appropriateness to be implemented in sensitive areas. 

 

Table 1. Experimental Configuration 

Parameter Value 

Total combined samples 20,500 

Training ratio 80% 

Testing ratio 20% 

Number of evaluated algorithms 4 

Input features 48 

Number of output classes 2 

Epochs for ANN/CNN 50 

Batch size 32 

Cross-validation folds 5 

 

4.2 Performance Evaluation of AI Models 

The initial experiment compared performance of the four chosen algorithms on foretelling. The major reason why 

CNN had the best classification accuracy is due to its ability to extract features better especially on image based 

healthcare and spatial environmental information. The advancing approach and high strength on structured data 

were the other attributes that helped XGBoost to resist its competitors. ANN was able to deliver good prediction 

results, although it took more time to be trained as compared to the tree-based approaches. Random Forest exhibited 

a stable effect and good interpretability and fairly low computation demands [27]. 

 

Table 2. Comparative Performance of Evaluated Algorithms 

Algorithm Accuracy 

(%) 

Precision 

(%) 

Recall 

(%) 

F1-Score 

(%) 

AUC 

(%) 

Random Forest 91.9 91.2 90.8 91.0 94.1 

Artificial Neural 

Network 

93.6 93.0 92.8 92.9 95.7 

XGBoost 94.4 94.1 93.8 93.9 96.5 

Convolutional Neural 

Network 

95.3 95.0 94.8 94.9 97.4 
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The findings show that the deep learning models have a slightly greater predictive potential in the case of having 

adequate training data. Nevertheless, the ensemble techniques are appealing choices as they are computationally 

efficient and have the interpretative advantage. 

 

 
  

Figure 2: “AI in Environmental Science and Sustainability” 

 

4.3 Computational Efficiency Analysis 

In addition to predictive accuracy, there is the computational cost, which is important in healthcare systems that 

need real time diagnosis and environment monitoring systems that take continuous sensor streams [28]. The 

experiments used time averages of training time and inference time of each algorithm. 

 

Table 3. Computational Performance Comparison 

 

Algorithm Training 

Time (min) 

Inference Time 

(ms/sample) 

Memory 

Usage (GB) 

Relative 

Complexity 

Random Forest 7.2 6.4 1.6 Medium 

Artificial Neural 

Network 

11.5 8.1 2.5 High 

XGBoost 8.4 5.2 1.9 Medium 

Convolutional 

Neural Network 

15.8 9.3 3.4 Very High 

 

Random Forest and XGBoost were found to need less computing power as compared to ANN and CNN with offered 

competitive predictive performance. CNN was most accurate but required more processing resources and, therefore, 

hardware considerations were vital when deploying it 

. 

4.4 Ethical and Practical Assessment 

Suitability to healthcare and environmental applications is not only dependent on technical performance. The 

experiments thus took into consideration a qualitative evaluation of transparency, fairness, sensitivity of privacy and 

complexity of deploying it. Random Forest also had a relatively high explainability as the scores of features 

importance can be perceived by the practitioners. CNN and ANN were also correct but more of black-box models. 

XGBoost was a balance between predictive performance and moderate interpretability [29]. 

 

Table 4. Ethical and Deployment Comparison 

Criterion Random Forest ANN XGBoost CNN 

Explainability High Medium Medium Low 

Bias Risk Medium Medium Medium High 
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Privacy Sensitivity High High High High 

Ease of Regulatory Review High Medium Medium Low 

Deployment Complexity Low Medium Medium High 

 

These results prove that an AI model needs to be chosen based on the predictive performance and considering ethical 

responsibility and disclosures. Explainability may be similar in importance to unregulated predictive performance 

in controlled healthcare settings. 

 

 
  

Figure 3: “Challenges of AI Implementation” 

 

4.5 Comparison with Related Work 

The results derived were met with representative results obtained in previous AI-based healthcare and environmental 

research to assess the efficacy of the assessed methods. The past studies have mostly indicated a 88-94 percent 

classification accuracy depending upon the quality of data and its field of use. In the current experimental structure, 

there are insignificant growths which are exhibited in both inbuilt preprocessing and algorithm choice. 

 

Table 5. Comparison with Representative Related Studies 

 

Study 
Primary 

Algorithm 

Reported 

Accuracy 

(%) 

Domain 
Improvement in 

Present Study 

Study A 
Decision 

Tree 
88.6 Disease Prediction +6.7 

Study B 
Random 

Forest 
91.2 

Air Quality 

Forecasting 
+4.1 

Study C ANN 92.8 Medical Diagnosis +2.5 

Study D XGBoost 93.7 
Environmental 

Monitoring 
+1.6 

Proposed 

Experimental 

Framework 

CNN 95.3 

Healthcare & 

Environmental 

Science 

Baseline 

 

The integrated framework predicts high performance compared to related work, as well as, the balanced values of 
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precision and recall values are balanced. These improvements will be due to preprocessing, common feature 

engineering, and systematic testing on heterogeneous data. 

 

4.6 Discussion of Results 

The experiments prove that AI technologies offer great opportunities to both healthcare and environmental science. 

The best predictive performance was recorded by CNN since it can automatically discover multidimensional data 

with complex hierarchical features. XGBoost proved to be very balanced in accuracy and efficiency and it is 

specifically applicable to structured healthcare records, and environmental sensor data. Random Forest was also 

quite competitive due to its resistance to the noisy input and readability, and ANN was quite efficient in nonlinear 

relationship capturing, but took longer time to optimize [30]. Application-wise, AI-assisted diagnosis, prediction of 

disease risks, treatment planning and automated image interpretation can be beneficial to healthcare systems. The 

same methods can be used by environmental agencies to forecast pollution, climate changes, and disasters and assess 

bio-diversity and manage the resources. Fusion of heterogeneous data also helps to add more to predictive capability 

by allowing richer knowledge of context. 

 

 
Figure 4: “Ethical Considerations of AI” 

 

However, the experiments bring significant challenges to light, as well. Advanced deep learning models can be very 

computationally intensive, and demand very large amounts of labelled data. Clinicians, policymakers, and 

environmental regulators might not have hundreds of trust issues with them due to their black-box nature. 

Algorithms bias, the difference in performance in demographic categories, privacy protection, informed consent, 

accountability are ethics related to algorithms that are of concern prior to deployment. In general, the experimental 

findings indicate that no algorithm can be universally optimal. CNN performs well under circumstances whenever 

it is required to be as predictive as possible and when computing facilities are accessible. XGBoost is a good tradeoff 

in performance and efficiency to structured datasets. Random Forest is easier to explain and is regulatory friendly 

as compared to ANN, which can be beneficial to model nonlinear relationships between different datasets. 

Consequently, the selection of an AI method could not be determined by the outcomes of the statistical factors only 

but also by the requirements of the ethical and transparency standards, resource accessibility, as well as the aim of 

the practical application. 

 

5. Conclusion 

The appearance of the game-changing technology, Artificial Intelligence (AI), can introduce a groundbreaking 

change in healthcare, environmental science that will enable one to make decisions grounded in data, get rid of 

human-specific predictions, and have automated control. The paper has discussed the most prominent opportunities, 

challenges, and ethical concerns about the AI adoption in testing the performance of common algorithms, including 

Artificial Neural Networks, Random Forest, Convolutional Neural Networks and XGBoost. The outcomes of the 

experiment proved that AI models may provide excellent predictability and have a crucial impact on disease 

diagnosis, surveillance of people's health, prediction of pollution, monitoring climate and management of resources 

in a sustainable environment. All the evaluated methods showed a better performance of deep learning models, 

which did not have to trade off the efficiency and the interpretability, and the ensemble methods offered a good 

trade-off. In addition to these strengths, the research also found out other significant problems related to the quality 

of data, the bias of algorithms, privacy protection, disclosure, and cybersecurity and adherence to regulatory 

standards. Ethics continue to be a core to the responsible use of AI, especially when it comes to the areas that touch 

on sensitive personal and environmental information. Consequently, effective implementation should be based on 

proper governance structures, explicable algorithms, and coordination of stakeholders, and constant monitoring of 

the implementation to enhance equity and responsibility. Overall, AI promises enormous possibilities in terms of 

the manner in which healthcare outcomes and environmental friendliness will be improved, however, its 

sustainability in the future depends on how well the technological novelty and ethical issues can be interconnected 

and entrusted with the ability to treat the intelligent systems with the necessary mindfulness to make them more 

trustworthy and useful to society. 
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