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Small mammals are essential elements in the ecosystem of land and act as indicators of environmental
wellbeing owing to their sensitivity to alterations in their habitat. With increased development and
movement around roadsides, there has been an increase in pollutants such as particles, gases, and
heavy metals, which might harm the health of small mammals in terms of physiological and behavioral
effects. Methods used traditionally for studying wildlife include field observations and laboratory
tests, and this limits their ability to establish the intricate relationship between the environment and
biological impacts. In this paper, a method for the evaluation of roadside pollution impact on small
mammal health using deep learning is proposed. Parameters that will be considered include PM2.5,
PM10, carbon monoxide, nitrogen oxides, heavy metal concentration, traffic volume, vegetation
status, body condition, activity level, and population presence. The collected data are pre-processed
and analyzed by a deep learning algorithm that forecasts health problems resulting from pollution
exposure. The performance of the deep learning model is assessed through accuracy, precision, recall,
and F1 score measures. It has been found that particle matter concentration, heavy metal
contamination, and vehicle traffic play an important role in the health conditions of small mammals.
In our research, the proposed deep learning model showed better prediction performance with an
accuracy of 95.3%. It proves the effectiveness of the suggested model for forecasting relations
between pollution exposure along roadsides and health reactions of wildlife. Future studies will be
able to integrate real-time environmental monitoring along with biodiversity tracking.
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Introduction

The role of small mammals in the terrestrial
environment includes the maintenance of the
food web interaction and seed dispersal. In
addition, because of their close connection with
the soil and vegetation, they serve as indicators

of environmental change.

The rapid growth in the development of
transport networks and transportation activities
has put more stress on pollutants in wildlife
habitats. Pollutants such as vehicle emissions,
particulate matter, and heavy metal accumulation
through roads affect environmental quality and
animal well-being. Previous research has
indicated the contamination of trace elements
within the roadside environment caused by
transportation activities (Reeves et al., 2018).
Roadside pollution has been found to show
complicated spatial and temporal variability,
posing problems for ecological assessment (Wu

et al., 2022; Hashad et al., 2021).

The small mammals that live in the
contaminated environment may be under
physical stress, behavioral change, and

population disturbance. But usually, the wildlife
pollution assessment techniques rely on the field
survey and laboratory investigation, which is
very slow and not able to detect complicated

interactions of different environmental factors.

Recent developments in artificial intelligence
have led to enhanced environmental monitoring
due to the possibility of predicting and analyzing
complex ecological dynamics (Edem &
Christiana, 2025). Machine learning and deep

learning approaches have been employed for

143

pollution estimation, air quality forecasting, and
wildlife monitoring (Wai & Peter, 2023;
Nathvani et al., 2023). These approaches enable
identifying the nonlinear relationship between

the environment and biological reactions.

Contributions of this research paper are as

follows:

* A deep learning model to analyze the
impact of roadside pollution.

*  Conduction of an analysis of pollutants
and health of small mammals.

*  Selection of environmental parameters
that impact the health of wildlife.

¢ Conducting data-driven analysis of

roadside environment.

These are the subsequent sections which are
outlined as: Section II contains literature review,
Section III contains methodology, Section IV
consists of results and analysis, and Section V is

the conclusion of the study.

Review of Literature

Impact of Roadside Pollution on Small

Mammal Health

Roadside pollution is one of the
environmental problems as a result of constant
exposure to vehicular emissions. Pollutants like
particulates and heavy metals may accumulate in
the environment around roads and impact
wildlife species. Reeves et al. (2018) showed the

significance of assessing roadside contamination

risks through environmental indicators.

Small animals have high susceptibility to
pollution from the roadways since they are

habitat-dependent animals and come into close
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contact with the polluted soil and vegetation. It
can affect their physiology, behavior, and
population stability through long-term exposure
(Du, 2021). Thus, appropriate methods need to be
developed to assess health effects on wildlife due

to pollution.

Artificial Intelligence in Ecological

Assessment

The Al models have been used more and more
often in predicting environmental variables and
monitoring ecosystems (Waseem et al., 2026).
The machine learning algorithms proved their
worth in analyzing pollution patterns and
determining environmental risks (Khan et al.,
2020; Wai & Peter, 2023). The deep learning
approach adds prediction value to the analysis
through the ability to find complex patterns in

environmental data sets (Nathvani et al., 2023).

Methods involving Al have also been

investigated for wildlife monitoring and
conservation purposes via sensor integration and
behavior analysis (Kiran et al., 2025). However,
few studies have looked into the use of deep
learning to correlate roadside pollution with the

health of small mammals.

Research Gap

Existing research in the area of wildlife
pollution is lacking in terms of a predictive model
that takes into account environmental pollution
factors, habitat factors, and biological factors. In
this study, an evaluation system using deep
learning is established for assessing roadside

pollution impact on small mammal health.

Methodology

Study Framework

The research adopts an integrated ecological
evaluation framework to investigate the impact
of roadside pollutants on the health of small
mammals. It uses an analytical framework that
incorporates data from environmental pollution
measures alongside health measures in order to
determine the effects of pollution on small
mammals by

applying a deep learning

algorithmic prediction technique.
Data Collection and Parameter Selection

In the development of this predictive model,
both environmental as well as biological factors
have been considered. The environmental factors
include air pollution, traffic-related factors, and
habitat factors, whereas the biological factors
include the health status of small mammals.The

selected parameters are categorized in table 1

Table 1: Environmental and Biological Parameters

Category

Parameters

Air Pollution Factors
Chemical Exposure
Road Characteristics
Habitat Factors
Health Indicators

PM2.5, PM10, CO, NOx Concentration
Heavy Metal Contamination
Traffic Intensity, Distance from Road
Vegetation Cover, Habitat Disturbance

Body Condition, Activity Pattern, Stress Response, Population Occurrence
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These factors enable the analysis of the effects
of roadside pollution and habitat on small

mammals’ wellbeing.
Data Pre - Processing

Dataset collection is done prior to deep
learning operations. In data preprocessing, it
involves cleaning the dataset by eliminating
missing data, normalizing the environment data,
and selecting important features. The cleaned
data set is then split into training and testing sets;
80 percent of data is for training purposes while

20 percent is for testing purposes.
Deep Learning-Based Evaluation

The deep learning algorithm is trained for

predicting the health impacts of roadside
pollution on the small mammals. The algorithm
takes the environmental and biological
parameters as input and discovers complicated
connections between the pollution exposure and

health reactions.

The output from the model for the impact of
pollution falls into different health risk levels as

follows:

*  Low impact
*  Moderate impact

*  High impact

The effectiveness of the suggested model is
measured by accuracy, precision, recall, and F1-

score.
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Results and Discussion

Influence of Roadside Pollution on Small

Mammal Health

The evaluation of environmental and
biological parameters revealed that the pollution
at the roadside had a pronounced effect on the
health status of small mammals. Ecological stress
was higher in areas where traffic density and
pollution levels were higher compared to low
pollution sites. Out of all the factors considered,
particle matter (PM2.5 and PM10) and heavy
metal contamination had a pronounced link with

health changes.

The effects of roadside disturbances
contributed to the poor quality of habitats by
decreasing the vegetation available and causing
stress on the small mammals due to their
environment.  Activity  patterns, physical
conditions, and population presence became
significant factors to consider for measuring

health effects from pollution.

Deep Learning Model Performance

Evaluation

The developed deep learning technique was
compared with traditional machine learning
techniques for studying the efficiency of deep
learning technique in predicting the health state
of small mammals. The findings revealed that
deep learning technique showed an enhanced
predictive ability by discovering complicated
and

relations between pollution exposure

biological reactions.

The model developed had greater accuracy

than traditional models as a result of its capability
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to incorporate several environmental and health-

related factors concurrently shows in Table 2.

Table 2: Performance Comparison of Models for Small Mammal Health Prediction

Model Accuracy (%) Precision (%) Recall (%) Fl-score (%)
Decision Tree 82.5 80.8 81.2 81.0
Random Forest 87.6 86.9 86.5 86.7
CNN Model 91.4 90.8 90.5 90.6
Proposed Deep Learning Model 95.3 94.9 94.7 94.8

Analysis of Major Pollution Factors

The outcome shows that particulate matter,
heavy metals, and traffic are the significant
determinants affecting small mammals. The deep
learning analysis revealed that the prediction
using combined exposure factors is superior than
individual pollution factor analysis. The study
shows that Al-assisted ecological evaluation can
help in identifying pollution-sensitive areas for

wildlife preservation.
Conclusion

In this research, a deep learning model was
constructed to assess the impact of pollution on
the well-being of small mammals. In this
research, the model incorporated information
about pollution, the environment, and biological
factors to detect the effect of pollution on the
well-being of small mammals. It has been found
that particles, metals, and traffic density are
significant factors affecting the health of small
mammals. The performance of the deep learning
model used in the study was enhanced through
the analysis of the complicated relationship that
exists between the environment and the body.
The study shows how Al techniques have great
possibilities in wildlife health and ecological

risks evaluation. Further research can be
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conducted in terms of real time environmental

sensing and multi species health predictions.
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