¢a" TRy
7 =
¢ IISREM 3|
&u 2 International Journal of Scientific Research in Engineering and Management (I[JSREM)

W Volume: 10 Issue: 05 | May - 2026

SJIF Rating: 8.659

ISSN: 2582-3930

Study on Atmospheric Hydrocarbon Exposure During LPG and Propane

Loading Activities and its Impact on Worker Well-Being

Gourav Dubey !, Prof. Vishal Tiwari 2

Research Scholar, Department of Fire Technology & Safety Engineering, School of Engineering and
Technology Vikrant University, Gwalior, (M.P.), India

2M.Tech Guide, Department of Fire Technology & Safety Engineering, School of Engineering and
Technology Vikrant University, Gwalior, (M.P.), India

Abstract

Liquefied Petroleum Gas (LPG) and propane are
widely used fuels in industrial and domestic sectors.
During tanker loading operations, hydrocarbon vapors
are released into the atmosphere, exposing workers to
potentially hazardous conditions. This study
investigates the extent of atmospheric hydrocarbon
exposure during LPG and propane loading and
evaluates its impact on workers’ physical and
physiological well-being. The findings indicate that
prolonged exposure to hydrocarbon vapors can
adversely affect respiratory, cardiovascular, and
metabolic health. The paper also discusses mitigation
strategies to reduce occupational exposure and enhance
workplace safety.
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1. Introduction

Hydrocarbons, particularly those present in LPG and
propane, are volatile organic compounds (VOCs) that
can easily evaporate into the atmosphere during
handling and transfer operations. Tanker loading
processes involve pressurized systems where minor
leakages or venting can result in atmospheric
emissions.

Previous studies indicate that hydrocarbon release
during loading operations may occur through
equipment such as rotogauges and valves, contributing
to both environmental pollution and occupational
health risks . Workers involved in such operations are

at increased risk of inhaling these vapors, especially in
poorly  ventilated or high-frequency loading
environments.

2. Literature Review

Research on occupational exposure to LPG and
hydrocarbons highlights several health concerns:

e Exposure to LPG vapors has been associated
with  respiratory  and cardiovascular
impairments, including reduced lung function
and increased blood pressure .

¢ Studies show that prolonged exposure can lead
to liver enzyme alterations and oxidative
stress, indicating systemic toxicity .

e Workers exposed to LPG during tanker
loading exhibited elevated cholesterol levels,
which improved when exposure was reduced .

e Occupational exposure to hydrocarbon vapors
has been linked to declines in pulmonary
function, including reduced FEV1 and FVC

values .

Additionally, petroleum gas toxicity studies indicate
that hydrocarbons are lipid-soluble and can affect
multiple organ systems when inhaled .

3. Objectives of the Study

1. To analyze the sources and extent of
hydrocarbon release during LPG and propane
loading.

2. To assess the exposure levels experienced by
workers.

3. To evaluate the impact of hydrocarbon
exposure on worker health and well-being.

4. To recommend preventive and control
measures for reducing occupational risks.
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4. Methodology

This study adopts a descriptive and analytical research
design.

4.1 Data Collection

e Primary data: Observation of LPG loading
operations and worker health surveys.

e Secondary data: Published research articles,
occupational safety reports, and toxicological
studies.

4.2 Sampling

Workers involved in LPG and propane tanker loading
operations were considered for analysis.

4.3 Analytical Tools

e Comparative analysis of exposed vs. non-
exposed workers

e Review of medical indicators (respiratory
function, blood parameters)

e Risk assessment models for hydrocarbon
exposure

5. Sources of Hydrocarbon Emissions During
Loading

Hydrocarbon emissions during LPG and propane
loading occur due to:

o Leakage from valves, hoses, and connectors

e Release through measurement devices (e.g.,
rotogauges)

e Vapor displacement during filling operations

¢ Equipment wear and improper maintenance

These emissions contribute to localized atmospheric
contamination, especially in confined or poorly
ventilated loading bays.

6. Occupational Exposure Pathways

Workers are exposed to hydrocarbons primarily
through:

¢ Inhalation (major pathway)
e Dermal contact (minor but possible)

Exposure levels depend on:

e Duration of loading operations

e Frequency of tasks

e Environmental conditions (wind, temperature)
e Safety measures in place

Studies show that hydrocarbon concentration levels in
petroleum  handling  environments can  vary
significantly and often follow a log-normal distribution

7. Impact on Worker Well-being

7.1 Respiratory Effects

¢ Reduced lung capacity (FEV1, FVC decline)

e Increased risk of airway obstruction

e Chronic respiratory symptoms such as cough
and breathlessness

7.2 Cardiovascular Effects

¢ Elevated systolic blood pressure
e Increased cardiovascular stress due to
prolonged exposure

7.3 Hepatic and Metabolic Effects

e Altered liver enzyme levels
e Increased cholesterol levels in exposed
workers

7.4 Neurological and Acute Effects

e Headache, dizziness, and fatigue
e In severe cases, unconsciousness due to
oxygen displacement

7.5 Long-Term Health Risks

e Chronic respiratory diseases

¢ Potential systemic toxicity

e Reduced overall work efficiency and
productivity

8. Risk Assessment
Hydrocarbon exposure risk depends on:
¢ Concentration of vapors in air

e Exposure duration
e  Worker proximity to emission source
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Risk is higher during:

¢ Continuous loading operations
e Equipment malfunction
e Inadequate ventilation

9. Control and Preventive Measures

9.1 Engineering Controls

o Installation of vapor recovery systems
¢ Use of leak-proof equipment
¢ Regular maintenance and inspection

9.2 Administrative Controls

e Limiting exposure duration
¢ Rotational work schedules
¢ Regular health monitoring

9.3 Personal Protective Equipment (PPE)

e Respirators or masks
e Protective clothing
e (Gas detection systems

9.4 Training and Awareness

e Safety training for workers
e Emergency response planning
e Awareness of hydrocarbon hazards

Discussion

The findings confirm that hydrocarbon emissions
during LPG and propane loading pose significant
occupational health risks. While individual exposure
during a single operation may be low, cumulative
exposure over time can lead to serious health issues.

The study emphasizes the need for a comprehensive
occupational health framework, integrating
engineering controls, monitoring systems, and worker
education.

Conclusion

Atmospheric hydrocarbon exposure during LPG and
propane loading activities is a critical occupational
hazard. Prolonged exposure adversely affects worker
health, particularly respiratory and cardiovascular
systems. Effective mitigation strategies, including

improved equipment design, monitoring systems, and
safety protocols, are essential to protect workers and
enhance operational safety.
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