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Abstract: Chemical contaminants in sea water, especially heavy metals and organic pollutants, pose significant threats to marine 
ecosystems and human health. This study investigates the concentrations of heavy metals (e.g., mercury, lead, cadmium) and 
organic pollutants (e.g., polycyclic aromatic hydrocarbons, pesticides) in sea water samples from coastal areas. The study 
analyzes the source, distribution, and environmental impact of these pollutants in three different regions: industrial, 
agricultural, and pristine coastal areas. Using advanced analytical techniques such as Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS) and Gas Chromatography-Mass Spectrometry (GC-MS), the concentrations of heavy metals and organic 
pollutants were measured. Results indicate that anthropogenic activities, particularly industrial discharge and agricultural 
runoff, significantly elevate pollutant levels. These pollutants not only affect marine biodiversity but also pose risks to human 
health through the food chain. The paper concludes with recommendations for mitigation strategies to reduce pollution and 
preserve marine ecosystems. 
Keywords: Sea water, chemical contaminants, heavy metals, organic pollutants, marine ecosystems, pollution, environmental 
impact, ICP-MS, GC-MS. 
 

I. INTRODUCTION 
Chemical contamination of sea water is a growing concern worldwide, with anthropogenic activities such as industrial discharge, 
agricultural runoff, and urbanization contributing to the pollution of marine environments. Among the most dangerous pollutants are 
heavy metals and organic compounds, which can accumulate in the food chain and cause irreversible damage to marine life and 
human health. Heavy metals such as mercury (Hg), lead (Pb), and cadmium (Cd) are toxic even at low concentrations and are 
known to disrupt marine ecosystems. Similarly, organic pollutants like polycyclic aromatic hydrocarbons (PAHs), pesticides, and 
industrial chemicals are persistent in the environment and can adversely affect marine organisms' growth, reproduction, and 
survival. 
This study aims to assess the concentrations of heavy metals and organic pollutants in sea water collected from three distinct coastal 
areas: (1) an industrial region, (2) an agricultural region, and (3) a pristine coastal area with minimal human impact. The study also 
explores the source and distribution of these pollutants and their environmental implications. 
 

II. LITERATURE REVIEW 
The presence of heavy metals and organic pollutants in sea water has been widely studied due to their significant ecological and 
human health risks. According to Santos et al. (2019), heavy metals are released into the environment through both natural 
processes and human activities, including mining, industrial processes, and wastewater discharges. These metals accumulate in the 
sediment and biota, and their effects are often exacerbated in areas with high human activity. 
Organic pollutants, including PAHs, pesticides, and other persistent organic pollutants (POPs), are primarily introduced into the 
marine environment via industrial runoff, agricultural practices, and oil spills. Mackay et al. (2020) discuss how these pollutants can 
bioaccumulate in marine organisms, leading to toxicity in higher trophic levels and impacting human health through seafood 
consumption. 
This research aims to build on these findings by analyzing the concentration of heavy metals and organic pollutants in sea water 
from coastal areas with varying degrees of anthropogenic influence. 
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III. MATERIALS AND METHODS 
A. Sample Collection 
Sea water samples were collected from three coastal regions along the southern coast of Country X: 
1) Industrial Region: An area near a port with high industrial activity and frequent discharges of industrial effluents. 
2) Agricultural Region: A coastal area influenced by agricultural runoff, including pesticides and fertilizers. 
3) Pristine Coastal Area: A remote coastal location with minimal human impact, used as a control region. 
Samples were collected in duplicate at a depth of 1 meter using pre-cleaned polyethylene containers to avoid contamination. A total 
of 15 samples were collected, 5 from each region, over the course of three months (May-July 2024) to account for seasonal 
variations. 
 
B. Analytical Techniques 
1) Heavy Metal Analysis: The concentrations of heavy metals (Hg, Pb, Cd) were measured using Inductively Coupled Plasma 

Mass Spectrometry (ICP-MS). This technique is highly sensitive and accurate, allowing detection of metals at trace levels. 
2) Organic Pollutant Analysis: Organic pollutants, including polycyclic aromatic hydrocarbons (PAHs) and pesticides (e.g., DDT 

and its metabolites), were analyzed using Gas Chromatography-Mass Spectrometry (GC-MS). The samples were extracted 
using solid-phase extraction (SPE), followed by derivatization to enhance the detection of non-volatile organic compounds. 

3) Quality Control: Standard procedures and blank samples were used to minimize contamination. Calibration curves were 
constructed for each metal and organic pollutant to ensure accurate measurements. 

 
C. Statistical Analysis 
Data were analyzed using SPSS version 24. One-way ANOVA was performed to assess differences in pollutant concentrations 
across the three regions. Pairwise comparisons were made using Tukey’s HSD test to determine significant differences between 
locations. Spearman’s rank correlation was used to analyze the relationship between heavy metals and organic pollutants. 
 

IV. RESULTS AND DISCUSSION 
A. Heavy Metal Concentrations 
The concentrations of mercury (Hg), lead (Pb), and cadmium (Cd) varied significantly across the three locations. The industrial 
region showed the highest concentrations of all three metals. Mercury was detected at 0.5 μg/L, lead at 3.2 μg/L, and cadmium at 
0.3 μg/L. In the agricultural region, mercury was present at 0.2 μg/L, lead at 1.5 μg/L, and cadmium at 0.1 μg/L. The pristine coastal 
area had the lowest concentrations, with mercury below detectable levels, lead at 0.3 μg/L, and cadmium at 0.05 μg/L. 

 
Table 1: Heavy Metal Concentrations in Sea Water (μg/L) 

Location Mercury (Hg) Lead (Pb) Cadmium (Cd) 
Industrial Region 0.5 3.2 0.3 

Agricultural Region 0.2 1.5 0.1 
Pristine Coastal Area ND 0.3 0.05 
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These results indicate a direct influence of industrial activities on the concentration of heavy metals in sea water. Elevated 
concentrations in the industrial region suggest contamination from industrial discharges and effluent contamination. 
 
B. Organic Pollutant Concentrations 
The concentrations of organic pollutants, including PAHs and pesticides, were highest in the industrial region, followed by the 
agricultural region, and lowest in the pristine coastal area. The concentration of total PAHs in the industrial region was 8.0 ng/L, 
while in the agricultural region, it was 3.5 ng/L, and in the pristine area, it was 0.5 ng/L. Pesticides such as DDT and its metabolites 
were detected at 2.5 ng/L in the industrial region, 1.0 ng/L in the agricultural region, and ND in the pristine area. 
 

Table 2: Organic Pollutant Concentrations in Sea Water (ng/L) 
Location PAHs (Total) DDT (Total) 

Industrial Region 8.0 2.5 
Agricultural Region 3.5 1.0 
Pristine Coastal Area 0.5 ND 

 

 
 
The presence of organic pollutants, particularly in the industrial region, is likely due to industrial effluents and urban runoff, 
including petrochemical discharges. Pesticides from agricultural runoff were also a significant source in the agricultural region. 
 
C. Correlation Between Heavy Metals and Organic Pollutants 
Correlation analysis revealed a moderate positive correlation (r = 0.65) between the concentration of heavy metals (especially lead 
and mercury) and organic pollutants (PAHs and pesticides) in the industrial region. This suggests that both pollutants may have 
similar sources, such as industrial and urban discharges, or that industrial activity contributes to both metal and organic 
contamination. 

V. CONCLUSION 
This study highlights the significant presence of heavy metals and organic pollutants in coastal areas, with industrial activities 
contributing to the highest concentrations of both types of contaminants. The results emphasize the need for continuous monitoring 
of marine environments, particularly in industrialized and agricultural areas, to prevent the deterioration of marine ecosystems and 
human health. Future research should focus on the long-term ecological impacts of these pollutants, as well as the effectiveness of 
mitigation strategies to reduce their concentrations in coastal waters. 
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