University of Tehran Press

Journal of Environmental Studies

Vol. 51, No. 2, Summer 2025 Print ISSN: 1025-8620

Online ISSN 2345-6922

Homepage: www.Jes.ut.ac.ir

Optical Monitoring of Coastal-Marine Environments through Colored Dissolved Organic

Mehdi Gholamalifard!®
Ali Saber?

Matter (CDOM) (Southern Pars Region Case Study)

, Bonyad Ahmadi?"*', Maryam Naghdi®'=', Seyed Mahmoud Ghasempouri*.t",

, Sohrab Mazloumi?®

1. Corresponding Author, Department of Environmental Science and Engineering, Faculty of Natural Resources, Tarbiat Modares
University, Noor, Mazandaran Province, Iran. Email: m.gholamalifard@modares.ac.ir

2. Department of Environmental Science and Engineering, Faculty of Natural Resources, Tarbiat Modares University, Noor, Mazandaran
Province, Iran. Email: bonyad.ahmadi@modares.ac.ir

3. Department of Watershed Management Engineering, Faculty of Natural Resources, Tarbiat Modares University, Noor, Mazandaran
Province, Iran. Email: maryam.naghdi@modares.ac.ir

4. Department of Environmental Science and Engineering, Faculty of Natural Resources, Tarbiat Modares University, Noor, Mazandaran
Province, Iran. Email: ghasempm@modares.ac.ir

5. Department of Environment, Marine environment and wetlands, Tehran, Iran. Email: a.saber@doe.ir

6. Department of Environment, Marine environment and wetlands, Tehran, Iran. Email: s.mazloumi@doe.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received: 9 February 2025
Received in revised form: 8
September 2025

Accepted: 12 September
2025

Available online : 21
September 2025

Keywords:

Colored Dissolved Organic
Matter (CDOM),
Conductivity,

Depth (CTD) Device,

Pars  Special  Economic
Zone (PSEEZ),

Temperature.

Objective: Colored Dissolved Organic Matter (CDOM) of terrestrial origin plays a crucial role in the
biogeochemical cycles of carbon, nitrogen, and phosphorus in coastal regions. This component significantly
influences water quality and ecosystem services by affecting light penetration. Despite the importance of CDOM
in coastal ecosystems, most global studies have primarily relied on remote sensing techniques due to their
efficiency in large-scale observations. However, remote sensing alone cannot fully capture the spatial and
temporal variations of CDOM, making in situ field measurements essential for accurate assessments. In Iran,
continuous and systematic monitoring of CDOM in coastal waters remains largely unexplored, leaving a
significant knowledge gap regarding its seasonal dynamics and anthropogenic influences.

Method: This study aimed to address this gap by conducting field sampling using a conductivity, temperature,
and depth (CTD) device to measure CDOM concentrations in the industrial zone of South Pars and Nayband
Marine National Park. To ensure a comprehensive analysis, the study area was divided into four distinct sections:
Nayband, the industrial zone, Bonood, and mangrove forests. Each section was selected based on its ecological
significance and potential exposure to different sources of CDOM. A total of 144 sampling stations were
surveyed across two seasonal periods: winter 2022-2023 and spring 2023. Water samples were collected from
various depths to examine vertical distribution patterns of CDOM in addition to spatial variations. The collected
data were analyzed to determine the extent of CDOM fluctuations between different regions and seasons.
Results: The findings revealed that CDOM concentrations varied significantly across different locations and
seasons. The highest mean CDOM concentration was observed in the mangrove forests, reaching 6.27 ppb in
spring and 3.84 ppb in winter. Similarly, in Nayband, CDOM concentrations were recorded at 1.35 ppb in spring
and 7.55 ppb in winter. Additionally, the data indicated that CDOM levels were generally higher in coastal areas
and surface water layers, which may be attributed to increased organic matter input from terrestrial sources, such
as riverine discharge and coastal vegetation. The contrast between winter and spring concentrations suggests
seasonal variations in CDOM production and degradation processes.

Conclusions: Measuring CDOM concentrations in Bonood, this study also explored potential sources and
driving factors behind its variability. The results indicate that anthropogenic activities, particularly industrial and
urban wastewater discharge, play a crucial role in shaping CDOM levels in coastal waters. Additionally,
submarine groundwater discharge (SGD) was identified as a significant contributor, particularly in regions with
high CDOM concentrations, such as Nayband and the mangrove forests. The interaction between natural and
human-induced factors highlights the complexity of CDOM dynamics in coastal environments. Given the
observed seasonal and spatial variations, continuous monitoring of CDOM is essential for understanding long-
term trends and their implications for water quality management.
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Introduction

Coastal habitats provide diverse and essential ecosystem services for both people and the environment.
Given the close relationship between water quality, environmental health, and quality of life, monitoring
these ecosystems is crucial. The quality of water is determined by a combination of its physical, chemical,
and biological properties. Therefore, studying colored dissolved organic matter (CDOM) is essential for
understanding the physical, chemical, biological, and geological processes governing coastal ecosystems.
Analyzing CDOM optical properties helps infer its concentration and potential sources, which vary with
origin in natural waters. For the first time, this study reports the levels of CDOM as an optically active
component from the South Pars industrial zone and Nayband Marine National Park, highlighting its
significance as a key water quality parameter in industrial regions during the winter and spring seasons.
CDOM s defined and measured based on light absorption intensity or fluorescence emission. Therefore, a
conductivity, temperature, and depth (CTD) device was used to determine the concentration of this
component in the study area. The objective of this study is to investigate the magnitude, spatial distribution,
and influencing factors of CDOM concentration.

Method

This study was conducted in the coastal areas of Nayband Gulf, covering 144 sampling stations across four
distinct regions in Bushehr Province of Iran, namely Bonood region, mangrove forests, Nayband Gulf, and
the industrial zone extending from Assaluyeh to Shirinoo. Sampling was performed during the winter and
spring seasons. Data were recorded from depths of less than 20 meters using a CTD-115m device.
Additionally, CDOM concentration was measured using a CYCLOPS-7 Turner Designs fluorometer.
Following data collection, preliminary processing was performed on the CTD data, which included the
removal of upcast measurements. Only downcast data were retained, as upcast measurements were less
reliable due to the potential contact of the probe with the seabed, causing turbulence. After sampling, the
water column was divided into three layers, including surface, middle, and deep, to analyze CDOM
distribution patterns at different depths and assess the environmental factors influencing each layer.

Results

During the winter sampling in the Nayband region (eastern and western Nayband Gulf), the highest CDOM
concentration was recorded at Station 18, near Haleh Pier, with a value of 83 ppb. Stations 1 and 2 followed
with concentrations of 36.32 ppb and 18.54 ppb, respectively. In the western gulf, the lowest CDOM
concentrations were observed at Stations 2, 3, and 4, where the values were recorded as zero. During the
spring sampling, the highest CDOM concentration in the surface water layer was observed at Station 1 near
the cape, with a value of 6.31 ppb, while the highest concentration in the entire water column was recorded
at Station 7, with a value of 1.87 ppb. In winter, the highest concentration in surface waters was observed at
Station 3, with a value of 77.03 ppb, whereas in spring, the highest concentration was recorded at Station 1,
with a value of 19.06 ppb. During winter, Station 17 (near Kavian Petrochemical Complex) and Station 9
(near the Faraskou Oil Terminal in Assaluyeh) recorded the highest CDOM concentrations, with values of
56.44 ppb and 57.21 ppb, respectively. In spring, the highest concentrations were recorded at Station 30
(near the Mobin Petrochemical employees' hotel) and Station 21 (near the cooling water discharge point of
the Kavian Petrochemical Complex), with values of 27.63 ppb and 35.29 ppb, respectively. In spring, the
highest concentration was observed at Station 30, approximately 400 meters away from the Mobin
Petrochemical employees' hotel and near the coral islands.

Discussion

Analysis of field data alongside previous studies reveals significant spatial fluctuations in CDOM
concentrations across different regions, driven by both natural and anthropogenic factors. In the Nayband
region, the highest mean CDOM levels were recorded at Stations 15 and 18 (near Haleh Pier and Nakhl
Taghi). This increase, particularly in winter, is attributed to seasonally enriched runoff, precipitation events,
continuous dredging operations, and the influence of SGD. Several studies have confirmed the presence of
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SGD in this region, identifying it as a major pathway for the introduction of micronutrients and dissolved
organic compounds into coastal waters.

The mangrove forests of Asaluyeh exhibited the second-highest CDOM concentrations. In this area, anoxic
conditions, driven by microbial activity involving manganese and iron oxides, the presence of anoxic pores,
and tidal exchange processes, play a critical role in enhancing CDOM levels. The proximity of SGD
discharge points to human settlements and industrial infrastructures, including petrochemical dormitories,
likely exacerbates organic pollution in this zone.

In contrast, Bonood, selected as a reference (control) site with minimal anthropogenic impact, exhibited the
lowest CDOM levels. Its distinct hydrological characteristics, including the absence of major terrestrial
inputs and the presence of coral reefs, result in a uniqgue CDOM signature. Here, CDOM primarily originates
from the biogeochemical breakdown of plant and marine biomass, nitrogen fixation, and other biological
processes associated with reef ecosystems. Suspended carbonate particles, metals leaching from reef
substrates, and the complex interplay between organic and inorganic matter contribute to the region's specific
CDOM spectral properties.

Surprisingly, the South Pars Special Economic Zone, despite hosting multiple petrochemical and refinery
facilities, showed lower CDOM concentrations than the Nayband and mangrove regions. While industrial
effluents in this zone contain elevated levels of heavy metals (e.g., Zn, Cu, Ni, Cr, Cd), the reduced CDOM
levels are likely due to a combination of physical and biogeochemical mechanisms, including flocculation,
sedimentation, microbial degradation, photochemical breakdown, and oxidative mineralization of organic
matter. These processes collectively limit the persistence of CDOM in the water column.

From an ecological perspective, elevated CDOM impairs light penetration into deeper layers, disrupting
photosynthetic processes and primary production, particularly in sensitive coral ecosystems. The weak
correlation between CDOM and chlorophyll-a observed in this study suggests that CDOM is predominantly
derived from allochthonous (external) sources rather than phytoplanktonic production. In contrast, the
significant positive correlation between CDOM and turbidity highlights the dominant role of physical and
hydrodynamic drivers such as soil erosion, organic matter decomposition, and sediment transport. These
results align with findings from studies in the Yellow River, China, which similarly reported a lack of
correlation between CDOM and chlorophyll-a but a strong association with turbidity.

Conclusions

The results indicate that CDOM concentrations in the coastal areas of the study region are higher than those
in offshore zones, which could be attributed to the influx of micronutrients, soil, and vegetation, as well as
the presence of SGD along the Nayband coast (near Haleh pier) and Asaluyeh (mangrove forests). This
increase is estimated to be greater in areas influenced by human activities and mangrove forests compared to
other regions. The mangrove forests, due to root growth and decomposition, reverse tidal flows, SGD, and
anoxic pores during the two studied seasons, have shown higher concentrations of organic matter than
Bonood and the industrial area. Stations 31 (Mangrove), 15, and 18 (Nayband) demonstrate that human
activities such as wastewater discharge, residential development, fishing docks, and oil terminals
significantly impact CDOM levels. The literature also confirms the influence of SGD in the Nayband area. In
the industrial zone, proximity to the Kavian refinery complex and the influx of heavy metals have resulted in
elevated CDOM concentrations. However, contrary to expectations, CDOM levels in this region are lower
than those in the mangrove and Nayband areas and, on average, are comparable to those in the Bonood
region. This is likely due to reverse photo-oxidation, solar degradation, mixing, flocculation, and salinity
driven by tidal currents, which may have reduced CDOM levels in these areas. In the Bonood region,
considered a control area with minimal human activity, the influence of coral islands has caused some
variation in CDOM, yet it still exhibits the lowest average among all regions. These findings highlight the
significant impact of human and industrial activities on the increase of CDOM in coastal zones.
Recommendations such as real-time monitoring, advancement of treatment technologies, integrated
environmental management, stringent standards for polluting industries, protection of natural ecosystems,
and the development of further research can contribute to reducing CDOM and improving water quality.
Implementing these measures requires collaboration among scientific, executive, and regulatory institutions.
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