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Heavy metals in aquatic environments are non-biodegradable and, due to their
persistence and accumulation in the food chain, have become an increasing concern for
aquatic organisms, including crustaceans. The aim of this study was to evaluate the
bioaccumulation of zinc (Zn), copper (Cu), and nickel (Ni) in the soft tissues of the ghost
crab (Ocypode rotundata) and in sediments from sandy shores of Chabahar Bay and the
Oman Sea, and to compare the measured concentrations with international standards.
Samples were collected from three stations: the Konarak Desalination Plant, Crab Island,
and the beach adjacent to the Martian Mountains tourism complex. Following chemical
digestion, heavy metal concentrations were determined using atomic absorption
spectroscopy and expressed as micrograms per gram of dry weight. The pattern of heavy
metal accumulation in the soft tissues of the ghost crab was recorded as Cu > Ni > Zn,
and statistically significant differences (p < 0.05) were observed in the mean metal
concentrations among the sampling stations. The concentrations of zinc and copper in
crab soft tissues at all stations were below the recommended standard limits, whereas
nickel concentrations exceeded the permissible limits established by the World Health
Organization (WHO) and the Food and Agriculture Organization (FAO). The minimum
and maximum concentrations of metals in sediment samples (ng/g dry weight) were
2.13-16.21 for zinc, 1.16-3.16 for copper, and 38.4-54.6 for nickel. Zinc and copper
concentrations in sediments were below the sediment quality guidelines of the United
States (NOAA) and Canada (CCME), while nickel concentrations exceeded these
standards. These findings highlight the need for increased attention to environmental
management and stricter control of pollution sources entering Chabahar Bay and the

Oman Sea.
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EXTENDED ABSTRACT

Introduction

Metals continuously enter aquatic ecosystems through both natural sources and anthropogenic
activities, disrupting ecological balance. Their capacity for bioaccumulation can impose stress
and strain on aquatic organisms. Monitoring the concentration levels of heavy metals in aquatic
species is of great significance for both natural resource management and human consumption.
Therefore, continuous monitoring of these metals is critically important to assess the
bioaccumulation potential of such pollutants, representing a key measure in the management of
aquatic ecosystems. Pollutants such as heavy metals have become an increasing and concerning
issue in aquatic environments for aquatic organisms, including crustaceans. This is because
most heavy metals are non-biodegradable, persistently affect the food chain, and pose
significant risks to both the environment and human health. The aim of this study was to
investigate the bioaccumulation levels of heavy metals—zinc, copper, and nickel—in the soft
tissues of the ghost crab (Ocypode rotundata) and sediments of sandy shores along the
Chabahar Bay and the Oman Sea, and to compare them with international standards.

Materials and Methods

Based on previous studies regarding the presence of heavy metal contamination in Chabahar
Bay and the Oman Sea as well as the habitat of the ghost crab, three stations -Konarak
desalination plant, Crab Island, and the shore adjacent to the Martian Mountains tourist complex
with sandy substrate- were selected for this study. A total of 30 ghost crabs were manually
collected in triplicate from the selected stations during low tide in autumn 2015. Sediment
samples were taken from the surface layer of the substrate (top 5 cm of sediment) at low tide.
All samples were immediately placed in ice-boxes upon collection and promptly transferred to
the laboratory, where they were stored at -20°C until further analysis. The concentrations of
heavy metals copper, nickel, and zinc in the samples were measured using an atomic absorption
spectrophotometer with three replicates, and expressed in micrograms per gram of dry weight.
Statistical analysis of the data was performed using SPSS version 20. The non-parametric
Kruskal-Walli’s test was used to examine differences in heavy metal concentrations between
stations. Data for each measurement were reported as mean + standard deviation (+ mean SD).
In cases where significant differences were observed, the Mann—Whitney test was applied for
pairwise comparisons between stations, and differences were considered significant at a
confidence level of 95% (p < 0.05). Graphs depicting heavy metal concentrations at each station
were plotted using Excel 2021.

Results

The highest average concentration of zinc in the soft tissue of the ghost crab was recorded at
25.42 £ 1.1 pg/g dry weight at the desalination plant station. Conversely, the lowest average
concentration of zinc in the soft tissue of the ghost crab (12.33 = 0.9 pg/g dry weight) was
observed at the Crab Island station. The average concentration of copper in the soft tissue of
the ghost crab across the studied stations ranged from 3.28 + 0.8 to 6.76 + 0.9 pug/g dry weight.
The highest and lowest copper levels in the soft tissue were recorded at the desalination plant
and Crab Island stations, respectively. The average concentration of nickel in the soft tissue of
the ghost crab at the sampling stations ranged from 22.1 + 1.0 pg/g dry weight (desalination
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plant station) to 8.1 + 0.08 pg/g dry weight (Crab Island station). The pattern of heavy metal
accumulation in the soft tissues of the ghost crab was recorded as follows: zinc > nickel >
copper. A statistically significant difference (p<0.05) was observed in the average
concentrations of heavy metals among the different sampling stations. Measured levels of zinc
and copper in the crab’s soft tissue at all sampling stations were below the standard limits,
whereas nickel levels exceeded the recommended standards set by the World Health
Organization (WHO) and the Food and Agriculture Organization (FAO) of the United Nations.
The minimum and maximum concentrations of metals in the sediment samples from various

stations, in micrograms per gram of dry weight, were as follows: Zinc (2.13-16.21), Copper
(1.16-3.16), Nickel (38.4-54.6).

Conclusion

In the present study, the bioaccumulation of heavy metals zinc, copper, and nickel in the soft
tissue of the ghost crab (O. rotundata) and sediments from sampling stations in Chabahar Bay
and the Oman Sea was investigated. The pattern of heavy metal accumulation in the soft tissue
of the ghost crab at all stations followed the order: zinc > nickel > copper. The measured
concentrations of zinc and copper in the soft tissue of ghost crabs at all sampling stations were
below the standard levels recommended by the WHO and the FAO. However, nickel
concentrations in all collected crabs exceeded the established standard levels, which may pose
a warning for consumer health. Nickel and copper showed the highest and lowest accumulation
levels, respectively, in the sediments of the studied stations in the waters of the Oman Sea.
Sediment analysis from different stations indicated that the concentrations of zinc and copper
across all studied areas were below the threshold limits defined by ERL, ERM, ISQG, and PEL
standards. Meanwhile, nickel levels in sediments from stations associated with the desalination
facility and the Martian Mountains tourist complex exceeded permissible limits set by sediment
quality guidelines of the United States (NOAA) and Canada (CCME).
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IERL = effect range low (NOAA), ® ERM = effect range medium (NOAA), °ISQG= Interim sediment quality guideline (Environment
Canada), ¢ PEL = probable effect level (Environment Canada).
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