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) through bioaccumulation, posing risks to marine organisms and human health. Due to its
2025 filter-feeding behavior, the razor clam (Solen sp.) is an effective bioindicator of heavy metal
pollution.

Methods: In this study, razor clam specimens were collected, transported to the laborato-
ry, measured biometrically, digested, and analyzed for heavy metal concentrations using
atomic absorption spectrophotometry. Water samples were collected simultaneously and
analyzed for dissolved metal concentrations. The Bioaccumulation Factor (BAF) and Eco-
logical Hazard Assessment (EHA) indices were subsequently calculated to evaluate metal
accumulation and ecological risk.

Results: The results showed that nickel exhibited the highest bioaccumulation, with BAF
values of 96.14 and 77.40 in winter and summer, respectively. Such accumulation may
adversely affect ecosystem structure and function, reduce the abundance and reproductive
capacity of aquatic organisms, degrade fisheries resources, alter food availability in the
water column and sediments, and contribute to oxygen depletion.

Discussion: The Ecological hazard assessment indicated that chromium, cadmium, nickel,
and cobalt presented the highest ecological risks, with chromium posing the greatest threat
to aquatic organisms and the surrounding environment. Statistical analysis revealed sig-
. nificant seasonal differences in chromium and cadmium concentrations among razor clam
Ostreidace, samples collected from the margins of the studied mangrove forests (P<0.05), suggesting

Metals, Heavy, | that seasonal variation influences heavy metal accumulation and ecological risk in this eco-
bioaccumulation. system.
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Introduction:

he Persian Gulf, as one of the world’s

richest aquatic ecosystems, faces

serious threats from pollution, par-
ticularly heavy metals, due to the rapid expan-
sion of industrial, agricultural, and urban activi-
ties. Heavy metals are among the most dangerous
pollutants due to their high toxicity, environmen-
tal persistence, and ability to bioaccumulate and
biomagnify through the food chain. Bivalve mol-
lusks, due to their filter-feeding lifestyle, possess
a high capacity to absorb and store heavy metals
from water and sediments, making them effective
biological indicators of pollution. The razor clam
(Solen roseomaculatus) is a native species of the
Persian Gulf traditionally used by local commu-
nities as food and also as feed in shrimp farms.
This study aimed to determine the concentrations
of heavy metals (vanadium, chromium, cadmium,
cobalt, and nickel) in the soft tissue of this clam
and in ambient water, and to assess the Bioaccu-
mulation Factor (BAF) and Ecological Hazard As-
sessment (EHA) in the Hara Protected Area (Khor
Khoran), Hormozgan Province.

Methods:

This cross-sectional descriptive study was con-
ducted at three stations located in the Hara Pro-
tected Area (Khur-e-Skelleh, Khur-e-Balakerat,
and Khur-e-Qeshm) during two seasons: summer
(2022) and winter (2021). At each station, 30 clam
samples (S. roseomaculatus) were randomly col-
lected. Water samples were also taken simultane-
ously. After transferring samples to the laboratory,
biometric measurements (length, width, diameter,
wet and dry weight) were performed. Soft tis-
sues were freeze-dried and prepared for analysis
using acid digestion in a microwave (nitric acid
and hydrogen peroxide). Heavy metal concentra-
tions were measured using an atomic absorption
spectrometer equipped with a graphite furnace
(Model AAS4Zeiss, Germany). The Bioaccumu-
lation Factor (BAF) was calculated as the ratio of
metal concentration in the organism to that in wa-
ter, and the Ecological Hazard Assessment (EHA)
was calculated as the ratio of metal concentration

in water to the permissible limit according to the
Iranian Seas Water Quality Standard (Department
of Environment, 2020). Data were analyzed us-
ing Shapiro-Wilk test (normality), T-test (seasonal
comparison), one-way ANOVA (station compari-
son), and Pearson correlation (metal interrelation-
ships) using SPSS version 22.

Results: Mean environmental parameters (tem-
perature, dissolved oxygen, salinity) were high-
er in summer than in winter. Biometric results
showed significant differences in length, width,
and diameter of clams among stations (P<0.001),
with the highest mean length in Khur-e-Qeshm
(7.11 cm) and the lowest in Khur-e-Skelleh (6.77
cm). Heavy metal analysis in clam tissue indicat-
ed that mean concentrations of cobalt, chromium,
nickel, and vanadium were higher in winter than
in summer, whereas cadmium was higher in sum-
mer. In water samples, mean concentrations of co-
balt, chromium, nickel, and cadmium were higher
in summer than in winter, with an overall concen-
tration pattern of Co> Cd> Cr> Ni> V. Vanadium
was not detected in any water sample across sea-
sons.

Results:

The Bioaccumulation Factor (BAF) revealed
that nickel (Ni) had the highest bioaccumulation
percentage in clam tissue: 96.14% in winter and
77.40% in summer. This extremely high bioaccu-
mulation (over 96% in winter) indicates the clam’s
exceptional ability to absorb and store nickel from
the aquatic environment. This level of bioaccumu-
lation can lead to adverse effects, including mu-
tagenicity and carcinogenicity in human consum-
ers, as well as the transfer of heavy metals into the
shrimp food chain when used as feed.

The Ecological Hazard Assessment (EHA)
showed that chromium (Cr), cadmium (Cd), nick-
el (Ni), and cobalt (Co) posed the greatest ecologi-
cal risks to the aquatic ecosystem, in that order.
This means that chromium poses a greater threat
to aquatic life and the environment of the Hara
Protected Area than the other metals studied.

The T-test revealed significant seasonal differ-
ences in chromium and cadmium concentrations
(P<0.05), but no significant difference for cobalt
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(P>0.05), suggesting that cobalt accumulation is
less influenced by seasonal variation or is pri-
marily controlled by geological sources. No sig-
nificant differences in cobalt concentrations were
observed among stations. Pearson correlation
analysis showed a strong, significant positive cor-
relation (P<0.01) between cobalt and several other
metals, indicating potential common sources of
input.

Conclusion:

The results of this study demonstrate that the
razor clam (S. roseomaculatus) in the Hara Pro-
tected Area has a very high bioaccumulation ca-
pacity for nickel (over 96%) and that chromium,
cadmium, nickel, and cobalt in the water pose sig-
nificant ecological risks. Given that local coastal
communities in Hormozgan Province traditionally
consume this mollusk as part of their diet and that
it is also used as feed in shrimp farms, the entry
of these heavy metals- especially nickel (with its
mutagenic and carcinogenic properties)- into the
human food chain represents a serious threat to
public health. Furthermore, the use of these clams
as feed for livestock and poultry can indirectly in-
troduce heavy metals into the human food cycle.

Based on these findings, the development of a
National Consumption Safety Standard for bivalve
mollusks along the northern coasts of the Persian
Gulf'is of critical national importance for monitor-
ing the health of coastal residents and preventing
diseases associated with heavy metal bioaccumu-
lation (such as cancer, renal disorders, and neuro-
logical impairments). Additionally, the implemen-
tation of optimal management practices and the
development of advanced treatment systems for
municipal, industrial, and agricultural wastewater
prior to discharge into the sea are strongly recom-
mended.
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