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Abstract

Background: Polycyclic aromatic hydrocarbons (PAHs) and heavy metals, due to their environmental persistence,
bioaccumulation potential, and toxicological effects, are among the major contaminants threatening marine ecosys-
tems and human health. This study aimed to determine the concentrations of heavy metals and PAHs in tiger cuttle-
fish (Sepia pharaonis) marketed in Bushehr, Iran, and to simultaneously evaluate the ecological and human health
risks associated with dietary exposure to these contaminants.

Materials and Methods: A total of 30 samples were collected for heavy metal analysis and 12 samples for
PAHs determination from cuttlefish distribution centers in Bushehr. Heavy metals were quantified using inductively
coupled plasma mass spectrometry (ICP-MS) after sample preparation, while PAHs were extracted using disper-
sive liquid-liquid microextraction (DLLME) and determined by gas chromatography—mass spectrometry (GC-MS)
in selected ion monitoring (SIM) mode. Risk assessment was performed using the following indices: risk quotient
(RQ), target hazard quotient (THQ), hazard index (HI), and incremental lifetime cancer risk (ILCR).

Results: The PAH profile was characterized predominantly by low molecular weight compounds. The calculated
RQ_NCs values for naphthalene, phenanthrene, fluoranthene, and chrysene were higher than 1.0, indicating poten-
tial adverse ecological effects of these compounds. Concentrations of lead, arsenic, and mercury exceeded some
international guideline limits, with lead showing the highest RQ value among the investigated metals. However,
THQ and HI values for heavy metals were below 1.0, and the ILCR associated with PAHs remained within the
acceptable risk threshold. Furthermore, charcoal grilling altered the PAH profile and increased the concentrations
of certain higher molecular weight compounds.

Conclusion: Although no significant human health risk was identified under the defined exposure scenario, the
presence of compounds with ecological toxicity potential, cooking-induced alterations in contaminant profiles, and
the importance of cuttlefish in the marine food chain highlight the necessity of continuous contaminant monitor-
ing. It is also essential to control pollution sources, and consider food preparation methods in Bushehr to ensure

long-term ecological and public health safety.
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Extended Abstract

Seafood is a significant dietary component in coastal
communities because of its high nutritional value.
However, the introduction of chemical contaminants into
marine ecosystems can compromise the safety and
quality of these food resources. Polycyclic aromatic
hydrocarbons (PAHs) and heavy metals are among the
most prominent marine contaminants of considerable
environmental and public health concern because of their
persistence, potential for bioaccumulation, and trophic
transfer. The tiger squid (Sepia pharaonis), owing to its
trophic position, direct interaction with the marine
environment, and capacity to accumulate certain contam-
inants, can serve as a robust indicator of marine pollution
and a potential proxy for assessing human dietary
exposure,

The Persian Gulf, particularly the Bushehr region, is
subjected to diverse sources of contamination arising
from oil, gas, and petrochemical activities, vessel traffic,
port operations, and other anthropogenic activities. While
previous studies have investigated heavy metal
contamination in aquatic organisms from the region, infor-
mation regarding the simultaneous occurrence of PAHs
and heavy metals in squid marketed for human
consumption and its potential implications remains
limited. Moreover, food preparation processes, particularly
charcoal grilling, may alter the profile of organic
contaminants. Therefore, this study aimed to determine
the concentrations of heavy metals and PAHs in tiger
squid (S. pharaonis) marketed in Bushehr, assess the
ecological and human health risks associated with its
consumption, and investigate changes in the PAH profile
following charcoal grilling.

Materials and Methods: This study was conducted
in Bushehr, Iran, during the summer of 2025. Fifteen
active seafood retail and food-service centers that
offered squid as part of their food products were
purposively selected. Three independent squid samples,
each weighing approximately 250 g, were collected from
each center. Of these samples, 30 were allocated for
heavy metal analysis and 15 for PAH analysis. The
samples used for PAH analysis comprised 12 samples
for determining the baseline contamination levels and
three samples for evaluating the effect of cooking.
Following transport to the laboratory, the samples were
washed, cut, homogenized, and prepared for analysis.
Lead (Pb), cadmium (Cd), total arsenic (As), and mercury
(Hg) were determined using inductively coupled
plasma-mass spectrometry (ICP-MS). PAHs were
extracted using dispersive liquid-liquid microextraction
(PLLME), and 15 PAH compounds were quantified by
gas chromatography—mass spectrometry (GC-MS) in
selected-ion monitoring (SIM) mode. The target
compounds included naphthalene, acenaphthylene,
acenaphthene, fluorene, phenanthrene, anthracene,
fluoranthene, pyrene, benzo[alanthracene, chrysene,

6 Iran South Med J 2026; 29(5): 285-318 [Open Access Policy]

benzo[b+k]fluoranthene, benzo[alpyrene, indeno[1,2,3-
cd]pyrene, dibenzolah]anthracene, and
benzo[g,h,]perylene.

Analytical methods were validated for selectivity,
linearity, precision, accuracy, limit of detection, and limit
of quantification. Diagnostic ratios, including the
high-molecular-weight to low-molecular-weight PAH ratio
(HMW/LMW), were used to investigate the possible
sources of PAHs. In addition, three samples representing
different levels of contamination were selected to
simulate consumption conditions and evaluate the effect
of charcoal grilling. Ecological risk was assessed using
the risk quotient (RQ), while consumer health risk was
evaluated using estimated daily intake (EDI), target
hazard quotient (THQ), hazard index (HI), and
incremental lifetime cancer risk (ILCR). Statistical
analyses were performed using SPSS version 20, and a
significance level of P < 0.05 was considered statistically
significant.

Results: The results demonstrated a heterogeneous
PAH contamination pattern among the squid samples,
with low-molecular-weight compounds accounting for
the majority of the detected contaminants. In all
samples, the concentrations of fluoranthene, pyrene,
indeno[1,2,3-cd]pyrene, and benzo[a]pyrene were below
the limit of quantification. Among the quantifiable
compounds, acenaphthylene, with a maximum
concentration of 29.03 ug/kg, and fluorene, at 21.06
ug/kg, were present at relatively higher concentrations.
Some high-molecular-weight compounds were also
detected sporadically; chrysene and benzo[a]anthracene
were detected in one sample. The mean total PAH
concentrations in samples A, B, and C were 6.56, 6.13,
and 5.66 pg/kg, respectively. The HMW/LMW ratio was
0.19, indicating a predominance of low-molecular-weight
compounds. Diagnostic ratios suggested the possible
simultaneous contribution of petrogenic and pyrogenic
sources, although the overall pattern was consistent with
a substantial contribution from petrogenic sources.
Assessment of charcoal grilling showed that heating
reduced several LMW compounds, particularly
naphthalene and acenaphthylene, in certain samples.
However, total PAH concentrations increased after
cooking in all three samples. This change may reflect the
greater volatility of lighter compounds and the formation
or redeposition of heavier PAHs through smoke
exposure and combustion-related processes.
Consequently, the PAH profile of cooked squid may differ
from that of the raw material.

The mean concentrations of lead, cadmium, total
arsenic, and mercury were approximately 8.22, 0.1, 6.29,
and 1.19 mg/kg, respectively. Comparison with
international reference limits showed that lead, arsenic,
and mercury exceeded some standards. Cadmium also
exceeded the permissible limits of some standards but
remained within the acceptable range according to the
U.S. Food and Drug Administration (FDA) limit. These
findings indicate a considerable burden of certain
elements in edible squid tissue. However, regulatory-limit
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comparisons alone cannot determine health risk and
should be considered alongside exposure estimates and
risk indices.

Ecological risk assessment showed that the RQ values
for naphthalene, phenanthrene, fluoranthene, and
chrysene exceeded 1.0, indicating potential adverse
effects on aquatic biological communities based on the
applied criteria. Among the metals, lead had the highest
RQ (4.11) and was the only metal with an RQ above 1.0,
whereas cadmium, arsenic, and mercury had RQ values
below 1.0. Consumer health-risk assessment yielded
THQ values of 0.076, 0.032, 0.0681, and 0.0129 for
lead, cadmium, arsenic, and mercury, respectively.
Arsenic contributed the largest relative share of
non-carcinogenic risk. The total HI was 0.0918 (<1.0),
indicating no significant non-carcinogenic risk under
the defined exposure scenario. For PAHSs, the BaP-TEQ
was 2.086 pg/kg, CDI was 2.9 x 107 mg/kg/day, and
ILCR was 2.12 x 107%, remaining within the acceptable
carcinogenic-risk range.

Discussion: The findings demonstrate that squid
marketed in Bushehr are exposed to a mixture of organic
and inorganic contaminants, the accumulation patterns
of which are likely influenced by interactions among
environmental, biological, and anthropogenic factors.
The predominance of low-molecular-weight PAHs and
the low HMW/LMW ratio, together with the diagnostic
ratios, were consistent with a substantial contribution
from petrogenic sources. Nevertheless, the presence of
some high-molecular-weight compounds also suggested
a potential contribution from pyrogenic sources. This
pattern can be interpreted in the context of the
environmental conditions of the Bushehr region and the
presence of oil-related, industrial, and maritime activities.
However, diagnostic ratios in biological matrices should
be interpreted cautiously.

The elevated concentrations of certain metals relative to
reference limits, particularly lead, underscore the
importance of monitoring these contaminants.
Variations in metal accumulation among cephalopods
from different regions may be influenced by
species-specific traits, including body size, age, dietary
habits, habitat characteristics, and the magnitude of
contaminant inputs. With regard to arsenic, because total
arsenic rather than individual arsenic species was meas-
ured in the present study, the contribution of different
arsenic species to toxicity and bioavailability cannot be
determined precisely. Therefore, arsenic speciation
should be considered an important priority in future
studies.

From a human health perspective, THQ and HI values
below 1.0 and an ILCR within the acceptable range
indicated that, under the defined exposure scenario, no
significant non-carcinogenic or carcinogenic risk was
estimated. However, these findings are contingent upon
specific exposure parameters, consumption rates, body
weight, and other assumptions used in the risk
calculations and should not be interpreted as evidence
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of a complete absence of risk associated with
contamination. Conversely, RQ values greater than 1.0
for some PAHs and lead indicate that ecological risk
assessment and human health risk assessment may
yield divergent outcomes.

The alterations in the PAH profile following charcoal
grilling further demonstrate the importance of food
preparation methods. The reduction in lighter
compounds may be attributable to their greater
volatility, whereas the increase in certain heavier
compounds may be associated with the thermal
formation of PAHs and the deposition of PAHs present
in charcoal smoke onto food surfaces. Therefore,
dietary exposure assessments should consider not only
the initial level of contamination but also the changes
resulting from food processing and cooking.

Conclusion; The present study demonstrates that
tiger squid (S. pharaonis) marketed in Bushehr contains
measurable concentrations of certain PAHs and heavy
metals, with contamination likely influenced by multiple
environmental and anthropogenic sources. The
predominance of low-molecular-weight PAHs and
diagnostic ratios suggested a substantial contribution
from petrogenic sources, although pyrogenic inputs were
also possible. Some PAHs and lead showed potential
adverse ecological effects based on RQ values. In
contrast, THQ and Hl values for heavy metals were below
1.0, while the ILCR associated with PAHs remained
within the acceptable carcinogenic-risk range. Therefore,
under the exposure scenario applied, no significant
human health risk was estimated. Analysis revealed that
charcoal grilling altered the PAH profile and increased
total PAH concentrations, highlighting how food
preparation may affect dietary exposure. Given the
nutritional and economic importance of squid in the re-
gion, continuous monitoring of chemical contaminants
and mitigation of pollution sources are essential. Further
studies should include larger sample sizes, provide
detailed speciation of arsenic and mercury, and evaluate
different cooking methods to better characterize
contaminant  behavior and provide a more
comprehensive assessment of squid safety.
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Fig 1. GC—MS chromatograms of PAH standards at concentrations ranging from 12.5 to 500 pg/kg
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