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INTRODUCTION

The metallic contamination of marine eco-
systems has become a particular area of inter-
est, debate, and widespread concern around the 
world (Ayberk et al., 2004; Belabed et al., 2017; 
Osman et al., 2025; Ouali et al., 2018; Zeghdou-
di et al., 2024). Heavy metals in aquatic systems 
may arise from both natural sources such as rock 
weathering, volcanic eruptions, erosion, and oth-
er geological events, and anthropogenic sources, 
like mining, fossil fuel combustion, industrial 
agricultural activities, and urban wastewater dis-
charges (Ikhsani et al., 2025). Ayberk et al. (2004) 
reported that semi-enclosed seas, including the 

Mediterranean Sea, are more susceptible to pol-
lution impacts due to their long coastlines rela-
tive to their sea surface area and the slow renewal 
of water masses. It’s the case with the Algerian 
coast, which is generally recognized as highly ur-
banized and industrialized, leading to enhanced 
trace elements in sediments and various organ-
isms (Belabed et al., 2017; Cayabo et al., 2025; 
Ikhsani et al., 2025; Ouali et al., 2018).

Seafood species includes fish, gastropods, 
crustacean shellfish, and bivalve molluscan 
shellfish have the abilities to accumulating 
toxic trace elements residues in their tissues 
like chrome (Cr), copper (Cu), nickel (Ni), iron 
(Fe), arsenic (As), cadmium (Cd), lead (Pb), 
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and mercury (Hg) (Ikhsani et al., 2025; Ouali et 
al., 2018; Zeghdoudi et al, 2024). Heavy metals 
mainly enter fish muscle, and other marine or-
ganisms through contaminated water, sediments, 
and food webs. When their concentrations ex-
ceed the tolerance limits, they will eventually 
pose an earnest problem regarding public health 
safety (Storelli et al., 2005), because of their per-
sistence, toxicity, and biomagnification (Díaz et 
al., 2025; Mehouel and Fowler, 2022; Nakib et 
al., 2026). In marine organisms, various factors, 
such as length and weight, environmental con-
ditions, season, location, distribution, environ-
mental preference, trophic level, feeding habits, 
age, sex, and exposure duration to metals, can 
directly or indirectly influence the accumulation 
of heavy metals (Arulkumar et al., 2017). 

 Seafood plays an important role in the glob-
al diet due to its richness in essential nutrients 
and polyunsaturated fatty acids with cardiopro-
tective effects (Garofalo et al., 2025; Ikem and 
Garth, 2022; Kerdoun et al., 2024). However, in 
Algeria, consumption remains low (≈ 3–4 kg/
capita/year), well below the global average (> 
20 kg/capita/year) (FAO, 2022). Numerous in-
ternational studies have reported contamination 
of marine organisms by trace metals, sometimes 
exceeding recommended limits, with variable 
risks to human health (Almafrachi et al., 2025; 
Hussein et al., 2023). In Algeria, findings are 
contrasting: some studies indicate an overall low 
health risk (Kerdoun et al., 2024), while others 
report concerning exceedances, particularly for 
lead, cadmium, and mercury in certain species 
and regions (Mehouel and Fowler, 2022; Nakib 
et al., 2026; Ouali et al., 2018).

Most existing studies have focused on the 
contamination of fish by trace metals collected 
directly from fishing sites, which are widely re-
garded as reliable bioindicators of aquatic eco-
system quality. However, fishery products mar-
keted in local markets remain poorly investigat-
ed, despite potential variations related to their 
origin and storage conditions. This gap limits 
the accurate assessment of dietary exposure and 
associated health risks. Therefore, the present 
study aims to quantify trace metal elements (Fe, 
Ni, Cd, Cr, and Cu) in several species consumed 
in Guelma (Algeria) and to evaluate the associ-
ated health risks across different age groups. 

MATERIALS AND METHODS 

Sampling and sample preparation

A total of 189 fishery product samples were 
collected for this study, comprising 50 fish, 79 
bivalve and cephalopod mollusks, and 60 crus-
taceans. The samples were obtained from lo-
cal fish markets between April and June 2025. 
According to the fishermen, the seafood sold in 
these markets originates from the coastal areas of 
Annaba, El Kala, Skikda, and Collo. These spe-
cies were selected for several reasons, notably 
their abundance during the study period and their 
regular consumption by the local population. 
For each batch, biological (scientific name, size 
class, weight range, trophic levels) and ecological 
(Habitats) characteristics of the studied species is 
summarized in Table 1.

All collected samples were promptly put in an 
ice box and transported to the laboratory. There-
after, all samples were carefully washed first with 
tap water and then rinsed with de-ionized water 
to remove any surface and skin contamination. 
Afterward, the total length and body weight of 
each sample were measured using a digital bal-
ance (accuracy of 0.01 g) and a digital caliper (ac-
curacy of 1 mm), after these measurements, the 
samples were washed again prior to dissection. 
Approximately 200 g of edible tissues (muscle 
without skin, whole soft tissues) from each batch 
were collected, homogenized, and analyzed sepa-
rately. Thereafter, the samples were cut into small 
pieces and packed up in clean, labeled airtight zip-
lock plastic bags, and then stored at − 20 °C until 
further processing. Samples were subsequently 
freeze-dried (CHRIST Alpha 1-2 LDplus lyophi-
lizer, Germany) for two days. The dried samples 
were weighted to determine the ratio of moisture 
content using to calculate health risk assessment. 
Next, the dried samples were crumbled and pul-
verized thoroughly with a porcelain mortar and 
pestle. The resulting powder was sieved through 
1 mm mesh. 

Analyses of heavy metals

Freeze-dried subsamples were subjected to 
wet digestion. Briefly, one gram of the sample was 
taken into a clean glass beaker using an analyti-
cal balance. 5 ml of 65% nitric acid (HNO3), and 
2 ml of 30% hydrogen peroxide H2O2 was gradu-
ally added, the mixture was kept overnight in a 
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chemical hood for pre-digested, as a consequence, 
prevent foaming during the subsequent digestion 
process, Afterward, they were heated (130–200 
°C) on an electric hot plate, until the solution evap-
orated slowly and became completely clear. After 
cooling to ambient temperature, the digests were 
diluted to 25 mL with de-ionized water and filtered 
through a 0.45 mm nitrocellulose syringe filter be-
fore storage at 4 °C until further analysis.

All reagents were of analytical grade. To pre-
vent any sources of metal contamination, all glass-
ware and bottles were soaked in 10% nitric acid 
and then rinsed well with distilled water before use. 
The determination of heavy metals was carried out 
by a flame atomic absorbance spectrophotometer 
of the Perkin-Elmer, precisely AANALYST400 
type, in which acetylene gas and air were used 
as fuel and oxidizer, respectively, set with the pa-
rameters recommended by the manufacturer (El-
mer, 2008). The mean recovery of the investigated 
elements from the reference material was 95% ± 
10%, and the relative standard deviation (RSD) of 
all replicate samples was less than 10%. The mea-
surements were performed in the laboratory of In-
dustrial Analysis and Materials of the University 
8 May1945. Each sample matrix was analyzed in 
triplicate to determine the average metal value.

The concentrations were calculated according 
to the following equation:

	 𝐶𝐶 = 𝑅𝑅 𝑋𝑋 ( 𝐷𝐷
𝑊𝑊) 

 

𝑇𝑇𝑇𝑇𝑇𝑇 =
𝐸𝐸𝐸𝐸 ×  𝐸𝐸𝐸𝐸 ×  𝐹𝐹𝐹𝐹𝐹𝐹 × 

×  𝐶𝐶𝐶𝐶 ×  𝐶𝐶
𝑅𝑅𝑅𝑅𝑅𝑅 ×  𝑊𝑊𝑊𝑊𝑊𝑊 ×  𝑇𝑇𝑇𝑇 × 10−3 

 

𝑇𝑇𝑇𝑇 =
𝐸𝐸𝐸𝐸 ×  𝐸𝐸𝐸𝐸 ×  𝐹𝐹𝐹𝐹𝐹𝐹 × 
×  𝐶𝐶𝐶𝐶 ×  𝐶𝐶 ×  𝐶𝐶𝐶𝐶𝐶𝐶

𝑊𝑊𝑊𝑊𝑊𝑊 ×  𝑇𝑇𝑇𝑇 × 10−3 

	 (1)

where:	C is the metal concentration (mg/kg) 
dry weight; R is the digital scale of AAS 
Reading; D is the sample dilution and W 
is the sample weight.

Human health risks assessment

Non-carcinogenic health risk

The non-carcinogenic risk for each metal 
through fish consumption was assessed by the 
target hazard quotient (THQ). The THQ in the 
study area was calculated following the guide-
lines recommended by USEPA (1989) using the 
specified formula:

	

𝐶𝐶 = 𝑅𝑅 𝑋𝑋 ( 𝐷𝐷
𝑊𝑊) 

 

𝑇𝑇𝑇𝑇𝑇𝑇 =
𝐸𝐸𝐸𝐸 ×  𝐸𝐸𝐸𝐸 ×  𝐹𝐹𝐹𝐹𝐹𝐹 × 

×  𝐶𝐶𝐶𝐶 ×  𝐶𝐶
𝑅𝑅𝑅𝑅𝑅𝑅 ×  𝑊𝑊𝑊𝑊𝑊𝑊 ×  𝑇𝑇𝑇𝑇 × 10−3 

 

𝑇𝑇𝑇𝑇 =
𝐸𝐸𝐸𝐸 ×  𝐸𝐸𝐸𝐸 ×  𝐹𝐹𝐹𝐹𝐹𝐹 × 
×  𝐶𝐶𝐶𝐶 ×  𝐶𝐶 ×  𝐶𝐶𝐶𝐶𝐶𝐶

𝑊𝑊𝑊𝑊𝑊𝑊 ×  𝑇𝑇𝑇𝑇 × 10−3 

	 (2)

where:	EF and ED represent the exposure fre-
quency (365 days/year) and the average 
lifetime duration (70 years), respectively; 
FIR: the ingestion rate of marine organ-
isms (g/person/day), which is generally 
9.7 and 0.027 g /person/day for fish, and 
shellfish respectively (Belhadj et al., 
2025; Mehouel et al., 2019); CF is the 

Table 1. Biological and ecological data on the studied species

Scientific name Size class 
(mm)

Weight range
(g)

Counts per 
size class Feeding behavior Habitat

Sardenilla aurita 171–227 58.7–93.8 20 Omnivorous, tending toward 
carnivory

Coastal waters; Sandy 
bottoms; seagrass beds.

Pagellus 
erythrinus 210–230 100–130 5 Benthic invertivore Demersal; Sandy and muddy  

detrial bottoms

Pagrus pagrus 185–246 135–255 5 Benthic varnivore (predator) Demersal; rochy,  Sandy, 
gravel substrates.

Boops boops 203–230 77–118 5 Omnivorous, partly 
planktivorous Pelagic-neritic water column

Sparus aurata 196–234 120–140 5 Benthic carnivore
Coastal  lagoons; Sandy and 

muddy bottoms seagrass 
beds

Diplodus sargus 234–287 212–329 5 Omnivorous to carnivorous Coastal, Rocky substrates 
seagrass

Thunnus 
thynnus 1950–2470 101000–

190000 5 Piscivorous top predator, Oceanic, pelagic (open 
waters)

Parapenaeus 
longirostris 61.7–130 4.64–8.64 30 Omnivore/detritivore Demersal; muddy and sandy 

bottoms
Aristeus 
antennatus 80.1–123 4.87–7.3 30 Benthic predator Deep-sea benthic

Donax trunculus 24–34.48 13.77–19 74 Filter feeder (phytoplankton-
based) Benthic; Sandy beaches.

Loligo vulgaris 110–130 35–75 5 Active carnivorous predator Neritic coastal waters, 
demersal-pelagic.
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conversion factor to convert dry weight 
to wet weight depending on moisture 
content of each species; C is the metal 
concentration (mg/Kg); 10-3 was the unit 
conversion factor, RfD (mg/ kg day−1) is 
the reference oral doses which are based 
on 0.001, 0.003, 0.04, 0.02, and 0.7 mg/
kg/day for Cd, Cr, Cu, Ni, and Fe, respec-
tively (US EPA., 1989). WAB is the aver-
age body weight for 30 kg and 70 kg for 
children and adult, respectively (Kerdoun 
et al., 2024). TA is the average exposure 
time (365 days/year*ED).

These indices provide a quantitative frame-
work for risk characterization. A ratio that is 
greater than one (i.e., THQ >1) implies that the 
exposed population may be at risk (US EPA., 
2000). Conversely, a THQ value less than 1 or 
equal to 1.0 (i.e., THQ ≤1), indicates no adverse 
effect from the consumption of fish.

Hazard index (HI) 

The exposure to more than one pollutants may 
result in additive effects (Ikem and Garth, 2022). 
The hazard index (HI) was also calculated as the 
arithmetic sum of each THQ values:

	 HI = THQ (Cd) +THQ (Cu) 

	 +THQ (Cr) +THQ (Ni) +THQ (Fe)	

(3)

HI ≤1.0 value implies that insignificant ad-
verse effects are predicted, and if HI >1.0, then 
chronic toxic effects are probable (Ikem and 
Garth, 2022). 

The carcinogenic risk

The risk of cancer was estimated as the prob-
ability of an individual developing cancer over 
their lifetime, as a result of exposure to potential 
carcinogens. Not all trace metals have carcino-
genic effects. Among the measured metals, Cd 
and Cr are known to cause a cancer risk. The life-
time cancer risk (CR) was calculated by multi-
plying the daily dose by the cancer slope factor 
(CSF) derived from the response-dose curve for 
toxicant ingestion. The acceptable risk levels of 
CR ranged from 10−6 to 10 −4. The model formula 
is as follows: 

	

𝐶𝐶 = 𝑅𝑅 𝑋𝑋 ( 𝐷𝐷
𝑊𝑊) 

 

𝑇𝑇𝑇𝑇𝑇𝑇 =
𝐸𝐸𝐸𝐸 ×  𝐸𝐸𝐸𝐸 ×  𝐹𝐹𝐹𝐹𝐹𝐹 × 

×  𝐶𝐶𝐶𝐶 ×  𝐶𝐶
𝑅𝑅𝑅𝑅𝑅𝑅 ×  𝑊𝑊𝑊𝑊𝑊𝑊 ×  𝑇𝑇𝑇𝑇 × 10−3 

 

𝑇𝑇𝑇𝑇 =
𝐸𝐸𝐸𝐸 ×  𝐸𝐸𝐸𝐸 ×  𝐹𝐹𝐹𝐹𝐹𝐹 × 
×  𝐶𝐶𝐶𝐶 ×  𝐶𝐶 ×  𝐶𝐶𝐶𝐶𝐶𝐶

𝑊𝑊𝑊𝑊𝑊𝑊 ×  𝑇𝑇𝑇𝑇 × 10−3 
	 (4)

Since CSF values (mg/kg/day) of Cr and Cd 
used in this study were: Cd (6.3) and Cr (CSF = 
0.5) (US EPA., 1989). 

Statistical analysis 

Statistical analyses were performed using R 
software (version 4.3.1). Initially, the normality 
of heavy metal concentration distributions in mol-
lusks, crustaceans, and fish samples was assessed 
using the Shapiro–Wilk test. Subsequently, com-
parisons of metal concentrations were carried out 
both between taxonomic groups (mollusks, crus-
taceans, and fish) and among species within each 
group using the non-parametric Kruskal–Wallis 
test, followed by appropriate post hoc tests when 
significant differences were detected. Further-
more, principal component analysis (PCA) was 
applied to the dataset in order to examine the re-
lationships between metal concentrations and the 
studied zoological groups, as well as to identify 
potential affinities at the species level. This mul-
tivariate statistical method was used to reduce 
the dimensionality of the data while retaining the 
main sources of variability. The analysis was per-
formed on the correlation matrix of the standard-
ized variables to ensure comparability among 
metals. PCA enabled the identification of the main 
factors explaining data variability and facilitated 
the visualization of associations between metals 
and biological groups (fish, crustaceans, and mol-
lusks), as well as differences among species. The 
PCA was performed using the FactoMineR pa-
chage (Husson et al., 2020). All statistical results 
were considered significant at p < 0.05.

RESULTS

Variations in TM concentrations in the 	
muscle tissues of selected seafood species

The mean concentrations of trace metals (Fe, 
Cu, Cd, Cr, and Ni) measured in the edible tissues 
of 11 fishery products species: seven (7) fishes, 
two (2) crustaceans, two (2) bivalve and cephalo-
pod mollusks, are presented in Table 2.

Iron

The results obtained from analyzed samples 
(all species combined) show that mean iron con-
centrations ranged from (1.68 ± 0.03) mg/kg to 
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(168.53 ± 2.55) mg/kg in mollusks; (2.03± 0.15) 
mg/kg to (18.5 ± 0.22) mg/kg in crustaceans and 
(3.73 ± 0.11) mg/kg to (44.97 ± 1.71) mg/kg in 
fish (Table 2). According to the zoological group, 
no significant differences were observed be-
tween three organism categories (Kruskal-Wal-
lis chi-squared =0.7426, 2 d.f., p=0.6898) (Fig-
ure 1). At three groups of fishery products, the 
mean concentrations for the Fe metal followed 
the order: mollusks > fish > crustaceans (Figure 
1). At the species level, the statistical analyses, 
using test of Kruskal-Wallis showed a very high-
ly significant difference in Fe concentrations 
among species (p=0.0004) (Table 2). The high-
est concentrations were observed in mollusks 
(D.trunculus), followed by fishes (S.aurata; 
S.aurita) and, lastly, crustaceans (P.longirostris) 
(Table 2, Figure 1). Overall, the mean con-
centrations of Fe (considering all species) de-
creased in the following order: D.trunculus > 
S.aurata > S.aurita > P.longirostris > T.thynnus 
> P.erythrinus > B.boops > D.sargus > P.pagrus 
> A.antennatus > L.vulgaris. Unlike toxic heavy 
metals, no strict maximum permissible limits 
have been established for iron in fish muscle by 
international organizations such as FAO/WHO. 

Cadmium

In the current investigation, Cd was detected 
in all samples assessed, except A.antennatus, 
P.pagrus and P.erythrinus. Cd concentrations 
varied significantly among the three groups of 

organisms (Kruskal-Wallis chi-squared = 6.3823, 
2 d.f., p = 0.041). Dunn’s post hoc test revealed 
that fish and mollusks exhibited significant dif-
ferences in Cd concentrations (p = 0.05). Simi-
larly, crustaceans and mollusks differ significant-
ly (p = 0.03), whereas no significant difference 
was detected among Crustacean and fish groups 
(p = 1) (Figure 2).

The mean Cd concentration varied from ​​be-
low the detection limit levels to 0.34 mg/kg lev-
els. The highest mean Cd concentration (Table 2) 
was found in D. trunculus (0.34 ± 0.01 mg/kg). 
According to both national (JO n°: 25, 2011), 
and international limit (European Commission 
Regulations No. 1881/2006), the maximum per-
missible levels of cadmium are 0.5 mg/kg in 
crustaceans, and 1mg/kg for bivalve mollusks 
flesh, respectively. Based on the concentrations 
obtained, Cd concentration in the edible parts of 
crustacean and mollusk groups was lower than 
the standard criteria. However, cadmium concen-
trations found in fish were above the internation-
al guideline (EC No. 1881/2006) limit (0.05 mg/
kg in fish muscle).

Taking into account cadmium levels ac-
cording to zoological groups measured in the 
muscles of the analyzed species, a ranking can 
be established in decreasing order as follows: 
mollusks > crustaceans > fish (Figure 2). Irre-
spective of the zoological groups, the ranking 
is as follows: D.trunculus > S.aurita > S.aurata 
> P.longirostris > L.vulgaris > T. thynnus > 
B.boops > D. sargus (Figure 2).

Table 2. Mean and standard deviation (mean ± SD) of Cu, Cr, Cd, Fe, and Ni concentration (mg/kg dw) in the 
target species

Zoological groups Species Cd Cu Cr Fe Ni

Mollusks
L.vulgaris 0.19 ± 0.03 12.08 ± 0.29 0.66±0.02 1.68 ± 0.03 BDL

D.trunculus 0.34 ± 0.01 7.71 ± 0.78 1.27±0.08 168.53 ± 2.55 0.90 ± 0.05

Crustaceans
A.antennatus BDL 2.09±0.25 0.79±0.11 2.03± 0.05 BDL

P.longirostris 0.22 ± 0.03 10.69 ± 0.26 0.8±0.11 18.5 ± 0.22 0.05 ± 0.03

Fish

S.aurita 0.28 ± 0.04 3.54 ± 0.29 0.58±0.05 43.39 ± 0.22 BDL

D.sargus 0.1 ± 0.02 3.95 ± 0.78 0.43±0.05 5.11 ± 0.55 0.45 ± 0.08

T.thynnus 0.18 ± 0.02 3.75 ± 0.51 0.52±0.03 13.43 ± 0.18 BDL

S.aurata 0.23 ± 0.05 4.58 ± 0.29 0.78±0.05 44.97 ± 1.71 BDL

B.boops 0.17 ± 0.03 0.64 ± 0.01 0.52±0.04 5.33 ± 0.07 BDL

P.pagrus BDL 0.55 ± 0.02 0.41±0,08 3.73 ± 0.11 BDL

P.erythrinus BDL 0.24 ± 0.02 0.29 ± 0.06 6.63 ± 0.28 BDL

P value of P among 
species 0.001 0.0005 0.001 0.0004 0.0004

Note: The abbreviation “BDL” denotes metal below detection limit in the respective species.
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Nickel

Of all the heavy metals assessed in this 
study, nickel was the least prevalent, with eight 
samples below the detection limit (Table 2). No 
significant differences were observed among 
major taxonomic groups (Kruskal-Wallis chi-
squared = 5.0758, 2 d.f., p = 0.0790), but a very 
highly significant difference was found between 
species (p = 0.0004). For nickel, with the excep-
tion of fish (D. sargus), mollusk (D. trunculus), 
and crustacean (P. longirostris), whose average 
levels are respectively (0.45 ± 0.08; 0.90 ± 0.05; 
0.05 ± 0.03) mg/kg. In general, the accumulation 
of Ni in tissues of seafood products is as fol-
lows: mollusks > crustaceans >fish.

The Food and Agriculture Organization 
(FAO.,1983) recommends a limit of Ni in sea-
food of 70 mg/kg; EC (No. 1881/2006) set the 
permissible levels at 40 mg/kg for fish; whereas 
FAO/WHO (2005) recommends limits of 3.7 mg/
kg for crustacean species. Accumulation of Ni in 
all seafood species below the FAO, and both EC 
and FAO/WHO.

Copper

Unlike cadmium and nickel, assessed in the 
present study, copper was detected in all spe-
cies. Higher Significant differences between or-
ganism groups were observed (Kruskal-Wallis 
chi-squared = 13.995, 2 d.f., p = 0.0009). with 

pairwise comparisons showing significantly 
higher concentrations in mollusks than in the fish 
group (p = 0.0004) (Figure 3).

According to the FAO (Nauen, 1983), the 
permissible limit for Cu concentration for fish 
and shellfish is 30 mg/kg. In our study, the con-
centration of Cu ranged from 0.225 to 12.5 mg/
kg, considering all species. The maximum mean 
concentrations of Cu were Found in L.vulgaris. 
Among the fish species, the maximum mean 
concentrations of Cu were recorded in S. aura-
ta, and the minimum in P. erythrinus. However, 
in the crustacean group,  P. longirostris  com-
prised the maximum mean concentrations of 
Cu (10.69 ± 0.26 mg/kg) (Table 2). Compared 
with fish species, mollusk and crustacean groups 
had Markedly higher concentrations of copper, 
in which Cu exhibited highly significant varia-
tion between all species (P = 0.0005). In gener-
al, the accumulation of Cu in tissues of seafood 
products is as follows: mollusks >crustaceans> 
fishes (Figure 4).  According species rank-
ing is as follows: L.vulgaris > P.longirostris > 
D.trunculus > S.aurata > D.sargus > T.thynnus 
> S.aurita > A.antennatus > B.boops > P.pagrus 
> P.erythrinus (Figure 4).

The Cu concentration found in all fish, mol-
lusks, and crustaceans in this study were below 
the FAO guideline values. In contrast, its levels in 
crustacean groups except A. antennatus exceeded 
the EC (N°. 1881/2006) limit of 5 mg/kg.

Figure 1. Boxplot demonstrating iron concentrations: (a) across seafood species (median: line inside the box; 
box: first and third quartiles; whiskers: minimum and maximum), (b) comparative bioaccumulation patterns 

among zoological groups (Letters represent the results of Kruskall Walis and Dunn test.
Different letters represent a significant difference (p-value<0.05) among groups, while equal letters mean 

here is no significant difference)
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Chromium

Chromium was detected in all species with 
mean concentrations and ranges varying among 
species (Table 2). The concentration of Cr was 
found to vary from 0.225 to 1.35 (mg/kg dw) in se-
lected seafood species (Figure 5). According to the 
Kruskal-Wallis test, mean concentrations differed 
significantly among the three organism groups 
(Kruskal-Wallis chi-squared = 13.995, 2 d.f., p = 
0.0009), with highest concentrations measured in 

mollusks (D.trunculus) and the lowest in fish (P. 
erythrinus) (Table 2; Figure 5). Although crusta-
cean Cr concentrations were lower than those of 
mollusks, but higher than those of fish, no signifi-
cant differences were observed between the crusta-
cean and mollusks categories were observed (p = 
0.399) (Figure 5). However, Dunn’s post hoc test 
revealed significantly higher Cr concentrations in 
mollusks than in the fish group (p = 0.0004). In 
addition, the Kruskal-Wallis test showed highly 

Figure 2. Boxplot demonstrating cadmium concentrations: (a) across seafood species
(median: line inside the box; box: first and third quartiles; whiskers: minimum and maximum),

(b) comparative bioaccumulation patterns among zoological groups (Letters represent the results of
Kruskall Walis and Dunn test. Different letters represent a significant difference (p-value<0.05) among groups, 

while equal letters mean there is no significant difference)

Figure 3. Boxplot demonstrating nickel concentrations: (a) across seafood species (median: line inside the box; 
box: first and third quartiles; whiskers: minimum and maximum), (b) comparative bioaccumulation patterns 

among zoological groups (Letters represent the results of Kruskall Walis and Dunn test. Different letters 
represent a significant difference (p-value<0.05) among groups, while equal letters mean

there is no significant difference)
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significant difference in Cr concentrations between 
the different species (p = 0.001). In general, the ac-
cumulation of Cr in tissues of seafood products is 
as follows: mollusks > crustaceans > fishes (Figure 
5). The species ranking is as follows: D.trunculus 
> P.longirostris > A.antennatus > S.aurata > 
L.vulgaris > S.aurita > T.thynnus > B.boops > 
D.sargus >P.pagrus > P.erythrinus (Figure 5).

The Cr concentration was lower compared to 
the international guideline values, where the rec-
ommended permissible concentration for Cr for 
seafood is 12 and 13 mg/kg from the FAO (1983) 
and USFDA (1993), respectively.

Assessment of trace metal variability 
in seafood muscle tissues by principal 
component analysis

In the present study, the PCA was used to 
recognize the distribution and relationships of 
trace metal elements (Fe, Cd, Cr, Cu, and Ni) 
within the target groups selected (fish, mollusks, 
crustacean) (Figure 6). PCA results revealed that 
the first two principal components collectively 
explained for approximately 84.7% of the total 
information in this study, indicating a satisfacto-
ry representation of the dataset. The first and the 

Figure 4. Boxplot demonstrating copper concentrations: (a) across seafood species (median: line inside the box; 
box: first and third quartiles; whiskers: minimum and maximum), (b) comparative bioaccumulation patterns 

among zoological groups (Letters represent the results of Kruskall Walis and Dunn test.
Different letters represent a significant difference (p-value<0.05) among groups, while equal letters mean

there is no significant difference)

Figure 5. Boxplot demonstrating chromium concentrations: (a) across seafood species
(median: line inside the box; box: first and third quartiles; whiskers: minimum and maximum),

(b) comparative bioaccumulation patterns among zoological groups (Letters represent the results of
Kruskal-Wallis and Dunn test. Different letters represent a significant difference (p-value<0.05) among groups, 

while equal letters mean there is no significant difference)
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second (Dim1, Dim 2) principal component ac-
counted for 65.9% and 18.8% of the variability, 
respectively. However, the first principal com-
ponent (Dim1) was mainly influenced by posi-
tive loadings with Fe (r = 0.906), Cr (r = 0.900), 
Cd (r = 0.822), and Ni (r = 0.783), reflecting a 
gradient of overall metal contamination. Sam-
ples located on the positive side of this axis were 
characterized by higher concentrations of these 
metals, whereas those on the negative side ex-
hibited lower levels.

The second principal component (Dim2) was 
mainly driven by Cu (r = 0.717), which opposed 
Fe and Ni along this axis, suggesting differences 
in accumulation patterns among the elements.

The projection of samples onto the factorial 
plane revealed a clear separation across the three 
biological groups. Mollusks were predominantly 
distributed along the positive side (2.64) of Dim1, 
indicating elevated concentrations of Cd, Cr, Fe, 
and Ni. Crustaceans were mainly positioned along 
the positive side (0.56) of Dim2, showing a stronger 
association with Cu. In contrast, fish samples were 
clustered on the negative side (-0.71) of Dim1, re-
flecting lower overall metal concentrations.

Human health risk assessment of heavy metal 
concentration in consumed marine species

Target hazard quotient

The THQ and HI values of the metals in 
question are summarized in Table 3. Results are 
presented separately for different age consumers 
within the target species. 

Overall, the findings revealed that THQ and 
Hi values for individual trace elements in all ma-
rine organisms selected for this investigation re-
mained below the safety threshold of 1 for both 
adults and children. Among individual trace ele-
ments, and for all species and both age groups, 
Cr exhibited the highest THQ values compared 
to other metals. Values reached 0.008 in adults 
and 0.019 in children following consumption of 
S. aurata. In terms of the HI, which represents 
the cumulative exposure to all trace elements 
studied, the highest values were also recorded 
in S. aurata, with 0.01 for adults and 0.024 for 
children. Overall, the HI values among assessed 
species decreased in the following order: S. au-
rata > S. aurita > T. thynnus > B. boops > D. 
sargus > P.pagrus > P.erythrinus > D.trunculus 
> P.longirostris > A. antennatus > L.vulgaris. In 

Figure 6. Rotated component loading plot for five trace metal elements in target groups
(mollusks, crustaceans, fish)
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contrast to mollusk and crustacean groups (with 
higher metal concentrations in their tissues), fish 
exhibited the highest THQ and HI values.

Carcinogenic risk assessment

CR was calculated only for Cd and Cr based 
on their established carcinogenic potency slope 
factors. The estimated CR values for these two 
elements from all investigated species consump-
tion for both adult and children are summarized 
in Table 4.

According to the results, the carcinogenic 
risk values of Cd found in the selective organ-
isms ranged from 8.77E-10 to 6.81E-07 and 
from 2.05E-09 to 1.59E-06 for both adult, and 
children respectively. Across all invertebrate 
species; D. trunculus recorded the highest values 
(1.74E-09 for adult; 4.05E-09 for children). In 
contrast to mollusk and crustacean groups, fish 
exhibited markedly higher cumulative risk val-
ues overall. Among seven fish species assessed, 

the highest CR was recorded for D. sargus 
(6.81E-07 for adult, 1.59E-06 for children). 
Carcinogenic risk associated with chromium 
consistently exceeded that for cadmium across 
all investigated species and population groups. 
Chromium associated CR values were raged 
from 2.42E-08 to 1.24 E-05, and 5.64E-08 to 
2.9E-05 for both age groups (adult, and children 
respectively). S. aurata exhibited the highest Cr 
related CR values (1.24E-05 for adult, 2. 9E-05 
for children), while the lowest values were ob-
served in L. vulgaris (2.42E-08 for adult, 5.64E-
08 for children). 

DISCUSSION 

The present study aims to quantify trace 
metals in the muscle tissue of fishery prod-
ucts (mollusk, crustacean, and fish) collected 
from the eastern Algerian coast. Furthermore, 

Table 3. Target hazard quotient (THQ) and hazard index (HI) values for heavy metals in edible tissues of fishery 
products (adult and children)

Groups Species Sex
Target hazard quotient (THQ)

Hi
Cd Cu Cr Fe Ni

Mollusks

L.vulgaris
Adult 1.39E-07 2.21E-07 1.61E-05 1.76E-07 - 1.67E-05

Child 3.25E-07 5.16E-07 3.76E-05 4.1E-07 - 3.89E-05

D.trunculus
Adult 2.75E-07 1.56E-07 3.43E-05 1.95E-05 3.56E-06 5.78E-05

Child 6,43E-07 3.64E-07 8.00E-05 4.55E-05 8.32E-06 1.35E-04

Crustaceans

A. antennatus
Adult - 4.84E-08 2.44E-05 2.68E-07 - 2.47E-05

Child - 1.13E-07 5.69E-05 6.26E-06 - 5.76E-05

P.longirostris
Adult 2.04E-07 2.47E-07 2.47E-05 2.45E-06 2.31E-07 2.78E-05

Child 4.75E-07 5.77E-07 5.76E-05 5.71E-07 5.4E-07 6.49E-05

Fish

S. aurita
Adult 0.000097 3.07E-05 0.006698 0.002147 - 0.008973

Child 0.000226 7.15E-05 0.015628 0.005011 - 0.020936

D. sargus
Adult 0.000108 3.01E-05 0.00437 0.000223 0.000838 0.005569

Child 0.000252 7.02E-05 0.010196 0.000519 0.001956 0.012994

T. thynnus
Adult 6.98E-05 3.64E-05 0.006725 0.000744 - 0.007576

Child 0.000163 8.49E-05 0.015692 0.001737 - 0.017677

S.aurata
Adult 7.33E-05 3.65E-05 0.008287 0.002048 0.010444

Child 1.71E-05 8.51E-05 0.019335 0.004778 - 0.024369

B. boops
Adult 5.42E-05 5.1E-06 0.005524 0.000243 - 0.005826

Child 1.26E-05 1.19E-05 0.01289 0.000566 - 0.013595

P. pagrus
Adult - 4.38E-06 0.004356 0.00017 - 0.00453

Child - 1.02E-05 0.010163 0.000396 - 0.01057

P. erythrinus
Adult - 1.91E-06 0.003081 0.000302 - 0.003385

Child - 4.46E-06 7.19E-05 0.000704 - 0.000781

Note: (-) denotes metal below detection limit in the respective species.
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it seeks to evaluate the potential health risks 
associated with their consumption among the 
population of Guelma.

Overall, based on their biological accumula-
tion, the following hierarchy can be established 
among the three zoological groups (mollusks > 
crustacean > fish) and the five metals studied 
(Fe> Cu > Cr > Cd > Ni) (Table 5). This order 
could be attributed to several factors, like envi-
ronmental parameters (pH, temperature, salin-
ity), living habits, migration, feeding strategies, 
as well as, size, and caught area, metal regula-
tion capacity, affinity for specific organs in ma-
rine organisms (Liu et al., 2019; Liu et al., 2020; 
Tanhan et al., 2022; Zeghdoudi et al., 2024). 

The concentrations of heavy metals (Cu, Cr, 
Cd, Pb, and Fe) measured in the investigated ma-
rine species are presented in Table 5. 

The comparison with previously published 
studies indicates that the concentrations obtained 
in the present study are generally within the range 
of values reported in other regions worldwide, 
including Morocco, Turkey, Egypt, and Portugal. 
However, slightly higher levels reported in some 
areas may be attributed to increased anthropo-
genic activities such as industrial discharge and 
urban effluents. The observed differences among 
species are consistent with biomagnification pro-
cesses and species-specific ecological character-
istics, including feeding habits and trophic posi-
tion. Overall, the results suggest a moderate level 
of contamination in the study area, comparable 
to global trends, while highlighting the influence 

of both environmental and biological factors on 
metal accumulation.

Iron

Overall, Fe showed the highest concentration 
across all assessed elements in the edible tissues 
of marine fishery products. The average Fe con-
centration was approximately 6.70, 45.20, 178, 
and 219.07 folds higher than the average concen-
tration of Cu, Cr, Cd, and Ni, respectively. The 
highest Fe concentration was observed in mol-
lusks, especially in benthic bivalves D.trunculus 
(168.53 ± 2.55 mg/kg). Our results are much low-
er than those found by Türk Çulha et al., (2022) 
in the Black Sea, Turkey, where related species, 
the mussel “Mytilus galloprovincialis” reached a 
concentration of 441.42 (mg/kg dw). However, 
they are lower than those reported Guendouzi 
et al., (2020) in the southwestern Mediterranean 
Collo, Skikda, Algeria in the same species “Myti-
lus galloprovincialis”, which attained 282.43 
ug/g dw. It has also been reported that mussels 
preferentially accumulate metals Pb, Cd, Ni, Co, 
and Fe from surrounding sediments. These results 
may explain the higher Fe concentration observed 
in D.trunculus collected from the Collo coast, 
where metal contamination in sediments is com-
paratively higher (Guendouzi et al., 2020). In ad-
dition, the higher accumulation of trace metals in 
mollusks compared with other groups is usually 
related to their benthic habitat and filter-feeding 
behavior, which increases their exposure to metal 

Table 4. Carcinogenic risk (CR) values of heavy metals from different marine organisms 

Groups Species
Carcinogenic risk (Cd) Carcinogenic risk (Cr)

Adult Child Adult child

Mollusks
L. vulgaris 8.77E-10 2.05E-09 2.42E-08 5.64E-08

D. trunculus 1.74E-09 4.05E-09 5.14E-08 1.2E-07

Crustaceans
A.	 antennatus - - 3.66E-08 8.53E-08

P. longirostris 1.28E-09 2.99E-09 3.70E-08 8.64E-08

Fish

S. aurita 6.11E-07 1.43E-06 1.01E-05 2.34E-05

D. sargus 6.81E-07 1.59E-06 6.55E-06 1.53E-05

T. thynnus 4.39E-07 1.03E-06 1.01 E-05 2.35E-05

S. aurata 4.61E-07 1.08E-06 1.24E-05 2.9E-05

B. boops 3.41E-07 7.97E-07 8.29E-06 1.93E-05

P. pagrus - - 6.53E-06 1.52E-05

P.	 erythrinus - - 4.62E-06 1.08E-05

Note: (-) denotes metal below detection limit in the respective species.
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contaminated sediments and suspended particles 
(Gafar et al., 2025). 

Furthermore, trace metal elements in crusta-
cean group exhibited considerably lower concen-
tration than that of other marine organism catego-
ries. Among the assessed crustacean species, Fe 
concentration in Parapenaeus longirostris (18.5 
mg/kg dw) was comparatively higher than that in 

Aristeus antennatus (2.03 mg/kg dw). These finding 
revealed that even close taxa species may exhibit 
different metal accumulation pathways, as reported 
in previous studies (Baki et al., 2018; Q. Liu et al., 
2018, 2019). For instance, the Fe concentrations 
in crustacean species were lower than the related 
studies at Gulf of Skikda (Southern Mediterean 

Table 5. Concentrations of heavy metals found in the marine organisms of different marine zones in the world

Species Unit
Heavy metal levels, mean and/or (min-max)

Location Reference
Cu Cr Cd Ni Fe

Donax trunculus

µg/g dw 10.52 1.42 0.29 1.60 - Agadir Bay, Morocco (Idardare et al., 
2011)

mg/kg 
ww 26.53 0.44 0.09 0.006 120.57 Black Sea, Bulgaria (Peycheva et al., 

2023)
mg/kg 

dw
6.87–
8.75

1.15–
1.35

0.32–
0.35 0.87–1 170.95– 

165
Eastern Algerian 

Coast Present study

Loligo vulgaris
µg/g dw 3.99 - - - 66.11 Gulf of Mersin, 

Turkey (Külcü et al., 2014)

mg/kg 
dw

11.87–
12.5

0.62–
0.67

0.15–
0.22 BDL 1.65–

1.72
Eastern Algerian 

Coast Present study

Parapenaeus 
longirostris

µg/g dw - 1.38–
3.44

0.44–
0.67 - - Gulf of Mersin, 

Turkey (Ayas et al., 2016)

µg/g dw 100–125 - 0.4-0.9 - - northeast Algeria (Abdennour et al., 
2000)

mg/kg 
dw

10.32–
10.92

0.67–
0.95

0.17– 
0.25 0.02- 0.1 18.25–

18.77
Eastern Algerian 

Coast Present study

Aristeus 
antennatus

mg/kg 
dw 0.0118 - BDL - - Mediterranean coast 

of Algiers
(BENMOHAND et 

al., 2024)
mg/kg 

dw
1.75–
2.24 0.61–0.8 BDL BDL 2–2.11 Eastern Algerian 

Coast Present study

Thunnus 
thynnus

mg/kg 
ww 7.06 3.33 0.27 1.07 94.93 Canary island

(Vásquez-
Domínguez et al., 

2025)
mg/kg 

dw
3.12–
4.37

0.47–
0.55 0.15–0.2 BDL 13.2–

13.65
Eastern Algerian 

Coast Present study

Sparus aurata

mg/kg 
ww 0.428 0.035 - - 1.58 Aveiro region, 

Portugal
(El Deghel et al., 

2026)
mg/kg 

dw 4.37–5 0.72– 
0.85 0.17–0.3 BDL 43.62– 

47.37
Eastern Algerian 

Coast Present study

Pagrus pagrus
µg/g ww 1.05 0.07 0.06 0.48 15.30

Mediterranean 
coast, Damietta, 

North Egypt

(Monier et al., 
2023)

mg/kg 
dw

0.52–
0.57

0.35–
0.52 BDL BDL 3.6–3.87 Eastern Algerian 

Coast Present study

Boops boops
µg/g ww 0.030 0.310 0.010 0.200 6.380 Iskenderun bay, 

Turkey
(Doğan et al., 

2023)
mg/kg 

dw
0.62–
0.65

0.47–
0.57 0.12–0.2 BDL 5.25– 

5.42
Eastern Algerian 

Coast Present study

Pagellus 
erythrinus

- 8.29 - - 13.75 - Gulf of Arzew, 
Algeria (Inal et al., 2024)

mg/kg 
dw

0.22–
0.27

0.22–
0.37 BDL BDL 6.42–

7.02
Eastern Algerian 

Coast Present study

Sardinella aurita
µg/g ww 0.24 0.10 0.06 0.32 19.72

Mediterranean 
coast, Damietta, 

North Egypt

(Monier et al., 
2023)

mg/kg 
dw

3.12– 
3.75

0.52– 
0.65

0.25–
0.32 BDL 43.07– 

43.6
Eastern Algerian 

Coast Present study

Note: the abbreviation “BDL” denotes metal below detection limit in the respective species; “dw” indicates
dry weight; “ww” indicates wet weight; (-) indicates metal not measured. 
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sea, Algeria) with a concentration of 25.11 mg/kg 
in Parapenaeus longirostris (Nakib et al., 2026). 

Based on the results of this study, Fe concen-
trations in the muscle of seven fish species fol-
lowed a decreasing order: S.aurata (44.97 mg/
kg) > S.aurita (43.39 mg/kg) > T.thynnus (13.43 
mg/kg)> P.erythrinus (6.63 mg/kg) > B.boops 
(5.33 mg/kg)> D.sargus (5.11 mg/kg) > P.pagrus 
(3.73 mg/kg). Furthermore, some studies, such as 
those by Bachouche et al., (2017); Külcü et al., 
(2014); and  Lozano-Bilbao et al., (2023) have 
demonstrated Fe concentration of 323.4 mg/kg, 
80ug/g, 177ug/g dw in Thunnus thynnus, Boops 
boops, and in the muscle of demersal Mullus bar-
batus, respectively, these concentrations were 
higher than the Fe levels obtained in this study. 
However, the concentration observed in the pres-
ent study were higher than the data reported by 
El Deghel et al., (2026) for S.aurata, and B. bo-
ops. In addition, the highest levels observed in 
S.aurata compared to other fish species is likely 
attributable to habitat preferences, metabolism, 
and physiological traits of each species. Plankton 
feeders, such as sardines, generally contain more 
elements than other fish species, including Sar-
dinella spp. preying mostly upon copepods (Ali 
et al., 2025). Zooplankton are considered primary 
consumers, primarily accumulate pollutants from 
their surroundings and play a vital role in connect-
ing lower and higher trophic levels. Zooplankton 
are principally exposed to these contaminants 
through their diet of phytoplankton and other or-
ganic matter (Dey et al., 2024). Over time, metals 
present in their diet or dissolved in the water tend 
to concentrate gradually in zooplankton tissues, 
and ultimately bioaccumulate in larger filter feed-
ers such as sardines, and Sparus aurata.

Cadmium

In the present study, Cd was detected in 81.81% 
of the samples, with concentrations ranging from 
BDL values to 0.34 mg/kg. While mollusks and 
crustaceans remained below international regula-
tory limits, some fish species exceeded the maxi-
mum permissible level established by the Euro-
pean Commission (No. 1881/2006) (0.05 mg/kg).

The Cd levels observed in Parapenaeus lon-
girostris were comparable to those reported by 
Ben Ameur et al., (2025), but were lower than 
in more polluted areas such as Annaba Gulf, the 
Gulf of Mersin, and Iskenderun Bay (Abdennour 
et al., 2000; Ayas et al., 2016; Firat et al., 2008). 

Conversely, Cd in Aristeus antennatus was below 
detection limits, consistent with recent findings 
from the Mediterranean coast of Algiers (Benmo-
hand et al., 2024). The relatively higher Cd levels 
detected in Donax trunculus may be attributed to 
its benthic and filter-feeding behavior, which en-
hances exposure to contaminated sediments and 
suspended particles (Hafsaoui et al., 2016; Secco 
et al., 2025; Tanhan et al., 2022). 

Compared to crustaceans and mollusks, fish 
generally exhibited higher Cd levels, likely due 
to multiple uptake methods including gill absorp-
tion, ingestion, and trophic transfer (Liu et al., 
2019; Ouali et al., 2018; Zeghdoudi et al., 2024). 
The observed interspecific variability reflects dif-
ferences in ecology, feeding habits, and local en-
vironmental conditions (Makroum et al., 2026). 
Furthermore, exposure to heavy metals may in-
duce the synthesis of metallothioneins, which 
helps detoxify metals and accumulate in tissues 
such as liver and muscle (Tanhan et al., 2022).

Nickel

In the present study, Ni values were below 
the detection limit (BDL) in nearly all analyzed 
samples, consistent with previous studies reported 
by El Deghel et al., (2026) in the Aveiro region 
(Portugal), and Hossain et al., (2022) in the Lower 
Meghna River and adjacent areas of Bangladesh. 
Nevertheless, the concentration detected in the 
present study for D.trunculus (0.90 mg/kg dw) was 
lower than that reported by Idardare et al., (2011), 
who recorded a mean concentration of 1.60 (ug/g 
dw) in the same species from Agadir Bay, Mo-
rocco. However, benthic filter feeders positioned 
at the sediment-water interface can accumulate 
contaminants directly from sediments, which are 
influenced by changes in pH, redox conditions, and 
sediment composition (Dey et al., 2024).

Copper

Numerous studies have reported the accu-
mulation of copper in aquatic organisms at vary-
ing concentrations worldwide (Díaz et al., 2025; 
Monier et al., 2023; Zaghloul et al., 2024).

In the present study, Cu concentrations re-
corded in L. Vulgaris were three times higher 
than those observed in the present study (Külcü 
et al., 2014). Ghosn et al., (2020) attributed the 
relatively high levels of Cu and Zn in mollusks to 
their physiological requirements.



337

Ecological Engineering & Environmental Technology 2026, 27(7), 324–342

In crustaceans, Cu levels in P. longirostris 
were approximately 18 times higher than those 
reported by Ben Ameur et al., (2025), but lower 
than those found by Abdennour et al., (2000). 
Conversely, Benmohand et al.,(2024) reported 
lower accumulation levels in Aristeus antennatus 
compared to our results. The elevated Cu concen-
trations in crustaceans and mollusks can be ex-
plained by the presence of hemocyanin, a copper-
containing respiratory protein, which contributes 
to higher bioaccumulation in these groups com-
pared to fish (Ghosn et al., 2020).

In fish species, the highest levels were record-
ed in S. aurata, whereas the lowest were observed 
in P. erythrinus. Compared to other regions, our 
values are lower than those reported for Thunnus 
thynnus from the Canary Islands (Lozano-Bilbao 
et al., 2023), but higher than those recorded for 
Boops boops in Mersin Bay (Külcü et al., 2014). 
Mean Cu levels in D. sargus were higher than 
those reported in the Tagus River estuary (Caça-
dor et al., 2012), but lower than those observed by 
Afonso et al., (2017).

Overall, variations in trace metal concentra-
tions among species are influenced by several fac-
tors, including feeding habits, duration of expo-
sure, environmental conditions, and habitat prefer-
ences. In particular, biomagnification tends to be 
more pronounced in carnivorous species, followed 
by omnivores, and is generally higher in benthic 
organisms than in pelagic ones (Dey et al., 2024).

Chromium

In the present study, the mean Cr concentra-
tions observed in D. truculus were lower than 
those reported by Tan and Kızılkaya, (2019) in 
Black Sea, Bulgaria. Conversely, higher levels 
were documented by Peycheva et al., (2023), 
with concentrations approximately 3.44 times 
higher than those observed here. However, Cd 
concentrations achieved in this study are lower 
than the concentrations reported by Ayas et al., 
(2016). Variation in Cr accumulation are likely 
attributed to differences in geographical area. In 
the present study, Thunnus thynnus concentration 
was particularly low, 10 times lower than those 
observed of the same species in the Canary is-
land (Lozano-Bilbao et al., 2023). Notably, top 
predators including carnivorous or omnivorous 
large fish tend to accumulate higher levels of 
metals and metalloids due to biomagnification, 
especially for lipophilic contaminants stored in 

fatty tissues (Dey et al., 2024). Moreover, the Cr 
concentration measured in D.sargus was higher 
than the values previously reported by Afonso 
et al., (2017). In addition, Belhadj et al., (2025) 
have demonstrated that the accumulation of both 
essential and non-essential metals in marine or-
ganisms is influenced by the existence of these 
contaminants in the surrounding abiotic (water 
and sediments), and biotic (algae) environment.

PCA

The application of PCA proved to be an ef-
fective approach for identifying patterns of metal 
distribution and the main factors driving variabil-
ity within the dataset. The PCA results demon-
strated marked differences in metal accumulation 
among the studied organisms. The strong contri-
bution of Fe, Ni, Cd, and Cr to the first princi-
pal component suggests that these elements may 
share common environmental sources or exhibit 
similar bioaccumulation behaviors. Mollusks 
showed the highest levels of metal accumulation, 
which is consistent with their recognized role as 
effective bioindicators of aquatic pollution. Their 
sedentary nature and filter-feeding strategy in-
crease their exposure to both dissolved and par-
ticulate contaminants, leading to enhanced ac-
cumulation. In contrast, fish exhibited the lowest 
concentrations of metals. This may be explained 
by their higher mobility, different trophic posi-
tions, and more efficient physiological mecha-
nisms for metal regulation and excretion. Crusta-
ceans displayed an intermediate pattern but were 
clearly associated with copper along the second 
principal component. This specific association 
may be linked to the biological role of copper in 
crustaceans, particularly as a component of he-
mocyanin, a copper-containing oxygen-transport 
protein. Furthermore, the observed correlations 
between Fe and Ni, as well as between Cd and 
Cr, suggest potential common sources or simi-
lar geochemical behavior in the environment. 
Conversely, the distinct positioning of Cu indi-
cates a different origin or a specific metabolic 
regulation. Overall, these findings highlight the 
influence of ecological and physiological factors 
on metal accumulation and distribution among 
aquatic organisms (Liu et al., 2019; Tanhan et al., 
2022; Zeghdoudi et al., 2024).



338

Ecological Engineering & Environmental Technology 2026, 27(7), 324–342

Human health risk assessment of heavy metal 
concentration in consumed marine species

The health risks posed by of toxic metals from 
three major taxonomic groups were evaluated us-
ing THQ, HI and CR. All metals THQ and HI 
values were within the threshold limit, suggesting 
that non-carcinogenic adverse health effects from 
Cu, Fe, Cd, Ni, and Cr are unlikely with current 
consumption levels by the local population. 

In our study, carcinogenic risk (CR) values re-
lated to Cd were negligible for almost all selected 
species, for both adults and child. Conversely, CR 
values for Cr were within the acceptable range 
(10⁻⁶–10⁻⁴) in over half of the assessed samples 
in both age groups.

In this study, children consistently showed 
higher THQ, HI, and CR values than adults across 
all species. This pattern is mainly due to the high-
er food intake, lower body weight, and increased 
vulnerability to contaminants. These results align 
with previous studies (Hossain et al., 2022; No-
man et al., 2022; Salhi et al., 2025). 

Unlike mollusk and crustacean groups, 
which have higher metal concentrations in their 
tissues, fish exhibited the highest THQ, HI, and 
CR values. This finding can be attributed to a 
generally lower ingestion rate with 9.7 g/person/
day for fish (Mehouel et al., 2019) versus only 
0.027 g/person/day for mollusks and crustaceans 
(Belhadj et al., 2025; Benhalima et al., 2025), 
thereby significantly reduces exposure from 
these groups. This suggests that human health 
risks depend not only on contaminant levels, but 
also on consumption habits.

Overall, the toxicological assessment demon-
strates that consuming any of the seafood species 
selected in this study from the eastern Algerian 
coast, especially near Annaba, El Kala, Skikda, 
and Collo, does not pose a substantial non-carci-
nogenic or carcinogenic risk for adults or children 
under typical consumption patterns. Neverthe-
less, ongoing monitoring and multi-seasonal as-
sessments are highly advised to ensure seafood 
safety and protect public health.

CONCLUSIONS

This study provides important insights into 
the potential health risks associated with seafood 
consumption in the context of possible marine 
trace metal contamination. The results clearly 

demonstrate that metal accumulation varies sig-
nificantly among seafood groups, with mollusks 
presenting the highest levels, followed by crus-
taceans and fish. In fact, the risk of dietary ex-
posure to trace metals is strongly dependent on 
the type of seafood consumed. Consequently, the 
consumption of certain species, particularly those 
with higher accumulation capacity, may pose a 
greater potential risk to human health, especially 
in cases of frequent intake.

The results indicated that both the target haz-
ard quotient and hazard index values for all ana-
lyzed metals remained below one for both adult 
and child consumers, suggesting that the popu-
lation of the Guelma region is not expected to 
experience non-carcinogenic health risks associ-
ated with the consumption of the studied seafood. 
Regarding carcinogenic risk, the estimated values 
for chromium were within the acceptable range 
(10⁻⁶–10⁻⁴) for more than half of the analyzed 
samples across both age groups. In contrast, the 
carcinogenic risk associated with cadmium was 
found to be negligible for nearly all examined 
species and consumer categories. Notably, chil-
dren exhibited slightly higher carcinogenic risk 
values than adults, which can be attributed to 
their lower body weight and increased suscepti-
bility to contaminant exposure.

Importantly, this work does not aim to char-
acterize environmental contamination but rather 
to evaluate its possible implications for consum-
ers. In this context, the study highlights the ne-
cessity of adopting a food-oriented risk assess-
ment approach, focusing on edible tissues and 
consumption habits.

The application of Principal Component 
Analysis further supported the identification of 
consumption-related exposure patterns, reinforc-
ing its usefulness as a complementary tool in 
food safety studies.

This approach is essential to ensure consumer 
safety and to support informed decision-making 
regarding seafood consumption in regions poten-
tially exposed to metal contamination.
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