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Abstract
The safety level and impacts of bioaccumulation of Cd, Hg and Pb 
various fish samples were determined in the present study. The accurate 
determination of the concentration of metals in fish samples is necessary 
due to the health risks associated with the bioaccumulation of heavy metals 
in the human system through the ingestion of contaminated fish samples. 
AAS analysis was employed after microwave-assisted wet acid digestion. 
The results showed that frozen tuna has the highest concentration of 
mercury (157.09 ± 23.04 µg/kg), that is in line with the pattern of heavy 
metal accumulation of in fishes. Non-predatory fish samples, including 
bata (0.87 ± 0.01 µg/kg) and chapil (0.06 ± 0.01 µg/kg), had lower mercury 
levels. In all samples, the amount of Pb was lower than the level of Hg. 
Merluccius pacifia had the highest concentration of Pb (27.08 ± 0.00 µg/
kg), whereas salmon (1.33 ± 0.15 µg/kg) and and basa fillets (1.51 ± 
0.72 µg/kg) had the lowest concentrations of Pg. Cadmium was found 
to absent in all the fish samples examined. The results of the present 
study showed that environmental exposure and proximity to industrial 
effluents have impacts on the bioaccumulation of heavy metals. It was also 
observed that removing organs that have the potential to bioaccumulate 
heavy metals is one way to prevent heavy metal contamination, through 
appropriate handling and preparation techniques. The concentration 
of Pb and Hg were found below the EU limit. Mercluccius pacifica had 
the highest THQ for Pb (1.4), whereas tuna had the highest THQ for 
Hg (84.82). THQ greater than 1 for Hg was surpassed by more than 10 
species, suggesting a health risk.
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Abbreviations

AAS			   Atomic Absorption Spectroscopy
AOAC			  Association of Official Analytical Chemists
ATn			   Average Exposure Time
BW			   Body Weight
BWa			   Average Body Weight
C			   Concentration of Heavy Metal
Cd			   Cadmium
CFRM			  Certified Food Reference Material
CRM			   Certified Reference Material
EDI			   Estimated Daily Intake
ED			   Exposure Duration
EFR			   Exposure Frequency
EU			   European Union
FIR			   Food Ingestion Rate
HCl			   Hydrochloric Acid
Hg			   Mercury
HNO3			   Nitric Acid
ICP-MS		  Inductively Coupled Plasma Mass Spectrometry
ICP-OES	 Inductively Coupled Plasma Optical Emission Spectrometry
LOD			   Limit of Detection
LOQ			   Limit of Quantification
Pb			   Lead
R²			   Coefficient of Determination
RfD			   Reference Dose
RSD			   Relative Standard Deviation
SD			   Standard Deviation
THQ			   Target Hazard Quotient

Introduction
Given the health hazards connected to the aquatic 
ecosystem, it is crucial to identify the presence 
of heavy metals in food samples, especially fish.1 
Heavy metals have entered and remained in aquatic 
environments as a result of human activity.2 These 
heavy metals can accumulate in the food chain as a 
result of fish and other aquatic organisms absorbing 
them from their surroundings.3 These organisms are 
rich in proteins, vitamins, essential amino acids, and 
other nutrients. With their many health benefits, these 
ingredients are important in supporting a balanced 
and healthful diet.4 The consumption of fish has 
been associated with a reduction in mortality rates 
linked to cardiovascular diseases, including coronary 
heart disease, myocardial infarction, and stroke 
risk, as well as a decreased risk of gastrointestinal 
and esophageal cancers Public health authorities 
recommend that individuals consume between 150 
to 300 grams of fish daily,5 to help mitigate chronic 
diseases associated with dietary habits.6

The geographic and environmental conditions 
in Jordan lead to limited fisheries resources. 
Consequently, due to the growing dependence on 
both imported and domestic fish as a source of 
affordable protein,7 it is essential to evaluate the 
heavy metal contamination of fish available in the 
Jordanian market. When heavy metals are built up 
in fish species that provide essential vitamins for 
human diets, the poisoning threatens public health 
and disrupts marine biodiversity.8

Mercury is of serious concern, due to the fact that, it can 
easily be converted into methyl mercury, a hazardous 
organic compound, which accumulates the tissue of 
fish.9 Consumption of mercury contaminated fish can 
expose humans to methylmercury, which can cause 
serious pulmonary, neurological and developmental 
problems, particularly in young children.10 Chronic 
mercury exposure has been linked to symptoms like 
nausea, vomiting, abdominal pain, renal necrosis, 
emotional disturbance, and cognitive impairments.11 
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Three sources have been identified as contributors 
to the release of mercury into the environment;12 
these include mining operations and the mixing of 
soil with mercury, which create mercury amalgam, 
which produces an impure gold upon burning,13 
emissions from volcanoes, rocks, soils, and forest 
fires due to the evaporation, and the burning of fossil 
fuels, as well as municipal and medical waste.14 
Although gaseous mercury is released into the 
atmosphere, the remaining mercury which is in gas 
state contaminates the surface of water and soil.15 
Consequently, anaerobic bacteria present in the soil 
and water transform mercury into methylmercury.16

Cadmium is a hazardous metal, and has no 
function in the body.17 The industrial applications 
of cadmium, such as a corrosive agent and colour 
pigment are the main source for its release into the 
environment.18 Volcanic activities, rock erosion and 
fossil fuel combustion are the additional sources of 
cadmium pollution into the environment.19 Human 
accumulation of cadmium can result in bone 
demineralization, kidney dysfunction and elevated 
risk of cancer after prolonged exposure.20 As a result, 
the International Agency for Research on Cancer  
has designated it as carcinogenic.21

Lead exposure is known to have detrimental effects 
on the nervous system, especially in children, and 
it causes cognitive deficits and developmental 
delays.22 Lead is retained in the teeth and bones, 
and is then transferred to other organs in the 
body at a concentration greater than 1.4 µg/dL in 
children and 10 µg/dL in adults.23 An irreversible 
alterations to the function of the nervous system can 
be caused by exposure to lead, especially during 
neurodevelopment.24 Lead is found naturally in the 
environment, but human activities such as burning 
of fossil fuels, mining, burning of oil and incineration 
of garbage have increased exposure to lead.25

Researchers have utilized various digestion 
techniques, including acid digestion and digestion 
using microwave, for the assessment of heavy 
metals in samples, the digested sample have 
been analyzed with instruments such as by atomic 
absorption spectroscopy, inductively coupled 
plasma-mass spectrometry (ICP-MS) and inductively 
coupled plasma optical emission spectrometry (ICP-
OES),26,27 including voltametric techniques,28 which 
may be integrated with solid phase extraction.29

This research examines the levels of mercury, 
cadmium, and lead in samples of fishes available 
in randomly selected markets in Jordan, and to 
evaluate the potential health risks associated with 
the consumption of heavy metal contaminated fish. 

Experimental Method
Collection of Fish Samples
Samples of fish were collected randomly from the 
markets in Amman, using the pattern of fish in 
Jordan.30 A representative of 48 different species 
were obtained, with a total of 768 samples of fish. 
The fish samples were rinsed with deionized water 
and subsequently placed into different containers, 
containing ice. These fish samples were then stored 
at -20°C and transported to the laboratory. However, 
potential sources of biased were not explicitly 
addressed.

Preparation of Standards
HNO3 and HCl were among the analytical-grade 
reagents used in the analysis (Sigma Aldrich, 
Germany). A Millipore Milli-Q academic deionizer 
system (Millipore, Bedford, MA, USA) was used to 
create ultrapure deionized water with a resistance 
of 18.2 MΩ cm. A 100 mg/L stock standard solution 
was purchased from Sigma Aldrich in Germany that 
contained only one element of each of the elements 
Hg, Cd, and Pb. The stock standard solutions had 
to be suitably diluted in order to prepare standard 
solutions of concentration ranging from 0.01 to 5 
mg/L, every day.

Digestion of Fish Samples
Deionized water was used to thoroughly clean the 
collected fish samples. This study used a modified 
version of the microwave-assisted wet acid digestion 
method in compliance with AOAC guidelines.31 After 
washing, the samples were dried in an oven set to 
85 °C for an hour,32,33 or until they were completely 
desiccated. The samples were then homogenized 
and grinded into a fine powder. A microwave vessel 
(Anton Paar) containing known amount of the 
powdered sample was filled with HNO3 and HCl 
(4:1). To aid in the digestion reactions, the vessel 
was left to sit for twenty-four hours.33 The vessel 
was securely sealed using a torque wrench and 
then exposed to the microwave program described 
in Table 1.
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Analysis of Sample
The solution of the digested sample was allowed 
to cool to room temperature and subsequently 
filtered through Whatman filter paper. It was then 
quantitatively transferred into a 50 mL standard 
volumetric flask, where ultrapure deionized water 
was added to bring the solution up to the mark. All 
the samples were subjected to triplicate analysis. 
The heavy metal analysis was performed using an 
atomic absorption spectrometer (Analytic-Jena). The 
amount of the target element in the digested solution 
was determined using Equation 1.34

Amount =  

...(1)

Three certified reference material (CRM) of the 
target element were analyzed every day and for 
three days (intra and inter -day RSD, respectively) 
inter-day RSD) in order to estimate the relative 
standard deviation (RSD%).35 By examining ten 
blank solutions of the metal, the LOD and LOQ were 
estimated using Equations 3 and 4.

LOD=(3 x SD)/(slope of calibration curve)  x 100 
%					       ...(3)

LOQ=(10 x SD)/(slope of calibration curve)  x 100 
%					       ...(4)

Health Risk Assessment
Estimated Daily Intake (EDI)
The mean concentration of each metal found in the 
fish samples, along with the daily fish consumption 
measured in grams, were utilized to calculate the 
Estimated Daily Intake (EDI). The EDI was derived 
using Equation 5.36,37

EDI= 				     ...(5)

Where C represents the concentration of heavy 
metals (mg/kg), FIR denotes the food ingestion rate 
(0.001 mg/kg), and BWa indicates the average body 
weight (70 kg).

Target Hazard Quotient (THQ)
The target hazard quoteient was calculated using 
Equation 6. The reference dosage signifies the 
maximum concnetration at which this is anticipated, 
it was estimated using Equation 6.38

	 ...(6)

where

C = average amount concentration (mg/kg), 
EFR = is the frequency of exposure
ED = duration of exposure
FIR = ingestion rate of fish (0.0252 mg/kg/day)
RfD = oral reference dose, with RfD values for Pb, 
Hg, and Cd being 0.004, 0.004, and 0.001 mg/kg/
day, respectively
BW = the reference body weight (70 kg), and 
ATn = average exposure time (days/year x 60).38

Table 1: The programme for the microwave 
digestion system

Parameter	 Value

HNO3	 4 cm3

HCl	 2 cm3

Water	 2 cm3

Pressure 	 60 bar
Sample weight	 0.4 g (1 cm3)
Final volume	 10 mL
Power ramp	 900 W for 20 min, Fan 1
Power hold	 900 W for 15 min, Fan 3
Microwave power 	 1500 W
IR Temperature limit	 230 oC
Internal temperature limit	 200 oC
Cooling	 55 oC Fan 3

Method Validation
A certified food reference materials (CFRM) of known 
concentration of the target metals was digested 
and analyzed to access the analytical method 
performance of the AAS. The assessment of the 
AAS methodologies was conducted with respect to 
accuracy (in term of average recovery, 70 – 120 %), 
precisions (determined as relative standard deviation 
(RSD), <20 %), limits of detection and quantitation, 
linear range, and coefficient of correlation. The 
average recoveries for the metal were computed 
utilizing Equation 2.

% Recovery=(Experimental concentration)/
(Concentration of CRM)  x 100 %		    ...(2)
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The total hazard quotent score of less than 1, 
indicates that, the population may not to suffer any 
significant adverse effects; however, if the THQ 
exceeds 1, there is a potential risk of negative health 
impacts.39 These assessment methods have been 

demonstrated to provide insights into commodities 
that may pose health risks.40 For Hg, Cd, and Pb, the 
THQ values are 3.0 × 10−4 mg/kg/day, 1.0 × 10−3 mg/
kg/day for Cd, and 4.0 × 10−3 mg/kg/day, respectively.

Table 2: Method Performance

Metal	 LOD (µg/kg)	 LOQ (µg/kg)	 Ave. Rec. (%)	 RSD (%)	 R2	 Calibration Equatiom

Hg	 0.46	 1.54	 96.78	 3.41	 0..9999	 y = 0.014x + 0.0977
Cd	 0.24	 0.80	 97.84	 2.86	 0.9972	 y = 0.0353x + 0.1804
Pb	 0.18	 0.61	 105.19	 2.99	 0.9993	 y = 0.0052x + 0.0173

N.B.: Ave. Rec. = average recovery

Statistical Analysis
SPSS software version 20 was used to analyze the 
data by calculating the standard deviation.

Results
Performance of Analytical Method
Table 2 presents the performance metrics of the 
microwave-assisted wet acid digestion process. 
The obtained average recovery was 96.78% Hg, 
97.84% Cd, and 105.19% Pb with relative standard 
deviations of 3.41%, 2.86% and 2.99 for Hg, Cd, and 
Pb, respectively. The limits of detection were 0.46 
µg/kg Hg, 0.24 µg/kg Cd, and 0.18 µg/kg Pb; and 
calculated LODs were 1.54 µg/kg, 0.80µg/kg, and 
0.61 µg/kg, respectively. The linearity ranged from 
0 .01 to 0.5 µg/kg for the three metals analyzed with 
R2 of 0.9999, 0.9972, and 0.9993 for Hg, Cd and 
Pb, respectively (Table 2).

Analysis of Real Samples
Table 3 illustrates the variation in concentrations 
of Pb and Hg among the analyzed fish samples, 
emphasizing several factors that may influence the 
levels of heavy metals present in these samples. 
These factors encompass habitat, bioaccumulation 
that is specific to species, position in the trophic, 
water column position, and processing methods.3

The highest mean concentration of mercury was 
recorded in frozen tuna (Thunnus spp.) at 157.07 µg/
kg, followed by barramundi (Lates calcarifer) at 62.5 
µg/kg, and Ayer gutted fish at 46.25 µg/kg. Other 
predatory species showed elevated mercury levels, 
including kingfish at 39.04 µg/kg and barracuda at 
27.92 µg/kg.

In contrast, lower mean mercury concentrations 
were observed in small non-predatory species. 
Chapil whole frozen exhibited the lowest mean 
mercury concentration of 0.06 µg/kg, followed by 
bata and sharp Vti with mean concentrations of 
0.88 µg/kg, and 1.86 µg/kg, respectively. Processed 
fish products showed intermediate values, with 
frozen smoked mackerel containing 10.38 µg/
kg and salmon containing 3.31 µg/kg of mercury. 
Nevertheless, the levels of Hg detected  in the fish 
samples exceeded the EU permissible limit of 0.500 
µg/kg,41 except in Chapil Whole Frozen, which has 
a mean concentration of 0.06 µg/kg.

The highest mean lead concentration was found 
in Merluccius pacifica (Pacific hake) at 27.08 µg/
kg, followed by frozen tuna at 15.56 µg/kg, boal at 
11.25 µg/kg, and frozen smoked mackerel at 10.04 
µg/kg. Moderate levels of lead were detected in hilsa 
(6.13 µg/kg), emperor (4.38 µg/kg), and Ayer gutted 
(3.75 µg/kg). The lowest mean concentrations of 
lead were observed in basa fillets (1.51 µg/kg) 
and salmon (1.32 µg/kg). The overall mean lead 
concentration across all samples was 5.10 µg/kg, 
with relatively low variation among species.

Despite some observable differences, the levels of 
Pb detected in the fish samples were predominantly 
lower than those of Hg. Merluccius pacifica exhibited 
the highest mean concentration of Pb at 27.08 µg/
kg. This suggests that the Pb levels in other fish 
samples, such as hilsa and emperor, which had Pb 
mean concentrations of 6.13 µg/kg and 4.38 µg/kg, 
respectively, differ markedly.
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Table 3: Average concentration of heavy metals (µg/kg ±SD) and health 
risk assessment in the fish samples

Fish		   Amount (µg/kg ±SD)	                            Hg	                                 Pb

	 N	 Hg	 Pb	 EDI	 THQ	 EDI	 THQ

Ayer Gutted, Frozen	 2	 46.25±0.00	 16.25±0.00	 0.0167	 24.975	 0.0059	 0.8775
Bata, Whole, Frozen	 2	 0.87±0.01	 n.d	 0.0003	 0.4752	 0	 0
Batashi, Whole, Frozen	 2	 23.38±0.00	 n.d	 0.0084	 12.6252	 0	 0
Boal Gutted, Frozen	 2	 12.5±0.00	 22.5±0.00	 0.0045	 6.75	 0.0081	 1.215
Brushtooth lizardfish,	 2	 5.00±0.00	 1.13±0.00	 0.0018	 2.7	 0.0004	 0.061
Whole, Frozen
Chapil, Whole, Frozen	 2	 0.06±0.01	 n,.d	 0	 0.027	 0	 0
Deshi Moila, Whole, Frozen	 2	 12.38±0.00	 n,d	 0.0045	 6.6852	 0	 0
Farsh, Whole, Frozen	 2	 7.50±0.00	 n.d	 0.0027	 4.05	 0	 0
Grouper E1, Frozen	 2	 15.00±0.00	 n.d	 0.0054	 8.1	 0	 0
Katla Gutted, Frozen	 2	 2.50±0.00	 11.25±0.00	 0.0009	 1.35	 0.0041	 0.6075
Whole, Frozen
Lates calcarifer (Barra-	 2	 62.5±0.00	 n.d	 0.0225	 33.75	 0	 0
mundi), Whole, Frozen
Macarona, Whole, Frozen	 2	 12.50±0.00	 n.d	 0.0045	 6.75	 0	 0
Mackerel fillet,	 2	 10.38±0.00	 n.d	 0.0037	 5.6052	 0	 0
Frozen smoked
Parot fish, Whole, Frozen 	 2	 3.49±0.00	 0.68±0.16	 0.0013	 1.8846	 0.0002	 0.0367
Scomberoides commers	 2	 6.43±2.31	 2.38±0.00	 0.0023	 3.4722	 0.0009	 0.1285
onnianus (queen fish)
Sharp Vti Gutted, Frozen	 2	 0.08±0.00	 18.75±0.00	 0	 0.0432	 0.0068	 1.0125
Sheri Fish, Whole, Frozen 	 2	 7.5±0.00	 12.50±0.00	 0.0027	 4.05	 0.0045	 0.675
Shorputi fish, Whole, Frozen	 2	 10.00±0.00	 12.50±0.00	 0.0036	 5.4	 0.0045	 0.675
Barracuda, Headless, Frozen	4	 27.92±15.93	 nd	 0.0101	 15.0768	 0	 0
Feseekh fish, Fresh	 4	 8.13±1.03	 4.38±0.88	 0.0029	 4.3902	 0.0016	 0.2365
Keski (Corica sobrona),	 4	 8.81±1.68	 n.d	 0.0032	 4.7574	 0	 0
Whole, Frozen
Lake perch fish (Lates     	 4	 18.13±7.95	 n.d	 0.0065	 9.7902	 0	 0
niloticus), Frozen
Mackerel (Scomber	 4	 n.d	 n.d	 0	 0	 0	 0
scomrus) whole, Frozen
Red Snaper A, Frozen 	 4	 6.04±0.19	 n.d	 0.0022	 3.2616	 0	 0
Tengra (Mystus vittatus),	 4	 8.19±2.04	 n.d	 0.0029	 4.4226	 0	 0
Whole, Frozen
Trevally, Whole, Frozen	 4	 7.75±0.13	 5.00±0.00	 0.0028	 4.185	 0.0018	 0.27

The Health Risk Assessment
The use of estimated daily intake (EDI), which 
examines the daily intake of heavy metals from 
fish consumption and highlighted the considerable 
impact of species with elevated Hg abd Pb 
concentration, can be used to explain the detrimental 
impacts of consuming the fish.42 As shown in  

Table 3, Tuna frozen had the highest EDI and THQ 
with values of 0.0565 and 84.8178 respectively, 
suggesting a considerable risk. In decreasing other 
of THQ, other fish having noticeable high THQ 
levels for Hg include: Lates calcarifer (Barramundi): 
33.7500, Ayer Gutted: 24.9750, King Fish: 21.0816, 
Barracuda: 15.0768. Fish samples with THQ less 



165SIRHAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(1) 159-172 (2026)

than 0.05, such as Mackerel (Scomber scomrus), 
Chapil, and Sharp Vti, has low or negligible levels 
of Hg. Merluccius pacifica, had the highest THQ for 
Pb (THQ = 1.46232), followed by Boal (1.2150) and 

Sharp Vti (1.0125). These values suggest possible 
health hazards because they are higher than the 
safety threshold of 1

Table 4: Average concentration of heavy metals (µg/kg ±SD) and health 
risk assessment in the fish samples (cont’d)

Fish		   Amount (µg/kg ±SD)	                            Hg	                                 Pb

	 N	 Hg	 Pb	 EDI	 THQ	 EDI	 THQ

Mackerel fillet, Frozen	 2	 10.38±0.00	 n.d	 0.0037	 5.6052	 0	 0
smoked
Emperor, Whole, Frozen	 5	 8.62±4.45	 4.38±0.00	 0.0031	 4.6548	 0.0016	 0.2365
King Fish, Frozen	 5	 39.04±13.50	 n,d	 0.0141	 21.0816	 0	 0
Merluccius capensis,	 6	 5.58±1.88	 5.75±0.63	 0.002	 3.0132	 0.0021	 0.3105
Whole, Frozen
Hilsa fish, Whole, Frozen	 8	 2.38±1.24	 6.13±0.31	 0.0009	 1.2852	 0.0022	 0.331
Merluccius pacifica Fish,	 10	 14.91±4.10	 27.08	 0.0054	 8.0514	 0.00975	 1.46232
headless, frozen
Mullet Fish, Whole, Frozen	 10	 4.48±2.18	 4.38	 0.0016	 2.4192	 0.0016	 0.2365
Scomber scombrus,	 11	 7.10±2.46	 n,d	 0.0026	 3.834	 0	 0
Whole, Frozen
Catfish (Arius maculatus)	 13	 1.11±0.95	 n,d	 0.0004	 0.5994	 0	 0
fillet, Frozen
Sardine Whole, Frozen	 13	 6.44±1.95	 1.42±0.53	 0.0023	 3.4776	 0.0005	 0.0767
Hamour Fillet, Frozen 	 16	 4.54±2.86	 9.82±0.89	 0.0016	 2.4516	 0.0035	 0.5303
Ciupea harengula Herring,	 18	 4.49±2.03	 16.46±2.25	 0.0016	 2.4246	 0.0059	 0.8888
Whole, Frozen
Tilapia, Whole, Frozen	 18	 5.44±1.35	 13.95±2.27	 0.002	 2.9376	 0.005	 0.7533
Rohu Gutted, Frozen 	 22	 3.15±1.02	 1.67±0.83	 0.0011	 1.701	 0.0006	 0.0902
Sea Bass, skin, Frozen     	 23	 7.73±4.24	 1.46±0.38	 0.0028	 4.1742	 0.0005	 0.0788
Tuna, Canned	 25	 27.78±15.02	 n.d	 0.01	 15.0012	 0	 0
Tuna, Frozen	 25	 157.09±22.03	15.56±4.95	 0.0565	 84.8178	 0.0056	 0.8402
Golden pompan,	 30	 4.83±3.54	 0.12±0.01	 0.0017	 2.6082	 0.0004	 0.0064
Whole, Frozen
Salmon fillet, Frozen	 39	 3.31±1.48	 1.33±0.15	 0.0012	 1.7874	 0.00048	 0.0713
smoked
Hake Fish, Headless, 	 65	 6.52±3.86	 12.16±2.59	 0.0023	 3.5208	 0.0045	 0.6566
Frozen
Basa (pangasius) fish 	 84	 4.69±5.32	 1.52±0.27	 0.0017	 2.5326	 0.0005	 0.0815
fillets- steak, Frozen
Merluccius hubbsi Fish,	 94	 12.13±9.54	 12.40±4.38	 0.0044	 6.5502	 0.0045	 0.6696
head and tail cut off, frozen

N.B.: EDI, estimated daily intake; THQ, total hazard quotient, 
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Discussion
Performance of Analytical Method
The recovery rates achieved in this research 
show that the microwave-assisted wet acid 
digestion technique is reliable and accurate in the 
determination of heavy metals in fish tissues. The 
mean of 105.19 % recovery of lead, which is a little 
higher than 100 %, lies within the acceptable range 
of the trace metal analysis (usually 80-120 %) and 
suggests that there was no significant interference 
by the matrix or loss of the analyte during the sample 
preparation.

The lead and cadmium recovery rates are consistent 
with previously published values. The lead recovery 
of 105.19% corresponds closely with the 103% 
recovery reported by Ashoka et al.,43 while the 
cadmium recovery of 97.84% aligns with the 104% 
reported in the same study. Similarly, Rao et al.44 
reported recoveries of 91% for Pb, 93% for Hg, and 
97% for Cd, which compare favorably with findings of 
this study, particularly for cadmium (97.84% vs. 97%) 
and mercury (96.78% vs. 93%). The slightly higher 
lead recovery in this study may reflect differences 
in the digestion matrix or the specific fish species 
analyzed.

More recent work by Ahmad Al-Subeihi,45,46 reported 
a 102% recovery rate for mercury in fish samples 
and for lead in scalp hair of battery workers, further 
supporting the validity of our recovery data. The 
RSD values below 4% for all three metals, exceeds 
the performance criteria reported by Saber and 
associates,47 who documented average recoveries 
of 75-89% with RSDs below 15%. The higher 
accuracy of our study may be referred to the benefits 
of microwave-assisted digestion that offers a more 
consistent heating effect and more control of the 
digestion environment in contrast to the traditional 
approach of using a hot plate.

The detection limits obtained (0.18-0.46 µg/kg) 
are considerably less than the maximum allowable 
limits set by international regulatory authorities, 
which proves the method to be suitable in routine 
monitoring and in compliance testing. The linearity 
(R² > 0.997) over the calibration range is excellent 
and guarantee that all the concentration ranges 
experienced in real samples are accurately 
quantified.

Heavy Metal Accumulation in Fish
The high range of heavy metal levels among 
the species of fish considered indicates the 
dynamic nature of the interactions between 
ecological, biological and anthropogenic aspects of 
bioaccumulation of metals in aquatic organisms.3

The high levels of mercury recorded in the predatory 
fishes, especially tuna (157.07 µg/kg), barramundi 
(62.5 µg/kg), and kingfish (39.04 µg/kg) are good 
evidence of the mercury biomagnification in aquatic 
food webs. This observation is consistent with the 
long-established fact that mercury, particularly 
methylated form has an unusual high trophic 
transfer efficiency that can be attributed to both high 
assimilation efficiency and low elimination rates in 
fish tissues.48

According to Brodziak-Dopierala and Fischer,49 270 
µg/kg more or less of mercury in tuna and yellow fin 
tuna is quite high compared to the 157.07 µg/kg of 
mercury that is observed in this case. This difference 
could be because of geographic differentiation in the 
background mercury content, variability in fish size 
and age or alternatively a change in the mercury 
input in the environment over time. However, the two 
studies confirm that tuna as apex predators always 
accumulate mercury at levels that are far much 
higher than those of lower trophic level predators.

The low levels of mercury in chapil (0.06 µg/kg) 
and bata (0.88 µg/kg) are also in line with their 
ecological status of small, non-predatory fish whose 
entire diet is composed of planktons and detritus, 
leading to less biomagnification.49,50 The difference 
in concentration of mercury between tuna and chapil 
is almost 2,600 times which is a very dramatic 
demonstration of the extent to which mercury is 
biomagnified in aquatic systems. 

The maximum lead level at Merluccius pacifica (27.08 
µg/kg) aligns with other studies by Akinhanmi et al.51 
that have documented high lead levels in Merluccius 
in coastal waters affected by the anthropogenic 
levels of lead. The correlation between high levels 
of lead in fish and closeness to industrial outflow, 
as reported by reference,52 is that the Merluccius 
pacifica in this research could be harvested in these 
zones receiving industrial effluents or in regions 
having high levels of sedimentary lead.
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The lead levels in frozen tuna (15.56 µg/kg) are 
relatively high which could be attributed to the 
migratory nature of the tuna species that could lead 
to the transfer of contaminants gained in the polluted 
feeding grounds to other destinations. On the other 
hand, the low lead levels in basa fillets (1.51 µg/
kg) and salmon (1.32 µg/kg) are in line with the 
controlled aquaculture conditions, where fishes are 
farmed in an environment that has a minimal level 
of industrial pollutions and fed on formulated diets 
with quality checks.53

The fact that no cadmium could be found in all 
samples is a reason to consider it. This observation 
agrees with Hasan et al.,54 who documented low 
levels of cadmium in fish in the Turag River in 
Bangladesh. This observation may be attributed 
to several factors. These factors can be: the local 
geochemical environment can be defined by low 
natural cadmium content, the major industrial 
processes in the source areas might not release 
cadmium, and cadmium bioavailability in aquatic 
systems, especially in the presence of organic matter 
or at particular pH conditions, can inhibit cadmium 
accumulation in fish tissues.55,56 

Frozen smoked mackerel and salmon processes 
had lower levels of heavy metals than their fresh 
counterparts. Frozen smoked mackerel had 10.38 
µg/kg mercury and 10.04 µg/kg lead, whereas the 
higher levels were found in fresh predatory species. 
This finding is consistent with the research indicating 
that freezing and smoking can decrease heavy metal 
levels in a variety of ways,57,58 such as leaching of 
metals during thawing and drip loss, volatilization 
of organometallic compounds in smoking, and 
dilution effects due to added ingredients or weight 
change during processing. Nevertheless, it cannot 
be ruled out that processed fish may have other 
sources or a different regime of aquaculture with 
less contamination at the baseline.

Mean concentrations of mercury and lead in the 
present study are also significantly lower than those 
reported by Ababneh and Al-Momani59 in canned 
tuna of Jordans supermarkets (mercury and lead 
mean concentrations of 21 µg/kg and 90 µg/kg 
respectively). This variation can be attributed to 
variations in tuna species, fisheries, canning or the 
level of contamination in the region. The much larger 
lead content of the Jordanian study (about six-times 

larger than ours) is especially interesting and could 
suggest a larger industrial lead contribution to the 
eastern Mediterranean area or other tuna processing 
behaviors.60

Health risk assessment
Tuna (Frozen), Boal, Sharp Vti, and Merluccius 
pacifica, all have elevated THQ values for both 
Hg and Pb, raising concerns about their combined 
health effects. Conversely, Pb typically exhibits lower 
THQ values, with many species remaining below the 
threshold of concern. This is in line with reports that 
the THQ of lead in tea was less than 1.47,61 However, 
species like Merluccius pacifica and Boal gutted fish 
may still pose a minor health risk because of their 
high Pb levels. Those who eat predatory fish such 
as frozen tuna, Ayer gutted fish, and Merluccius 
pacifica are particularly vulnerable due to elevated 
levels of mercury and lead. 

The THQ observed in this study demonstrated 
both carcinogenic and non-carcinogenic health 
risks form consumption of fishes contaminated 
with heavy metals.62 The health risks associated 
with fish species like sea bass, hake, and amour 
are moderate, but the risks associated with bata 
and basa fillets are much lower due to their smaller 
size. Particularly for individuals who regularly eat 
these fish, these results highlight the significance of 
continuous monitory of fish for heavy metal content 
and the encouragement of dietary choices that 
reduce exposure.

Conclusion
The levels of heavy metals (Pb and Hg) in fish 
samples have been determined in this study. 
Predatory fish species had the highest mercury 
levels, which may indicate a bioaccumulation trend 
related to their place in the food chain. Additionally, 
it was found that non-predatory species had 
relatively lower heavy metal concentrations, which is 
consistent with their ecological roles. These results 
emphasize the need for continuous monitoring in 
regions with high levels of industrial activity. Fish 
that were processed showed lower levels of heavy 
metals, suggesting that the processing methods 
used, which occasionally involved removing organs 
that could bioaccumulate, heavy metals, have an 
impact on the levels of heavy metals in the fish 
samples. It can be concluded that techniques 
like smoking and freezing have an impact on the 
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amounts of heavy metals in the fish samples, offering 
important information about the effects of handling 
and processing food. The levels of lead and mercury 
in the fish samples were determined to be within the 
EU's allowable limits, notwithstanding the observed 
fluctuations. As a result, it is critical to evaluate the 
effects of consuming fish that regularly have low 
concentrations of heavy metals over an extended 
period of time.

It is recommended that the consumption of fish in the 
high-trophic level should be limited and consumers 
should prioritize the consumption of smaller, non-
predatory fish. The pollution control efforts should 
also be strengthened by monitoring industrial 
effluent discharge and enforce stricter control on 
the treatment of industrial effluent. Longitudinal 
monitoring should be considered in future research 
to estimate seasonal and temporal fluctuations in 
the accumulation of heavy metals in fish samples
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