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INTRODUCTION  

 

Heavy metals are of great importance from a toxicological point of view due to their 

presence in different components of the aquatic environment (water column, sediments, 

and marine organisms) in addition to their non-biodegradable properties. Another 

important characteristic is their ability to accumulate in marine organisms from water, 

food, and sediments and become biomagnified through the food chain (Yuan et al., 2011; 

Bosch et al., 2016; Cameron et al., 2018; Zhong et al., 2018). Heavy metals in the 

aquatic environment can reach high levels due to anthropogenic sources, which can lead 

to an increase in their concentration in marine organisms (Türkmen et al., 2009). Studies 

shedded light on the biological, physicochemical, and environmental parameters affecting 

the concentration of metals in fish and fishery products, such as length, organs, sampling 

locations, pH and temperature (Tapia et al., 2012; Zeitoun & Mehana, 2014; Giri & 

Singh, 2015; Liu et al., 2015). The presence of some heavy metals in living organisms is 

essential for the good and stable function of their body as long as they are maintained at a 

reasonable level (Beldi et al., 2006; Kamaruzzaman et al., 2011; Łuczyńska et al., 

2018). Pb, Cd, and As are toxic elements with no role in the metabolic activities of the 
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Metal concentrations were assessed in seafood species from the north-

western Atlantic waters using microwave digestion and atomic absorption 

spectrometry (AAS). The levels of Fe, Zn, Cd, Pb, Cu, As, Mn, and Ni 

were, in general, lower than the international safety standards for seafood 

quality. The health risk assessment of metal ingestion through seafood 

consumption was estimated using the target hazard quotient (THQ) and the 

estimated daily intake (EDI). While, the metal pollution index (MPI) was 

used as a quantitative indicator of the contamination level of marine 

organisms. The obtained results showed that the THQ and EDI were lower 

than the unity (<1) and the oral reference doses (RfD), respectively. Hence, 

the consumer is not likely to experience health effects through the ingestion 

of seafood. The metal pollution index values were relatively higher for 

cephalopods, compared to decreasing order of mussels, crustaceans, and 

fish, respectively. 
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organism, while Cu, Zn, Fe, and Mn are considered essential elements (Tuzen, 2009; 

Kamaruzzaman et al., 2011). Exposure to cadmium (Cd) is responsible for health 

problems such as prostatic proliferative lesions, lung cancer and kidney failure (Rahman 

et al., 2012 ; Rahman et al., 2019). Pb exposure can affect the nervous system and cause 

mental retardation, and skeletal hematopoietic function disorder (Zhong et al., 2018; 

Ahmed et al., 2019). Although Cu, Zn, Fe, and Mn are essential elements, excessive 

intake or deficiency in their levels in the organism can lead to detrimental health effects. 

Nausea, bowel pain, and diarrhea along with fever are caused by excessive exposure to 

the essential element, Cu (Rajeshkumar & Li, 2018). Whereas, Zn deficiency is 

associated with appetite loss, growth inhibition, immunological abnormalities, and skin 

changes (Tuzen, 2009; Gu et al., 2016). Notably, the consumption of seafood is the main 

source of protein supply for human body. Nevertheless, the intake of contaminated 

seafood with high levels of metals, exceeding the permitted concentrations of the 

monitoring agencies, viz. the World Health Organization, and Food and Agriculture 

Organization may threaten human health. The heavy metal content and the risk associated 

with the consumption of seafood were documented using different risk factors such as 

daily intake and the target hazard quotient (Alipour et al., 2014; Chahid et al., 2014; 

Giri & Singh, 2015; Liu et al., 2015; Gu et al., 2016; Afandi et al., 2018; Baki et al., 

2018; Ahmed et al., 2019).  

The present study was conducted to measure the concentration of heavy metals (Fe, Zn, 

Cu, As, Mn, Ni, Pb, Cd) in the edible tissue of different marine organisms from the north-

western Moroccan Atlantic Waters and assess the health risks associated with the 

consumption of seafood. 

 

MATERIALS AND METHODS  

 

Sample collection and preparation  

Fish, cephalopods, mussels, and crustaceans samples were purchased directly from 

fishermen at the Port of Mehdia (Kenitra, Morocco). The edible part examined in the 

present work is the muscle tissue of fish and the whole soft tissue of mussels and 

cephalopods. The internal organs were removed since they are generally not consumed. 

The muscle tissue was cleaned using distilled water, frozen for 24 hours, and then freeze-

dried until getting a constant weight. A blender was used to ground down into a fine 

powder and homogenize the freeze-dried samples. 

Determination of heavy metal concentrations 

An amount of 0.3g of each sample was weighed and put into separated vessels to which 

5ml of suprapur HNO3 was added along with 1ml of H2O2 and left to digest overnight. 

Then, a microwave digestion system was used to assist the acid digestion process. The 

obtained solution was diluted using 50ml of bi-distilled water. The usage of this method 

is of great interest with respect to both time and recovery values. A blank digest was 

prepared in the same way to correct the results of the samples. 
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Cu, Zn, Fe, As, Mn, Ni, Pb and Cd concentrations in the prepared samples were 

determined using atomic absorption spectrometry (ThermoFischer iCE 3000 series). The 

limits of detections were as follows: Fe (0.006 mg.L
-1

), Zn (0.002 mg.L
-1

), Cu (0.2 µg.L
-

1
), As (1 µg.L

-1
), Ni (1 µg.L

-1
), Cd (0.03 µg.L

-1
), Mn (0.004 µg.L

-1
) and Pb (0.3 µg.L

-1
). 

 The reference material SRM 1568a supplied by the National Institute of Standards and 

Technology (NSIT) was used to assess the accuracy of the measurements carried out 

during the present work. The obtained results coincided with the certified values are 

listed in Table (1). Recovery rates ranged from 87 to 98 % for all metals investigated.  

Table 1. Metal concentrations measured in the certified reference material SRM 1568a 

 

 

RESULTS  

 

Measured concentrations of trace metals (mg.kg
-1

 fresh weight) in marine organisms 

collected from the local fish market of Kenitra, Morocco are summarized in Table (2). 

The mean metal concentrations decreased in the following order 

Fe>Zn>Ni>Mn>Cu>As>Pb>Cd in the fish samples, Fe>Cu>Zn>Ni>Mn>As>Pb>Cd 

in the crustacean sample, Fe>Mn>Zn>Ni>Cu>Cd>Pb>As in the mussel sample and 

Fe> Cu> Zn> Mn> Ni> Cd> As> Pb in the cephalopod sample.  

The concentration of Pb in muscle tissues of fish, cephalopods, crustaceans and mussels 

ranged from 0.004 to 0.21 mg.kg
-1

. The highest concentration (0.21 mg.kg
-1

) was 

recorded in the mussel (Mytilus galloprovincialias), while the lowest (0.004 mg.kg
-1

) was 

detected in the meagre (Argyrosomus regius). Pb distribution in marine organisms 

displayed large inter-specific variability; high concentrations were associated with 

mussels, followed by crustaceans, cephalopods, and fish. Reported values of Pb 

concentrations ranged from <0.06 to 8.92 mg.kg
-1

 for marine fish and <0.06 to 9.47 

mg.kg
-1

 for crustaceans (Baki et al., 2018). While, Pb  concentration values were 0.013 to 

0.114 mg.kg
-1

 for marine fish (Chahid et al., 2014), 0.12 mg.kg
-1

 for mussels, and 0.008 

mg.kg
-1

 for crustaceans (Diop et al., 2016). According to the international safety 

standards, Pb concentration should not exceed 0.3 mg.kg
-1

 in fish, 0.5 mg.kg
-1

 in 

crustaceans, 1.5 mg.kg
-1

 in mussels, and 1.0 mg.kg
-1

 in cephalopods (European Union, 

2006). The current values did not exceed the permissible limits.  

Metal Observed 

values 

mg.kg
-1

 

SD  

mg.kg
-1

 

Certified 

values 

mg.kg
-1

 

SD 

 mg.kg
-1

 

Cu 2,7 0,066 2,4 0,3 

Fe 8 0,027 7,4 0,9 

Zn 19,6 0,016 19,4 0,5 

Mn 23 0,032 20 1,6 

Pb < LD _ < 0,010 _ 

Cd < LD _ 0,022 0,002 
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Ni concentrations in marine organisms ranged from 0.21 to 33.4 mg.kg
-1

. The highest 

concentration (33.4 mg.kg
-1

) was observed in the common Pandora (Pagellus erythrinus) 

and the lowest (0.21 mg.kg
-1

) in the thin-lipped grey mullet (Liza ramada). The high 

levels of Ni (0.21 – 33.4 mg.kg
-1

, with a mean value of 4.12 mg.kg
-1

) were found in fish 

species in comparison to cephalopods (2 mg.kg
-1

), crustaceans (1.5 mg.kg
-1

) and mussels 

(0.9 mg.kg
-1

). Nickel concentrations were reported in the range of 0.008 - 0.07 mg.kg
-1

 

(Makedonski et al., 2017). On the other hand, they ranged from 0.14 – 0.61 mg.kg
-1

 in 

fish, from 0.24 – 0.46 mg.kg
-1

 in crustaceans (Gu et al., 2016), and from 0.14 - 0.33 

mg.kg
-1

 with respect to dry weight in fish species (Afandi et al., 2018). The maximum 

concentration of nickel according to Food and Drug Administration is set at 70-80 mg.kg
-

1
(USFDA, 1993b). Consequently, the safety limit was not surpassed in all marine 

organisms analyzed in the present work.  

As concentrations in marine organisms ranged from 0.00015 to 0.5 mg.kg
-1

. Shrimp 

(Aristeus antennatus) displayed the highest arsenic concentration (0.48 mg.kg
-1

) in 

comparison with cephalopods (0.12 mg.kg
-1

), fish (0.00015-0.17 mg.kg
-1

, with a mean 

value of 0.05 mg.kg
-1

) and mussels (0.012 mg.kg
-1

). Among fish species, the blue shark 

(Prionace glauca) and the greater weever (Trachinus draco), respectively, displayed the 

highest (0.17 mg.kg
-1

) and the lowest (0.00015 mg.kg
-1

) arsenic concentrations. The 

reported values of arsenic concentrations ranged <0.08 mg.kg
-1 

for marine fish and <0.08 

to 0.283 mg.kg
-1

 for crustaceans (Baki et al., 2018). Whereas, they ranged from 0.38 to 

1.1 mg.kg
-1

 for fish species
 
(Makedonski et al., 2017). According to the Chinese Food 

Codex, the maximum permitted As levels in fish, crustaceans and mussels are 0.1, 0.5, 

and 0.5 mg.kg
-1

, respectively (MPHC, 2012). Hence, safety limits were not exceeded in 

the present work, except for some fish species. It should be noted that the toxicity of the 

organic form of arsenic is low and can be negligible. Therefore, in the present work, the 

arsenic content in seafood is considered in its toxic inorganic form, estimated as 3% of 

the total arsenic (EFSA, 2009).  

The concentration of Fe in muscle tissues of fish, cephalopods, crustaceans, and mussels 

ranged from 1.4 to 174.9 mg.kg
-1

. The highest concentration (174.9 mg.kg
-1

) was 

measured in the common pandora (Pagellus erythrinus), while the lowest (1.4 mg.kg
-1

) 

was detected in the meagre (Argyrosomus regius). Mussels (Mytilus galloprovincialis) 

and fish (Pagellus erythrinus) displayed high values of Fe in comparison to cephalopods 

(Sepia officinalis) and crustaceans (Aristeus antennatus). Fe was found to be the most 

abundant metal in all marine organisms.  The concentrations of Fe were reported in the 

range of 1.2 – 165 and 9.5 – 360 mg.kg
-1

 in fish and crustaceans (Baki et al., 2018). 

Whereas in different mollusk species, Fe concentrations were 50 – 76.8 mg.kg
-1

 (Ragi et 

al., 2017), and 37.07-68.53 mg.kg
-1

 dry weight in fish species (Afandi et al., 2018). 

According to WHO (1989), the safety limit was set to 100 mg.kg
-1

. Our values were 

lower than the safety limit, except for both the common Pandora (Pagellus erythrinus) 

and the mussel (Mytilus galloprovincialis).  

Cu and Zn concentrations in marine organisms ranged from 0.1 to 17.9 mg.kg
-1

 and 1.3 to 

12.8 mg.kg
-1

, respectively. The highest Cu and Zu concentrations were measured in the 

cephalopod (Sepia officinalis) (17.9 and 12.8 mg.kg
-1

, respectively) and the lowest was 

recorded in the common sole (Solea vulgaris) (0.11 mg.kg
-1

) and the blue shark 
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(Prionace glauca) (1.35 mg.kg
-1

), respectively.  Zn and Cu concentrations in the 

literature ranged from 38.8 to 93.4 mg.kg
-1

 and 0.65 – 2.78 mg.kg
-1

, respectively in fish 

species (Tuzen, 2009), and 20.78-37.49 and 2.13-6.17 mg.kg
-1

 dry weight in fish species 

(Afandi et al., 2018). The safety limits of Zn and Cu according to FAO (1983) (100 and 

10 mg.kg
-1

) and WHO (1989) (100 and 30 mg.kg
-1

) are higher than measured 

concentrations in the present work. Zn and Cu are both considered essential metals, 

playing important roles in the metabolic processes of the organisms, but chronic exposure 

may induce adverse health problems. Hg and Ag are considered the most toxic heavy 

metals that pose risk to the life of marine organisms, followed by Cu mainly accumulated 

by marine organisms through food rather than seawater (Kamal et al., 2015).  

Cd concentrations ranged from 0.0002 to 0.087 mg.kg
-1

 in fish, 0.5 mg.kg
-1

 in 

cephalopods, 0.625 mg.kg
-1

 in mussels and 0.041 mg.kg
-1

 in crustaceans. Based on the 

obtained results, high concentrations of Cd were associated with mussels followed by 

cephalopods, crustaceans and fish. Cadmium levels in the literature have been reported in 

the range of 0.01-2.12 mg.kg
-1

 in mussels and 0.01-0.25 mg.kg
-1

 in crustaceans (Diop et 

al., 2016). Whereas, ranges were 0.029-0.525 mg.kg
-1

 and 0.002 – 0.480 mg.kg
-1

 in 

crustaceans and fish (Giri & Singh, 2015). In fish samples, they were recorded in ranges 

from 0.005-0.036 mg.kg
-1

 (Chahid et al., 2014). The safety standards set for Cd in fish 

(0.05 mg.kg
-1

), crustaceans (0.5 mg.kg
-1

), mussels (1 mg.kg
-1

), and cephalopods (1 

mg.kg
-1

) were higher than the obtained concentrations. It should be noted that, different 

safety limits were set for Scomber species (0.1 mg.kg
-1

) along with Xiphias gladius, 

Engraulis species and Sardina pilchardus (0.25 mg.kg
-1

) (European Union, 2014).  

Mn concentrations in marine organisms ranged from 0.5 to 20.4 mg.kg
-1

. Mussels 

(Mytilus galloprovincialis) displayed the highest Mn concentration (20.4 mg.kg
-1

), 

followed by cephalopods (4 mg.kg
-1

), fish (3.3 mg.kg
-1

) and crustaceans (1.2 mg.kg
-1

). 

Mn contents in literature have been reported in the ranges of 2.76 - 9.1 mg.kg
-1

 in fish 

samples (Tuzen, 2009) and 0.025 – 0.42, and 3.233 mg.kg
-1

 in fish and molluscs (Copat 

et al., 2018). Furthemore,  Mn contents ranged from 0.51 – 2 mg.kg
-1

 dry weight in fish 

species (Afandi et al., 2018). The Safety limit set for Mn by the Turkish Food Codex (20 

mg.kg
-1

) (TFC, 2002)
 
was lower than the measured Mn concentrations in the present 

work, expect for the mussel (Mytilus galloprovincialis) (20.4 mg.kg
-1

).  

 

 

 

 

 

 

 

 





 

 

 

Table 2. Metal concentrations (mg.kg-1 fresh weight) in seafood samples 

Sample Fe Zn Cd Pb Cu As Mn Ni 

1- Sardine (Sardina 

pilchardus) 
6,5±0.03 8±0.01 0,003±0.00013 0,036±0.00011 0,6±0.00002 0,057±0.00004 0,54±0.00004 0,25±0.00006 

2- Rubberlip grunt 

(Plectorhinchus 

mediterraneus) 

8,6±0.01 
11,5±0.0

1 
0,01±0.00003 0,1±0.00025 0,22±0.00002 0,0004±0.00038 1,53±0.0001 0,39±0.00018 

3- Meagre 

(Argyrosomus 

regius) 

1,4±0.03 
6,04±0.0

2 
0,0002±0.0001 0,0037±0.00013 0,24±0.00001 0,087±0.00029 2,52±0.00005 0,35±0.00002 

4- Grey Mullet 

(Liza ramada) 
15,3±0.01 7,8±0.02 0,014±0.00004 0,032±0.00015 0,8±0 0,010±0.00031 0,63±0.00007 0,21±0.00008 

5- Whiting 

(Merlangius 

merlangus) 

16,7±0.01 1,7±0.07 0,007±0.00007 0,038±0.00009 0,17±0.00005 0,018±0.00012 1,59±0.00011 0,99±0.00008 

6- Greater weever 

(Trachinus draco) 
51±0 6,1±0.02 0,009±0.00005 0,019±0.00027 0,14±0.00007 0,00015±0.00009 9,48±0.00023 6,51±0.00024 

7- Common 

pandora (Pagellus 

erythrinus ) 

174.9±0.02 5,7±0.02 0,014±0.00003 0,051±0.00012 0,69±0.00007 0,12±0.00048 7,44±0.0001 33,45±0.00013 

8-  Brown meagre 

(Sciaena Umbra) 
43±0 4,8±0.03 0,010±0.00005 0,026±0.00014 0,91±0.00004 0,145±0.0001 3,12±0.00008 4,38±0.00011 

9-  Surmullet 

(Mullus 

surmuletus)  

14±0.01 4,3±0.02 0,008±0.00006 0,034±0.00021 0,59±0.00011 0,0002±0.00008 5,92±0.00016 1,122±0.00011 

10- Spotted seabass 

(Dicentrarchus 

punctatus) 

85±0.02 2,3±0.02 0,087±0.00002 0,085±0.00003 0,18±0.00005 0,0011±0.000005 5,34±0.00021 11,47±0.00013 

11- Common sole 

(Solea Vulgaris) 
34±0.01 2,3±0.05 0,030±0.00001 0,048±0.00018 0,11±0.00001 0,0024±0.0001 7,28±0.00006 2,87±0.001 

12- Pouting 

(Trisopterus 

luscus) 

38.1±0.01 2,1±0.09 0,032±0.00002 0,029±0.00011 0,2±0.00013 0,097±0.00007 5,77±0.00011 3,71±0.00021 
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13- swordfish 

(Xiphias Gladius) 
14.4±0.01 6,6±0.05 0,051±0.00002 0,05±0.00009 0,26±0.00003 0,053±0.00006 0,51±0.00003 0,71±0.00009 

14- Blue shark 

(Prionace glauca) 
13.7±0.01 1,3±0.08 0,008±0.00001 0,038±0.00017 2,94±0.00002 0,17±0.0002 0,78±0.00004 0,62±0.00008 

15- Atlantic 

mackerel 

(Sciomber-

scombrus) 

35.2±0 5,3±0.02 0,019±0.00006 0,087±0.00006 1,39±0 0,03±0.00003 1,03±0.00008 1,31±0.00017 

16- Atlantic horse 

mackerel  

(Trachurus 

trachurus) 

23.4±0.01 1,7±0.04 0,007±0.00005 0,055±0.00008 0,22±0.00006 0,0008±0.00013 0,67±0.00003 0,74±0.00017 

17- Anchovy 

(Engraulis 

encrasicolus) 

26.4±0.02 2,7±0.07 0,011±0.00004 0,043±0.00008 0,72±0.00011 0,096±0.00009 1,36±0.00007 0,91±0.00001 

18- red shrimp   

(Aristeus 

antennatus) 

28.7±0.01 4,3±0.02 0,041±0.00004 0,077±0.00022 6,29±0.00003 

0,48±0.00006 

1,18±0.00006 1,54±0.0002 

19- Mussel 

(Mytilus 

galloprovincialis) 

174±0 
12,1±0.0

1 
0,625±0.00004 0,21±0.00009 0,74±0.0002 

0,012±0.00024 

20,4±0.00005 0,89±0.00019 

20- Sepia (Sepia 

officinalis) 
20.5±0.01 

12,8±0.0

2 
0,503±0.00007 0,058±0.00019 

17,92±0.0000

1 

0,12±0.00012 
3,97±0.00007 2,01±0.00005 
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DISCUSSION 

 

Heavy metal concentrations vary widely in marine organisms, which can be attributed to 

different biological and environmental conditions. Hence, the feeding habit (carnivore, 

omnivore, herbivore, filter feeder fish & bottom feeder fish) is a key factor in driving 

metals accumulation in marine organisms (Liu et al., 2015). For instance, omnivore 

species were relatively weak accumulators of metals, compared to herbivores (Giri & 

Singh, 2015), which contradicts with the current results. Remarkably, the omnivore 

species Pagellus erythrinus displayed higher metals content than the herbivores Liza 
ramada. This could be attributed, at least partially, to the metabolic activity and size, 

since higher metabolic activity is associated with small organisms, while lower metabolic 

activity is associated with large organisms (Monikh et al., 2013). Measured levels of 

contaminants in fish species, molluscs, and crustaceans are not uniform and depend on 

the bioavailability of metals in the aquatic environment and the feeding habits and 

habitats of these species (Baki et al., 2018; Bonsignore et al., 2018; Suami et al., 2019). 

The current study confirms the same results. 

- The estimated daily intake of metals  

The estimated daily intake of metals was calculated using the following equation (Giri & 

Singh, 2015; Ahmed et al., 2019; Sofoulaki et al., 2019): 

                                                   
       

  ⁄                                    (1) 

Where, C is the metal concentration in the edible part of marine organisms (mg.kg
-1

); 

AvC is the average consumption of seafood per day (g.d
-1

), and Bw is the adult body 

weight of the general population (kg). The average consumption of seafood used in the 

computation of the estimated daily intake of metals is 37.3 g.d
-1

 for fish, 2.7 g.d
-1

 for 

mussels and crustaceans, and 1.4 g.d
-1 

for cephalopods. The adult body weight of the 

general population assumed is 70 kg. 

The intake of metals through the consumption of seafood was assessed in the present 

work using equation 1, and the obtained results are summarized in Table (3). According 

to the USEPA, the oral reference dose is defined as “an estimate (with uncertainty 

spanning perhaps an order of magnitude) of daily exposure to the human population 

(including sensitive subgroups) that is likely to be without an appreciable risk of 

deleterious effects during a lifetime” (USEPA, 2012). The corresponding values of RfD 

for analyzed metals are 0.7 mg.kg
-1

 bw.d
-1

 for Fe, 0.02 mg.kg
-1

 bw.d
-1

 for Ni, 0.04 mg.kg
-

1
 bw.d

-1
 for Cu, 0.3 mg.kg

-1
 bw.d

-1
 for Zn, 0.001 mg.kg

-1
 bw.d

-1
 for Cd, 0.0003 mg.kg

-1
 

bw.d
-1

 for In-As, 0.14 mg.kg
-1

 bw.d
-1

 for Mn (USEPA, 2017). For Pb, the values were 

0.00357 mg.kg
-1

 bw.d
-1

 (USEPA, 2014). The daily intake of metals through the 

consumption of fish, mussels, cephalopods, and crustaceans ranged from 8× 10
-8

 to 0.09 

mg.kg
-1

 bw.d
-1

, 4.85×10
-7

 to 0.007 mg.kg
-1

 bw.d
-1

, 1.13×10
-6

 to 0.0004 mg.kg
-1

 bw.d
-1 

and 

1.6×10
-6

 to 0.001 mg.kg
-1

 bw.d
-1

, respectively. The obtained results were found to be 

lower than the Oral Reference Dose (RfD). Therefore, the consumption of seafood 
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collected from the local market of Kenitra will not pose any risk on the consumer’s 

health. It should be noted that, the values of EDI under or higher than the reference oral 

dose do not conclude that consumption of seafood is risk-free (USEPA, 2008; Baki et 

al., 2018). According to the New York health department, EDI values 1-5 and 5-10 times 

the RfD are considered low and moderate, and values 10 times the RfD are considered 

risky (NYSDOH, 2007).  

Reported values of the target hazard quotient were lower than unity, indicating that there 

is no non-carcinogenic risk on the consumer’s health (THQs<1) (Alipour et al., 2014; 

Gu et al., 2016). Among different metals measured, the target hazard quotient of Cd was 

higher than unity, suggesting that the intake of assessed species at high rates would put 

the consumer’s health at risk (Baki et al., 2018). 

Variations in the intake of metals through seafood consumption depend on the intake of 

seafood and the measured concentration of metals. In the study of Alamdar et al. (2017), 

the authors computed the intake of metals through the consumption of fish for the general 

public (10 g.d
-1

) and fishing communities (100 g.d
-1

). The obtained results were ten times 

higher for those living in fishing communities, compared to the general public. Hence, 

the importance of the amount of seafood consumed daily should be considered.  

- The target hazard quotient  

The target hazard quotient was estimated in the present work for metals having an oral 

reference dose using the following equation (Giri & Singh, 2015; Liu et al., 2015): 

                                                         
   ⁄                                                     (2)                        

Where, EDI is the estimated daily intake of metals (mg.kg
-1

 bw.d
-1

), and RfD is the oral 

reference dose of a given metal (mg.kg
-1

 bw.d
-1

).  

The values of the target hazard quotients (THQs), estimated due to the exposure to metals 

through the intake of seafood are listed in Table (4). The THQs of Cd, As, Fe, Pb, Cu, Zn, 

Ni, and Mn estimated for fish were generally higher than THQs estimated, respectively, 

for crustaceans, mussels and cephalopods. 

The THQ values under the limit set to unity indicate that there are no non-carcinogenic 

effects due to the consumption of seafood on the health of the consumer. While, values 

exceeding the limit mean would likely cause bad health effects on the consumer 

(USEPA, 1989; Saha & Zaman, 2013). Therefore, the consumption of seafood collected 

from the local fish market of Kenitra will not affect the consumer’s health. According to 

(USEPA, 1989), the THQ do not present any dose-response relationship and do not 

directly measure risk.  

Repored values of the target hazard quotient were lower than unity, indicating that there 

is no non-carcinogenic risk on the consumer’s health (THQs<1) (Alipour et al., 2014; 

Gu et al, 2016). Among different metals measured, the target hazard quotient of Cd was 
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higher than unity, suggesting that the intake of assessed species at high rates will put the 

consumer’s health at risk (Baki et al., 2018). 

 

- Metal pollution index 

The metal pollution index was assessed in the present work using the following equation 

(Ali & Khan, 2018; Ahmed et al., 2019): 

                                                            
 

 ⁄                                                     (3) 

Where, Ci is the concentration of metal in seafood, and n is the number of metals 

analyzed. 

Table (3) summarizes the metal pollution index values, computed for seafood collected 

from the local fish market of Kenitra. Based on the results obtained, the metal pollution 

index estimated for fish species ranged from 0.1 to 1.4, with a mean value of 0.5. The 

highest value was recorded in the common pandora (Pagellus erythrinus); whereas, the 

lowest value was detected in the meagre (Argyrosomus regius). The MPI estimated for 

the crustaceans, mussels, and cephalopods was 1.1, 1.6, and 1.8, respectively. The higher 

the MPI, the higher the pollution level for a given species. Hence, the metal 

contamination is important for cephalopods, compared to mussels, crustaceans and fish. 

The metal pollution index values have been reported in the range of 0.46- 0.76 and 0.65-

0.89 in sardines and anchovy (with a respective mean value of 0.6 and 0.75), respectively 

(Sofoulaki et al., 2019). While, its values ranged from 3.65 to 4.70 in demersal and 

pelagic fish species, respectively (Ahmed et al., 2019). Obtained results in the present 

work were lower than the previously reported values.  
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Table 3. Estimated daily intake of metals through seafood consumption and metal pollution index values 

 

 Table 4. Estimated target hazard quotient of heavy metals through seafood intake 

Estimated Daily Intake of seafood (mg.kg
-1 

bw.d
-1

) 
MPI 

 Fe Zn Cd Pb Cu As Mn Ni 

Fish 
(Mean 

values) 

0.0007 – 0.09 0.0007 – 0.006 9×10
-08

 – 5×10
-05

 2×10
-06

 – 5.3×10
-05

 6×10
-05

 – 0.002 8×10
-08

 – 9.2×10
-05

 0.0003 – 0.005 0.0001 – 0.02 
0.1 – 

1.4 

0.0188 0.0025 1.01E-05 2.42E-05 0.0003 2.78E-05 0.0017 0.0022 0.5 

Crustaceans 0.001 0.0002 1.6×10
-06

 3×10
-06

 0.0002 1.9×10
-05

 4.6×10
-05

 6×10
-05

 1.1 

Mussels 0.007 0.0005 2.44×10
-05

 8.2×10
-06

 0.00003 4.85×10
-07

 0.0008 3.47×10
-05

 1.6 

Cephalopods 0.0004 0.0003 9.8×10
-06

 1.13×10
-06

 0.0004 2.28×10
-06

 7.77×10
-05

 3.93×10
-05

 1.8 

Target Hazard quotient 

 Fe Zn Cd Pb Cu As Mn Ni 

Fish 

(mean value) 

0.001 – 0.13 

0.027 

0.002 – 0.02 

0.084 

0.0001 – 0.05 

0.01 

0.0005 – 0.015 

0.0068 

0.0015 – 0.04 

0.0081 

0.0003 – 0.3 

0.093 

0.002 – 0.4 

0.012 

0.006 – 0.9 

0.11 

Crustaceans 0.0016 0.0006 0.0016 0.0008 0.006 0.06 0.0003 0.003 

Mussels 0.001 0.002 0.02 0.002 0.0007 0.0016 0.006 0.002 

Cephalopods 0.0006 0.0008 0.0098 0.0003 0.009 0.008 0.0006 0.002 
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CONCLUSION 

 

Quality assessment of a variety of seafood species from the north-western Moroccan 

Atlantic Waters, with respect to metals content showed that, the concentrations of Pb, Zn, 

Cu, Ni, Mn, Fe, Cd, and As were generally below the safety limits set by several 

international organizations. Substantial variability of metals content was noted among 

species groups; high concentrations were found in bivalves (mussels), followed by 

cephalopods, crustaceans and fish. This simple classification will significantly simplify 

any further studies on toxicity assessment or marine organisms and their use as bio-

indicators of the quality of waters in the region. The estimated target hazard quotient and 

daily intake, associated with sea product consumption did not exceed the safety standards 

based on the data obtained. It is necessary to emphasize the importance of careful 

interpretation of the calculated parameters, which were derived from a single monitoring 

campaign. 

ACKNOWLEDGMENTS  

 

This work was carried out within the framework of the regional project of the 

International Atomic Energy Agency: IAEA / RAF / 7/015 "Strengthening Regional 

Capacities for Nuclear Risk Assessment Using Nuclear and Related Techniques" 

REFERENCES  

 

Afandi, I.; Talba, S.; Benhra, A.; Benbrahim, S.; Chfiri, R.; Labonne, M.; Masski, 

H.; Laë, R.; De Morais, L.T.; Bekkali, M. and Bouthir, F.Z. (2018). Trace 

metal distribution in pelagic fish species from the north-west African coast 

(Morocco). Int. Aquat. Res., 10:191–205. 

Abdolahpur Monikh, F., Safahieh, A., Savari, A., Ronagh, M. T., & Doraghi, A. 

(2013). The relationship between heavy metal (Cd, Co, Cu, Ni and Pb) levels and 

the size of benthic, benthopelagic and pelagic fish species, Persian Gulf. Bull. 

Environ. Contam. Toxicol., 90(6): 691–696. 

Ahmed, A.; Sultana, S.; Habib, A.; Ullah, H.; Musa, N.; Rahman, M.M. and Sarker, 

MS. (2019). Bioaccumulation of heavy metals in commercially important fish 

species from the tropical river estuary suggests higher potential child health risk 

than adults. PLoS One, 14(10):e0219336. 

Alamdar, A.; Eqani, S.A.M.A.S.; Hanif, N.; Ali, S.M.; Fasola, M.; Bokhari, H.; 

Katsoyiannis, I.A. and Shen, H. (2017). Human Exposure to Trace Metals and 

Arsenic via Consumption of Fish From River Chenab, Pakistan and Associated 

Health Risks. Chemosphere, 168:1004-1012. 

Ali, H. and  Khan, E. (2018). Bioaccumulation of non-essential hazardous heavy metals 

and metalloids in freshwater fish. Risk to human health. Environ. Chem. Lett., 16 

:903–917. 



Trace metals content in marine species from the north-western Moroccan Atlantic Waters       

 

 

455 

Alipour, H. ; Pourkhabbaz, A. and Hassanpour, M. (2014). Estimation of Potential 

Health Risks for Some Metallic Elements by Consumption of Fish. Water Qual. 

Expo. Health., 7:179–185. 

Baki, M.; Hossain, M.; Akter, J.; Quraishi, S.: Haque Shojib, M. and Atique Ullah, 

A. (2018). Concentration of heavy metals in seafood (fishes, shrimp, lobster and 

crabs) and human health assessment in Saint Martin Island, Bangladesh. 

Ecotoxicol. Environ. Saf., pp.153-163. 

Beldi, H.; Gimbert, F.; Maas, S.; Scheifler, R. and Soltani, N. (2006). Seasonal 

variations of Cd, Cu, Pb and Zn in the edible mollusc Donax trunculus (Mollusca, 

Bivalvia) from the gulf of Annaba, Algeria. Afr. J. Res., 1: 85-90. 

Bonsignore, M.; Manta, D.S.; Mirto, S.; Quinci, E.M.; Ape, F.; Montalto, V.; 

Gristina, M.; Traina, A. and Sprovieri, M. (2018). Bioaccumulation of Heavy 

Metals in Fish, Crustaceans, Molluscs and Echinoderms From the Tuscany Coast. 

Ecotoxicol. Environ. Saf., 162:554-562. 

Bosch, A.; O'Neill, B.; Sigge, G.; Kerwath, S. and Hoffman, L. (2016). Heavy Metals 

in Marine Fish Meat and Consumer Health: A Review. J. Sci. Food. Agric., 96(1) 

:32-48. 

Cameron, H.; Mata, M. and Riquelme, C. (2018). The Effect of Heavy Metals on the 

Viability of Tetraselmis marina AC16-MESO and an Evaluation of the Potential 

Use of This Microalga in Bioremediation. PeerJ, 6:e5295. 

Chahid, A.; Hilali, M.; Benlhachimi, A. and Bouzid, T. (2014). Contents of cadmium, 

mercury and lead in fish from the Atlantic sea (Morocco) determined by atomic 

absorption spectrometry. Food. Chem., pp.357-360. 

Copat, C.; Grasso, A.; Fiore, M.; Cristaldi, A.; Zuccarello, P.; Santo Signorelli, S.; 

Conti, G.O. And Ferrante, M. (2018). Trace elements in seafood from the 

Mediterranean sea: An exposure risk assessment. Food. Chem. Toxicol., pp.13-

19. 

Diop, M.; Howsam, M., Diop, C.; Goossens, J.; Diouf, A. and Amara, R. (2016). 

Assessment of trace element contamination and bioaccumulation in algae (Ulva 

lactuca), mussels (Perna perna), shrimp (Penaeus kerathurus), and fish (Mugil 

cephalus, Saratherondon melanotheron) along the Senegalese coast. Mar. Pollut. 

Bull. pp.339-343. 

EFSA (2009). European Food Safety Authority, Panel on Contaminants in The Food 

Chain (CONTAM). Scientific opinion on arsenic in the food chain. EFSA Journal 

7(10):1351. 

European Union (2006). Commission regulation (EC) No 1881/2006. Official Journal of 

the European Union L 365/5. 

European Union (2014). Commission Regulation (EU) No. 488/2014 amending 

regulation (EC) No 1881/2006 as regards maximum levels of Cadmium in 

foodstuffs. Official Journal of the European Union L 138: 75-79. 



456                                                                             Elaarabi, D. et al., 2022 
 

FAO (1983). Compilation of Legal Limits for Hazardous Substances in Fish and Fishery 

Froducts. FAO Fisheries Circular. 764. FAO, Rome, 102pp. Retrieved from 

http://www.fao.org/fi/oldsite/eims_search/1_dett.asp?calling=simple_s_result&la

ng=fr&pub_id=65155 

Giri, S. and Singh, A. (2015). Metals in Some Edible Fish and Shrimp Species Collected 

in Dry Season from Subarnarekha River, India. Bull. Environ. Contam. Toxicol., 

95:226–233. 

Gu, Y.; Huang, H. and Lin, Q. (2016). Concentrations and human health implications 

of heavy metals in wild aquatic organisms captured from the core area of Daya 

Bay's Fishery Resource Reserve, South China Sea. Environ. Toxicol. Pharmacol., 

pp.90-95. 

Kamal, T.; Tanoli, MA.; Mumtaz, M.; Ali, N. and Ayub, S. (2015). Bioconcentration 

potential studies of heavy metals in Fenneropenaeus penicillatus (Jaira or red tail 

shrimp) along the Littoral states of Karachi City. J. Basic. & App. Sc., 11:611–

618. 

Kamaruzzaman, B.Y.; Rina, Z.; John, B.A. and  Jalal, K.C. (2011). Heavy Metal 

Accumulation in Commercially Important Fishes of South West Malaysian Coast. 

Res. J. Environ. Sc., 5:595-625. 

Liu, J.L.; Xu, X.R.; Ding, Z.H.; Peng, J.X.; Jin, M.H.; Wang, Y.S.; Hong, Y.G. and 

Yue, W.Z. (2015). Heavy metals in wild marine fish from South China Sea: 

levels, tissue- and species-specific accumulation and potential risk to humans. 

Ecotoxicology, 24:1583–1592. 

Łuczyńska, J.; Paszczyk, B. and  Łuczyński, M. (2018). Fish as a Bioindicator of 

Heavy Metals Pollution in Aquatic Ecosystem of Pluszne Lake, Poland, and Risk 

Assessment for Consumer's Health. Ecotoxicol. Environ. Saf., 153:60-67. 

Makedonski, L.; Peycheva, K. and Stancheva, M. (2017). Determination of heavy 

metals in selected Black Sea fish species. Food. Control., pp.333-338. 

MPHC (2012). Ministry of Public Health of China. Chinese National Standard of 

Maximum levels of Contaminants in Food Specifies (GB 2762-2012). 

NYSDOH (2007). New York State Department of Health. New York State Department 

of Health. Hopewell precision area contamination: appendix C-NYS DOH. 

Procedure for evaluating potential health risks for contaminants of concern. 

Ragi, A.; Leena, P.; Cheriyan, E. and Nair, S. (2017). Heavy metal concentrations in 

some gastropods and bivalves collected from the fishing zone of South India. 

Mar. Pollut. Bull., 118(1-2):452-458. 

Rahman, M.S.; Hossain, M.B.; Babu, S.O.F.; Rahman, M.; Ahmed, A.S.; Jolly, 

Y.N.; Choudhury, T.R.; Begum, B.A.; Kabir, J. and Akter, S. (2019). Source 

of Metal Contamination in Sediment, Their Ecological Risk, and 

Phytoremediation Ability of the Studied Mangrove Plants in Ship Breaking Area, 

Bangladesh. Mar. Pollut. Bull., 141:137-46. 



Trace metals content in marine species from the north-western Moroccan Atlantic Waters       

 

 

457 

Rahman, M.; Mustafa, M. and Barman, B. (2012). Impacts of aquaculture extension 

activities on female fish farmers in different areas of Bangladesh. Bangladesh J. 

Zool., 39(2):213-21. 

Rajeshkumar, S. and   Li, X. (2018). Bioaccumulation of Heavy Metals in Fish Species 

From the Meiliang Bay, Taihu Lake, China. Toxicol. Rep., 5:288-295. 

Saha, N. and Zaman, M.R. (2013). Evaluation of possible health risks of heavy metals 

by consumption of foodstuffs available in the central market of Rajshahi City, 

Bangladesh. Environ. Monit. Assess., 185:3867–3878. 

Sofoulaki, K.; Kalantzi, I.; Machias, A.; Pergantis, S.A. and Tsapakis, M. (2019). 

Metals in sardine and anchovy from Greek coastal areas: Public health risk and 

nutritional benefits assessment. Food. Chem. Toxicol.,  123:113-124. 

Suami, R.; Al Salah, D.; Kabala, C.; Otamonga, J.P.; Mulaji, C.K.; Mpiana, P.T. 

and  Poté, J.W. (2019). Assessment of metal concentrations in oysters and 

shrimp from Atlantic Coast of the Democratic Republic of the Congo. Heliyon., 

5(12): e03049. 

Tapia, J.; Vargas-Chacoff, L.; Bertrán, C.; Peña-Cortés, F.; Hauenstein, E.; 

Schlatter, R.; Jiménze, C. and Tapia, C. (2012). Heavy metals in the liver and 

muscle of Micropogonias manni fish from Budi Lake, Araucania Region, Chile: 

potential risk for humans. Environ. Monit. Assess., 184: 3141–3151. 

TFC (2002). Turkish Food Codes, Official Gazette No 24885. 

Türkmen, M.; Türkmen, A.; Tepe, Y.; Töre, Y. and  Ateş, A. (2009). Determination 

of metals in fish species from Aegean and Mediterranean seas. Food. Chem., 113 

:233-237. 

Tuzen, M. (2009). Toxic and essential trace elemental contents in fish species from the 

Black Sea, Turkey. Food. Chem. Toxicol., pp.1785-1790. 

USEPA (1989). US Environmental Protection Agency, 1989. Guidance Manual for 

Assessing Human Health Risks from Chemically Contaminated, Fish and 

shellfish (EPA-503/8-89-002). USEPA, Washington DC. 

USEPA (2008). Environmental Protection Agency. Integrated Risk Information System. 

CRC. 

USEPA (2012). United States Environmental Protection Agency. Technology Transfer 

Network - Air Toxics Web Site arsenic compounds fact sheet, USEPA, 

Washington DC. Retrieved from https://www3.epa.gov/airtoxics/hlthef/ 

arsenic.html 

USEPA (2014). United States Environmental Protection Agency. Regional Screening 

Level (RSL) Fish Ingestion. USEPA, Region 3, Philadelphia, PA. Retrieved from 

http://www.epa.gov/reg3hwmd/risk/human/pdf/MAY_2014_FISH_THQ1_water

mark.pdf 

https://www3.epa.gov/airtoxics/hlthef/


458                                                                             Elaarabi, D. et al., 2022 
 

USEPA (2017). United States Environmental Protection Agency. Regional Screening 

Levels (RSLs) - Generic Tables. Retrieved from https://www.epa.gov/risk/ 

regional-screening-levels-rsls-generic-tables november-2017 

USFDA (1993b). Food and Drug Administration. Guidance Document for Nickel in 

Shellfish. DHHS/PHS/FDA/CFSAN/Office of Seafood, Washington, D.C. 

WHO (1989). Heavy metals-environmental aspects. Environment Health Criteria No. 85, 

Geneva. 

Yuan, G.; Liu, C.; Chen, L. and  Yang, Z. (2011). Inputting History of Heavy Metals 

Into the Inland Lake Recorded in Sediment Profiles: Poyang Lake in China. J. 

Hazard. Mater., 185(1):336-45. 

Zeitoun, M. and  Mehana, E. (2014). Impact of Water Pollution with Heavy Metals on 

Fish Health: Overview and Updates. Glob. Vet. 12(2):219-31. 

Zhong, W.; Zhang, Y.; Wu, Z.; Yang, R.; Chen, X.; Yang, J. and Zhu, L. (2018). 

Health Risk Assessment of Heavy Metals in Freshwater Fish in the Central and 

Eastern North China. Ecotoxicol. Environ. Saf., 157: 343-9. 

 

https://www.epa.gov/risk/

