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Abstract Contamination of trace metals in fish is regarded

as a major crisis globally, with a large share in many

developing countries. On the south coast of Sfax (Tunisia),

concentrations of seven trace metals, i.e., cadmium (Cd),

copper (Cu), iron (Fe), lead (Pb), mercury (Hg), nickel (Ni)

and zinc (Zn), were evaluated in Diplodus annularis. The

sampling was conducted during December 2014. The Cd

and Zn concentrations were higher than the FAO/WHO and

WHO permissible limits in all tissues, while Fe and Pb

concentrations were higher than the WHO permissible

limits in the gills and/or liver. The levels of metal accu-

mulation varied between tissues: liver[ gills[muscle.

The total target hazard quotient (THQ) through consump-

tion of fish, calculated by adding the individual THQs, was

above 1, indicating that there is significant potential health

risk associated with the consumption of D. annularis.

Therefore, intake of sparaillon for the general population is

a matter of concern.
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Introduction

During the past 2 decades, the gulf of Gabes, Tunisia,

central Mediterranean coast, has produced more than half

of the annual fish yield in Tunisia (Ben Brahim et al. 2010).

Despite its importance to the economy and for wildlife

conservation, the Gulf of Gabes is now undergoing ele-

vated stress caused by urbanization and anthropogenic

expansion (Hamza-Chaffai et al. 1997; Ben Salem and

Ayadi 2016a). The littoral of Sfax is of great ecological

interest. However, the increasing anthropogenic pressure,

especially in the southern part, has damaged the marine

environment and its biodiversity (Hamza-Chaffai et al.

1999; Tayibi et al. 2009; Drira et al. 2016).

Due to their toxicity and accumulation in biota and

fishes, trace metals have received considerable attention,

especially in aquatic ecosystems (Barhoumi et al. 2009;

Ben Salem and Ayadi 2016b). Trace metals are categorized

as non-essential (e.g., Cd, Pb, Hg) and essential (e.g., Cu,

Fe, Zn). Even at low concentrations, non-essential ones can

be very harmful for human health when ingested over a

long time period. Essential metals can also produce toxic

effects after excessive intake (Tuzen 2009).

Fish contribute to good health because of their high-

quality proteins and omega-3 polyunsaturated fatty acids

(Storelli et al. 2006). However, all benefits can be neu-

tralized by fish contamination with trace metals (Castro-

González and Méndez-Armenta 2008). Therefore, fish

consumption can be a major route of human exposure to

trace metals (Chen et al. 2010).

Diplodus annularis (Linnaeus, 1758) is a benthopelagic

species common on marine bottoms covered by Posidonia

seagrass beds (Derbal et al. 2007; Chaouch et al. 2013). D.

annularis constitutes one of the most edible and commer-

cial fish species in Tunisia, especially in Sfax city (Ketata

Khitouni et al. 2014). Hence, the goals of this study are: (1)

to monitor the concentrations of trace metals including

cadmium (Cd), copper (Cu), iron (Fe), lead (Pb), mercury

(Hg), nickel (Ni) and zinc (Zn) in D. annularis tissues,

including the gills, liver and muscle, (2) to evaluate the
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health risks according to tissues’ tendency to accumulate

these metals and (3) to evaluate the health risks of con-

sumption of D. annularis using the non-carcinogenic target

hazard quotient (THQ).

Materials and methods

Study site

Our study was performed on the south coast of Sfax (be-

tween 34�N and 10�E), located in southeast Tunisia

(southern Mediterranean Sea) (Fig. 1). The south coast of

Sfax extends 15 km and includes part of the city, harbor,

solar saltern, and the two industrial areas of Madagascar

and Sidi Salem. The amount of effluent discharged was

23,000–30,000 m3 J-1 (Maalej et al. 2002).

Fish sampling and trace metal analysis

Diplodus annularis was purchased from fishing boats on the

south coast of Sfax (a site experiencing anthropogenic

pressure) and Luza (a clean site). All specimens were

weighed, measured by total length (fish size

13.40 ± 0.46 cm; fish weight 25.80 ± 2.73 g;N = 10) and

kept frozen at-20 �C until dissection. For bioaccumulation

analysis, the liver, muscle and gills were taken and were

prepared as follows: the muscle and liver were removed with

stainless-steel utensils and gilled filaments were removed

from the gill arch, which was scraped to remove overlying

tissues. One gram of each sample was digested with 6 ml

HNO3 (65%). Digestion was carried out on a hot plate at

103 �C for about 6 h until a clear solution was obtained.

Trace metal analysis

The trace metal concentrations in water and fish tissues were

determined with an atomic absorption spectrometer (AAS,

PerkinElimer). Metal concentrations were expressed in

mg kg-1 wet weight (WW) for fish or lg l-1 in the water.

Metal load

The concentration of a single metal was divided by the

mean concentration of that metal measured in tissues of the

fish from a clean site (Luza).

The metal load index is calculated using the formula

MLs = [
P

(Cis/Cir)]/N (Bervoets and Blust 2003), where

MLs is the relative metal load in a tissue at site s, Cis is the

concentration of metal i at site s, Cir is the concentration of

metal i at the reference site (r), and N is the number of

metals measured. When Cis\Cir, the (Cis/Cir) was

considered 1. Thus, the relative ML is a measure of the

enrichment of the tissue with the measured metals com-

pared to those in fish from the clean site. As a consequence,

when no enrichment occurred, ML = 1.

Fig. 1 Location map of the study area, south coast of Sfax
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Health risk from fish consumption

The non-carcinogenic health risks associated with the

consumption of D. annularis were assessed based on the

target hazard quotients (THQs), and calculations were

made using the following equation (Yi et al. 2011),

THQ ¼ Ef � Ed � Fir � C

Rfd �Wab � Ta
� 10�3;

where THQ is the target quotient, Ef the exposure fre-

quency (365 day year-1), Ed the exposure duration

(70 years, average lifetime), Fir the food ingestion rate

(g day-1), C the the trace metal concentration in fish

(mg g-1) and Rfd the oral reference dose (mg kg-1 day-1),

based on 1 9 10-3, 3 9 10-1, 4 9 10-2, 4 9 10-3,

11 9 10-3 and 16 9 10-4 mg kg-1 day-1 for Cd, Zn, Cu,

Ni, Hg and Pb, respectively (USEPA 2000). Wab is the

average adult body weight (65 kg) and Ta the average

exposure time for non-carcinogens (365 days year-1 9 -

number of exposure years, assuming 70 years).

The daily intake of fish in Tunisia is 39 kg person-1 -

year-1 (INS, 2010, in Dhraief et al. 2013), and the esti-

mated food ingestion rate is 50 g day-1. A THQ value

below 1 (THQ\1) indicates no obvious risk, and a THQ

value equal to or higher than 1 (THQ B1) indicates a

concern regarding health risks.

The total THQ is calculated as the arithmetic sum of the

individual metal THQ value, derived by the method of

Chien et al. (2002).

Total THQ = THQ (metal 1) ? THQ (metal 2) ? THQ

(metal 3) ? ��� ? THQ (metal n). It was further assumed

that cooking has no effect on the toxicity of trace metals in

seafood (Cooper et al. 1991; Chien et al. 2002).

Data analysis

The results were expressed as mean ± SD. The Tukey test

was used to examine the difference in trace metal con-

centrations in tissues as indicated by different case letters

in descending order, a, b and c at P\ 0.01. The data were

statistically analyzed using the Statistical Package for the

Social Sciences software (SPSS, version 20).

Results

Trace metal concentrations in sparaillon tissues

The mean concentrations of trace metals (Cd, Cu, Fe, Hg,

Ni, Pb and Zn) in the liver, gills and muscle of D. annularis

are presented in Table 1. Distribution patterns of metal

concentrations in D. annularis tissues follow the sequence:

Cu\Ni\Cd\ Pb\Hg\ Fe\Zn in the gills,

Pb\Hg\Ni\Cu\Cd\ Fe\Zn in the liver and

Cu\ Pb\Hg\Ni\Cd\ Fe\Zn in the muscle.

Trace metal concentrations in the gills and liver were

higher when compared with muscle.

Metal load

The mean relative metal loads for the individual metal per

tissue are given in Fig. 2. The metal load exceeded 1 in all

tissues of D. annularis, except MLj Cd in the liver. The

analysis of the metal load index in muscle remains very

important given that it is destined for human consumption.

The muscle MLj values decreased in following order:

Fe[Pb[Zn[Cd[Cu[Hg.

Health risk assessment

The estimated THQvalues for individual metals and the total

THQ from consumption of fish by the general population

from the south coast of Sfax are shown in Fig. 3. The THQs

of the studied metals are below 1, indicating that people

would not experience significant health risks from the intake

of individual metals through sparaillon consumption. The

estimated THQ for individual metals decreased in the fol-

lowing sequence: Hg[Cd[Zn[Ni[ Pb[Cu. The

total THQ for the general population exceeded the classifi-

cation of the no risk level (total THQ[1), recommended by

the USEPA (2000) (Fig. 3). Mercury is the major risk con-

tributor, accounting for 48% of the total THQ, followed by

Cd and Zn, contributing 33 and 15%, respectively (Fig. 4).

Discussion

When exposed to elevated metal levels in an aquatic

environment, fish can absorb and bio-accumulate the

available metals directly from their surrounding environ-

ment via gills or through the ingestion of contaminated

food (Tkatcheva et al. 2004). Once incorporated into the

fish body, trace metals were partitioned among different

tissues via a process that depends on biological needs

(Zubcov et al. 2012). Therefore, the ability of tissues to

either regulate or accumulate metals can be directly related

to the quantity of metal accumulated in each tissue. Fur-

thermore, physiological differences and the position of

each fish tissue within the aquatic environment can also

influence the bio-accumulation of a specific metal (El-

Moselhy et al. 2014).

The lowest cadmium content was 0.76 mg kg-1 ww in

muscle, while the highest cadmium content was

3.01 mg kg-1 ww in liver. The maximum cadmium level

permitted for sea fishes is 1 mg kg-1 ww according to

WHO (1989) and 0.5 mg kg-1 ww according to FAO/
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WHO (1989). Cadmium levels in all analyzed tissues were

found to be higher than these legal limits.

The lowest and highest copper levels in D. annularis

tissues were 0.11 mg kg-1 ww in muscle and

1.69 mg kg-1 ww in liver. The maximum copper level

permitted for fishes is 30 mg kg-1 ww according to the

World Health Organization (FAO/WHO 1989; WHO

1989). Copper levels in all analyzed tissues were found to

be lower than the legal limits.

Fig. 2 Metal load index in the

gills, liver and muscle of D.

annularis

Fig. 3 Estimated target hazard quotients (THQs) for individual

metals and total THQ from consumption of D. annularis

Fig. 4 Composition of the relative contribution of THQ by Cu, Cd,

Ni, Pb and Zn from consuming D. annularis from the south coast of

Sfax

Table 1 Heavy metal contents (milligram per kilogram wet weight) in different tissues of D. annularis

Cd Cu Fe Hg Ni Pb Zn

Permissible limits 1A, 0.5B 30A,B 100A 0.5–1A 2A, 0.5B 100A, 40B

Gills 1.84 ± 0.05b 0.34 ± 0.08b 104.30 ± 0.08b 5.46 ± 0.08c 0.66 ± 0.10b 1.97 ± 0.05c 137 ± 0.03a

Liver 3.01 ± 0.11c 1.69 ± 0.02c 240.80 ± 0.11c 0.39 ± 0.05b 0.90 ± 0.14c 0.28 ± 0.05b 275 ± 0.10c

Muscle 0.76 ± 0.02a 0.11 ± 0.02a 15.83 ± 1.09a 0.20 ± 0.11a 0.35 ± 0.07a 0.17 ± 0.01a 135.77 ± 2.43a

Different letters indicate significant differences between tissues a\ b\ c, (P\ 0.05)
A WHO (1989)
B FAO/WHO (1989)
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The lowest and highest iron levels in D. annularis tissues

were 15.83 mg kg-1 ww inmuscle and 240.80 mg kg-1 ww

in liver. The maximum iron level permitted for fishes is

100 mg kg-1 ww according to WHO (1989). Iron levels in

the liver (240.80 mg kg-1 ww) and gills (104.30) were found

to be higher than these legal limits.

The minimum and maximum lead levels observed were

0.17 mg kg-1 ww in muscle and 1.97 mg kg-1 ww in

gills. The maximum lead levels permitted for sea fishes

are 0.5 mg kg-1 ww according to WHO (1989) and

2 mg kg-1 ww according to FAO/WHO (1989). Lead levels

in gills were found to be higher than these legal limits (WHO

1989).

The lowest mercury content was 0.20 mg kg-1 ww in

muscle, while the highest mercury content was

5.46 mg kg-1 ww in gills. There is no information about the

maximum mercury levels in fish samples from the World

Health Organization. Mercury contents in the literature have

been reported in the range of 0.06–0.31 mg kg-1 ww in fish

samples from Sicily (Mediterranean Sea) (Copat et al. 2012),

0.08–0.12 mg kg-1 ww inMugil cephalus from the Black Sea

(Stancheva et al. 2013) and 0.01–0.10 mg kg-1 ww in com-

mercial fish from the Sultanate of Oman (Al-Busaidi et al.

2011). Ourmercury values are higher than those reported in the

literature.

The lowest and highest zinc levels in D. annularis tissues

were 135.77 mg kg-1 ww in muscle and 275 mg kg-1 ww

in liver. The maximum zinc levels permitted for fishes are

40 mg kg-1 ww according to FAO/WHO (1989) and

100 mg kg-1 ww according to WHO (1989). Zinc levels in

D. annularis tissues were found to be higher than limits

established by the World Health Organization.

The lowest and highest nickel levels in D. annularis

tissues were 0.35 mg kg-1 ww in muscle and

0.90 mg kg-1 ww in liver. Nickel concentrations were in

the range of the permitted limits (0.5–1 mg kg-1 ww)

established by FAO/WHO (1989) in all analyzed tissues.

Trace metals such as Cu, Fe and Zn are essential for fish

metabolism; however, in cases when concentrations exceed

normal levels in the environment, they become toxic (Wei et al.

2014). Non-essential metals such as Cd, Hg, Ni and Pb have no

biological function and are toxic even at low concentrations

(Ivanović et al. 2016). Our results showed that trace metal bio-

accumulation varied significantly among tissues. The highest

concentrations of Cd, Cu, Fe, Ni and Zn were recorded in the

liver, while the highest concentrations ofHg andPbwere found

in the gills. Studies carried out with various fish species have

shown that metal accumulation is generally more pronounced

in the liver and gills than inmuscle, as activemetabolite organs

accumulate higher amounts of trace metals than muscle (Ka-

radede-Akin and Ünlü 2007; Al-Yousuf et al. 2000). Similar

results were reported in previous studies comparing metal

concentrations in muscle to others tissues (Norouzi et al. 2012;

El-Moselhy et al. 2014; Dwivedi et al. 2015).

The metal load values exceeded 1 (ML[1), especially

in muscle tissue. The average ML increased in the fol-

lowing sequence: Cd\ Pb\Cu\Zn\Ni\ Fe\Hg.

These results highlight the enrichment of D. annularis with

trace metals compared to the less contaminated Luza zone.

Risk assessment is one of the fastest methods to evaluate

hazard impacts on human health and is also needed to deter-

mine the levels of treatment that will tend to solve the envi-

ronmental problems occurring in daily life (Ersoya and Celik

2009). Health risks for the general population of the south

coast of Sfax from the consumption of D. annularis were

assessedby estimating the target hazardquotient (THQ).THQ

values greater than 1 indicate that a potential health risk may

occur. Our results demonstrated that the THQ of individual

metals did not pose a potential risk, but the total THQ

exceeded the classification of no risk level (total THQ[1), as

recommended by the USEPA (2000), suggesting direct health

effects may be significant for the general population and

especially for local inhabitants (Huang et al. 2008; Krishna

et al. 2014; Li et al. 2015). Thus, constant monitoring of both

essential and non-essential metals remains very important to

evaluate the risk for people consuming contaminatedfish from

the study area—and what can be done to lower this risk.

Conclusion

When considering the trace metal concentrations in fish, the

most important aspect is their toxicity to humans after con-

sumption. The present results revealed that the concentrations

of Cd, Pb, Fe and Zn in D. annularis tissues were above the

permissible limits established by the World Health Organi-

zation (WHO, FAO/WHO) for human consumption. The

contamination levels of D. annularis from the south coast of

Sfax were high compared to a less contaminated zone (Luza).

The total THQ indeed suggested that human consumption of

D. annularis is of great concern for public health.
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