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The concentration levels of Zn, Pb, Cd and Cu were evaluated in the gonads and fillets of Horse mackerel (Trachurus
trachurus) collected from Ghazaouet bay. The results showed the accumulation of Pb, Cd, Cu and Zn in the gonads and
fillets. The metal concentrations in the fillets and gonads decreased in the following order: Zn >Cd >Pb >Cu and Zn >Cd
>Cu >Pb, respectively. The levels of essential metals (zinc and copper) in both target organs generally complied with the
recommended value for fish while the levels of non-essential metals like cadmium and lead, which are toxic and present in
traces, greatly exceeded the recommended values in both target organs, which are ascribed mainly to the industrial pollution
in Ghazaouet area. Therefore, it can be concluded that these heavy metals in different tissues of Horse mackerel, which is
highly consumed in the Algerian coastal regions, could pose adverse health effects on consumers.
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Introduction

Human activities are responsible for introducing a
large number of substances such as heavy metals into the
marine environment. According to UNEP (United
Nations Environment Program), 80 % of marine pollution
is from land-based sources and is anthropogenic. The
sources of marine pollution are the industrial, agricultural,
domestic and urban effluents, and many such factors.

Pollution related to heavy metals, particularly in the
aquatic environment, raises several concerns both for the
health of aquatic populations and for humans. Heavy
metal ions are persistent environmental contaminants'™”
and can accumulate in living organisms. Some metals
are essential for living organisms (Cu, Zn, Co, Fe, Mn,
Ni, Cr, V, Se, As) and for certain biological functions
but their higher concentration can lead to toxicity. For
other elements, such as Ag, Cd, Hg and Pb, this essential
character was not detected’. They cause deleterious
biological effects at very low concentrations and
therefore, are considered to be priorities for marine
environmental monitoring.

The metals introduced into the aquatic environment
can remain in the water column, adsorbed into the
bottom sediments or accumulate in the tissues of

organisms such as fish and mussels®'®.

Horse mackerel, 7. trachurus (Linnaeus, 1758), a
carangid species is a pelagic fish species that prefers
temperate waters and can be found off the Atlantic
coasts up to Norway and across the whole
Mediterranean Sea. It grows to 15 — 40 cm in length
and may reach 60 cm". Their growth is fast during
the initial years but becomes much slower after the
age of 3. Horse mackerel is of commercial interest in
the Mediterranean Sea, since it is highly consumed in
the Algerian coastal regions.

This work aimed to evaluate the concentration
level of Zn, Pb, Cd and Cu in different tissues (gonads
and fillets) of Horse mackerel collected from
Ghazaouet bay (western Mediterranean coast of
Algeria), and to shed light on the relationship between
the industrial plant of zinc electrolysis in the
Ghazaouet city and the resulting heavy metal
contamination in the Horse mackerel as a bio-
indicator. So far, there is no report published on heavy
metal contamination in different tissues of Horse
mackerel from the Ghazaouet bay.

Materials and Methods
Fish samples were purchased monthly from local
fishermen at the fishing harbour of Ghazaouet (Fig. 1)
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Fig. 1 — Map showing the Ghazaouet bay where samples were collected (Reprinted with permission from Belhadj et al.'®)

between January and December, 2018. This station
was chosen as it is subjected to the industrial and
domestic effluents™.

One hundred twenty individuals of Horse mackerel
(HM) were purchased at different intervals. The fishes
were immediately preserved in a cooler and brought
to the laboratory on the same day. Thereafter, total
length and weight were measured for each fish. After
the measurements, the gonads and fillets were taken
out and kept in petri dishes. The protocol of
mineralization was performed using the Malaiyandi &
Barette method”'. One gram of each organ was placed
in a flask and treated with concentrated nitric acid at
95 °C for 1 h 30 min to mineralize the sample. After
cooling, the flask content was filtered using swinex
and a 0.45 pm porosity membrane. Double-distilled
water was added to the filtrate for a final volume of
20 mL. The resulting filtrate was stored in the
refrigerator until further analysis.

The concentrations of Zn, Pb, Cu, and Cd were
determined by an atomic absorption spectrometer
PERKIN-ELMER A analyst 300 model. Blank and
standard solutions were used to check the accuracy of
these analytical procedures. Metal contents were
expressed as mg/kg dry weight for the gonads and
fillets. These analyses were carried out at the
Laboratory of catalysis and synthesis in organic
chemistry, University of Tlemcen.

Statistical analysis was performed using Minitab
16 software.

Results and Discussion

The mean and the standard deviation of the weight
and the total length of the samples for each month
(between January and December 2018) are shown in
Table 1. Pearson coefficient and p-value were
employed to exhibit the correlation between weight
and total length of 7. trachurus.

The variations in the mean content of Zn, Pb, Cu,
and Cd in the gonads and fillets during the study
period are depicted in Figure 2. Moreover, the
recommended value for each metal in fish according
to FAO/WHO? is shown by the horizontal line in
each graph. As seen in Figure 2, the extent of
accumulation of studied heavy metals in HM depends
on the metal type, organ and exposure period.

Variations of metal distribution in the fillets and gonads
Zinc

The mean concentration of zinc observed in the
fillets and gonads is 37.67+17.175 mg/kg and
51.88431.60 mg/kg, respectively. The highest
accumulation of zinc is observed in the gonads
(116.54+123.21 mg/kg) during October. This value
outstrips the recommended® value which is 50 mg/kg.
Zinc is an essential element for the conduct of
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Table 1 — Correlation between weight (W) (g) and total length (L) (cm) of Trachurus trachurus between January and December 2018

Months L ranges W ranges Regression equation R value P value
January 21.760 + 0.997 85302+ 11.117 L=0.0773 W+ 15.2 0.862 0.001
21.047 —22.473 77.350 93.254
February 21.350 = 1.901 74.99 +21.317 L=0.0858 W+ 14.9 0.962 0.000
19.990 —22.710 59.743 — 90.241
March 18.030 £ 0.906 47.084 + 8.673 L=0.0850 W + 14.0 0.814 0.004
18.382 — 18.678 40.880 — 53.88
April 18.960 + 0.886 52.507 £8.559 L=0.0918W + 14.1 0.887 0.001
18.326 — 19.954 46.384 — 58.630
May 20.150 +1.827 71.000 £18.578 L=0.0889 W +13.8 0.904 0.000
18.843 —21.457 57.710 — 84.290
June 16.500 =0.698 39.151 £4.824 L=0.127 W +11.5 0.878 0.001
16.001 — 16.999 35.700 — 42.602
July 17.190 £ 1.601 41.740 + 7.642 L=0.120W +12.2 0.574 0.083
16.045 — 18.335 36.273 —47.207
August 24.180 + 0.898 125.33 £17.96 L=0.0463 W +18.4 0,926 0.000
23.538 —24.822 112.48 — 138.17
September 18.200 +0.583 47.927 + 6.183 L=0.0837W +14.2 0.888 0.001
17.783 — 18.617 43.504 — 52.350
October 21.130 £ 0.542 77.693 = 7.030 L=0.0549 W +16.9 0.713 0.021
20.742 - 21.518 72.664 —82.772
November 21.830 + 0.989 81.964 £ 8.431 L=0.0960 W +14.0 0.818 0.004
21.123 —22.537 75.933 — 87.995
December 19.720 + 0.990 60.623 +6.199 L=0.138 W +11.3 0.867 0.001
19.012 —20.428 56.189 — 65.057
January-December 1991 +£2.42 67.10 = 26.06 L= 0,0875W+ 14.0 0.942 0.000
19.47 - 20.35 62.39 —71.82
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Fig. 2 — Temporal variations in the concentrations of Zn, Cd, Pb and Cu in the gonads and fillets
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biological processes™ and also serves as a cofactor in
many enzyme systems implicated in the use of almost
all nutrients. However, at higher concentrations, it
may have deleterious effects on fish**. The lowest
(10.24£5.45 mg/kg) accumulation of zinc is observed
in the gonads during July. Metal concentrations in
gonads may vary with season”. It is also worth noting
that Zn is less toxic to fish as compared to Cu*’.

Cadmium

Throughout the study duration, the cadmium
concentrations greatly exceeded the recommended
value of 0.1 mg/kg, with the approximate mean level
of accumulation of 13.42+11.90 mg/kg for filet and
12.68+£10.82 mg/kg for Gonads. The maximum
concentration was in the fillet (32.58+1.67 mg/kg) in
September and the minimum in the same organ
(0.70+£0.34 mg/kg) in June. Cadmium can be taken
directly from seawater or assimilated with
contaminated food. At low concentrations, dissolved
cadmium and its compounds are toxic to all life,
especially to aquatic biota®®.

Lead

The average lead concentrations in fillet (5.99+
3.19 mg/kg) and gonads (5.87+2.87 mg/kg) are
significantly higher than the recommended value for
fish (0.5 mg/kg) according to FAO/WHO?. The
highest concentration of lead was observed in the
gonads in December (12.47+0.95 mg/kg), and the
lowest was obtained in the same organ during
February (2.07+£0.91 mg/kg). Lead is an extremely
toxic metal in aquatic environments. Fishes are most
vulnerable to the toxic effects of Pb exposure, which
can be fatal even at lower concentrations due to
bioaccumulation®.

Copper

The highest (22.03+2.23 mg/kg) and the lowest
(0.84+£0.54 mg/kg) copper concentrations were
observed in the gonads in June and April,
respectively.

During the study period, all copper concentrations,
except for June, comply with the recommended value
for fish (10 mg/kg)** with an average concentration of
4.51+5.51 mg/kg and 6.95+15.16 mg/kg in the fillet
and gonads, respectively. The significant increase in
the copper levels, during June, in both target organs
remains unexplained.

Copper is an important micronutrient that serves as
a cofactor in many enzyme systems linked to body
processes indispensable for survival in both humans and

animals™. However, it is known that high concentrations
of copper can be toxic to both fish and humans™.

The heavy metals uptake mainly occurs through
water, food and the sediments. Various studies show
that the metal accumulation in fish tissues depends
mainly on the concentrations of metals in the
environment, but also on the exposure duration and
other environmental factors such as salinity, pH and
temperature’'. In addition, the toxicity of metals with
regard to living organisms depends on their nature,
mode of action, speciation and therefore, their
bioavailability®>. Furthermore, metal concentrations in
organisms depend on whether they are essential or
not, while non-essential metals are present in traces
and are toxic, essential metals tend to be highly
regulated.

The metal concentrations in the fillets and gonads
decreased in the following order: Zn >Cd >Pb >Cu
and Zn >Cd >Cu >Pb, respectively. It is worth
noting that most of the time, metal accumulations
were different between the target organs (fillets and
gonads) (Fig. 2).

The levels of essential metals (zinc and copper) are
higher in the gonads than in the fillets probably owing
to their function as a cofactor in many enzymes
systems™~’. Yilmaz® reported that generally heavy
metals are more concentrated in the gonads than in the
skins or muscles of Mugil cephalus and Trachurus
mediterraneus.

In this study, it is important to note that the levels
of non-essential metals (cadmium and lead), greatly
exceed the recommended values both in the gonads
and fillets. These results are in agreement with
Belhadj et al'® where it was reported that the
sediments of Ghazaouet Bay are highly polluted by
the heavy metals such as Cd and Pb.

Jovanovi¢ et al** reported that direct transfer of
heavy metals from sediments is the major route of
passage in many aquatic species i.e. metals
accumulate in the body of bottom feeders and transfer
up the food chain through biomagnification.

The data on heavy metals concentrations in the
muscles and gonads of 7. trachurus collected from
Ghazaouet Bay were compared with other studies and
are presented in Tables 2 & 3. The data revealed that
all heavy metals levels reported in the current study
are higher than those reported by the previous studies,
except the Zn level in the muscles reported by
Tuzen®. It is important to note that Pb and Cd levels
largely exceed those reported by other studies.



CHERIF et al.: HEAVY METAL LEVELS IN TISSUES OF HORSE MACKEREL

267

Table 2 — Comparison of the overall heavy metal concentrations in the muscles of 7. trachurus collected from Ghazaouet bay

(western Mediterranean coast of Algeria) with other studies

Studies Sites Zn (mg/kg) Pb(mg/kg) Cu(mgkg) Cd(mgkg)
Tuzen® Middle Black Sea, Turkey 12.05 0.85 1.52 0.47
Tuzen®’ Purchased from popular supermarkets in Turkey 13.20 0.16 1.10 0.25
Tuzen™ Black Sea, Turkey 52.70 0.82 0.65 0.32
Mendil et al.*® Black Sea, Turkey 25.70 0.64 2.40 0.22
Mingant et al.*’ Cavi di Lavagna, Liguriansea, Italy 15-22 - 1.30 £2.20 <0.01
Nisbet et al.* Middle Black Sea, Turkey 27.70 0.60 1.79 0.012
Gundogdu ef al.¥! Coast of Sinop Black Sea, Turkey 19.98 0.02 3.25 0.01

Present study

Ghazaouet bay 37.67+17.17 599+3.19

4.51+5.51 13.42+11.90

Table 3 — Comparison of the overall heavy metal concentrations in the gonads of 7. trachurus collected from Ghazaouet bay

(western Mediterranean coast of Algeria) with other studies

Studies Sites Zn (mg/kg) Pb (mg/kg) Cu (mg/kg) Cd (mg/kg)
Alkan et al. ¥ Black Sea 4.63 0.10 243 0.29
Aydin & Tokalioglu* Black Sea / 3.85 / /
Present study Ghazaouet bay 51.88+ 31.60 5.87 +2.87 6.95+ 15.16 12.68 + 10.82
Conclusion Conflict of Interest

The results of the present study reveal the
accumulation levels of Pb, Cd, Cu and Zn in different
tissues (gonads and fillets) of Horse mackerel
collected from Ghazaouet Bay. The metal
concentrations in the fish fillets and gonads decreased
in the order of Zn >Cd >Pb >Cu and Zn >Cd >Cu
>Pb, respectively. It is worth noting that most of the
time, metal accumulations were different between the
target organs. For both organs, copper levels, except
for June, comply with the recommended value for
fish*. Zinc levels in the fillets also comply with the
recommended value for fish by WHO* and are
slightly above this value in the gonads. Further, the
levels of essential metals (zinc and copper) are higher
in the gonads than in the fillets. Moreover, it is also
important to note here that the levels of non-essential
metals (cadmium and lead), greatly exceed the
recommended values in both the target organs, the
gonads and fillets, which is ascribed mainly to the
industrial pollution in the Ghazaouet area. Therefore,
it can be concluded that these heavy metals in
different tissues (gonads and fillets) of Horse
mackerel, which is highly consumed in the Algerian
coastal regions, could pose adverse health effects for
the consumers. Hence, effective legislation and proper
implementation of appropriate industrial waste
treatment measures can help reduce heavy metal
pollution and the toxic levels of ambient fishery in the
Ghazaouet Bay.
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