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Abstract

Concentration of Cadmium, Copper, Lead, Zinc and Mercury were determined in the muscles, gills
and liver of ten fish species (Epinephelus areolatus, Epinephelus radiates, Anthias squamipinnis,
Plectorhinchus chaetodonoides, Snubnose emperor, Dicentrarchus labrax, Acanthopagrus bifascia-
tus, lutjanus kasmira, lutjanus ehrenbergii and Acanthurus gahhm) as well as three specimens of
crustaceans (Metapenaeus dalli, Panulirus penicillatus and Portunus petagicus) and two Specimens
of squids (Parateuthis tunicate and Chtenopteryx sicula) collected from Jeddah coastal water dur-
ing 2014. The obtained results declared that, the average concentrations of heavy metals were as
follows: Cd (0.098, 0.20, 0.106), Cu (0.358, 0.327, 1.536), Pb (0.3, 0.257, 0.196), Zn (3.00, 7.390,
4.999) pg/g wet weight in the muscle, gills and liver, respectively. While, the concentration of Hg
was invariably undetectable in all samples of different organs of the collected fish species. The av-
erage concentration of Cd, Cu, Pb, Zn and Hg in the soft part of the investigated crustaceans (Meta-
penaeus dalli, Panulirus penicillatus and Portunus petagicus) and squids (Parateuthis tunicate and
Chtenopteryx sicula) were relatively higher compared with the muscle tissues in the examined fish
species. The results of bioconcentration factor (BCFs) indicated that among examined metals Zn
was the most readily absorbed by fish and the highest BAFs for examined fish species were deter-
mined in gill of Snubnose emperor.
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1. Introduction

Jeddah was first inhabited about 2500 years ago as a small fishing settlement and has long been a center for
traders and sailors. From that time, importance of Jeddah was gradually increased and consequently increment
the number of inhabitants and visitors. As already known, fishes are the main aquatic products of Jeddah area,
seafood lovers from all walks of life can be found browsing through the colourful variety of tender meat that the
Red Sea offers. It was estimated that the total fish and shrimps consumption in the kingdom is about 100,000
tons per annum; approximately 49,000 tons are produced locally. In public media, there is a doubt that fishes
were contaminated with organic and inorganic pollutants due to the strategic location of Jeddah as one of the in-
ternational shipping centers and a large number of toxic chemicals and effluent-producing industries are located
in and around Jeddah City. Unfortunately, at present, due to discharging high volume of various types of petro-
chemical industries wastewater as well as wastewater resulting from washing of ships and tankers, the estuary
environment could be severely compromised. Also the rapidly developing industrial and municipal development
around Jeddah area have caused serious pollution problems in Jeddah coastal waters. Heavy metal pollutions are
particularly hazardous contaminants in food and a significant problem in the environment. Several organizations
have pointed out the need for monitoring trace metal levels in the marine environment [1] [2]. It is known that
some shrimp and crab may provide useful means of monitoring such heavy metal concentrations and their im-
pact on the marine environment. In recent years, much attention has been focused on the concentration of both
essential and toxic metals in ecosystems and their component organisms, as a result of a growing concern about
the health benefits and risks of food consumption in order to check for those hazardous to human health because
they are not biodegradable and have long biological half-lives [3]-[10].

The bioaccumulation of heavy metals varied between species, ages, sex and organs. In general, the target tis-
sues of heavy metals are metabolic active ones which accumulate high levels of metal in fish such as liver and
gills, whereas in muscles where the metabolic activity is relatively low accumulates less level of heavy metals.

The measurement of heavy metal concentrations in bio-indicators has been recognized as highly relevant in
ecotoxicological terms because of the reflection of bioavailability in the ecosystem that reasonable measurement
for public health standards from animals health point of view [11] [12]. Therefore, the objective of the present
study is to determine levels of certain heavy metals in fish, squids and crustaceans from the Red Sea.

2. Material and Methods
2.1. Sampling

Ten fish species (Epinephelus areolatus, Epinephelus radiates, Anthias squamipinnis, Plectorhinchus chaeto-
donoides, Snubnose emperor, Dicentrarchus labrax, Acanthopagrus bifasciatus, lutjanus kasmira, lutjanus
ehrenbergii and Acanthurus gahhm) as well as three Specimens of Crustaceans (Metapenaeus dalli, Panulirus
penicillatus and Portunus petagicus) and two specimens of squids (Parateuthis tunicate and Chtenopteryx sicula)
have been collected from Jeddah coastal water.

The gills, liver and muscle tissue were isolated and weighed in separate containers, dissected and washed with
distilled water. The collected samples were stored in precleaned plastic bags and stored in a freezer at —20°C un-
til the performance of chemical analysis and analyzed for heavy metals according to UNEP/FAO/IAEA/IOC
(1984) [13]. Also, the soft tissues of the mussels were separated from the shells and stored in a freezer until
chemical analysis.

2.2. Heavy Metals Determination

The exact weights of each sample tissue were digested in microwave oven using HNO; acid in Teflon PTFE
tube. The samples were cooled to room temperature and then were transferred to a 25 ml volumetric flask and
diluted to 25 ml with 2% HNO; in a volumetric flask, then diluted to level with de-ionised water appropriately
in the range of standards which were prepared from stock standard solution of the metals (Merck). Before analy-
sis, the samples were filtered through a 0.45 um nitrocellulose membrane filter.

All digested solutions were analyzed in triplicate by Atomic Absorption Spectrophotometer (Shimadzu Model
6800 with graphite furnace, Hydride unit was used for determination of mercury). The instrument setting and
operational conditions were done in accordance with the manufacturers specifications. All determinations were
in triplicates and sample blanks were prepared in the laboratory in a similar manner to the field samples. The
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concentrations of heavy metals were expressed as mg/L of water and pg/g dry wt for fish samples.

2.3. Bioconcentration Factor

The bioconcentration factor (BCF) was calculated for each metals, as the relation between the metal concentra-
tions in fish organs (FC) and its concentration in the water (WC) according to equation: BCF = FC/WC [14].

3. Results and Discussion

In the present study, gills and liver are chosen as target organs for assessing metal accumulation higher than the
muscle tissue, which usually exhibits a low accumulation potential of metals. Therefore, muscle is chosen be-
cause it is the part consumed.

Heavy metal concentration in the muscles, gills and liver of fish species collected from Jeddah coastal waters
were illustrated in Table 1.

The distribution pattern of Zn in the current study in fish muscles, gills and livers ranged from 1.059 to
10.669 pg-g ", from 1.34 to 13.417 pg-g *and from 0.155 to 9.069 pg-g * respectively.

In the present study, Zn was the highest metal in the muscle, gill and liver of analyzed species followed by Cu
as the dominant two metals compared with other determined metals. On the other hand, Hg was generally the
lowest (Table 1). Also concentration of Hg was invariably undetectable in all samples of different organs of fish
collected. This may be arising from that mercury was undetectable of their surrounding habitat.

Zn toxicity is rare, yet it can be toxic above the limit of 50 ug-g™* wet weight in muscle. It appears to have a
protective effect against the toxicities of both cadmium and lead [15] [16]. Hence, the relatively high levels of
these metals comparing to other metals studied can be attributed to their essentiality [17]. The levels of Zn in
gills of Anthias squamipinnis, Snubnose emperor, Dicentrarchus labrax and Lutjanus ehrenbergii were also
higher than the other species studied (Table 1).

The zinc concentration in the samples compares well to the earlier report on the fish species from the Black
Sea coasts (9.5 - 22.9 mg-kg ) [18], 33.77 - 246.15 and 18.96 - 39.59 mg-kg " for livers and gills respectively
for fish from the Egyptian Mediterranean Sea [19].

Cu concentration in all examined fish species varied from 0.01  0.001 to 10.29 + 0.01 pg-g * dry weight and
Acanthopagrus bifasciatus recorded the highest concentration of Cu in the livers among all the fish species stu-
died.

Cu levels in the present study are in good agreement with previous recorded values of fish species where the
values ranged from 0.23 to 9.49 mg-kg " for fish from Marmara Sea [20] and lower when compared with the re-
sults obtained by (Khaled, 2013) [19] for muscles (1.05 - 2.56), livers (4.40 - 65.97) and gills (1.20 - 5.90)
mg-kg ', respectively, of fish from the Egyptian Mediterranean Sea. Also the results of Cu in the present study
were in agreement with Ashraf (2006) [21]; Ashraf et al. (2006) [22] and Al-Yousuf et al. (2000) [23] who ob-
served similar distribution pattern of copper. The higher accumulation ratios of metals in the liver could be due
to the greater tendency of the elements to react with the oxygen carboxylate, the amino group, the nitrogen
and/or the sulphur of the mercapto group in the metallothionein protein [24]. Although these findings are gener-
ally consistent with our results, except the levels of Cu in the muscle of Anthias squamipinnis and Plectorhin-
chus chaetodonoides were remarkably higher than some metabolite organs such as the liver and gills (Table 1).

Comparing our average values of Cu with Food and Agricultural Organization’s limits for Cu is 30 pg-g™
[25]. Our results showed that the levels of Cu in the current study were less than this guideline.

The concentration of Cd in all fish species varied from 0.001 + 0.0004 to 1.19 + 0.002 pg-g ' dry weights.
The highest level of Cd was recorded in the gills of Snubnose emperor compared to other species studied.

Cd contents in gills of Epinephelus areolatus, Epinephelus radiates, Anthias squamipinnis, Snubnose emperor,
Dicentrarchus labrax and lutjanus ehrenbergii were remarkably higher than muscle and liver.

A lot of researchers have reported that metals accumulate in high concentrations in the gill, the liver and the
intestine, because these organs have relatively higher potential for metal accumulation than muscle [26] [27].
Also Jezierska and Witeska (2006) [28] found that Cd is accumulated primarily in the kidney, but it may reach
high concentrations also in the gill, digestive tract and spleen. Cd is rarely found in natural water [29]. It is con-
sidered to be toxic if its concentration exceeds 0.01 mg-L * both in drinking and irrigation water [30]. However,
Cd with some other heavy metals such as lead and mercury are of no biological function in human system and
they are potentially toxic even at trace concentrations [31] [32]. Cd injures kidneys and cause symptoms of
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chronic toxicity, including impairment of kidney function, poor reproductive capacity, hypertension, tumors and
hepatic dysfunction [33]. Cadmium levels in the present study were generally in similar ranges with the litera-
ture, where it has been reported as 0.02 - 0.24 mg-kg * for muscles of fish from the Black Sea coasts [18] and
0.09 - 0.27, 0.30 - 1.49, 0.27 - 0.66 mg-kg * for muscle, liver and gill tissues, respectively, for fish from the
Egyptian Mediterranean Sea [19].

Concentrations of Cd recorded in the current study in the muscle tissues of some fish species were higher than
the standard safety level of Cd (0.04 pg-g ' wet weight) in fish tissue [34] [35]. This could be attributed to the
industrial activities situated close to the coast and directly discharges its effluents into it as well as shipping dis-
charge from fishing boats.

The levels of Pb in all examined fish species fluctuated from 0.054 + 0.002 to 0.66 + 0.01 pg-g * (dry weight).
Snubnose emperor and Dicentrarchus labrax recorded the highest concentration of Pb in the gills and muscle
respectively, as well as Pb content in the muscle of Plectorhinchus chaetodonoides, Dicentrarchus labrax, lut-
janus kasmira and Acanthurus gahhm were remarkably higher than some metabolite organs such as the liver and
gills (Table 1).

Lead is a neurotoxin that causes behavioral deficits in fish, decreases in survival and growth rates, causes
learning disabilities, and metabolism. The World Health Organization has recommended that dietary Pb should
not exceed 0.3 pg-g ' (wet weight) [36].

The results of our investigation shows that, gills of Snubnose emperor seemed to be the organ which accumu-
lates the highest value of Cd, Pb and Zn. Target organ, such as gill is metabolically active tissues and accumu-
late heavy metals of higher levels when compared to other tissues [37]. This is in agreement with Canli et al.,
(2003) [38]; Al-Yousuf et al. (2000) [23]; Usero et al. (2004) [24] who reported that the differences in metal
concentrations of the tissues might be a result of their capacity to induce metal-binding proteins such as metal-
lothioneins.

Furthermore, the adsorption of metals onto the gills surface as the first target for pollutants in water could also
be a significant influence in the total metal levels of the gill. This is in agreement with the literature [39]-[42]
which reported that heavy metals are stored in the body in various tissues, but the main site of accumulation in
aquatic organisms is in the kidney and other tissues, notably the surface of gills, which affects proper function-
ing of the organ.

A trend was obtained in the assessment of the distribution of the Cd, Cu, Pb, Zn and Hg in the soft part of the
Crustaceans ( Metapenaeus dalli, Panulirus penicillatus and Portunus petagicus) and squids (Parateuthis tuni-
cate and Chtenopteryx sicula) collected from Jeddah Islamic port (Table 2). Trend showed the mean values of
all heavy metals content in edible tissue of crustaceans and squids species higher values when compared to the
edible tissue of the investigated fish species except, lead.

The pattern of accumulation of heavy metals occurrence in soft part of the crustaceans (Metapenaeus dalli
and Panulirus penicillatus) and in the whole tissue of squids (Parateuthis tunicata and Chtenopteryx sicula)
samples were in order of decreasing contents Zn > Cu > Pb > Cd > Hg. Except for Portunus petagicus the pat-
tern of accumulation of heavy metals was in order of Zn > Cu > Cd > Pb > Hg.

Marine organisms, including fish, crustaceans and squids, may accumulate heavy metals through direct ab-

Table 2. Zn, Cu, Cd, Pb, and Hg concentrations in crustacean and squids species collected from Jeddah Islamic port, King-
dom of Saudi Arabia, Red Sea (ug-g ™' dry weight).

Heavy metals concentration pg-g™ dry weight

Species
Zn Cu Cd Pb Hg
Metapenaeus dalli 3.758 0.814 0.067 0.21 ND
Parateuthis tunicata 4.529 0.349 0.184 0.304 ND
Chtenopteryx sicula 14.65 0.994 0.172 0.299 ND
Panulirus penicillatus 11.523 5.97 0.19 0.466 ND
Portunus petagicus 12.715 1.651 0.08 0.008 ND
Maximum 14.65 5.97 0.19 0.466
Minimum 3.758 0.349 0.067 0.008
Average 9.435 1.9556 0.1386 0.2574
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sorption or via their food chain and pass them to human beings, by consumption, causing chronic or acute dis-
order [22] [43].

The average concentration of metals in crustaceans and squids were relatively higher compared with the mus-
cle tissues in the examined fish species. This in agreement with Kilgour (1991) [44] who indicated that animals
which have close relationship with sediment, shows relatively high body concentration of metalsas well as crus-
taceans and squids being as a good indicators for the long-term monitoring of metal pollution in the marine en-
vironment. This can be related to several factors such as habitat, dietary uptake, pollutant bioavailability in addi-
tion to the main factor for uptake of heavy metals in Crustaceans via food which is mainly feed through sedi-
ments which consider the main reservoir of pollutions [45]. The fact that many demersal fish species are
long-lived and tend to feed at higher trophic levels than their pelagic fish counterparts may lead to a potentially
higher level of accumulation of persistent pollutants particularly those are not easily metabolized or degraded
[46].

The amounts of heavy metals in soft tissue of crustaceans and squids were compared with those from the re-
lated species from other areas. From (Table 2) the concentrations of cadmium, copper, lead and zinc in soft tis-
sue of shellfish in the present study were lower compared with El-Sikaily et al., (2004) [47]; He, (1996) [48] in
the Egyptian Mediterranean Sea and Red Sea; Bohai Sea and Huanghai Sea, China, respectively.

High concentrations of Pb and Zn were found in crustaceans and squids samples in the present study as com-
pared with those recorded in shellfish species studied in the Zhejiang Coast, China [49]. Furthermore, Cu and
Hg were lower while Cd was agreed well when compared with those recorded in the Zhejiang Coast, China [49].

The heavy metal levels in water sample were as follows Zn > Cu > Pb > Cd > Hg (Figure 1). The results of
metal concentrations in water were used to calculate BCFs.

The bioaccumulation factors (BAFs) of the tissues of the investigated fish species were presented in (Table 3).
BAF is a number that describes the bioaccumulation as the ratio between the accumulated concentration of a
given pollutant in any organ to the concentration in the surrounding environment according to Mackay and
Fraser (2000) [14].

The results of BAFs indicated that among examined metals Zn was the most readily absorbed by fish (Table
3) and the highest BAFs for examined fish species were determined in gill of Snubnose emperor for Zn (37.269)
and in the liver of Acanthopagrus bifasciatus (29.423) for Cu.

In the edible tissue of Crustaceans and squids investigated species, the mean values of BAFs for Cd, Cu and
Zn were remarkably higher values when compared to the edible tissue of the investigated fish species, while the
BAFs of Pb were also fairly low and the BAFs of Hg were not detected in all investigated species (Table 4).

The observed high BAF in some fish species indicates that these fishes have a high potential to concentrate
heavy metals in their organs [50]. The extent of occurrence or accumulation of trace metals by organisms in dif-
ferent tissues is dependent on the route of entry. The accumulation process involves the biological sequestering
of metals that enter the organism through respiration and epidermal. It has been indicated that BAFs from envi-
ronment to fish tissue changes according to the species of the chemical, the metabolite properties of the tissues
and the pollution degree of the environment [51]-[53].

The investigated species are commonly consumed seafood in many Red Sea countries. Therefore, the investi-

1.09

0.18

concentration pg-g™' dry weight

Cd Cu Pb Zn Hg

Figure 1. Cd, Cu, Pb, Zn and Hg concentrations in sea water collected from
Jeddah Islamic port, Kingdom of Saudi Arabia, Red Sea (ug-g* dry weight).
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Table 4. The BAF in crustacean and squids species collected from Jeddah Islamic port, Kingdom of Saudi Arabia, Red Sea
(ngrg" dry weight).

Heavy metals concentration pg-g™ dry weight

Species
Zn Cu Cd Pb Hg

Metapenaeus dalli 10.439 2.326 0.372 0.193 -
Parateuthis tunicata 12.581 0.997 1.022 0.279 -
Chtenopteryx sicula 40.694 2.840 0.956 0.274 -
Panulirus penicillatus 32.008 17.057 1.056 0.428 -
Portunus petagicus 35.319 4.717 0.444 0.007 -
Maximum 40.694 17.057 1.056 0.428 -
Minimum 10.439 0.997 0.372 0.007 -
Average 26.208 5.587 0.770 0.236 -

gation of heavy metal concentrations in the tissues of these species may provide useful information on the trans-
fer of potentially toxic elements from abiotic compartments (water, sediment) to higher consumers, including
man [54]. Therefore, we can conclude that, Cu and Zn concentrations of all edible tissues of the species were
considerably high but lower than the permissible levels set by FAO and WHO. But the permissible limits for Cd
and Pb were exceeded in some of the edible tissues of the analyzed species in present study.

Accumulation of Cd and Pb in edible tissues of the investigated species and other organs may be considered
as an important warning signal for fish health and human consumption. The present study shows that precaution
measures need to be taken in order to prevent future heavy metal pollution. Therefore, further monitoring pro-
grams should be conducted.
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