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Abstract

In the present study, the heavy metal concentration (Cd, Cu, Pb, Ag, Co, Cr, Fe, Mn, Ni & Zn) in
skin and muscle were studied in silver-cheeked toadfish Lagocephalus sceleratus collected from
Antalya Bay. The heavy metals concentration ranges in muscle tissue were Cu (0.276-0.518 pg/g);
Fe (5.996-21.367 pg/g); Mn (0.601-2.633 ng/g); Zn (51.472-86.635 pg/g); Cd (0.045-0.139 pg/g);
Co (0.541-0.833 ng/g); Cr (0.205-0.361 pg/g); Ni (0.108-0.765 pg/g) and Pb (1.464-2.560 ng/g).
The heavy metal concentration ranges in skin were Cu (0.168-0.209 pg/g); Fe (1.738-4.467 ng/g);
Mn (0.012-0.414 pg/g); Zn (3.337-6.451 pg/g); Cd (0.113-0.217 pg/g); Co (0.432-0.739 pg/g); Cr
(0.101-0.148 pg/g); Ni (0.038-0.217 pg/g) and Pb (0.342-0.584 ng/g). The concentrations of Zn
and Pb in the muscle tissues exceeded the acceptable levels for a food source and are not safe for
human consumption. Further, this is the first report on distribution of heavy metals of Lagocephalus
sceleratus from Antalya Bay, northern Levantine Sea, in the Eastern Mediterranean Sea south of
Antalya Province, Turkey.

Keywords: Pufferfish, Lagocephalus sceleratus, Heavy metals, Antalya Bay

Article history:
Received 31 October 2017, Accepted 25 November 2017, Available online 19 December 2017

* Corresponding Author: Meltem Eken, e-mail: duralmeltem@yahoo.com



Natural and Engineering Sciences 13

Introduction

Heavy metals are natural components and environmentally ubiquitous in the earth's crust that
readily dissolved in, taken up by aquatic organisms and cannot be degraded or destroyed. They are
dangerous elements due to their bioaccumulation and toxicity can threaten aquatic living organisms
(Lenntech, 2004). Since the metals are actively used in agriculture, medicine and industry, they
could not be ignored from daily life (Permatasari, 2006). Metals may exert beneficial or harmful
effects on life, depending on their concentration. Some heavy metals like mercury, cadmium and
lead have no known role in aquatic organisms while some others such as copper, zinc, iron and
manganese are essential for fish metabolism. These essential metals always function in
combination with organic molecules, usually proteins. But the essential metals being above the
threshold bioavailable level are also toxic to aquatic organisms and humans (Kiigiiksezgin et al.,
2006). Fish and their some tissues can also be considered as the most significant indicators in water
systems for the estimation of metal pollution level (Henry et al., 2004). For these reasons, it is
important to determine the concentrations of heavy metals in fish in order to evaluate the possible
risks relating both aquatic environment and human health. Therefore, the commercial and edible
species have been widely investigated in order to check for those hazards (Begum et al., 2005).

Heavy metals released to aquatic environments result from both natural sources, such as
atmospheric deposition and erosion of the geological matrix, and anthropogenic sources, such as
industrial effluents and mining wastes (Alam et al., 2002). In agricultural areas, some heavy metal
concentrations such as copper and zinc were found highly in fish tissues (Rashed, 2001; Dural et
al., 2007). Antalya region is an important touristic area. Hence, there has not heavily industrial
activities in the Antalya Bay. However, due to suitable climate of this region, it has been carried
out intensive agricultural activities in the region and has been used a lot of fertilizers and pesticides
which may lead to water and fish contamination with heavy metals.

Puffers are marine fish species that are distributed in tropical and subtropical areas of the
Atlantic, Indian and Pacific Ocean. Puffers include 28 genera and approximately 184 species in
all over the world marine waters within the Tetraodontidae family (Matsuura, 2015; Farrag et al.,
2016), among which at least ten are found in the eastern Mediterranean (Farrag, 2014). The silver-
cheeked toadfish Lagocephalus sceleratus (Gmelin, 1789) is a reef-associated pufferfish
(Tetraodontidae) distributed in the tropical Indo-West Pacific Ocean (Smith and Heemstra, 1986),
which entered the Mediterranean Sea via the Suez Canal and was reported as a confirmed record
from the Gokova Bay in Turkish marine waters (Akyol et al., 2005). Subsequently, this Lessepsian
invasive species has established large populations along the coasts of many countries of the eastern
basin such as Israel, Lebanon, Turkey (Mediterranean and Aegean coasts), Cyprus and Greece
(Aegean and lonian coasts), while still rapidly expanding westwards along the coasts of Egypt,
Libya, and along the entire Tunisian coastline (Ben-Soussi et al., 2014).

Apart from several large species used for human consumption as a delicious food in few
countries, particularly in China, Korea, Japan and Taiwan (Makoto et al., 2000), most pufferfish
species have not commercial value. Besides the small size of most species, the family is renowned
for the occurrence of a powerful toxin in their skin and organs called tetrodotoxin (TTX).
Tetrodotoxin is a very potent neurotoxin and one of the strongest marine paralytic toxins known
(El-Sayed et al., 2003; Tsang et al., 2007). In this study, it was aimed to analyze the
bioaccumulations of some heavy metals (Cd, Cu, Pb, Ag, Co, Cr, Fe, Mn, Ni & Zn) in muscle and



Natural and Engineering Sciences 14

skin tissues of L. sceleratus and also to discuss the allowable limit of these heavy metals via fish
consumption.

To the best of our knowledge, present study is the first to investigate bioaccumulation of
some heavy metals of L. sceleratus individuals caught by commercial fisheries from the Antalya
Bay, Eastern Mediterranean.

Material and Methods

One species of marine puffer fishes from Tetraodontidae family namely silver-cheeked toadfish,
Lagocephalus sceleratus (Fig. 1) were collected from Antalya Bay (latitude 36°50°04”; longitude
30°37°74""), in the Eastern Mediterranean Sea south of Antalya Province, Turkey during the period
of spring (Fig. 2). In total, 10 specimens of species were collected and the samples were transported
to the laboratory within 5-6 h in ice packed condition in a storage box. The specimen was thawed
to room temperature for morphometric study and weight was examined for all the collected
specimen. All the specimen were measured to the nearest mm, whereas weights were recorded with
the use of electronic balance to the nearest 0.01 g and stored in —20°C for further heavy metal
analysis. Species identification were carried out according to Golani et al. (2006).

Figure 2. Location of the study area and its surroundings.

After catch, fish samples were made the species identification (Golani et al., 2006),
refrigerated and transported to Iskenderun Technical University Marine Sciences and Technology
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Faculty’s laboratory where they were instantly frozen (-18°C) for later analyze procedure. Weight
for skates and disc width (DW) and weight estimations for rays were made to the closest 0.1 cm,
and gram, individually (Table 1).

Table 1. Length—weight of Lagocephalus sceleratus, Antalya Bay, Turkey

Species N Size range (cm) Weight range (g)

Lagocephalus sceleratus 10 19.7 -25.2 85.92-222.31

Throughout the study, all acids and chemicals used were analytical grade. For acid digestion,
various parts namely, skin and muscle tissue of fish samples were dissected using sterile stainless
knife and scissor. The segments of the skin and muscle tissues from the examples were evacuated,
homogenized and around 1.0+ 0.2 g was taken for investigation. 10 ml of nitric acid is added to the
sample and kept overnight at room temperature. Afterwards the examples were processed, utilizing
a water bath at 60°C for 3 days. Then, the samples were cooled to room temperature, filtered and
was completed to 50 ml (UNEP, 1984).

After dilution, metal contents of tissue measured on a inductively coupled plasma atomic
emission spectrometry (ICP-AES) (Varian model, Liberty Series 1I; Palo Alto, USA) and metal
concentration in the tissue was presented as pg/g. For calibration ICP-AES was used as a High
Purity Multi Standard. All digested samples were analyzed three times for the each metals. Blank
samples were prepared in the same manner as the samples and the same acid matrix was used in
the standard solution.

Results and Discussion

Puffer fishes are bottom living, carnivorous, slow swimmer and non-target fish species. Nowadays,
consumption of puffer fishes as an alternative food to meet out the increasing food demand due to
growing population and day-by-day collapse of natural resources. The main reasons for the
consumption of puffer fishes are due to easily available nature and low marker price. The
concentrations of heavy metals Cu, Fe, Mn, Zn, Cd, Co and Cr in skin and muscle tissues of puffer
fishes were showed in Table 2.

As shown, mean concentrations of the heavy metals in the muscle tissue were Cu (0.409
ug/g), Fe (12.719 pg/g), Mn (1.393 pg/g), Zn (63.989 ng/g), Cd (0.078 pg/g), Co (0.696 ng/g), Cr
(0.284 pg/g), Ni (0.407 pg/g), Pb (2.047 pg/g); in the skin were Cu (0.122 pg/g), Fe (2.731 pg/g),
Mn (0.273 pg/g), Zn (4.746 pg/g), Cd (0.170 pg/g), Co (0.591 ng/g), Cr (0.124 pg/g), Ni (0.157
ng/g), Pb (0.189 pg/g). Among the muscle tissue samples, Zn was detected as higher, followed by
Fe, Pb, Mn, Co, Ni, Cr and Cd.
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Table 2. Mean (+SD) concentrations of heavy metals (ug/g wet weight) in some organs of
Lagocephalus sceleratus collected from Antalya Bay.

Tissues
Metals ]
Muscle SKkin
(ng/g)
Mean (£SD) Min-Max Mean (£SD) Min-Max

Cu 0.409+0.122 0.276-0.518 0.122+0.076 0.168-0.209
Fe 12.719+7.863 5.996-21.367 2.731+£0.105 1.738-4.467
Mn 1.393+1.087 0.601-2.633 0.273+0.226 0.012-0.414
Zn 63.989+19.650 51.472-86.635 4.746+1.577 3.337-6.451
Cd 0.078+0.052 0.045-0.139 0.170+0.052 0.113-0.217
Co 0.696+0.146 0.541-0.833 0.591+0.153 0.432-0.739
Cr 0.284+0.078 0.205-0.361 0.124+0.023 0.101-0.148
Ni 0.407+0.313 0.108-0.765 0.157+0.103 0.038-0.217
Pb 2.047+0.051 1.464-2.560 0.189+0.035 0.342-0.584

Turkish legislation establishes maximum levels for four of the metals studied, above which
human consumption is not permitted as; 0.1 pg/g for Cd, 1.0 pg/g for Pb, 20.0 pg/g for Cu, 50 pg/g
for Zn (Anonymous, 1996). Food and Agricultural Organization limits for Cd and Pb 0.5 pg/g, for
Cu and Zn 30 ug/g (FAO, 2000). The concentrations of Zn and Pb measured in the muscle of our
species studied were higher than the levels issued by FAO and Turkish legislation. Yet, Cd
concentrations in the muscle tissues were at the limit levels set by law.

Pb is a nonessential element for living organism and also it possess various adverse effects
such as neuro and nephro toxicity, rapid behavioral malfunction, and decreases the growth,
metabolism, and survival rate, alteration of social behavior in some mammals (Malik et al., 2010).
Rashed (2001) found that elevated Pb level in fishes obtained from fresh water ecosystem affected
by extended agriculture, poultry forms, textile, industrial and other activities. So the sediments
could be the major sources of Pb contamination and the bottom feeders may directly affects with
this deposited element in consequence to their feeding habitat (Garcia et al., 2010). Zn is the
essential element for both human and aquatic organisms and they showed productive activity
against Cd and Pb toxicity in biological organisms (Sarkar et al., 2016).

The high accumulation of heavy metals in puffer fishes is due to its carnivorous feeding
nature and bottom habitat. Even though the puffer fishes are non-target species, peoples are started
to consume because of their huge quantity or extended by-catch, low market price and high nutrient
value. The present study concluded that the long term consumption of these fishes may leads to
potential risk to humans in future. So regular monitoring of marine resources is essential to improve
the quality of sea-food against contaminants.
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Compared with other studies, the results in the present study were lower than the previously
reported values of Cu, Cd in fish species from different and also same area (Table 3) (Kaleshkumar
etal., 2017; Mat-Piah, 2011; Nurjanah et al., 2015; Kumagai & Saeki, 1983; Uysal & Emre, 2011;
Tepe et al., 2008; Tiirkmen et al., 2008; Tiirkmen et al., 2009; Tepe, 2009; Yipel & Yarsan, 2014;
Aktan & Tekin-Ozan, 2012; Gokkus & Tiirkmen, 2016; Duysak & Ugurlu, 2017; Tekin-Ozan,
2014; Kayhan et al., 2010).
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Table 3. Heavy metal levels in fish muscles from different locations worldwide

Species Cu (pg/g) Cd (pg/g) Pb (pg/g) Zn (pg/g) Cr (pg/g) Co (pglg) Mn (pg/g) Ni (pg/g) Fe (ng/g) Location References
Takifugu oblongus
Lagocephalus guentheri
Arothron hispidus 1,80 (mean) 0,24 (mean) 8,31 (mean) 43,37 (mean) South_east coast | Kaleshkumar et
- of India al. (2017)
A. immaculatus
Chelonodon patoca
. . New South .
Marilyna pleurosticta 4-6 0,11-0,15 0,3-0,5 100-130 4-6 3-6 0,6-1 200-300 Wales Mat-Piah (2011)
Lagochepalus lunaris 0,43+0,01 0,02£0,00 0,51+0,01 73,63+0,60 6,85+0,01 Indonesia, West | Nurjanah et al.
Java (2015)
Fugu rupripes Kumagai and
(cultured) 0,28 0,21 0,26 6,4 0,056 0,062 0,13 Japan Saeki (1983)
Diplodus sargus 1,6-1,8 5-10 0,5-1 10-15
Siganus rivulatus 0,8-1 1-4 0-0,5 8-10 Uvsal and Emre
Lithognathus mormyrus 08,-0,9 10-12 0-0,5 6-9 Antalya Bay (23611)
Liza aurata 1,6-1,7 1-4 0-0,5 10-12
Chelon labrasus 0,4-0,6 1-3 0,7-1 10-13
Mullus barbatus
0,68+0,12 0,32+0,09 0,22+0,05 7,35+1,36 0,05+0,01 0,05+0,01 0,87+0,31 0,96+0,34 49,3+22.3 Antalya Bay Tepe et al. (2008)
Sparus aurata 1,36 £ 0,29 0,16 % 0,06 0,72+ 0,24 6,34 % 0,60 0,65+0,19 0,18+0,03 | 049+0,11 | 2,0340,58 | 22,3+635 | AntalyaBay (thgé‘g)‘en ot al.
Scyliorhinus canicula 0,88+0,23 0,07+0,02 0,27+0,07 10,9+£2,93 0,29 + 0,08 <0,01+0,00 1,04+0,27 0,27+0,07 34,7+£9,32
Pomadasys incises 0,34+0,4 0,39+0,04 0,66+0,08 8,94+1,47 1,48 +£ 0,04 0,45+0,03 0,69+0,05 3,13+0,35 0,34+0,4 Antalva Ba Tirkmen et al
Uranoscopus scaber 0,70+0,17 0,08+0,02 0,28+0,18 8,56+1,27 0,38 + 0,04 0.03 +£0.00 0,80+0,29 0,69+0,27 31,5+£10,0 y Y (2009)
Scomber japonicas 0,63+0,17 0,08+0,04 0,25+0,08 7,21£0,67 0,28 + 0,07 0,02+0,00 0,36+0,05 0,84+0,24 43,5+20,2
Sardinella aurita 0,37+0,07 0,23+0,08 0,39+0,12 6,99+0,72 0,72+0,23 0,18+0,08 0,54+0,09 2,46+0,58 40,60+30,59
Mullus surmuletus 0,49+0,25 0,40+0,00 0,93+0,22 6,25+0,97 1,53+0,14 0,43+0,01 0,64+0,01 4,11+0,03 6,89+0,18 Antalva Ba Tepe (2009)
Lithognathus mormyrus 0,73+0,17 0,30+0,16 0,04+0,02 5,64+0,71 0,51+0,12 0,03+0,01 0,42+0,10 0,29+0,10 22,91+4,28 y Y P
Pagellus erythrinus 0,73+0,25 0,03+0,01 0,35+0,11 3,94+0,92 0,33+0,03 0,03+0,01 0,43+0,16 0,51+0,07 47,59+19,49
Mullus barbatus 1,880+1,451 0,009+0,009 0,352 +£0,088 4,781+0,819 Yinel and Yarsan
Mugil cephalus 1,293+0,627 0,016+0,015 0,326+0,055 7,702+1,594 Antalya Bay (2(‘;14)
Panaeus semisulcatus 7,152+2,140 0,082+0,087 0,365+0,223 16,829+5,289
Scomber japonicas 4,6243,17 0,03£0,01 50,98+42,17 0,37+0,12 0,05£0,03 | 055029 | 0,13+0,11 | 96,24+432 | Antalya Bay g';;”ég?gek'”'
. - Gokkus and
Rhinobatos rhinobatos 1,39-1,54 0,06-0,07 0,43-0,59 9,94-11,30 0,22-0,39 0,09-0,10 0,68-0,76 0,56-0,96 41,9-50,8 Antalya Bay Turkmen (2016)

. S Duysak and
Sepia officinalis 2,17+0,51 0,68+0,11 0,33+0,16 10,20+6,81 0,33+0,10 Antalya Bay Ugurlu (2017)
Boops boops 11,31+£5,26 0,0064+0,0007 0,07+0,05 18,31+£3,05 0,47+0,6 0,64+0,06 0,54+0,06 49,88+7,02 Antalya Bay g'zeokiziOzan
Thunnus thynnus Kayhan et al.

(cultured) 0,160,001 Antalya Bay (2010)
L. sceleratus 0,276-0,518 0,045-0,139 1,464-2,560 51,472-86,635 0,205-0,361 0,541-0,833 | 0,601-2,633 8%22 5,996-21,367 | Antalya Bay This research
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When the Zn values were compared, the values in the study of Mat-Piah (2011) were found
to be higher than those in our study. The same situation is seen in the value of Pb in the study of
Kaleshkumar et al. (2017). Compared with the studies given in Table 3, Co (except Duysak and
Ugurlu, 2017), Mn (except Mat-Piah, 2011) and Ni (except Tepe et al., 2008; Tirkmen et al., 2008
and 2009 in Antalya Bay) values are generally higher in our study. However, these comparisons
should be used with caution due to differences in fish species and habitats between the studies.
Although the skin is a consumed part of the fish, it has not been studied in previous works in this
area. This study indicated that concentrations of heavy metals were lower in all of the skin samples
than in the muscle samples.

This study showed that Lagocephalus sceleratus contain high level of Zn and Pb
accumulation in muscle tissues organs when compare to the skin. The high accumulation of heavy
metals in puffer fishes is due to its carnivorous feeding nature and bottom habitat. Even though the
puffer fishes are non-target species, peoples are started to consume because of their huge quantity
or extended by-catch, low market price and high nutrient value. The present study concluded that
the long term consumption of these fishes may leads to potential risk to humans in future. So regular
monitoring of marine resources is essential to improve the quality of sea-food against contaminants.
This is first report of heavy metal analysis on recently silver-cheeked toadfish Lagocephalus
sceleratus on Antalya Bay region and this finding may lead new insight for further research.

References

Aktan, N. & Tekin-Ozan, S. (2012). Levels of some heavy metals in water and tissues of chub
mackerel (Scomber japonicus) compared with physico chemical parameters, seasons and
size of the fish. The Journal of Animal & Plant Sciences, 22(3), 605-613.

Akyol, O., Unal, V., Ceyhan, T., Bilecenoglu, M. (2005). First record of the silverside blaasop,
Lagocephalus sceleratus (Gmelin, 1789), in the Mediterranean Sea. Journal of Fish
Biology, 66, 1183-1186.

Alam, M.G.M,, Tanaka, A., Allinson, G., Laurenson, L.J.B., Stagnitti, F., Snow, E.T. (2002). A
comparison of trace element concentrations in cultured and wild carp (Cyprinus carpio)
of Lake Kasumigaura, Japan. Ecotoxicology and Environmental Safety, 53(3), 348-354.

Anonymous, (1996). Handbook of Quality Control on Fish Products, Ministry of Agriculture and
Rural Affairs, Ankara (in Turkish).

Begum, A., Amin, M. N., Kaneco, S., Ohta, K. (2005). Selected elemental composition of the
muscle tissue of three species of fish, Tilapia nilotica, Cirrhina mrigala and Clarius
batrachus, from the fresh water Dhanmondi Lake in Bangladesh. Food Chemistry, 93(3),
439-443.

Ben Souissi, J,. Rifi, M., Ghanem, R., Ghozzi, L., Boughedir, W., Azzurro, E. (2014).
Lagocephalus sceleratus (Gmelin, 1789) expands through the African coasts towards
the Western Mediterranean Sea: A call for awareness. Management of Biological
Invasions, 5, 357-362, http://dx.doi.org/10.3391/mbi. 2014.5.4.06.

Dural, M., Goksu, M.Z.L., Ozak, A.A. (2007). Investigation of heavy metal levels in economically
important fish species captured from the Tuzla lagoon. Food chemistry, 102(1), 415-421.

Duysak, O. and Ugurlu, E. (2017). Metal accumulations in different tissues of cuttlefish (Sepia
officinalis L., 1758) in the Eastern Mediterranean coasts of Turkey. Environmental
Science and Pollution Research, 24(10), 9614-9623.



Natural and Engineering Sciences 21

El-Sayed, M., Yacout, G.A., EI-Samra, M., Ali, A., Kotb, S. M. (2003). Toxicity of the Red Sea
pufferfish Pleuranacanthus sceleratus “El-Karad”. Ecotoxicology and environmental
safety, 56(3), 367-372.

FAO, (2000). Compilation of legal limits for hazardous substances in fish and fishery products.
FAOQO Fishery Circular No. 464 (pp. 5-10). Rome Food and Agriculture Organization of
the United Nations.

Farrag, M., EI-Haweet, A.A., Moustafa, M.A. (2016). Occurrence of puffer fishes (Tetraodontidae)
in the eastern Mediterranean, Egyptian coast-filling in the gap. Biolnvasions Record, 5(1).

Farrag, M.M.S. (2014). Fisheries and Biological studies on Lessepsian pufferfish, Lagocephalus
sceleratus (Gmelin, 1789) (Family: Tetraodontidae) in the Egyptian Mediterranean
waters. Fac. Sci. Al-Azhar Univ., (Assiut), Egypt.

Garcia-Leston, J., Méndez, J., Pasaro, E., Laffon, B. (2010). Genotoxic effects of lead: an updated
review. Environment International, 36(6), 623-636.

Gokkus, K. and Tiirkmen, M. (2016). Assessment of Heavy Metal Levels in Tissues of Common
Guitarfish (Rhinobatos rhinobatos) from Iskenderun and Antalya Bays, Northeastern
Mediterranean Sea. Indian Journal of Geo Marine Sciences, 45 (11), 1540-1548.

Golani, D., Massuti, E., Orsi-Relini, L., Quignard, J.P. (2006). Tetraodontidae. In: CIESM Atlas
of  Exotic  Fishes in the  Mediterranean.  http://www.ciesm.org/atlas/
appendix1.html.

Henry, F., Amara, R., Courcot, L., Lacouture, D., Bertho, M.L. (2004). Heavy metals in four fish
species from the French coast of the Eastern English Channel and Southern Bight of the
North Sea. Environment International, 30(5), 675-683.

Kaleshkumar, K., Rajaram, R., Dhinesh, P., Ganeshkuamr, A. (2017). First report on distribution
of heavy metals and proximate analysis in marine edible puffer fishes collected from Gulf
of Mannar Marine Biosphere Reserve, South India. Toxicology Reports, 4, 319-327.

Kayhan, F.E., Muslu, M.N., Colak, S., Kog¢, N.D., Colak, A. (2010). Antalya Korfezi'nde
Yetistiriciligi Yapilan Mavi Yiizgecli Orkinoslarin (Thunnus thynnus) Karaciger ve Kas
Dokularinda Kursun (Pb) Diizeyleri. Ekoloji, 19(76), 65-70.

Kiictiksezgin, F., Kontas, A., Altay, O., Uluturhan, E., Darilmaz, E. (2006). Assessment of marine
pollution in Izmir Bay: Nutrient, heavy metal and total hydrocarbon concentrations.
Environment International, 32(1), 41-51.

Kumagai, H. and Saeki, K. (1983). The Variation in Total Mercury Content with the Growth of
Rock Shell Rapana-Thomasiana. Bulletin of the Japanese Society of Scientific Fisheries,
49(10), 1613-1613.

Lenntech, K. (2004). Water treatment and air purification. Published by Rotter Dam Seweg,
Netherlands.

Makoto, O., Yoshimichi, F., Fumio, T., and Shingo, 1. (2000). Fatty acid composition of total lipids
in puffer fish meat. Food Preservation Science, 26, 333-338.

Malik, N., Biswas, A. K., Qureshi, T. A., Borana, K., Virha, R. (2010). Bioaccumulation of heavy
metals in fish tissues of a freshwater lake of Bhopal. Environmental Monitoring and
Assessment, 160(1), 267-276.

Mat-Piah, R. (2011). Aspects of the ecology of small estuarine pufferfish relevant to their value as
biomonitors of pollution. PhD thesis, Southern Cross University, Lismore, NSW.
Matsuura, K. (2015). Taxonomy and systematics of tetraodontiform fishes: a review focusing
primarily on progress in the period from 1980 to 2014. Ichthyological Research, 62(1),

72-113.



Natural and Engineering Sciences 21

Nurjanah N., Jacoeb, A.M., Asren, S.M., Hidayat, T. (2015), Minerals and Heavy metals of Banana
Puffer fish from Sea of Region Gebang, Cirebon, West Java. Journal of Agricultural
Science and Engineering, 1(1), 28-33.

Permatasari S.I. (2006). Penentuan Kandungan Logam Hgdan As pada lkan dengan Metode
Analisis Pengaktifan Neutron [skripsi]. Bogor (ID): Departemen Kimia, Fakultas
Matematika dan Ilmu Pengetahuan Alam, Institut Pertanian Bogor.

Rashed, M.N. (2001). Monitoring of environmental heavy metals in fish from Nasser Lake.
Environment International, 27(1), 27-33.

Sarkar, T., Alam, M. M., Parvin, N., Fardous, Z., Chowdhury, A. Z., Hossain, S., Hague, M.E.,
Biswas, N. (2016). Assessment of heavy metals contamination and human health risk in
shrimp collected from different farms and rivers at Khulna-Satkhira region, Bangladesh.
Toxicology Reports, 3, 346-350.

Smith M.M. and Heemstra P.C. (1986). Smith’s Sea Fishes. Smith Institute of Ichthyology Press
Grahamstown, Republic of South Africa.

Tekin-Ozan, S. (2014). Seasonal variations of some heavy metals in bogue (Boops boops L.)
inhabiting Antalya bay-Mediterrenean sea, Turkey. Indian Journal of Geo-Marine
Sciences, 43(2), 198-207.

Tepe, Y. (2009). Metal concentrations in eight fish species from Aegean and Mediterranean Seas.
Environmental Monitoring and Assessment, 159(1), 501-509.

Tepe, Y., Tirkmen, M., Tiirkmen, A. (2008). Assessment of heavy metals in two commercial fish
species of four Turkish seas. Environmental Monitoring and Assessment, 146, 277-284.

Tsang, S.Y., Moore, J.C., Huizen, R.V., Chan, CW.Y., Li, R.A. (2007) Ectopic expression of
systemic RNA interference defective protein in embryonic stem cells. Biochemical and
Biophysical Research Communications, 357, 480-486.

Tiirkmen, M., Tirkmen, A., Tepe, Y., Ates, A., Gokkus, K. (2008). Determination of metal
contaminations in sea foods from Marmara, Aegean and Mediterranean seas: Twelve fish
species. Food Chemistry, 108(2), 794-800.

Tiirkmen, M., Tiirkmen, A., Tepe, Y., Tore, Y., Ates, A. (2009). Determination of metals in fish
species from Aegean and Mediterranean seas. Food Chemistry, 113(1), 233-237.

UNEP, (1984). General Assessment of Progress in the Implementation of the Plan of Action to
Combat Desertification, 1978-1984. GC-12/9 United Nations Environmental Programme.

Uysal, K. & Emre, Y. (2011). Bioaccumulation of Copper, Zinc, Mangan, Iron and Magnesium in
Some Economically Important Fish from the Western Shores of Antalya. Anadolu
University Journal of Science and Technology, 1,1, 95-102.

Yipel, M. & Yarsan, E. (2014). A risk assessment of heavy metal concentrations in fish and an
invertebrate from the Gulf of Antalya. Bulletin of Environmental Contamination and
Toxicology, 93(5), 542-548.



