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ABSTRACT

The giant mudskipper Periophthalmodon schlosseri (Pallas 1770) is the largest notable species Original Article

of Malaysian mudskippers and invariable the best known example of resident intertidal fish. PIl: 5225199391700014-7

This paper present an assessment of heavy metals concentration; Cu, Zn, Pb, Cd and Ni in

scales, muscle, bone, gills, operculum, intestine, liver and cartilage of Periophthalmodon Rec. 120ct. 2017
. . . Lo . T . Acc. 09 Nov. 2017

schlosseri (P. schlosseri) with aim of proposing it as a biomonitoring agent in the coastal Pub. 25Nov. 2017

mudflats. The giant mudskippers; P. schlosseri were collected from six sampling sites in the

west coast of Peninsular Malaysia and analyzed for heavy metals concentrations; Cu, Zn, Pb,

Cd and Ni in scales, muscle, bone, gills, operculum, intestine, liver and cartilage by using an

air-acetylene flame atomic absorption spectrophotometer, Perkin ElImer Analyst 800. The

levels of heavy metals concentrations in the tissues of P. schlosseri varied significantly (P <

0.05) with exception of Cu in gills (P > 0.05). The studied metals showed different Keywords

accumulation target in the fish; Cu was observed highest in liver while Zn, Pb, Cd and Ni
exhibited their highest concentrations in cartilage. The pattern of metal accumulation was in
the order: Zn > Pb > Ni > Cu > Cd, with a similar pattern observed for metal selectivity index
(MSI %) value. There was no unique ranking with regards to tissue selectivity index (TSI %)

Biomonitoring,
Heavy metals,
Periophthalmodon
schlosseri,

among the tissues, except liver which showed high copper selectivity at all the six sampling West coast Peninsular

sites. However, the result of biota-sediment accumulation factor (BSAF) for Cu and Zn were Malaysia.
highest in liver and intestine respectively while the BSAF for Pb, Cd and Ni were highest in
cartilage. Results of the present study indicate bioaccumulation of the studied metals in the
tissues of giant mudskipper P. schlosseri which might suggest it use as a potential bio

monitoring agent for heavy metals in the west coast of Peninsular Malaysia.

ABBREVIATIONS

AAS: atomic absorption spectrophotometer; ANOVA: one way analysis of variance; BSAF: biota sediment accumulation factor; °C:
degree Celsius; CB: Chemical concentration in the biota; cm: centimeter; CRM: certified reference material; CS: chemical
concentration in the sediment; EFLE: easily freely leachable and exchangeable; DDT: dichlorodiphenyltrichloroethane; DDW:
double distilled water; d/w: dry weight; g: gram; GPS: global positioning system; HNO3: Nitric acid; IAEA: international atomic
energy agency; kg: kilo gram; mm: millimeter; ml: milliliter; mg/L: milligram per liter; MSI: metal selectivity index; MT:
metallothionein; NRCC: national research council Canada; ND: not detectable; nm: nanometer; %: percentage; P. schlosseri:
Periophthalmodon schlosseri; QA: quality assurance; QC: quality control; SET: sequential extraction technique; TSI: tissue
selectivity index; pg/g: microgram per gram; pm: micrometer
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INTRODUCTION

Fishes are one of the most important and largest groups of vertebrates in the aquatic system, that are globally
accepted as excellent organisms for the study of heavy metals pollution in aquatic environment. They have been
used as one of the most indicative organisms for assessing metal pollution in freshwater and marine systems [1]. Fish
are relatively situated at the top of the aquatic food chain; therefore, they can normally accumulate heavy metals
from food, water and sediments [2, 3]. Bioaccumulation of metals in fish can be considered as an index of metal
pollution in the aquatic bodies [4, 5] and a useful tool to study the biological role of metals present at higher
concentrations in fish [6, 7]. The use of fish as aquatic bio monitor/bio indicator has increase significantly over years
because they are sensitive indicators of aquatic changes and possess high tissues metals accumulation capacity.
After incorporation into the fish body, heavy metals were distributed among different tissues via a process that
depends on biological needs [8] and subsequently transferred to higher trophic levels via food chain. However,
metals amassing in tissues reveal the past exposure of fish via water or food [9-11] or sediment which can serve as
pollution indicator.

Mudskippers are peculiar-looking amphibious fish that are characteristic for mangrove forests and mudflats
[12]; they are members of the subfamily Oxudercinae, tribe Periophthalmini, family Gobiidae (Gobies) [13]. They are
the key species of the soft bottom intertidal areas and mangrove swamps of the Indo-west Pacific region and tropical
African coast [13].

The unique behavior and ecology of mudskippers make them potential bio monitoring agents. Mudskippers
inhabiting the coastal ecosystems faces a direct exposure to most of the heavy metals and metalloids that are
discharged from power, thermal, desalination and water treatment plants, and leakage from oil wells in dissolved as
well as dietary phases [14], they are requisites of an ideal bio monitor as they are able to accumulate metals that are
relatively easy to measure, easy to identify, abundant in the study area, size large enough to provide sufficient tissues
for analyses on individuals and possess a stationary behavior and do not migrate [15, 16]. In particular, mudskippers
are known to accumulate higher concentrations of some toxic compounds (e.g. DDT and some heavy metals) in their
tissues, relative to other aquatic and benthic species [17]. The mudskippers showed a very high potential for
bioaccumulation of different types of pollutants from coastal waters and are very important for bio monitoring the
coastal ecosystems [14].

The giant mudskipper, P. schlosseri is one of the notable species of mudskipper that spends much of its time out
of water [13] and the largest Malaysian mudskipper. The unique characteristics features of this fish being a dominant
force on the mudflat, unintimidated by snakes and birds that harassed its smaller relatives [18], top predator in the
food chain, big size, time dwell in water and intertidal coastal mudflats make them a good and interesting research
organisms for the study of heavy metals accumulation and environmental monitoring assessment. In fact, their
robustness to environmental stressors and tolerance to many contaminants give them the capacity to be chronically
exposed to toxicants without significant acute effects, while their relatively low trophic status makes them less prone
to biomagnifying toxicants [17]. Therefore, they were chosen in this study because they could enable continuous
surveillance of pollutant presence in water and/ or sediment where they live.

Although, several studies demonstrated that fishes are important biological indicator for investigation of heavy
metal contamination and health risk to both animals directly and human upon consumptions of aquatic foods in
different parts of the world [19-23] but only few counted number of researches are available on heavy metals
concentrations in P. schlosseri. Therefore, the objective of this study is: to assess the concentrations of heavy metals
(Cu, Zn Cd, Pb and Ni) in scale, muscle, bone, gills, operculum, intestine, liver and cartilage of giant mudskipper P.
schlosseri and determine its potential as a biomonitoring organism for heavy metals pollution in the coastal mudflat
environment of west coast of Peninsular Malaysia.

MATERIAL AND METHODS

Ethical approval

The authors declare that this research followed the ethical guidance for animal research. The study protocol
and ethics were approved by Postgraduate studies committee/ supervisory committee, Department of Biological
Science, Universiti Putra Malaysia.
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Sample collection and preparation

Surface sediments and giant mudskipper Periophthalmodon schlosseri were collected from six sampling sites in
the west coast of Peninsular Malaysia (Figure 1). The samplings were conducted in August 2008 at Segantang Garam
and Minyak Beku, in September 2008 at Sungai Tiga and Sungai Puluh and in March and June 2010 at Bagan Lalang
and Kuala Juru, respectively. The coordinates of the sampling sites were recorded with Global Positioning System
(GPS); (Garmin OREGON 450T 850 MB waterproof GPS). The coordinates and description of each sampling site were
givenin Table 1.

Top 3 - 5 cm surface sediments [24, 25] were collected in triplicates from three different points within a certain
area (approximately 1 meter radius) from each sampling site using plastic scoop and placed in separate labeled
polyethylene plastic bags. Each sediment sample was instantly placed in ice and transported to the laboratory until
further analysis. Fish were collected using trap net at almost the same locations were the sediments were collected
and placed in a plastic aquarium containing some sediment and water. Fish samples were transported to
Ecotoxicology laboratory, Department of Biological Sciences, Universiti Putra Malaysia, were stomach and intestines
were emptied and dissected immediately or put in labeled plastic bags and kept in deep freeze at —20°C until further

analysis.
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Figure 1. Map of west coast of Peninsular Malaysia showing the six sampling sites.
Table 1. Names, coordinates and description of sampling sites in the west coast of Peninsular Malaysia
Sampling site Coordinates Site description
Segantang Garam, Kedah (S.Garam) N 05°39.552' E 100° 23.983’ Jetty, aqua cultural area and paddy field
Kuala Juru, Penang (K. Juru) N 05° 19.683' E 100° 22.949’ Industrial area, urbanization and aquaculture
Jetty receiving domestic wastes and
Sungai Puluh, Klang (Sg. Puluh) N 03° 04.786' E 101° 23.903' ~etyreceving
industrial area
Bagan Lalang, Selangor (Bg. Lalang) N 02°36.669’ E101°41.100 Recreational and agricultural areas
Jetty receiving domestic wastes and shippin
Minyak Beku, Johor (M.Beku) N 01° 47.746' E102° 53.395' ty recenving 1w 'PRINg
activities
Sungai Tiga, Johor (Sg.Tiga) N 01°25.841' E 104° 00.281’ Jetty, agricultural and oil plantation
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Metal analysis

Sediment samples were dried in the laboratory using an air-circulating oven to a constant dry weight (d/w) at
80°C. The dried sediment samples were crushed to powder by using a porcelain mortar and pestle then sieved
vigorously to produce homogeneity [26], through a 63 um stainless steel aperture sieve.

Geochemical fractions of Cu, Zn, Pb, Cd and Ni in the sediments were determined by modified sequential
extraction technique (SET) as describe by Badri and Aston [27] and Tessier and Campbell [28]. The four-step
extraction procedure of sediment handling and analysis employed using SET was described as:

1) Easily, freely or leachable and exchangeable (EFLE) (Fraction 1); 2) acid reducible (Fraction 2); 3) oxidisable
organic (Fraction 3) and; 4) resistant fractions (Fraction 4). The mathematical summation of the first three types of
fractions constitutes the “non-resistant phase which is closely related to anthropogenic inputs” [27].

Fish samples were removed from the refrigerator and plastic bags, rinsed with double distilled water (DDW)
then thawed at room temperature. About 6-10 P. schlosseri from each sampling sites with the recorded body length
(mm) and weight (g) were dissected on clean plastic material using stainless steel kits and glass equipment. The
dissected parts were pooled into eight different parts namely; scales, muscle, bone, gills, operculum, intestine, liver
and cartilage. These tissues were chosen because they play a role in metals uptake, bioaccumulation, formation of
metal-complexes, storage and detoxification processes. All the eight parts were dried at 80°C according to Mucha et
al. [29] until a constant dry weight. Sample of each dried part was weighed separately (0.5 - 1.0 g) in triplicate and
placed in digestion tubes. To each digestion tube 10 ml concentrated nitric acid (AnalaR grade, BDH 69%) was added
and placed in a hot block digester unit at 40°C for 1 hour (h). The temperature was then increased to 140°C for at
least three hours [26]. The digested samples were diluted to 40ml with DDW. The samples were then filtered through
filter papers into pill box and the filtrate was stored until metal determination. The filtrates obtained from sediments
and biological samples were determined for Cu, Zn, Pb, Cd and Ni by using an air-acetylene flame atomic absorption
spectrophotometer (AAS) Perkin Elmer Analyst 800. Standard solutions were prepared from 1000 mg/L stock
solution of each metal (BDH-Spectrosol). Standard solutions were prepared from 1000 mg/L stock solution of each
metal (BDH-Spectrosol). The wavelengths for each metal were 324.8, 213.9, 283.3, 228.8 and 232.0 nm for Cu, Zn, Pb,
Cd and Ni respectively.

The data were presented in pg/g dry weight. Multiple-level calibration standards were analyzed to generate
calibration curves against which sample concentrations were calculated. During the period of AAS metal analysis, a
quality control sample was routinely included for every 5 - 10 samples. Procedural blanks and quality control samples
made from standard solutions for Cu, Zn, Pb, Cd and Ni were analyzed after every 5 - 10 samples to ensure the
sensitivity and recovery of the instrument used. The procedures of quality assurance (QA) and quality control (QC)
were employed to ensure the validity of the analytical data [30]. All plastics and glassware used were washed with
detergent, Deacon 90, rinsed with double-distilled water and soaked in 10% HNOS3 for at least 24 h, then rinsed with
double distilled water and allowed to dry at room temperature. The QA and QC were controlled by procedural
blanks, sample replicates and certified reference material (CRM). The quality of the method was checked with a CRM
for soil from International Atomic Energy Agency (IAEA), Soil-5, Vienna; Austria and Dodfish liver DOLT-3 from
National Research Council Canada (NRCC) were analyzed. These were checked to accuracy of the digestion method
with the certified values supplied by the IAEA and NRCC. To ensure the sensitivity of the Atomic Absorption
Spectrophotometer (AAS) and generate calibration curves against which sample concentrations were calculated. The
results of similar digested samples analyzed for Cu, Zn, Pb, Cd, and Ni by the flame AAS Perkin Elmer. An analyst 800
showed acceptable recoveries of the metals; about 94% - 107% for soil and 87% - 110% for dodfish liver.

Heavy Metal Assessment Index in Periophthalmodon schlosseri

Metal selectivity index (MSI) and Tissue selectivity index (TSI)

MSI is defined as the relative metal-accumulating capacity of a tissue for a particular metal while TSI is defined
as the relative tissue-occupying capacity of a metal in a particular tissue. MSI and TSI were calculated according to
Nair et al. [31] as follows:

MSI = (absolute concentration of a metal in a tissue x100)/Total concentration of all metals in that tissue

TSI = (absolute concentration of a metal in a tissue x100)/Total concentration of that metal in all tissues
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Biota sediment accumulation factor (BSAF)

Biota sediment accumulation factor (BSAF) is a parameter defining bioaccumulation of sediment-associated
organic compounds or metals in tissues of the organism [32]. In the present study, the metal bioaccumulation in the
tissues of giant mudskipper was evaluated by calculating the BSAF, which is defined as the ratio between the metal
concentration in tissues and that in the sediment. Heavy metals accumulation in tissues of P. schlosseri from the
sediments is expressed by the BSAF.

The BSAF is calculated using the following equation:

BSAF = CB/CS

Where; CB is the chemical concentration in the biota [mass of chemical per kg of biota/dry weight (d/w)], while
CS is the concentration in the related sediment (mass of chemical per kg of sediment/d/w).

In the present study, the summation of non-resistant geochemical fractions was used as the total metal
concentration (ug/g d/w) in sediment due to its bioavailable characteristics to the living organisms. BSAF is used to
calculate the ratio of metal found in the organism to that in the sediments based on the amount of metal it
accumulated. BSAF was used to classify the tissues of P. schlosseri as a macroconcentrator (BSAF > 2),
microconcentrator (1 < BSAF < 2) or deconcentrator (BSAF < 1).

Statistical analysis

All statistical analyses of data were carried out using SPSS statistical package programs version 17 and graphs
were plotted with Microsoft EXCEL 2007. Data were tested for the basic assumptions of normality and homogeneity
of variance in exploratory data analysis in SPSS 17. One way analysis of variance (ANOVA) was calculated, post host
comparison was made using Duncan’s multiple range test at 0.05 confidence level.

RESULTS

Heavy metals concentrations in surface sediments

The Biota sediment accumulation factor (BSAF) of heavy metals in the tissues of P. schlosseri, was calculated by
using the non-resistant geochemical fraction of heavy metals in the surface sediments from the six sampling sites in
the west coast of Peninsular Malaysia and was presented in Table 2.

Heavy metals in P, Schlosseri

The measured metal concentrations in the tissues of P. schlosseri were presented in Table 3, as mean =+ SE. The
highest Cu concentration was observed in liver as 18.61 ug/g dry weights at M.Beku while cartilage recorded the
highest concentrations of Zn, Pb, Cd and Ni as 218.28, 37.71, 4.42 and 121.84 ug/g dry weights at Bg. Lalang, Sg. Tiga,
K. Juru, and K. Juru respectively. The lowest concentrations of Cu, Zn, Pb and Cd were found in muscle at Sg. Tiga, K.
Juru, M. Beku and Sg. Tiga respectively, while liver recorded the lowest concentration of Ni at Bg. Lalang. Zinc
concentrations were the highest in all tissues of P. schlosseri from the six sampling sites, except Ni concentration in
cartilage at K.Juru.

Metal Selectivity Index (MSI) and Tissue Selectivity Index (TSI)

The MSI (%) and TSI (%) values were calculated for the five metals and presented in Tables 4 and 5 respectively.
Based on the MSI (%) values, the affinity for metals in the tissues of P. schlosseri can generally be ranked in the order
Zn > Pb > Ni > Cu > Cd, irrespective of the type of tissue for most of the sampling sites. Zn stands as the metal being
accumulated to the greatest extent in all the tissues, except Ni in muscle and cartilage at K.Juru. The highest TSI (%)
values for Cu and Pb were recorded in liver and gills respectively while highest TSI values for Zn, Cd and Ni were
recorded in cartilage.

Biota sediment accumulation factor (BSAF)

The Biota sediment accumulation factor (BSAF) for Zn, Cu, Pb, Cd, and Ni in the tissues of P. schlosseri based on
non - resistant sediments concentration are tabulated in Table 6. The BSAFs indicated bioaccumulation of heavy
metals in intestine, liver, operculum, cartilage, gills and bone. Liver and intestine recorded the highest BSAF for Cu
and Zn respectively, while the highest BSAF for Pb, Cd and Ni were recorded in cartilage.

2 deconcentrators; ® microconcentrators;  macroconcentrators
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Table 2. Mean concentrations (ug/g d/w, n=3) of non-resistant geochemical fraction of Cu, Zn Pb, Cd and Ni in
sediments of west coast of peninsular Malaysia.

. . Non-resistant Geochemical Fraction of Metals
Sampling site

Cu Zn Pb Cd Ni
S. Garam 4.89 25.51 9.04 0.39 6.10
K. Juru 9.57 296.32 0.00 0.00 0.65
Sg. Puluh 8.28 178.27 20.76 0.31 23.42
Bg. lalang 2.13 36.80 6.85 0.40 4.25
M. Beku 6.01 114.28 19.85 0.34 10.72
Sg. Tiga 3.60 60.25 14.08 0.36 6.42

Table 3. Mean metal concentration (ug/g d/w; £SE) in the tissues of P. schlosseri from west coast of Peninsular
Malaysia. Statistical significant (P < 0.05) between the sampling sites for a given examined metal was indicated by
different superscript alphabets.

Sampling site Tissue Concentration (pg/g dry weight; + SE)
Cu Zn Pb Cd Ni
Scale 7.309+0.29 102.58+0.98 22.86+1.00 1.55°+0.23 8.20%°+0.13
Muscle 5.23¢0.37 45244474 2.29°4+0.61 0.19°£0.15 1.09°+0.49
Bone 7.16+0.06 75.76°+0.79 19.01°£2.00 1.58°+0.24 5.06°+£0.15
S.Garam (n=10) Gills 8.24° +0.29 100.40°+1.95 14.67°+1.52 0.84°+0.23 3.98%+0.55
Operculum 7.49°+0.32 109.54%+2.05 19.98°+0.34 1.09%+0.19 6.15°+0.89
Intestine 16.989+0.32 152.63°+1.69 11.98+0.16 0.61°+0.18 5.82°+1.16
Liver 13.47°+0.26 60.27°+2.74 10.119£0.43 0.49°°+0.22 2.90°+0.41
Cartilage 9.96+0.19 72.60°+1.67 34.519+0.85 0.08+0.01 17.11°£1.45
Scale 3.50°¢0.23 68.30°4£5.75 1.572+0.07 1.17°+£0.07 14.90°¢4.33
Muscle 1.72°£0.16 12.79°£11.23 0.43°+0.04 0.11°£0.03 21.00°+0.92
Bone 3.61°+0.08 63.48°+5.68 3.90°+0.08 1.45°+0.23 29.64+2.67
K.Juru (n=6) Gills 4.52°+0.06 93.37%°+1.65 7.87°+0.30 0.68°+0.23 9.89°+0.29
Operculum 3.77°+£0.08 96.60°°+4.39 3.13+0.05 1.29°9+0.09 19.91°+3.15
Intestine 8.96+0.41 105.2643.39 5.83°+0.08 0.40°°+0.10 89.98°+13.59
Liver 9.30°+£0.92 4536°+1.19 5.42°40.96 1.33°+0.12 5.04°+0.70
Cartilage 8.50°+0.38 54,10°+1.88 9.32°+0.84 4.42°+0.82 121.8445.77
Scale 7.099+0.03 96.65°+1.75 19.14+0.38 0.49°+0.20 12.35>4+2.12
Muscle 5.459+0.28 44.08°+4.93 2.09%+1.17 0.207+0.11 8.74°+0.72
Bone 6.98+0.06 73.09%°+2.19 15.21°+1.64 0.55+0.26 12.70°+0.23
Sg.Puluh (n=10) Gills 7.83°£0.37 95.03+3.50 12.09°+0.64 0.28%+0.18 10.87°+0.84
Operculum 7.81°+0.21 101.36>+2.45 15.38°+2.93 0.91°+0.12 15.64°+1.04
Intestine 15.56°+0.79 80.75°+0.72 10.49°42.30 0.08%+0.06 12.13%+1.31
Liver 14.67°+1.18 34.317+2.11 7.90%+0.90 0.40?°+0.20 12.51°+0.85
Cartilage 8.26¢1.10 58.49°+0.90 23.71°4£0.49 0.31°£0.15 17.522+1.44
Scale 2.84°+0.17 101.22°46.44 3.86+0.32 1.53%+0.15 4.26°+0.76
Muscle 1.28°+0.11 62.7945.71 1.022+0.07 0.07°+0.02 0.04°+0.02
Bone 3.32°+0.22 82.97°+2.12 3.21°+0.02 1.76°+0.18 7.712+£0.22
Bg.Lalang (n=9) Gills 15.77°£11.68 117.909+1.28 12.73%+9.40 1.40°+0.22 3.75+0.05
Operculum 3.84°+0.14 133.76°+3.47 3.10°£0.08 1.42°940.08 5.03°+£0.44
Intestine 7.10°£0.58 123.53%+1.10 2.36°+0.48 0.59°+0.15 0.04°+0.01
Liver 17.83°+0.88 89.39%+0.77 2.43%°+0.26 0.60°+0.06 0.04°+0.01
Cartilage 8.54+1.50 218.28°+1.32 8.54°+0.85 3.48°+0.58 10.09%+1.01
Scale 3.78+0.07 84.08°+1.69 18.32°+0.96 1.16°£0.22 6.23%°+0.14
Muscle 1.21°+0.18 43.40*°+1.86 0.04°+0.00 1.21°+0.04 0.60°+0.29
Bone 3.38"+0.07 81.50°+4.05 19.53°¢1.19 1.70°+0.32 7.89°+0.88
M.Beku (n=10) Gills 4.25+0.09 106.01°+2.78 11.55%+0.57 1.40°+0.06 3.707+0.21
Operculum 4.17°+0.04 115.219+1.75 17.31°°+0.90 1.499+0.07 5.40°+0.13
Intestine 9.75°+0.00 120.46%+1.10 0.20°+0.01 0.04°+0.01 0.16*+0.06
Liver 18.61°%1.32 84.879+2.30 0.04°+0.01 0.23%+0.20 0.67°+0.06
Cartilage 5.09°+0.58 85.119+1.10 20.54°+0.91 1.037+0.01 6.92°+0.58
Scale 1.66°+0.11 68.90°+2.86 35.389+3.08 0.04°+0.01 6.03%+0.25
Muscle 0.04°+0.00 36.88°+0.44 20.65°+1.75 0.05+0.02 0.28%+0.06
Sg.Tiga (n=10) Bone 0.83%+0.75 63.40°£4.97 31.719+0.44 0.13+0.09 5.82°+0.99
Gills 0.85+0.77 89.41°+5.56 28.06°+2.08 0.04°+0.01 3.47°+£0.32
Operculum 0.172+£0.11 90.18°+4.89 33.52+1.00 0.04°+0.00 6.22°+0.49
Intestine 9.39*+0.00 66.28°+1.16 28.452+0.93 0.05+0.01 4.46°+0.38
Liver 10.38°+0.88 61.86°¢1.75 29.02°+2.18 0.04°10.01 6.64940.41
Cartilage 0.48+0.11 76.02+1.36 37.71°£0.47 0.04°10.01 12.42°+0.90
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Table 4. Metal selectivity index (MSI) in the tissues of P. schlosseri.

MSI (%)
Sampling site Tissue
Cu Zn Pb cd Ni
Scale 5.12 71.99 16.04 1.09 5.75
Muscle 9.68 83.72 4.24 0.35 2.02
Bone 6.59 69.78 17.51 1.46 4.66
Gills 6.43 78.36 11.45 0.66 3.11
S.Garam Operculum 519 75.94 13.85 0.76 426
Intestine 9.03 81.18 6.37 0.32 3.10
Liver 15.44 69.09 11.59 0.56 332
Cartilage 7.42 54.07 25.70 0.06 12.74
Scale 3.91 76.36 1.76 1.31 16.66
Muscle 4.77 35.48 1.19 0.31 58.25
Bone 3.54 62.19 3.82 1.42 29.04
K.Juru Gills 3.89 80.26 6.77 0.58 8.50
Operculum 3.02 77.47 2.51 1.03 15.97
Intestine 4.26 50.02 2.77 0.19 42.76
Liver 14.00 68.26 8.16 2.00 7.58
Cartilage 4.29 27.30 4.70 2.23 61.48
Scale 5.22 71.21 14.10 0.36 9.10
Muscle 9.00 72.79 345 0.33 14.43
Bone 6.43 67.35 14.01 0.51 11.70
Sg.Puluh Gills 6.21 75.36 9.59 0.22 8.62
Operculum 5.54 71.84 10.90 0.64 11.08
Intestine 13.07 67.85 8.81 0.07 10.19
Liver 21.02 49.16 11.32 0.57 17.93
Cartilage 7.63 54.01 21.89 0.29 16.18
Scale 2.50 89.02 3.39 1.35 3.75
Muscle 1.96 96.30 1.56 0.11 0.06
Bone 3.35 83.83 3.24 1.78 7.79
Bg.Lalang Gills 10.41 77.80 8.40 0.92 247
Operculum 2.61 90.90 2.11 0.97 342
Intestine 5.31 9245 1.77 0.44 0.03
Liver 16.17 81.05 2.20 0.54 0.04
Cartilage 343 87.69 3.43 1.40 4,05
Scale 333 74.03 16.13 1.02 5.49
Muscle 2.60 93.41 0.09 2.60 1.29
Bone 2.96 71.49 17.13 1.49 6.92
M.Beku Gills 3.35 83.53 9.10 1.10 2.92
Operculum 2.90 80.24 12.06 1.04 3.76
Intestine 7.46 92.23 0.15 0.03 0.12
Liver 17.82 81.28 0.04 0.22 0.64
Cartilage 4.29 71.71 17.31 0.87 5.83
Scale 1.48 61.51 31.59 0.04 5.38
Muscle 0.07 63.70 35.66 0.09 0.48
Bone 0.81 62.22 31.12 0.13 5.71
Sg.Tiga Gills 0.70 73.39 23.03 0.03 2.85
Operculum 0.13 69.30 25.76 0.03 4.78
Intestine 8.64 61.01 26.19 0.05 411
Liver 9.62 57.31 26.89 0.04 6.15
Cartilage 0.38 60.01 29.77 0.03 9.81
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Table 5. Tissue selectivity index (TSI) in the tissues of P. schlosseri.

L . TS1(%)
Sampling site Tissues
Cu Zn Pb Ccd Ni
Scale 9.63 14.27 16.88 24.11 16.30
Muscle 6.90 6.29 1.69 2.95 2.17
Bone 9.44 10.54 14.04 24.57 10.06
S.Garam Gills 10.87 13.96 10.83 13.06 7.91
Operculum 9.88 15.23 14.76 16.95 12.22
Intestine 22.39 21.23 8.85 9.49 11.57
Liver 17.76 8.38 7.47 7.62 5.76
Cartilage 13.13 10.10 25.49 1.24 34.01
Scale 7.98 12.67 4.19 10.78 4.77
Muscle 3.92 2.37 1.15 1.01 6.73
Bone 8.23 11.77 10.41 13.36 9.49
K.Juru Gills 10.30 17.31 21.00 6.27 3.17
Operculum 8.59 17.91 8.35 11.89 6.38
Intestine 20.42 19.52 15.56 3.69 28.82
Liver 21.19 8.41 14.46 12.26 1.61
Cartilage 19.37 10.03 24.87 40.74 39.03
Scale 9.63 16.56 18.05 15.22 12.05
Muscle 7.40 7.55 1.97 6.21 8.53
Bone 9.48 12.52 14.35 17.08 12.40
Sg.Puluh Gills 10.63 16.28 11.40 8.70 10.61
Operculum 10.60 17.36 14.51 28.26 15.26
Intestine 21.13 13.83 9.90 2.48 11.84
Liver 19.92 5.88 7.45 12.42 12.21
Cartilage 11.22 10.02 22.37 9.63 17.10
Scale 4.69 10.89 10.36 14.10 13.76
Muscle 2.12 6.75 2.74 0.65 0.13
Bone 5.49 8.92 8.62 16.22 24.90
Bg.Lalang Gills 26.06 12.68 34.17 12.90 12.11
Operculum 6.35 14.39 8.32 13.09 16.25
Intestine 11.73 13.29 6.34 5.44 0.13
Liver 29.46 9.61 6.52 5.53 0.13
Cartilage 14.11 23.48 22,93 32.07 32.59
Scale 7.52 11.67 20.93 14.04 19.73
Muscle 241 6.02 0.05 14.65 1.90
Bone 6.73 11.31 2231 20.58 24.99
M.Beku Gills 8.46 14.71 13.20 16.95 11.72
Operculum 8.30 15.99 19.78 18.04 17.10
Intestine 19.41 16.72 0.23 0.48 0.51
Liver 37.04 11.78 0.05 2.78 2.12
Cartilage 10.13 11.81 2347 12.47 21.92
Scale 6.97 12.46 14.47 9.30 13.30
Muscle 0.17 6.67 8.45 11.63 0.62
Bone 3.49 11.47 12.97 30.23 12.84
Sg.Tiga Gills 3.57 16.17 11.48 9.30 7.65
Operculum 0.71 16.31 13.71 9.30 13.72
Intestine 39.45 11.99 11.64 11.63 9.84
Liver 43.61 11.19 11.87 9.30 14.64
Cartilage 2.02 13.75 15.42 9.30 27.39
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Table 6. Metals Biota sediment accumulation factor (BSAF) in the tissues of P. schlosseri from west coast of Peninsular

Malaysia.
Sampling site Tissues Cu Zn Pb cd Ni
S. Garam 1.49° 4.02° 2.53¢ 3.97¢ 1.35°
K. Juru 0.37° 0.23° 0.15° 2.93¢ 22.89¢
Sg. Puluh i 0.86° 0.54 0.92° 1.49° 0.53°
Bg. lalang 1.33° 2.75¢ 0.56° 4.94° 1.00°
M. Beku 0.63? 0.74 0.92? 3.44¢ 0.58°
Sg. Tiga 0.46 1.14° 2.51¢ 0.112 0.94
S. Garam 1.07° 1.77° 0.25 0.48 0.18
K. Juru 0.18° 0.04° 0.04° 0.27° 32.27¢
Sg. Puluh Muscle 0.66° 0.25° 0.10° 0.60° 0372
u
Bg. lalang 0.60° 1.71° 0.15 0.21° 0.01?
M. Beku 0.20° 0.38 0.00° 3.59° 0.06
Sg. Tiga 0.01° 0.61° 1.47° 0.15° 0.04°
S.Garam 1.46° 2.97° 2.10° 4.,05¢ 0.83°
K. Juru 0.38° 0.21° 0.37° 3.62° 45,54
Sg. Puluh B 0.84 0412 0.73 1.65° 0.54
one
Bg. lalang 1.56° 2.25¢ 0.47° 5.71° 1.82°
M. Beku 0.56 0.712 0.98 5.05¢ 0.74
Sg. Tiga 0.23? 1.05° 2.25¢ 0.37° 0.912
S.Garam 1.68° 3.94¢ 1.62° 214 0.65°
K. Juru 0.47° 0.32? 0.75 1.70° 15.19¢
Sg. Puluh Gl 0.95 0.53? 0.58 0.85° 0.46
nis
Bg. lalang 7.39¢ 3.20° 1.86° 45 0.88°
M. Beku 0.71° 0.93° 0.58° 415¢ 035
Sg.Tiga 0.24° 1.48° 1.99° 0.11° 0.54°
S. Garam 1.53° 4.29¢ 2.21¢ 2.79° 1.01°
K. Juru 0.39° 0.33? 0.30° 3.23¢ 30.59°¢
Sg. Puluh . | 0.94 0.57° 0.74 2.74° 0.67°
ercuium
Bg. lalang ¥ 1.80° 3.64° 0.45° 4.59° 118
M. Beku 0.69 1.01° 0.87° 4.42° 0.50°
Sg. Tiga 0.05? 1.50° 2.38° 0.112 0.97a
S. Garam 347 5.98° 1.33° 1.56° 0.95
K. Juru 0.94 0.36° 0.55° 1.00° 138.23°
Sg. Puluh Intesti 1.88° 0.45° 0.51° 0.24 0.52°
ntestine
Bg. lalang 3.33¢ 3.36° 0.34° 1.91° 0.012
M. Beku 1.62° 1.05° 0.01° 0.11° 0.012
Sg. Tiga 261 1.10° 2.02¢ 0.14 0.69°
S.Garam 2.75¢ 2.36° 1.12° 1.26° 0.48°
K. Juru 0.97° 0.15° 0.52° 3.32¢ 7.74°
Sg. Puluh " 1.77° 0.19° 0.38° 1.21° 0.53?
iver
Bg. lalang 8.36° 2.43¢ 0.35° 1.94° 0.012
M. Beku 3.10° 0.74 0.00° 0.67 0.06
Sg. Tiga 2.89° 1.03° 2.06° 0.112 1.03°
S. Garam 2.03¢ 2.85 3.82¢ 0.20° 2.81°
K. Juru 0.89° 0.18° 0.89° 11.04¢ 187.17¢
Sg. Puluh Cartilage 1.00° 0.33? 1.14° 0.95? 0.75°
1
Bg. lalang 9 4.00° 5.93¢ 1.25° 11.25° 2.37°
M. Beku 0.85° 074 1.03° 3.07¢ 0.65°
Sg.Tiga 0.13? 1.26° 2.68° 0.11° 1.93°
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Table 7. Heavy metals concentrations (ug/g) in fish species from Malaysia and other regions of the world.

Location

Species

Cu

Zn

Pb

Cd

Reference

South-western Mediterranean (coast of
Sfax)

Diplodus annularis
Solea vulgaris
Liza aurata

ND-40.81

106-284.90

0.17-5.06

0.10-6.47

0.08-6.42

[76]

Iranian coastline of the Caspian Sea

Acipenser persicus
Acipenser stellatus
Huso huso

11.17-182.26

0.55-18.52

0.001-4.06

(81]

Red Sea, Egypt

Epinephelus sp.,

Caranx sp.,

Scarus gibbus,
Nemipterus japonicus,
Sardinella sp.,

Synodus sp.,
Carangoides bajad,
Lutjanus bohar,
Thunnus albacares,
Gerres oyena,
Sargocentron spiniferum,
Siganus rivulatus,
Lethrinus sp.

Trachurus mediterraneus

0.17-18.62

1.17-64.61

0.14-6.93

0.03-8.37

[41]

Coastal Waters of Kapar and Mersing,
Malaysia

Arius thalassinus
Johnius belangeri

0.66 -55.87

13.12-739.6

0.027-13.35

[114]

Kapar Coastal Waters, Malaysia

Pennahia anea
Arius maculatus

0.83-55.01

17.7-555.8

0.07-1.96

0.02-1.08

[80]

Pulicat Lake, North of Chennai, Southeast
Coast of India

Labeo rohita
Cirrhina mrigala

BDL-0.19

0.08-0.55

1.06-5.20

0.04-0.15

[73]

Coastal waters of Mersing, Malaysia

Megalaspis cordyla
Arius thalassinus
Johnius belangeri

1.51-26.0

17.54-365.1

0.12-2.03

0.02-6.14

[77]

Masan Bay, Korea

Mugil cephalus, Enedrias
nebulosus, Pleuronichthys
cornutus,

Conger myriaster,
Acanthogobius flavimanus,
Hexagrammos otakii,
Sebastiscus marmoratus

0.18-0.25

6.33-12.90

0.04-0.15

0.01

0.02

[75]

South West Malaysian Coast

Nemipterus japonicas,
Chirocentrus dorab,
Lutjanus sebae,
Otolithes ruber
Pampus argenteus

2.33-10.52

0.04-0.26

[87]
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Abudefduf saxatili, Chaetodon
austricus, Chaetodon
fasciatus,
Epinephelus fasciatus,
Fistularia petimba, Kyphosus
Gulf of Agaba, Jordan 7\5');9” sp, Mulloidichthys ND-42.6 1.90-271.70 ND-35.0 ND-10.4 ND-23.0 [115]
auriflama, Parupenus
cyclostomus,
Polysteganus
coeruleopunctatus,
Thalassorna sp.

Poompuhar coast, India Mugil cephalus 20.48 156.78 ND ND 0.004 [78]

Decapterus kurroides,
Decapterus macrosoma,
Megalaspis cordyla,
Parastromateus

Niger, Scomberoides lysan,
Selar crumenophthalmus,
Paraplagusia

Bilineata, Pomadasys
Kaakan, Nemipterus
Furcosus, Euthynnus affinis,
Rastrelliger kanagurta,
Acanthopagrus latus,

East and west coast of Peninsular Malaysia 0.86-29.0 17.1-953 0.01-0.88 0.001-33.8 NA [82]

Victoria Harbour, Hong Kong Siganus oramin 5.7-26.6 66.6-192.9 19.1-94.6 3.3-18.0 - [83]

Zhejiang Coastal Area, China Periophthalmus sericus 1.31 - 0.064 0.03 19.9 [88]

Sunderban mangrove, India Liza parsia 5.85-28.65 21.25-88.58 - - - [89]

Epinephelus coioides and
Lethrinus nebulosus
Odontesthes sp., Mugil
platanus, Micropogonias
furnieri, Urophycis brasiliensis,
Cynoscion guatucupa,
Menticirrhus americanus, and
Mustelus schmitti.

Cathorops fuerthii, Mugil
cephalus, Oistithonema
libertate, Seriola lalandi, ND-535.0 6.0-2341.0 0.50-9.20 0.02-165.0 - [84]
Carcharhinus leucas,

Cynoscion xanthulus,

Gulf and Gulf of Oman 0.235-276.0 1.82-240 < 0.001-0.55 <0.001-195.0 <0.01-0.111 [85]

Coastal waters of Uruguay, Uruguay < 0.63-493.0 12.0-214.0 - - - [86]

Coastal Lagoon, Eastern Gulf of California
Mexico
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Galeichthys peruvianus,

Lutjanus Colorado and
Sphyrna lewini,
El-Mex Bay, Egypt Siganus rivulatus and 1.12-44.23 4.03-283.04 1.03-11.97 0.11-2.56 - [93]
Sargus sargus
. Pleuronectes platessa,
French coast of the Bastern English Channel ;oo plarichehys  078-52.20 - ND-0.38 0.004-1.1 - [92]
and Southern Bight of the North Sea
flesus and Gadus morua
Liza ramada, Solea
Tagus Estuary, Portugal senegalensis and 0.94-4.40 18.5-138.2 1.10-8.90 18.5-138.2 - [74]
Pomatochistus minutus
Esmoriz-Paramos coastal Lagoon, Portugal Liza saliens < 2.6-262.1 25.7-88.6 BDL - - [90]
Camargue, French coast Anguilla anguilla 24.0-43.0 104.0-128.0 0.16-0.2 0.04-0.09 - [91]
West coast, Peninsular Malaysia P. schlosseri 0.04-18.61 12.79-152.63 0.04-37.71 0.04-4.42 0.04-121.84 Present study

ND: Not detectable, BDL: Below detection limit

Table 8. Comparison of heavy metal concentration (ug/g) in giant mudskipper P. schlosseri with other species of mudskippers from other geographical regions.

Sample area/country Fish species Cu Zn Pb cd Ni Reference
Mai Po Bay, Hong Kong Boleophthalmus pectinirostris 2.08 84.61 1.56 0.012 - [116]
Coast of Tanzania Periophthalmus argentilineatus 2.90-5.50 148.0-219.0 1.9-20.9 0.2-1.5 1.3-3.1 [117]
Dumai waters, Indonesia Periophthalmus sp - - 1.30-2.88 0.01-0.41 4,06-8.95 [118]
Zhejiang Coastal Area, China Periophthalmus sericus 1.31 - 0.064 0.03 19.9 [88]
Intertidal areas, .

. . P.schlosseri 0.8-6.6 16.0-57.8 2.8-14.9 0.4-1.8 = [119]
Peninsular Malaysia
Northern coast Periophthalmus waltoni 6194-26388 233250 0.35-12.5 [94]
of Hormuz Strait (Persian Gulf) P ) ) ’ ) ) )
West coast, Peninsular Malaysia P. schlosseri 0.04-18.61 12.79-152.63 0.04-37.71 0.04-442  0.04-121.84 Present study
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DISCUSSION

The mean concentrations of metals in mudskipper P. schlosseri and their standard errors were presented in
Table 3. Analysis of variance (ANOVA) followed by Duncan’s multiple comparisons analysis showed that significant
difference (P < 0.05) were observed in tissues metals concentrations in P. schlosseri except Cu in gills which shows no
significant difference (P > 0.05) between the sampling sites.

The tissues of P. schlosseri showed different pattern of metals accumulation, but high concentration of Zn and
low concentration of Cd were generally observed in the studied tissues.

The highest mean concentration of Cu was recorded in liver at M. Beku. The accumulation of essential heavy
metal in the liver is associated with its role in metabolism. Cu is an essential element that is carefully regulated by
physiological mechanisms in most organisms [1]. High levels of Cu in hepatic tissues are usually related to a natural
binding proteins such as metallothioneins (MT) [33, 34]. It is well known that large amount of metallothionein
induction occurs in the liver tissue of fishes. The high levels of Cu in the liver can be ascribed to the binding of Cu to
metallothioneins (MT), which serves as a detoxification mechanisms [35, 36] and important role it plays in Cu
homeostasis [37].

Non - significant difference (P > 0.05) was observed in liver Cu concentration between M. Beku and Bg. Lalang.
Liver Cu was higher at these two sampling sites compared to others sites that recorded higher bioavailable Cu, which
could be related to the fish size. It was observed that small fish shows higher Cu concentration in liver than big fish.
And it is well known that metabolic activity of a young marine animal is normally higher than that of an old
individual. Thus, metal accumulation was shown to be higher in younger individuals than the older ones [38, 39]. The
mechanisms of neutralization harmful compounds are not developed sufficiently in young organisms. Therefore,
larger amounts of toxins can accumulate in their bodies [40]. This result is in agreement with several studies
conducted on heavy metals concentrations in different fish species which showed high Cu concentration in liver
tissues [8, 41, 42].

The highest concentrations of Zn, Pb, Cd and Ni were found in cartilage. It has been shown that highly
mineralized materials like cartilage accumulate, at a varying intensity, both the essential (including Fe, Zn, Cu, Mn)
and non-essential (Pb, Cd, Hg) trace elements [43]. Zinc is one of the most important environmental toxicants [44];
yet also perform essential roles in a wide range of biological processes [45]. Zinc is the second most abundant trace
element in the body after iron [46]. It functions as a cofactor where many enzymes depends upon it as well as body
cells [47]. However, Zinc plays an important part in metabolic processes and the metal is also involved in ossification
and acts on cartilage growth especially in young organisms [48, 49].

Lead (Pb) is a persistent heavy metal which has been characterized as a priority hazardous substance [50]. The
highest mean concentration of Pb in the present study was observed in cartilage, calcareous tissue has great affinity
for Pb, and once bound, Pb is practically immobile. Osteoblasts and chondocytes seem to be important target cells
for the toxic effects of Pb [51].

The high concentration of Pb in cartilage is probably due to it higher affinity to osteocalcin than calcium.
Increases amount of mineral bound to osteocalcin [52, 53] has shown to interfere with Ca** signalling in cells by
competing for calcium binding sites [54]. Indeed, it has been shown that Pb?* can be carried into cells via Ca**
channels [55, 56]. While the low concentration in muscle and liver could be attributed to metal binding proteins such
as metallothioneins which is low in muscle [57] and do not binds Pb in the liver [58].

Cadmium is a non-essential highly toxic and ecotoxic metal [59] with limited biological function [60] and of
considerable environmental and occupational concern. It is a common pollutant in surface water and can cause
adverse effects on fish and other organisms inhabiting these bodies of water [61, 62]. Cadmium is well known to
disturb Ca homeostasis in both fish and mammals [63, 64]. Direct uptake of Cd by fish from the water is mainly in its
free ionic form (Cd**) [65] and the indirect exposure is possible as dietary means when consumer organisms
subsequently ingest metals bio accumulated in organisms at a lower trophic level with the potential for effects or
bioaccumulation [66]. In fishes, Cd can cause very adverse effects because its blocks sulfhydryl groups in the
enzymes and competes for binding sites that are essential for normal enzymes functioning [67]. It competes for
binding site with calcium because of their resemblance. Cadmium is believed to share a common transport pathway
with Ca** [64, 68] it seems possible that Cd** can mimic Ca®* at and in Ca** channels in order to gain entry into the
target cells. Experimental evidence indicates that Cd** may interact with membrane transporters involved in the
uptake of nutritive metals, such as Ca*, Fe, and Zn, as a means to gain entry into target cells of organs affected
adversely by this metal. This uptake has been proposed recently to occur through a mechanism of ionic mimicry [69],
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whereby Cd** mimics the divalent cationic species one or more of these nutritive metals at the binding site of one or
more carrier proteins and/or channels that transport these metals. Recently, some studies have shown that when
Cd** enters into the body it interferes with metabolic pathways of some elements including Zn, Cu, Ca, among others
and causes significant damage to their biological activities [70].

Nickel is well known contaminant with low rate of bioaccumulation in fish tissues. Nickel is classified as
borderline element between hard and soft acid acceptor in chemical reactions with donor atoms. It occurs principally
as Ni** and relatively non-toxic to fresh and marine water fishes but exposure to low level over extended periods may
results in a number of toxicological effects. Cartilage recorded the highest mean concentration of Ni. The highest
concentration of nickel in cartilage may be attributed to the competitive nature of Ni** with Ca** for the same
transport mechanism. The metal accumulation in different fish organs depends on their physiological role, behavior
and feeding habits, as well as regulatory ability, as reported by Clearwater et al. [71].

In general the accumulation of these metals by the cartilage was due to their calcium mimicking effects which
they displaced it from its binding sites. Concentrations of Cd and Ni were found higher in cartilage than sediment,
suggesting a higher rate of accumulation of these metals by cartilage, while the lowest concentrations of metals
were found in muscle which could be attributed metal binding proteins such as metallothionein which is low in
muscle. It's important to mention that accumulation of trace elements in muscle is relatively lower than other tissues
due to the fact that muscle does not come into direct contact with the metals as it is totally covered externally by the
skin and also it is not an active site for detoxification and therefore transport of trace metals from other tissues to
muscle [72]. Metal accumulation in fish are mainly focused on metabolically active tissues and muscle tissues while
the metal accumulation in cartilage and its potential use in monitoring programs have been neglected and does not
received proper attention. Therefore, at the time of this study no available data on heavy metals concentration in fish
cartilage to compare with the present findings.

The results of the present study were comparable to reported metals concentration in the tissues of different
fish species from other geographical regions of the world as shown in Table 7. The concentration of Cu in the tissues
of giant mudskipper P. schlosseri was above the reported concentrations from Pulicat Lake, North of Chennai,
Southeast Coast of India [73], Tagrus Estuary, Portugal [74] and Masan Bay, Korea [75], but below the concentrations
from Coast of Sfax [76] Coastal Waters of Kapar and Mersing, Malaysia [77], Poompuhar coast, India [78]) and Gulf of
Aqgaba, Jordan [79]. Compared to the concentrations of Zn reported from Kapar coastal waters, Malaysia [80], Coastal
waters of Mersing, Malaysia [77], Iranian Coastline of Caspian Sea [81], East and west coast of Peninsular Malaysia
[82], Victoria Harbour, Hong Kong [83], Coastal Lagoon, Mexico [84], Gulf of Oman [85] and Coastal waters of Uruguay
[86] the concentration of Zn in the tissues of P. schlosseri was low but above South west Malaysia coast [87], Red sea,
Egypt [41], Zhejiang coastal area, China [88], Sunderban mangrove, India [89]) and Esmoriz-Paramos coastal Lagoon,
Portugal [90]. The concentrations of Pb and Cd in the tissues of the present study were higher than Iranian Coastline
of Caspian Sea [81], Kapar coastal waters, Malaysia [80], Pulicat Lake, North of Chennai, Southeast Coast of India [73],
Camargue coast, France [91], Southern Bight of the North Sea, England [92] and El-Mex Bay, Egypt [93]. The
concentrations of Ni in this study were found higher than all the reported Ni concentrations in Table 7.

Comparison between heavy metal concentrations in giant mudskipper P. schlosseri with other species of
mudskippers from various geographical regions (Table 8.) revealed higher concentrations of Cu, Zn, Pb, Cd and Ni in
P. schlosseri than in other species of mudskippers with exception of Zn at Northern coast of Hormuz Strait, Persian
Gulf [94]. Concentration of Cu, Zn, Pb and Cd were found higher in the present study than in P. schlosseri from
intertidal areas at Morib and Remis in Peninsular Malaysia.

The calculated MSI (%) values in most of the studied tissues indicated Zn as the metal with highest value. Zinc is
an essential micronutrient in all marine organisms and a cofactor in nearly 300 enzymes; it is therefore not surprising
the concentration of this metal was found highest in all the examined tissues. Although fish bio accumulate Pb from
seawater in proportion to its concentration in solution, Pb is not very bio available or toxic to marine animals [95], the
metal (Pb) was ranked second based on MSI (%) in this study. It was observed that, fish have the ability to accumulate
heavy metal in their tissues and organs in different amounts. These differences result from different affinity of metals
to fish tissues, different uptake, deposition and excretion rates [96]. The differences in concentration of metals in
different parts of an organism could be attributed to the tendency of metals to bind to various molecular groups
found within the cells of organisms as well as the degree of exposure to metal as influenced by its metabolic
characteristics and position in the food chain [97]. Zinc, Pb and Cd indicated high MSI values in muscle, whereas Cu
and Ni showed high MSI value in liver and cartilage respectively. High accumulation of heavy metals in muscles may
be due to its strong binding with cysteine residues of metallothionein [98] and the feeding habit of the fish. High
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concentration of heavy metals in muscles were reported by different authors; Cd [99], Zn and Pb Abdallah [100],
many studies have attributed high metal accumulation in muscle to the feeding habit of the fish.

The tissue selectivity index (TSI) has not shown any unique ranking with regards to the studied tissues except
for liver which showed high copper selectivity at all the six sampling sites. The specific tissues in which certain metals
can be retained depend on the properties of the element, metabolic turnover and the state of the organism [101].
Furthermore, tissue specific accumulation has been proposed as a key biomarker to assess the effect of the chronic
exposure of metals in aquatic organisms [102].

Based on the BSAF values, most of the tissues of P. schlosseri accumulated higher Cd and Ni and could be
classified as macro concentrators of these metals. Liver record the highest BSAF value for Cu while intestine recorded
the highest BSAF for Zn. It is generally accepted that heavy metal uptake occurs mainly from water, food and
sediment. Digestive tissue is observed as one of the major routes for uptake of metal in diet or sediment by aquatic
organism [103]. It has been suggested that diet is a much more significant contributor for nutritionally essential
metals such as Cuand Zn [104].

Many researchers have stated that dietary Zn is the fundamental reason for increased Zn in marine fish [105].
Miller et al. [106] has reported that the higher Cu accumulation in liver of rainbow trout increased as the Cu
concentration increased in the diet.

Even though there was no clear evidence about Cu and Zn dietary but according to Bordajandi et al. [107], the
diet has remarkable role in the bio concentration process for some metals, mainly for Cu and Zn. Liver is an active
organ in fish and high amount of Cu accumulation can possibly be attributed to the involvement of liver in
detoxification and removal of toxic substances circulating in the blood stream [108]. Metabolic tissues such as liver,
intestine and kidneys that are involved in the process of digestion, accumulate trace metals more than any other
tissues [109-111]. The highest BSAF for Pb, Cd and Ni were recorded in cartilage. The variations in heavy metals
contents in fish tissues were attributed to affinity of tissues to the metals and variation in heavy metals content in the
environment. Other factors, such as sex and size may also influence metal bioaccumulation [112, 113]. Nickel has the
highest BSAF values and was therefore considered as the most bio accumulated of all the metals studied. While liver,
intestine and cartilage showed greater capacity for metal bioaccumulation than other tissues analyzed in this study.
It could be suggested based on BSAF values that, liver and intestine were good accumulators of Cu and Zn
respectively while cartilage for Pb, Cd and Ni. The non-essential metals especially Cd and Ni were higher than the
essential metals i.e. Cu and Zn in the tissues of P. schlosseri, because essential metals like Cu and Zn are carefully
regulated by physiological mechanisms in most organisms [101]. On the other hand, the non-essential metals
compete for calcium binding sites and they are not regulated by the organisms. Based on the BSAF values, most
tissues of P. schlosseri accumulated higher Cd and Ni and could be classified as macro concentrators of these metals.

CONCLUSION

The present study was carried out to provide information on the use of giant mudskipper P.schlosseri as a
biomonitoring agent of heavy metals in the coastal environment. Results obtained from the study indicated high
metal accumulation in liver, intestine and cartilage of giant mudskipper P.schlosseri. It was concluded that
P.schlosseri, can accumulate metals in higher concentrations than the quantity in its surrounding environment and it
might be considered as a bio monitor of heavy metals pollution in marine coastal environment. However, there is
need for further research on heavy metals content in giant mudskipper in order to make them excellent organisms in
Eco toxicological research.
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