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Abstract: A survey of the presence of metals in some commercial animals caught from selected coastal

waters of East Java, Indonesia has been conducted.  The results showed that all animals form Gresik and

Porong coastal waters contained Zn levels higher than the level of other metals.  The level of copper in

shrimp  was  higher  than that in other fishes. The concentration of Zn in whole body of animals

(ponyfish and anchovy) was higher than that in muscle tissues (drum, mullet and catfish). Arsenic levels

in aquatic animals from Gresik were higher that in animals from Porong. Cadmium and zinc

concentrations in all samples from Porong were higher than those of Gresik. It can be seen that most of

metal concentrations found in the tissues of aquatic animals from Gresik and Porong coastal waters proved

to be below the tolerance levels for human consumption, except cadmium.
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INTRODUCTION

Accumulation of heavy metals in marine

ecosystems is of global importance. Metals generally

enter the aquatic environment through atmospheric

deposition, erosion of geological matrix or due to

anthropogenic activities caused by industrial effluents,

domestic sewage and mining wastes . The metal[1]

contaminants in aquatic systems usually remain either

in soluble or suspension form and finally tend to settle

down to the bottom or are taken up by the organisms.

The progressive and irreversible accumulation of these

metals in various organs of marine creatures ultimately

leads to metal-related diseases in the long run because

of their toxicity, thereby endangering the aquatic biota

and other organisms . Fishes being one of the[2 ,3 ,4,5 ,6]

main aquatic organisms in the food chain, may often

accumulate large amounts of certain metals .[7 ]

Essentially, fishes assimilate these heavy metals

through ingestion of suspended particulates, food

materials and/or by constant ion-exchange process of

dissolved metals across lipophilic membranes like the

gills/adsorption of dissolved metals on tissue and

membrane surfaces .[1]

Industrialization and urbanization have proceeded

rapidly during past two decades in East Java Province

Indonesia including the development of large harbours

and industries, resulting in the deterioration of

neighboring marine environment. Two coastal waters in

East Java Province which have been under constant

urban pressure are Gresik and Porong coastal waters.

Gresik  coastal  waters  receive  wastewater 

discharges from numbers of wastewater treatment

facilities of industries located along Gresik coastal

zone. The potential industries which contribute to the

level of metal in this waters are, an asphalt plant, a

natural gas processing plant, a superphosphate plant, a

coal-fired electric power plant, metal smelters and

refineries, etc. Whereas, Porong coastal waters contain

wastewater discharges from wastewater treatment

facilities of industries located at upstream of Porong

and Brantas rivers, such as pulp and paper industries,

electroplating industries, iron and steel industries, etc.

Those  two  coastal  waters represent also the habitat

of  some  edible  organisms  caught by local

fishermen.  Many  people  still use these waters as

their fishing ground. This study was undertaken to

measure the heavy metal contamination in the tissues

of aquatic animals collected from two selected coastal

waters of East Java. The data are then compared with

the standard for maximum limits of metals in the tissue

of marine biota. 

MATERIALS AND METHODS

Five species of fishes, ponyfish (Leiognathus

equlus), anchovy (Coilia dusumieri), drum (Johnius

belengeri), mullet ( Mugil vaigiensis) and sea catfish

(Arius leptonotacanthus), and one species of shrimp

(Penaeus  merguensis),   were chosen as samples for 
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metal analyses. The species selected for metal analyses

was based on general abundance in the area, similarity

of their size and their potential to be consumed by

local people. The animals were caught by gillnets from

Gresik and Porong coastal waters in July and

September 2006 (Fig. 1). 

Depending  on  availability, a number of animals

of  each  species were processed for metal analysis.

The samples were homogenized prior to metal analysis.

Fish species which entire body is consumed such as

anchovy  and ponyfish, samples of the whole body

were homogenized, and prepared for metals detection.

For other fishes and shrimp, only edible part or flesh

were used for metal detection. Before filleted, external

water of each individual sample was absorbed using

tissue papers. The flesh then weighed to the nearest 0.1

g on an analytical balance, minced by knife and added

to a known amount of double de-ionized water, then

pureed using a multi-speed blender. The anchovy and

ponyfish were also undergoing the same process as

well as other species. Each sample then were put into

special flask separately, weighted, and then frozen at

–20°C for a period not less than 8 hours. The frozen

sample was then placed under vacuum on a freeze-

dryer unit (Labconco) until sample was completely

dried.  Dried sample was weighed and approximately

31 g of each was digested in 5 ml of  high purity HNO  

and 5 ml of high purity HCl using Microwave Digester

(Ethos D) for approximately 25 minutes.  Digests are

filtered through filter paper and made up to 50 ml with

double de-ionized water. 

Inductively-coupled plasma emission spectroscopy

(Thermo Jarrell Ash Type: IRIS Advantage) was used

for determination of arsenic (As), cadmium (Cd),

copper (Cu), zinc (Zn), lead (Pb), chromium (Cr) and

nickel (Ni). Analytical blanks were run in the same

way as the samples and concentrations were determined

using standard solutions prepared in the same acid

matrix. Accuracy and precision of the results were

checked  and compared with standard reference

material (dogfish muscle reference materials, DORM-2).

The standard reference material digests were found to

conform with the documented values for certified trace

metal concentrations. All metal concentrations were

quoted as mg.kg  dry weight.-1

RESULTS AND DISCUSSION

The concentration of metals in aquatic animals is

presented in Table 1 and Table 2. The data show that

all animals caught form Gresik and Porong coastal

waters, East Java Indonesia contained Zn levels higher

than the level of other metals (As, Cd, Cr, Ni, Cu and

Pb) in the same animals. The copper level recorded in

flesh of banana shrimp showed higher copper

concentration than that in other fishes. Our findings

also showed that the concentration of Zn in whole

body of fishes (ponyfish and anchovy) collected from

two coastal waters of East Java were relatively higher

than those recorded in muscle tissues (drum, mullet and

sea catfish). Arsenic accumulation levels in animals

from Gresik were higher that in animals from Porong.

Cadmium dan zinc concentrations in all samples of

animal from Porong were higher than those of Gresik. 

The levels of heavy metal in aquatic animals vary

in various species and different aquatic environments .[8 ]

The results of our study indicate that generally animals

from Porong displayed the higher Cd and Zn

concentrations in their tissues compared to those of

Gresik. In contrast, the animals from Gresik contained

As level higher than that from Porong. It seems that

Porong coastal waters receive more Cd and Zn

pollutants from the industrial and domestic sources, and

Gresik coastal waters contain more As pollutants from

the surrounding environment.   

The copper levels recorded in tissues of banana

shrimp were higher than that in other fishes; this is

presumably influenced by the copper contained in the

haemolymph of crustaceans, and not uptake of copper

contamination.  The concentrations of zinc in both of

fishes and crustaceans were also relatively higher,

compared to concentration of other metals in same

animals. It can be explained because these metals are

essential elements required by animals for metabolic

process. Romeo et al.  point out that the affiance of[9]

metal uptake from contaminated water and food may

differ in relation to ecological needs, metabolism, and

the contamination gradients of water, food and

sediment, as well as other factors such as salinity,

temperature and interacting agents. 

The concentration of some metals (Cd, Cu and Zn)

in whole body of fish (anchovy and ponyfish) was

greater than that in the flesh (drum, mullet and sea

catfish). This difference is presumably due to higher

concentration  of metals in the viscera of animal.

Target organs, such as liver, gonads, kidney and gills,

have a tendency to accumulate heavy metals in high

values . It is generally accepted that muscle is not an[10 ]

organ in which metals accumulate . Similar result[11]

were reported from a number fish species showing that

muscle is not an active tissue in accumulating heavy

metals . Kargin  stated that due to variations in[12,13] [14]

feeding habits, habitat and behaviour of species, the

level of metals found in tissues of the demersal species

were always higher than those found in pelagic species.

The results presented in this study showed that only Zn

was more concentrated in sea catfish (demersal species)

than that of  pelagic fish (drum and mullet). 
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Table 1: M etal concentrations measured in tissue samples (mg kg  dry weight) of animals collected from Gresik coastal waters-1

M etal Species
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
Banana shrimp Ponyfish Anchovy Drum M ullet Sea Catfish 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
Penaeus Leiognathus Coilia Johnius Mugil Arius
merguensis equulus dusumieri belengeri vaigiensis leptonotacanthus
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
Flesh Whole Body Whole Body Flesh Flesh Flesh
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
N  = 25 N = 28 N = 16 N = 6 N =7 N = 3
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
TW = 214.3 TW = 121 TW = 274.6 TW = 79.4 TW = 98 TW = 102.6 

Arsenic 0.48 ± 2.52 0.20 ± 0.10 0.31 ± 0.04 0.15 ± 0.05 0.33 ± 0.10 0.18 ± 0.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cadmium 0.02 ± 0.006 0.05 ± 0.002 0.02 ± 0.01 0.03 ± 0.02 0.01 ± 0.006 0.02 ± 0.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chromium 0.01± 0.006 0.02 ± 0.01 0.04 ± 0.01 0.10 ± 0.03 0.04 ± 0.01 0.07 ± 0.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Copper 55.66 ± 7.41 0.62 ± 0.02 1.29 ± 0.03 3.45 ±  0.76 1.05 ± 0.32 1.09 ± 0.80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nickel 0.14 ± 0.12 0.03 ± 0.02 0.06 ±  0.04 0.02 ± 0.01 0.09 ± 0.03 0.06 ± 0.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lead 0.12 ± 0.08 0.07 ± 0.001 0.10 ± 0.001 0.28 ± 0.04 0.07 ± 0.05 0.19 ± 0.13 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zinc 143.27 ± 48.93 94.89 ± 26.87 71.12 ± 26.10 39.07 ± 8.85 36.68 ± 10.70 47.40 ± 12.05 

Note :   N = number of individual; TW = total weight (g) 

Table 2: M etal concentrations measured in tissue samples (mg kg  dry weight) of animals collected from Porong coastal waters-1

M etal Species
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
Banana shrimp Ponyfish Anchovy Drum M ullet Sea Catfish 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
Penaeus Leiognathus Coilia Johnius Mugil Arius
merguensis equulus dusumieri belengeri vaigiensis leptonotacanthus
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
Flesh Whole Body Whole Body Flesh Flesh Flesh
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
N  = 6 N = 13 N = 7 N = 3 N =4 N = 4
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
TW = 58.9 TW = 165 TW = 126 TW = 67.8 TW = 86.5 TW = 52.4 

Arsenic <0.001 <0.001 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.001 0.02 ± 0.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cadmium 0.84 ± 0.25 0.69 ± 0.30 0.63 ± 0.19 0.36 ± 0.12 0.21 ± 0.10 0.54 ± 0.09
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chromium <0.001 0.01 ± 0.001 0.04 ± 0.02 0.01 ± 0.001 0.01 ± 0.001 0.02 ± 0.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Copper 79.60 ± 20.45 2.91 ± 0.09 0.82 ± 0.34 0.52 ± 0.12 0.06 ± 0.02 0.60 ± 0.15
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nickel 0.16 ± 0.12 0.01 ± 0.001 0.03 ± 0.01 0.01 ± 0.001 0.09 ± 0.02 0.06 ± 0.03
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lead 0.01 ± 0.001 0.01 ± 0.001 0.10 ± 0.02 0.01 ± 0.001 <0.001 <0.001 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zinc 167.89 ± 23.20 118.52 ± 35.30 83.66 ± 15.10 53.53 ± 19.35 40.48 ± 10.34 59.06 ± 14.15 

Note :   N = number of individual; TW = total weight (g); < = below detection limit

Table 3: M aximum residue limit and maximum permitted concentration of m etals in m arine biota muscle (mg kg dry weight) from various-1  

countries and organizations

No. Contaminant U.K. Australia Hong Kong European Regulation Indonesia * IRPTC [17,18] [19] [17,18] ) [21]

466/2001/ EC [20]

1 Cadmium - 0,80 8 0,4 - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 Lead - 6.0 24 1,6 8 -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 Chromium - - 4 - - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 Copper 80 - - - 80 -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 Zinc 200 - - - 400 -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 Arsenic - - - - 4 -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 Nickel - - - - - 2

Note:  Decree of General Director of Food and Drug Supervision No. 03725/B/SK/VII/89 concerning maximum limit of metals in food. *)
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Fig. 1:  Sampling location of aquatic animals. 

The potential toxicological impacts of contaminated

sea foods can be evaluated on the basis of

concentrations in whole body and flesh samples.

Concentrations of heavy metals can be 200 – 400%

greater  in  organs  and  other  tissues than in

muscle . Thus, one might expect higher[1 5 , 1 6 ]

concentrations to be recorded in homogenized whole

body samples. In this study, the concentration of Cd,

Cu and Zn in whole body of fish (anchovies and

ponyfish) were relatively higher than those recorded in

muscle  of  mullet,  drum and sea catfish.

Accumulating of heavy metals in fish viscera may be

considered as an important warning signal for fish

health and human consumption.  

Various countries and organizations have released

standards for maximum limits of metals in the muscle

tissue of marine biota (Table 3). Comparing the present

data with guidelines and limits, it can be seen that

most of metal concentrations found in the tissues of

aquatic animals from Gresik and Porong coastal waters

proved to be below the tolerance levels for human

consumption, except cadmium. The values of Cd in the

shrimp, ponyfish, anchovy and catfish from Porong

were greater than the recommended levels of European

Regulation and Australia. The present study shows that

precautions need to be taken in order to prevent future

heavy metals pollution. Otherwise, these pollutions can

be dangerous for fish and human health.
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