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ABSTRACT 
 

        This study was conducted to determine and compare the levels of five heavy 
metals (Zn, Cu, Cd, Cr and Pb) accumulation and distribution in greasyback shrimp. 
Greasyback shrimp were collected from nine markets of three coastal areas in the 
upper Gulf of Thailand during rainy and cold seasons.  
        The samples were digested with concentrated nitric acid in a microwave digestion 
system and determination for five heavy metals was carried out by using a  Flame 
Atomic Absorption Spectrometer (FAAS) and Graphite Furnace Atomic Absorption 
Spectrometer (GFAAS). As for relevant statistical analysis, they were performed with 
the computer program SPSS for Windows 11.5, which has a reliability level of 95% 
(P<0.05). 
        The results obtained revealed that the levels of heavy metals (Zn, Cr, Cd and Pb) 
in greasyback shrimp of three coastal areas were not significantly different, except Cu 
level of greasyback shrimp from the inner gulf. The levels of heavy metals in rainy 
and cold seasons were not significantly different, except the Pb level of greasyback 
shrimp from the inner gulf. There were no significant differences in heavy metal levels 
between male and female greasyback shrimp, except the Cd level. The levels of heavy 
metals in cephalothorax and abdomen of greasyback shrimp were significantly 
different, except the Pb and Cr levels. 
        The levels of five heavy metals in greasyback shrimp were not over the 
maximum limit of the Ministry of Public Health and Codex. Thus, the levels of heavy 
metals in greasyback shrimp from the upper Gulf of Thailand do not pose a health 
hazard for consumers. 
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CHAPTER I 

INTRODUCTION 
 

 

1.1 Problems and Importance 

        Heavy metals are by-product of many industrial processes, contributing varying 

amount of different metals and are discharged as waste in to the marine environment. 

They enter the environment through atmospheric and land-based effluent sources the 

metals considered toxic and which are of concern have been restricted largely, but not 

exclusively. In nature heavy metals are nonparticularly toxic as the condensed free 

elements but they are dangerous to living organism in the form of cation with capacity 

to bind with short carbon chain. In this form they accumulate in marine organism and 

concentrate year after year (Kaewudom, 1989; Isam and Tanaka, 2004). The levels of 

heavy metals have increased in seawater which treated the health of aquatic and 

terrestrial organism, man included. Especially dangerous situations may arise due to 

heavy metal compound which are efficiently form one tropic level to another along the 

food chains. Owing to the development of economics and industries, water quality was 

effect from pollutants around the gulf of Thailand. The characteristic feature of the 

gulf of Thailand is closed with the four mature estuaries; Chao Praya and BangPakong 

estuaries on the east, Ta Chin and Mae Klong estuaries on the west. These estuaries 

are sedimentary areas where the heavy metals are accumulated. Heavy metal 

contaminations in sediment are reported in high concentration (Pollution control 

department, 2004; Sophon and Rungnapa, 1999). 

        The shrimp has been one of the fast growing and very popular food because it has 

good taste and high nutritional value. It became one of a top price among all sea food 

in the world market. Frozen seafood, especially frozen shrimp products has been 

Thailand’s major export item. During the year 1999-2000, the quantity of export has 

been increased from 138,105.0 tons with value 48,348.2 million baht to 142,320.3 tons 

with value 59,840.3 baht equal 10.49 % of total fisheries export (Department of 

Fisheries, 2003). 
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        Sophon and Rungnapa found rather high concentration of lead, cadmium, 

mercury, copper, zinc, chromium and aluminum near estuaries around the Gulf of 

Thailand and predicted environmental deterioration affected by high concentration of 

copper, lead and zinc. Since heavy metal is toxic and nonbiodegradable transferred 

along the food chain to consumers and metal pollution is increasing in the Gulf of 

Thailand (Sophon and Rungnapa, 1999). Therefore, it is interesting and important to 

study heavy metal distribution and accumulation in greasyback shrimp (Metapenaeus 

ensis), a commercial shrimp species, catched from the coastal zone of the western and 

eastern Gulf of Thailand. Also the data gained from the study will be useful as 

response to the need to assess potentially hazardous levels from the human nutritional 

standpoint, and to respond to food safety policy. 
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1.2 Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1: Conceptual framework of this study 
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1.3 Scope of the study 

        - The greasyback shrimp samples were taken from eastern, inner and western 

fresh markets of the upper gulf of Thailand. The fresh markets in the eastern coastal 

area are Muang Chon in Chonburi province, Wat Lum in Rayong province, Wat Suan 

Mamuang in Chanthaburi province and Muang Trat in Trat province. The fresh 

markets in the inner coastal area are Mae klong in Samut Songkhram province, 

Mahachai in Samut Sakhon province and Paknam in Samut Prakan province. The 

fresh markets in the west coastal area are Chatchai in Prachuap Khiri Khan province 

and Muang Phet in Petchaburi province. 

        - The sampling duration was carried out in June to November, 2004. 

        - A commercial size and two parts (cephalothorax and abdomen) of male and 

female greasyback shrimp samples were determined for five heavy metals 

concentrations. 

 

1.4 Operational definition 

        Commercial size: The common size of shrimp that sell in the market  

                                     (length ~ 10-14 cm.). 

        Markets: Place to sell, an area outside where the people buy and sell goods,  

                       Food, etc. 

                       Place to sell seafood during 4.30 am. to 9.00 am. and it is not fish pier. 

        Cephalothorax: The length of greasyback shrimp, it’s from rostrum to the end of 

carapace (demonstrated in Fig 1-2, position 1) 

        Abdomen: The length of greasyback shrimp, it’s from first abdominal segment to 

telson (demonstrated in Fig 1-2, position 2) 

 

 

   
Figure 1-2: Greasyback shrimp, Metapenaeus ensis (de Haan, 1844) 

1 2
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CHAPTER II 

OBJECTIVES 
 

 

2.1 To compare the accumulation and distribution of heavy metals (Zn, Cu, Cd, Cr 

and Pb) in greasyback shrimp, Metapenaeus  ensis (de Hann, 1844) from nine 

provinces (three coastal areas) of the upper gulf of Thailand. 

2.2 To compare the accumulation and distribution of heavy metals in greasyback 

shrimp from different seasons. 

2.3 To compare the heavy metals accumulation in different gender of greasyback 

shrimp. 

2.4 To compare the heavy metals accumulation in each body part (cephalothorax 

and abdomen) of greasyback shrimp. 
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CHAPTER III 

LITERATURE REVIEW 
 

 

3.1 Heavy metal 

        The heavy metal is in common use, refers to metals with a density greater than a 

certain value of usually 5 or 6 g.cm-3. it is not alkali and alkaline earth and  atomic 

number is between 23 – 92 in row of 4 to 7 th  of elements periodic (Panichasakpattana, 

1997). 

        Trace metals are defined here as those metals that occur in trace amounts within 

the environment or within organisms(typically < 0.01 % the organism(Wittman,1979) 

The exclude class  A macronutrients Na+, K+, Ca 2+, and Mg2+, but include class B ion, 

readily binding with  sulphur, Cu 2+, Ag+, Hg 2+ and  Pb (IV) and ions with an 

intermediate sulphur binding ability, Mn2+, Zn2+, Cr 2+, Fe3+, Co 2+, Cd 2+, Cu2+,  

Sn 2+, Sm (IV), Pb 2+and As(III) (Nleboer and Richardson, 1980; Rainbow, 1997). 

        Some tracemetals are essential in low concentrations for the metabolism of 

animals, but in exess all trace metals are toxic. In the environment, metals occur in a 

variety of form or species affecting their toxicity.  

(Mclusfky et al., 1986; Rainbow, 1997) 

        Form of heavy metal in the environmental are as follows 

- Dissoved metals: those constituents (metals) of an unacidified sample that 

pass through a 0.45 µm member filter. 

- Suspened metals: Those constituents (metal) of an unacidified sample that 

are retained by a 0.45 µm member filter. 

- Total metals: The concentration of metals determined on an unfiltered 

sample after vigorous digestion, or the sum of the concentration of metal 

- In both dissolved and suspended fractions 

- Acid – extractable metals: The concentration of metals in solution after 

treatment of unfiltered sample with hot dilute mineral acid
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        Furthermore, the toxicity of metal mixture often cannot be prediced based on the 

toxicity of individual metals (Chapman et al., 2003).  For aquatic organism lists the 

following metals in order of decreasing toxicity Hg, Cd, Cu, Zn, Ni, Pb, Al and Co  

stressing that sequence is  tentative and subject to change depending on the physico – 

chemical condition in the environment (Abel, 1989). 

        Metal elements are an intrinsic component of the environment. Their presence is 

considered unique in the sense that is difficult to remove them completely from the 

environment once they enter in it. Erosion of surface deposit of minerals, forest fire 

and volcanic activity are some of natural causes of environmental pollution with toxic 

metals. The process involved in the extraction of metals from the ores and their 

extensive are resulting from improved technology are also responsible for their 

dispersion in the biosphere. The increasing use a wide variety of metal in industry and 

in our daily life, problem arising from toxic metal pollution of the environment have 

assumed serious dimension. Metal containing industrial effluents constitutes a major 

source of metallic pollution of the hydrosphere. Yet another meaning of dispersal is 

the movement of drainage water from catchments area which have been contaminated 

by waste from mining and melting activities. Metal containing industrial effluents 

when discharged into coastal water are of course eventually dispersal and diluted in 

the ocean. There is no satisfactory way available at present, of assessing the 

environmental hazards of metallic element commonly discharged into the water ways 

or directly into the sea for the lack of reliable figure on the amount of each metal 

discharged on a global basis. In polluted coastal water, undoubtedly, there is a 

possibility of concentration of toxic element within the food chain. This may seriously 

affect birds and mammals dependent on sea for their food. The heavy metal pollutants 

in industrial effluents discharged into other water way. They may accumulated in 

sediments. 

        Wastes are produced from eight broad sectors, according to type producers or 

industry (Dix, 1981). 

- Domestic sector 

- Commercial and retail trade sector 

- Industrial Manufacturing sector 

- Construction Industry sector  
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- Extractive Industry sector 

- Agricultural sector 

- Food processing industry sector 

- Nuclear Industry and power sector 

        Discharge of waste water from industry and from municipal sewers can lead to 

high concentration of heavy metal in the water and sediments of estuarine and other 

coastal water (Gesamp, 1990). The main process is produced individual heavy metal. 

Cadmium is used by processing pigment production, batteries, cement, agrochemical, 

alloy, solder, photoelectric cells, electrodes, electroplating, photographic processes, 

deoxidizers. Copper is used by processing metal plating, agriculture, alloys, wire 

pigment production, etc. Lead is used by processing batteries, pigment, building, 

solder, radiation shields, etc. Zinc is used by processing alloy, electroplating 

gavanising, paint, glass, rubber etc. (NRA, 1995). 

 

        3.1.1 Cadmium 

                3.1.1.1 Properties of Cadmium 

                The chemical symbol of cadmium is Cd with atomic number of 48 and 

atomic weight of 112.40. The melting point is at 320.9 0 C and boiling point is at 765  

0 C, respectively (Clark GL, 1966). The stable oxidation state of cadmium is +2 with 

natural occurring isotopes as 106 (1.22 %), 108 (0.88 %), 110(12.39 %), 111 (12.75 

%), 112 (24.07 %), 113 (12.26 %), 114 (28.86 %) and 116 (7.50 %). Cadmium is 

white – bluish, malleable, lustrous, and ductile. It dissolved in hot HCl, H2SO4 and 

more readily in HNO3. Some of the cadmium salt such as halogenated salt sulphate 

and nitrate are soluble in water, while sulfide, hydroxide, and carbonate cadmium are 

insoluble .Cadmium can be oxidize in moist air at room temperature. Alt high 

temperature, the oxidation is more rapid and producing a brownish cadmium oxide 

fume (CdO) (Seiler and Sigel, 1988). 
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                3.1.1.2 Use of Cadmium 

                Cadmium purification first took place in 1871 from zinc carbonate. Because 

of zinc production, cadmium is a by product (Wilson, 1988). Cadmium is primary 

used in electroplating. A thin layer of cadmium is deposited by electrolysis on metal 

object made of steel, iron, and brass to prevent corrosion It provides good electric 

conductivity, high ductile and good corrosion resistance to tropical atmosphere, salt 

water and alkali Substances. Also, cadmium is used as the anode in nickel – cadmium 

batteries. The advantage of these batteries The advantage of  these batteries are 

rechargeable, have a long lifetime and low self discharge rate, operate over a wide 

temperature range, and deliver a maximum currents with a low voltage drop. The 

disadvantage of these batteries their low energy density and high cost. Cadmium is 

used in some control rods and shields within nuclear reactor. Cadmium is  used  in 

black  and  white  television  phosphors  and  blue  and  green phosphors for color TV 

tubes. Some semiconductor contain cadmium. The sulphide (CdS) is used as a yellow 

pigment. Some compound  are used  as stabilizers for PVC. In addition, cadmium is 

used  in pigment in coloring glass, elastics, textiles, papers and rubber, printing ink, 

ceramic glaze and firework (Cosano and Amaro, 2003). 

3.1.1.3 Chemical Toxic effects of cadmium  

                Cadmium is a highly toxic non – essential metal and has no advantage to 

human. Once absorbed by the body, cadmium tends to be concentrated in the liver and 

kidney on a low molecular weight protein called thionein. This protein contains 

numbers of sulferhydryl group, which attact cadmium as well as other heavy metal. 

The metal – protein complex is referred to as metallothionein. Binding heavy metal in 

metallothionein may present an intracellular defense mechanism in human body. Apart 

from this, cadmium can also accumulate inside other organ such as, spleen, pancreas  

and  testicle . Further more cadmium also exists in small trace inside the bones, muscle 

and nervous system (IPCS, 2001).  

                The most serious effect of cadmium poisoning is usually involved damage to 

the kidney, liver, lung and bone. The toxic action of cadmium seem to involve the 

replacements of zinc in certain enzymes by cadmium, which prevent proper 

functioning of the enzymes. Liver and kidney that contain too much cadmium will not 

function properly because their structures have been damaged and as a consequence of 
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this, protein urea will be produce. Apart from this, cadmium also affects many systems 

within the body, such as digestive tract, reproductive system, and nervous system. The 

placenta is also damaged by cadmium and this will later induce abnormalities within 

the infant. Furthermore, bone and spinal cord are also impaired by cadmium. The most 

serious cases of environmental pollution by cadmium occurred in Japan. This disease 

was known as Itai-Itai, characterized by severe back and joint pains, kidney lesion, 

protein and sugar in the urine and decalcification of the bone, leading sometimes to 

multiple functions (IPCS, 2001). 

 

        3.1.2 Chromium 

                3.1.2.1 Properties of chromium 

                The chemical symbol of chromium is Cr with atomic number of 24 and 

atomic weight of 51.99. Its melting point is 1,900 0 C and boiling point is 2,642 0 C 

Chromium is bluish with color and brittle. The oxidation states of chromium varies 

from –2 to +6 ,while the trivalent Cr (III) and hexavalent Cr (VI)  are the most stable 

form in natural system. Chromium (III) generally is soluble in water only at low pH, 

while chromium (VI) is soluble in water and always existing in solution as a 

component of a complex anion. In freshwater, chromium (III) present as the CrOH 2+, 

Cr(OH)2
+ and Cr(OH)4 – form, while chromium (VI) present as chromate ion form at 

pH more than 6.5 (Seiler and Sigel, 1988). 

3.1.2.2 Use of Chromium 

                Chromium is principally used in metallurgical processing of ferrochromium 

and other metallurgical products, chiefly stainless steel, and in the refractory 

processing of chrome brick and chemical processing to make chromic acid and 

chromate. Chromate is used for the oxidation of various organic materials in 

purification of chemicals, in inorganic oxidation, pigment, photography, and rust and 

corrosion inhibitors. Dichromate is used as oxidizing agent, as rust inhibitors on steel 

and as wood preservatives. In addition, chromium compound such as chromic aid is 

used in the electroplating industry as both an additive and as a highly powerful 

oxidizing agent. It soluble form are used in wood preservatives and applicable to 

produce fungicide and insecticide (Katz and Salem, 1994). 
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3.1.2.3 Chemical toxic effect of Chromium 

                Chromium is considered to be essential trace element for human. It helps the 

body to regulate metabolism, especially regulate insulin to maintain stable blood sugar 

levels, and also regulating cholesterol in blood. Chromium is principally stored in the 

kidney, spleen, and testes, with trace amount were found in the heart, lung, pancreas 

and brain. Chromium deficiency is a major factor in the development of heart disease. 

Also, it can lead to anxiety, fatigue, glucose intolerance (particularly in people with 

diabetes), inadequate metabolism of amino acid, and increased risk of arteriosclerosis. 

However, the intake of high concentration of chromium over a long period can cause 

liver and kidney damage (Seiler and Sigel, 1988). 

 

        3.1.3 Copper 

               3.1.3.1 Properties of Copper 

                The chemical symbol of copper is Cu with atomic number of 29 and atomic 

weight of 63.54. The melting point is 1,083 0C and boiling point is 2,567 0 C.   Copper 

is reddish colored a bright metallic luster, malleable, ductile  and holds good 

conductivity of heat and electricity. It is soluble in nitric acid and dissolved slowly in 

ammonia water. It is insoluble in hot or cold water. Other form of copper such as 

copper oxide (CuO) is insoluble in water, but is soluble in ammonium chloride 

(NH4Cl) and potassium cyanide (KCN). Hydrated copper acetate and copper chloride 

are soluble in water and alcohol (Seiler and Sigel, 1988). 

3.1.3.2 Use of Copper 

                Pure copper extensively used for electrical current, electrical contact, cables 

and wire, and electroplating and alloys, panels for absorbing solar energy, and 

automobile radiation. It is widely used in many form, for example, copper sulfate 

(CuSO4.5 H2O) has the greatest amount of uses in agriculture, animal husbandry, steel 

making, treatment of natural asphalt and petroleum industry. Copper oxide (CuO) has 

many used in catalyst, batteries, desulfurizing oils, paint, insecticide and ceramic 

colorant. Copper acetate [Cu(C2H3O2)2 .H2O]  is used in pigment, insecticides, 

fungicide, mordant and mildew preventive. Copper carbonate [CuCO3. Cu(OH)2] is 

used in pigment pyrotechnics, insecticide, fungicide, and brass coloring. Copper 

chloride (CuCl2) is used as a disinfectant, in metallurgy, preservation of wood pulp, 
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deodorizing and desulfurizing petroleum distillates, photography and water 

purification (Seiler and Sigel, 1988). 

3.1.3.3 Chemical Toxic Effect of Copper 

                Copper is required in the formation of hemoglobin, red blood cell and 

elastin, as well as collagen. It has important role in oxidative enzyme system including 

ascorbate oxidase, cytochrome C oxidase, polyphenol oxidase and amine oxidase. 

Copper deficiencies in body may led to increased fat levels, anemia, osteoporosis, 

thinning of bones, thyroid gland dysfunction, defection in collagen and elastin 

synthesis, and heart disease (Sheinberg and Sternlieb, 1996). 

                Acute poisoning result from ingestion of excessive amounts of copper salt 

can lead to nausea, vomiting, stomachache and diarrhea and may produce death. 

Otherwise, copper fume, dust and mist from industrial exposure affect to upper 

respiratory tract as metal fume fever and atrophic change in the nasal mucus 

membrane (Harris, 1997). 

 

        3.1.4 Lead 

                3.1.4.1 Properties of Lead 

                Lead (atomic number 82; atomic weight 207.19 ; specific gravity 11.34) is a 

soft, malleable, grey-white metal with a low melting point (327.5°C). It is the most 

abundant of the natural heavy elements with an atomic greater than 60. It occurs in 

nature as four stable isotopes in varying relative amounts: 204Pb, 1.2-1.6%; 206Pb, 20-

28%; 207Pb, 20-23%; and 208Pb, 50-54%; and fourshort-lived radioactive isotopes: 
210Pb, 211Pb, 212Pb, and 214Pb, which are decay products of uranium and thorium. 

        Metallic lead is readily smelted from its major natural source, the mineral galena, 

in which it occurs as sulfide PbS. It is also found in cerussite (the carbonate), anglesite 

(the sulfate), as well as in a number of other metal bearing minerals. The inorganic 

salts of lead, lead sulfide, and oxides of lead are generally poorly soluble. Lead 

perchlorate (450 g/100 ml H2O) and lead acetate (44 g/100 ml H2O) are the most 

soluble common forms of lead; the nitrate, chlorate, and to a lesser degree the chloride 

are less soluble in descending order. Toxicity of inorganic lead salts is attributable to 

lead per se and the chemical form of the salt is of significance only in that it influences 

solubility and bioavailability (Seiler and Sigel, 1988). 
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3.1.4.2 Uses of Lead 

                The primary use of lead was in the production of lead acid storage batteries. 

Lead monoxide (PbO) is used to make lead crystal and flint glass, in the Vulcanizing 

of rubber in lead acid storage batteries. Trileadtetraoxide (Pb.O4) is used to make a 

reddish brown paint that prevents rust on outdoor steel structure. Lead chromate 

(PbCrO4) is used to produce chrome yellow paint. The alloy of lead with tin and 

antimony is a material used in printing presses and plates. Lead is also used as 

covering on some wire and cable to protect them from corrosion, as material to absorb 

vibrations and sounds and in the manufacture of ammunition.  

3.1.4.3 Chemical Toxic Effect of Lead 

                Lead is also responsible for destroying the nervous system because it slow 

down the sensory neurons thus paralyzing hand, feet and other muscles. These effects 

are induced because lead is transformed into a phosphate compound that is insoluble 

in water therefore it obstructs the transfer of calcium around the cell membrane. Apart 

from this, organic compounds lead can dissolve easily into organs that contain a high 

amount of fats, such as the brain, thus the cells of the nervous system are destroyed. 

Furthermore lead also harms the filtering unit of the kidneys. These cause the lymph 

gland to function improperly. The damage is associated with elevated levels of amino 

acid, sugar and phosphate in the urine (Goyer, 1990). 

 

        3.1.5 Zinc 

                3.1.5.1 Properties of zinc 

                The chemical symbol of zinc is Zn with atomic number of 30 and atomic 

mass of 65.37. The melting is 419.50 C and boiling point is 906 0 C. Pure zinc is 

bluish-white, shiny metal and strong ductile. It is brittle at ordinary temperature but 

malleable at 100 to 150 0 C. naturally occurring zinc consist of five isotopes. Zinc is 

the most stable with a half-life of 243.8 days. It is found as a mineral in the earth’s 

crust usually associated with other metal such as copper and lead (Cousins, 1996). 

3.1.5.2 Uses of Zinc 

                Zinc is widely used in production of alloy and in galvanization to protect 

steel structure. It is also used in water valves, instrument and communication 

equipment. Brass is one the most important zinc alloy, which consists of a mixture of 
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zinc and copper. The most important zinc compound is zinc oxide (ZnO) used in 

ceramic, rubber, and ink production. Zinc sulfate (ZnSO4) is used in textile industry 

and the treatment of zinc deficiency in soil. Zinc chloride is used to preserve wood and 

as deodorant in several fluid (Seiler HG and Sigel H, 1988). 

3.1.5.3 Chemical Toxic Effect of Zinc 

                Zinc is an essential element for human, animal and certain type of plant. It 

can be found that the cell of living organism contain zinc as one of the main 

component of various enzyme, such as carbonic a hydrase, carboxyl peptidase, 

superoxide dismutase, lactase dehydrogenase, phosphatase, and glutamate 

dehydrogenase. A part of this, zinc is also necessary for a health immune system, cell 

division, and synthesis of protein and collagen which is great for wound healing and 

health skin too much, however, can cause stomach cramps, nausea and vomiting. For 

long periods, it can cause anemia, pancreas damage and lower level of high density 

lipo-protein cholesterol. In addition, the breathing large amounts of zinc can cause a 

specific short-term disease called metal fume fever. This is believed to be immune 

responds affecting the lungs and body temperature (Cousins, 1996). 

 

3.2 Greasyback shrimp 

 

                    
 

Figure3-1: Metapenaeus ensis  
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1. Taxonomic Category: 

     Phylum Arthropoda 

          Class Crustacea 

                Subclass Malacostraca              

                     Order Decapoda 

                          Suborder Dendrobranchiata 

                                Family Penaeidae 

                                      Sub family Penaeinae 

                                            Genus Metapenaeus 

                                                  Species Metapenaeus  ensis  (de Haan,1844) 

                                                       FAO name Greasyback shrimp (En) 

                                                            Thai name Kung Takard 

 

(Naiyanetr, 1998) 

2. Diagnostic characters: 

Principal Taxonomic Features: 

    - Telson without large spine 

    - Ischial spine present on inside edge of the first legs 

    - Distinct branchiocardiac ridge and broad shallw hairy groove 

- See colour in life 

Colour in Life: 

- Body pale brown to bright pink 

- Antennae bright red 

- Leg pink to red 

- Sometime striped 

- Uropods red 

3. Habitat: 

        Found in inshore water (less than 3 m) to offshore waters 18 to 64 m.Usually 

most abundant over mud or sandy mud bottom. Juvenile found in estuaries and 

occasionally in rivers, bottom mud, marine and estuarine.  

(Grey, Dall and Baker, 1983) 
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4. Size and Sex: 

        Male: Maximum total length 132 mm 

        Female: Maximum total length 159 mm 

        Male: Maximum carapace length 35 mm 

        Female: Maximum carapace length 42 mm 

 

 

 
 

 

 

Figure 3-2: Morphology of Metapenaeus ensisis (de Haan) 

             A: External feature of greasyback shrimp (male: CL = 32 mm.) 

             B: petasma (CL = 28mm.) 

             C: thelycum (CL= 32 mm.) 

Source: Leelapiyanat, 1982 
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         2 mm. 
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5. Distribution: 

        Indo – West pacific, from Sri-Lanka and Malaysia through Indonesian water to 

New Guinea and northern Australia and north to south – East China, Taiwan and 

Japan 

        Australia, from Shark Bay Western Australia) around northern Australia to 

central New South Wales (35°S) (Grey, Dall and Baker, 1983). 

        Thailand, Andaman sea and Gulf of Thailand 

        Gulf of Thailand; Chonburi, Rayong, Chanthaburi, Trat, Samut Prakarn, Samut 

sakhon, Samut Songkhram, Chachoengsao, Phetchaburi, Prachuab Khirikarn, 

Chumphon, Surat Thani, Nakhon Si Thammarat, Songkhla, Phatthalung, Pattani 

        Andaman sea; Ranong, Phuket, Phangnga, Krabi, Trang, Satun  

(Naiyanetr, 1998) 

 

 
Figure 3-3: Geographical distribution of Metapenaeus ensis   

Source: Grey, Dall and Baker, 1983 
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       6. Fishery: 

        Of major commercial importance in Singapore, Malaysia, Indonesia, the 

Philippines and Japan. It forms one of the most important species in the prawn catches 

in Malaysia, Singapore, Indonesia and possibly also in the Philippines. According to 

kurian & Sebastian study the species of a small fishery on the east coast of India 

“along with M. monoceros”. In Malaysia it is one of the dominant species in the prawn 

pond industry, and also in Thailand, the Philippines and Taiwan. It is cultured in fish 

pond. In Japan M. ensis seems to be caught mainly by trawlers. Kubo reported it from 

the Tokyo fish market and Harada reported that it is fished for by commercial 

fishermen in the lake Nakaumi area of Shimane prefecture. Yasuda mentioned its use 

as bait in Japan (Holthuis, 1980). 

        Greasyback shrimp is major commercial importance in Singapore, Malaya, 

Indonesia, the Philippines and North of Japan. From a significant component of 

endeavour prawn catches in Northern Australia where it is generally found in 

association with M.endeavouri. The two species are not distinquished commercially 

(Grey, Dall and Baker, 1983). 

 

3.3 Shrimp Production in Thailand  

        Summary of Marine fish Landings Survey, 2002 

 

        3.3.1 Quantity: 

        According to the survey of 37 major marine fish landing places of 22 provinces in 

2002, the total quantity of landing is 1,805,247 tons. It is 5.54 % increasing from year 

2001 which can be classified as follow; fish 1,566,360 ton (86.77 %), crustacean 

51,567 tons (2.86%), squid & cuttlefishes and molluses 187,320 tons (10.37%).  

        The largest quantity of landing is found at amphoe Muang, Songkhla province 

where have landed 301,893 tons (16.72%). Amphoe muang, Pattani province landed 

278,488 tons (15.43%) and amphoe muang Samut Prakarn province landed 241,629 

tons (13.38%) respectively. The smallest quantity of landing is found at amphoe 

muang, Chantaburi province. It is only 99 tons (0.01%) (Department of Fisheries, 

2004). 
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3.3.2 Value: 

        The total value of marine fish landed in 2002 is 38,847.7 million bahts, increasing 

about 11.51 % from the last year. This value namely, fish 24,209.2 million bahts 

(62.32%); crustaceans 4,512.5 million bahts (11.62 %); squids & cuttlefishes and 

mollusks 10,126.0 million bahts (26.06%).  

        For the total landing value, the highest value is 7,976.5 million bahts (20.53%), 

landed at amphoe muang, Samut-Prakarn province. The second is 6,717.7 million 

bahts (17.29%) landed at amphoe muang, Songkhla province. The third is 6,503.8 

million bahts at amphoe muang, Pattani province. The lowest value is only 0.9 million 

bahts, landed at amphoe muang Chantaburi province (Department of fisheries, 2004). 

        3.3.3 Landing: 

        Shrimp and prawn contribute small amount of the total marine fish landings but 

their value is high. It accounts for 40,703 tons or 2.25 % of the total marine fish 

landing, values at 4,063.9 million bahts or 10.46 % of the total marine fish landing 

value of  these quantity and value, greasyback shrimp (Metapenaeus ensis) is landed at 

4,956 tons(12.18%), value at 674.6 million bahts (16.60%), banana shrimp (Penaeus 

merguiensis) is landed at 3,050 tons (7.49%), value at  781.4 million bahts (19.23%), 

other shrimp is 29,349 tons (72.10 %), value at 2,202.8 million bahts (54.20%). The 

rest is lobster (Macrobrachium rosenbergii) which contribute about 3,348 tons (8.23%), 

values at 405.1 million bahts (9.97%) (Department of Fisheries, 2004). 
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Table 3-1: Total landing of shrimp & prawn by species in quantity, year 2002 

                                                                                                                    Quantity: tons 
Landing 

of Province 

Penaeus 

merguiensis 

Penaeus 

monodon 

Metapenaeus 

ensis 

Other 

shrimp 

Macrobrachium 

rosenbergii 

Sub–Total 

Shrimp, 

Prawn 

Trat  154 153 487 2,121 15 2,930 

Chantha 

buri 

34 39 43 19 - 135 

Rayong 14 - 13 66 - 93 

Chon Buri 30 - 255 3,919 55 4,259 

Samut 

Prakarn 

35 - 282 900 122 1,339 

Samut 

Sakhon 

16 - 23 1,102 331 1,472 

Samut 

Songkram 

- - 135 289 - 424 

Phetchaburi 15 - 62 418 - 495 

Prachuap 

Khiri Khan 

- - - 1,737 - 1,737 

Total 298 192 1,300 10,571 523 12,884 

 

Source: Modified from Fisheries Statistics Analysis and research group, 2004 
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Table 3-2: Total landing of shrimp & prawn by species in value, year 2002 

                                                                                                          Value: 1,000 bahts 
Landing  

of Province 

Penaeus 

merguiensis 

Penaeus 

monodon 

Metapenaeus 

ensis 

Other 

shrimp 

Macrobrachium 

rosenbergii 

Sub–Total 

Shrimp, 

Prawn 

Trat 50,206 42,264 53,052 99,570 720 245,812 

Chanthaburi 8,010 13,572 5,057 721 - 27,360 

Rayong 3,150 - 1,430 1,799 - 6,379 

Chon Buri 8,091 - 35,129 81,289 3,939 128,448 

Samut 

Prakarn 

9,625 - 43,710 208,727 17,755 279,817 

Samut 

Sakhon 

4,016 - 3,335 43,469 12,702 63,522 

Samut 

Songkram 

- - 14,496 5,780 - 20,276 

Phetchaburi 4,197 - 9,893 8,360 - 22,450 

Prachuap 

Khiri Khan 

- - - 21,117 - 21,117 

Total 87,295 55,836 166,102 470,832 35,116 815,181 

 

Source: Modified from Fisheries Statistics Analysis and research group, 2004 
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3.4 Coastal Water Quality situation 

        Thailand is located in the tropical zone between latitudes 6 – 21 0 N and longitude 

98 – 106 0 E. The wet season generally occurs from April to November, with monthly 

rainfall in southern Thailand increasing from 36 mm. in the driest month of January to 

328 millimeters in the wettest month of September (Funge, 1997). The total land area 

is 51,300 kilometer square bounded in the north, west and east by mountain range and 

in the south by the South China and Andaman seas. The coastline is approximately 

2}600 kilometer in length. There are five major rivers, four of which flow through the 

densely populated area of the central plain and drain into the upper Gulf of Thailand. 

There are the Choa-Praya River, the Mae Klong River, the Tapi River drain into Ban 

Don Bay in the south. 

        3.4.1 Coastal area along the Eastern Gulf of Thailand 

        Land use: 

        These areas consist of 4 provinces: Chonburi, Rayong, Chanaburi, and Trad with 

a total area of 10,670,000 rais. They are:  

- The total mangrove forest areas are about 81,548 rais. They are less than in the 

past because of the conversion of land to be prawn farm. 

- For eastern industrial area, there are 2 areas that are close to the coastal of Laem 

Chabang industrial Estate in Chonburi. The areas are 3,556 rais. There are 8,000 

rais in Maptaphut Industrial Estate in Rayong province. 

The major activities in the eastern Gulf of Thailand are industrial zone, tourism 

zone, coastal aquaculture zone and community zone. They will create 

wastewater that will effect to coastal water quality.  

 

        Water Quality Situation: 

        From the coastal water quality survey in 2003, it was found general water quality 

is in good condition. Anyhow the level of total coliform bacteria and faecal coliform 

bacteria are higher than the standards in tourism area and community areas. The levels 

in dry season are in between <2 – 16,000 MPN/100 ml (mean value = 546 MPN/100 

ml) and < 2 – 16,000 MPN/100 ml (mean value = 546 MPN/100 ml). The total 

coliform bacteria of the standard should not higher than 1,000 MPN/100 ml. The level 

of NO3 – N, NH3 – N, PO4 – P  and the heavy metal  quantity (total Hg, Cd, total Cr, 
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Cr+6, Pb, Cu, Zn, and As are not higher than the standards) (Pollution Control 

Department, 2004). 

 

        3.4.2 Inner Gulf of Thailand 

        Land use: 

         The areas in the gulf of Thailand of 4 provinces in Chachoengsao province, 

Samut Prakan province and Samut Songkram province consist of 4,774,592 rais. 

They are: 

- The present mangrove forest areas of about 22,442 rais are less than from the 

past because of the conversion of land to be prawn aquaculture farms. 

        The major activities in the inner gulf of Thailand are industrial area, coastal, 

aquaculture area and community area. They will affect the coastal water quality. 

 

        Water quality Situation: 

        From the coastal water quality survey in 2003, it was found general water quality 

is in good condition both in dry and wet season. However the total coliform bacteria 

and faecal coliform bacteria are higher than the standard values for many river mount 

such as Chao – Praya River, Mae Klong River, Bang Pakong River, and Tachin River. 

The value in dry season are in between 4 – 16,000 MPN/100 ml. (mean value = 9,537 

MPN/100 ml) and 4 – 16,000 MPN/100 ml. (mean value = 9,537 MPN/100 ml). 

Nutrient quality in form of  NO3 – N, NH3 – N, PO4 – P  are found to be low and 

complied with standard values heavy metals (total Hg, Cd, total Cr, Cr+6, Pb, Cu, Zn 

and As) are not higher than the standards. (Pollution Control Department, 2004) 

 

        3.4.3 The Western Gulf of Thailand: 

        Land use: 

        The western gulf of Thailand consists of 9 provinces which are Petchaburi, 

Prachuap – kirikarn, Chumporn, Suratthani, Nakorn Srithamarat, Patalung, Songkla, 

Patani and Narathiwat with a total area of 36,668,678 rais. They are: 

- The mangrove forest are about 95,849 rais which is decreased from the past 

because of the conversion of mangrove forest was destroyed to use wood in 

construction, make charcoals and furniture. 
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- The major activities along the coast of the western Gulf of Thailand which are 

recreation areas, coastal aquaculture areas which are usually discharge 

wastewater (Pollution Control Department, 1999). 

 

        Water Quality Situation: 

        From the coastal water quality survey in 2003, it was found general water quality 

is in good condition of wet season. The total coliform bacteria and faecal coliform 

bacteria are also in the standard values with the exception of the tourist and 

community area that are higher than the standard values such as in the mounth of 

klong Ban Bangtapoon, and the month of klong Banlam. The value in dry season are 

in between <2 – 16,000 MPN/100 ml (mean value = 1,462 MPN/100 ml) and < 2 – 

16,000 MPN/100 ml (mean value = 1,715 MPN/100 ml). The total coliform bacteria of 

the standard should not higher than 1,000 MPN/100 ml. Nutrient quantity in form of 

NO3 – N, NH3 – N, PO4 – P are low and not higher than the standard for heavy metals 

(total Hg, Cd, total Cr, Cr+6, Pb, Cu, Zn and As), they are not higher than the standards 

(Pollution Control department, 2004). 

 

        3.5 Accumulation of heavy metals in shrimp  

        The study of Trace metals in the Mexican shrimp Penaeus vannamei from 

estuarine and marine environments indicated that trace metal concentration (Fe, Mn, 

Ni, Cu, Co, Cd, Cr and Zn) were measured in estuarine post larva, juveniles and 

marine adults of shrimp P.vannamei collected along the Pacific coast Mexico. With 

the exception of Fe, the trace metal concentration fell within the range of similar 

organism collected elsewhere. Size dependent relationships were observed only for Ni, 

Fe, and Zn and varied depending on the element considered. Small individuals for Zn, 

the opposite tendency occurred. This may reflect different metabolic requirements of 

young and old shrimp (Paez and Ruiz, 1995). 

        The study of concentration and distribution of heavy metals in tissue of wild and 

farmed shrimp P. vanamei from the north west coast of Mexico indicated that the 

concentration and distribution of Fe, Mn, Ni, Cu and Zn among the tissue of wild and 

farmed pre – adult shrimp P. vanamei collected from the northwest coast of Mexico 

was determined (Paez and Tron, 1996). Distinct inter tissue and inter site differences 
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in metal concentration were observed. In general highest concentration of Zn, Ni and 

Cd were founding hepatopancreas while higher levels of Cu and Fe occurred in gills. 

The highest Mn concentrations were noted in the antennal organs and exoskeleton. 

Difference between shrimps were evident in theexoskeleton (for both sexes) and 

hepatic material (female). The farmed shrimp (large in size) accumulated more Fe than 

the wild shrimp. Similarly, in the hard tissue (exoskeleton and antennal organ) the 

farmed shrimp accumulated more Cu than the wild shrimp for both sexes, while the 

wild shrimp accumulated more Mn than the farmed shrimp in the hard tissue of both 

sexes. The study of heavy metal concentration in water, sediment, shrimp (Penaeus 

monodon) and mullet (Liza  parsia) in some Brackish water pond of Sunderban, India 

indicated that concentration of Cd, Zn, Pb and Fe in pond water range as follow: Cd 

0.004 – 0.10; Zn 0.01 – 9.66; Pb 0.003 – 0.16; Fe 14.13 – 170 .0 µg/ml (Guhathakurta 

and Kaviraj, 2000). The metals were found highly concentrations in the pond 

sediment. Concentration of Zn in the surface layer of the sediment ranged from 40.8 to 

3,448.3 µg/g while that Fe ranged from 7,115.0 to 10,068.8 µg/g. Background 

concentration of Fe in the sediment was very high. P. monodon and Mullet reared in 

the pond accumulation all the metals at high rate. Concentration of the metal in shrimp 

muscle ranger as follow: Cd 0.11 – 3.2; Zn 7.3 – 4,809.5; Pb 22.9 – 42.1; Fe 5.0 – 

495.0 µg/g. 

        The study of the concentration of Cd, Zn and Cu levels in brown shrimp 

(Crangon crangon L.) from 9 sites in the seven estuaries / Bristol canal during winter, 

1999. In the upper estuary, Cd levels in shrimp were 100x higher than other reported 

values. Cadmium levels in shrimp caught during autumn and winter at Old bury are 

consistently high (Culshaw, Newton, Weir and Bird, 2002). 

       In the study of accumulation of trace metals in crustacean affecting their ecology 

the amphipod example found that crustacean, like all aquatic invertebrates, take up and 

accumulate metal from a wide range of source and bodies show great variability. Trace 

metal uptake in crustaceans occurs from water and food, either of which may be 

affected by the physical chemical properties of the sediment. One of the major 

pathways for the uptake of trace metals is from solution directly through permeable 

surface including the gills. Body size is one of the major factors contributing to 

individual variability in trace metal concentrations within species. Metal accumulation 
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affect the ecology of the crustacean as a consequence of the energy costs associated 

with excreting and / or detoxifying the incoming metals If the costs are significant, 

then this may result in reduced growth and reproduction. Accumulated metals in 

crustacean prey species may be transferred along the food chain (Marsden and 

Rainbow, 2004). 

      The study of marine animals which were at 15 rivers mouth during June, 18 to 

July, 25 in 1998 was carried out by PCD. The animals investigated are those 

consumed popularly, easy to fide and found in all study areas (along the Andaman sea) 

and western gulf of Thailand). Five types of marine animals are anchovies, mullet, 

shrimp, Andara granosa and Perna viridis. This study tried to choose sample in the 

same size and randomly select equal amount of tissue to make composite sample. 

Heavy metals study in this investigation was Hg, AS, Cd, Pb, Zn and Cr. 

Concentration of zinc in shrimp has a range 47.50 – 137.00 mg/Kg dry weight. 

Average value of zinc for shrimp collected was 64.68 mg/Kg dry weight. Hot spot for 

zinc in shrimp were found at the following river mouth; the Chumporn and Petchaburi 

respectively. Copper concentration range in shrimp was 9.65 – 18.40 mg/kg dry 

weight. Average value for shrimp collected was 13.59 mg/Kg dry weight. Hot spot for 

copper in shrimp were found at the following river mount; the Lungsuan, 

Bangprakong, Pranburi, respectively. Cadmium concentration range in shrimp was 

1.59 – 2.48 mg/kg dry weight. Average value for shrimp collected was 2.01 mg/kg dry 

weight. Hot spot for cadmium in shrimp were found at the following river mouth; The 

Pak Panag, Tapi – Phumduang and Pranburi, respectively (Pollution Control 

Department, 1999). 
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CHAPTER IV 

MATERIALS AND METHODS 
 
 
4.1 Study area, Sampling site and duration 

        Samples of greasyback shrimp were collected from fresh markets of nine 

provinces on the eastern, inner and western coast of the upper Gulf of Thailand during 

June-November, 2004. Samples of greasyback shrimp taken from the markets located 

at each province as shown in Table 4-1 and Figure 4-1. 

 

Table 4-1: The details of sampling sites 

 

No. Province Market name 

1 Samut Prakarn Paknam 

2 Chon Buri Muang Chon 

3 Rayong Wat Lum 

4 Chanthaburi Wat Suan Mamuang 

5 Trat Muang Trad 

6 Samut Sakhon Mahachai 

7 Samut Songkhram Mae klong 

8 Phetchaburi Muang Phet 

9 Prachuap Khiri Khan Chatchai, Huahin 
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Figure 4-1: Location of sampling sites in the study 
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4.2 Material 

        4.2.1 Materials for shrimp collection 

         - Labeled polyethylene packets 

         - Ice box 

         - Plastic vernia 

         - Analytical balance 

         - Hot air oven 

        4.2.2 Materials for Heavy metals analysis 

         - Varian spectrAA220FS flame atomic absorption spectrophotometer 

                   (FAAS) 

- Varian spectrAA220 graphite furnace atomic absorption spectrometer 

   (GFAAS) 

- Microwave digestion 

- Whatman filter paper no.42 

- Flame hood 

- Refrigerator 

- Glassware:  Ex. volumetric flasks, grass funnels, pipettes 

        4.2.3 Reagent for heavy metals analysis 

                - Nitric acid (conc.) 

                - Hydrogen peroxide (H2O2) 

                - Deionized distilled water 

                - Standard of heavy metals solution (Cd, Cr, Cu, Pb, Zn) 

 

4.3 Methods 

        4.3.1 Greasyback shrimp collection and storage 

        The commercial size greasyback shrimps were bought from the retailer in fresh 

markets. The commercial size of 10-14 cm./individual were collected once a month 

between June to November, 2004 from each market and asked about source. The 

shrimp were packed in plastic bags and placed on ice in insulation box until samples 

stored on board at -20 0 C prior to analysis. 
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        4.3.2 Preparation of samples for analysis 

        Greasyback shrimps were rinsed with distilled water. The identification and sex 

separation of individuals was done by direct examination of morphological 

characteristics. Then all individuals were measured the length and fresh weight, after 

that shrimp were eliminated exoskeleton and dissected to separate into two parts, 

cephalothorax and abdomen. For each part of greasyback shrimp was homogenized by 

grinding in a Teflon mortar and then stored at -20 0 C until analysis begins. Before 

digestion each tissue sub sample was dried to a constant weight at 60 0C and crushed 

to uniform particle size before analysis in laboratory. 

        4.3.3 Samples digestion 

        Each part of shrimp samples were digested in digestion vessel (0.5 g. dry weight) 

With conc. Nitric acid 8 ml. and de ionized distilled water 2 ml. Samples were 

processed in an automatic microwave digestion system by using temperature 180 0 C 

45 minutes. After completion of the microwave heating program, the vessel were cool 

down. The vessels were removed from the microwave digestion. All samples were 

filled with 2 ml hydrogen peroxide and transferred to 50 ml. volumetric flasks by 

filtering with Whatman filter paper no.42 and then diluted to 50 ml. with de ionized 

distilled water. The samples were stored in acid – washed 60 ml. polyethylene bottles, 

and kept in refrigerator until analysis with atomic absorption spectrophotometer. 

         All glassware and plastic ware were washed through with 10 % nitric acid and 

distilled water. 

         Metal concentration, Zn and Cu in the filtered digested samples were determined 

by flame atomic absorption spectrophotometer using air – acetylene flame. Pb, Cd and 

Cr were determined by graphite furnace atomic absorption spectrophotometer. 

        4.3.4 Heavy metal Analysis 

        The AAS techniques that are suitable for these types of analyses include: Flame – 

AAS (FAAS) and graphite furnace – AAS (GFAAS) AAS techniques have the ability 

to perform simultaneous multi elements analysis. The principal difference in the 

various AAS technique is in the means and form of sample presentation and 

atomization. 
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          In FAAS, the samples presentation is usually continuous aspiration in liquid 

form, most often after the sample has completely mineralized and dissolved in a 

suitable solvent, usually dilute acid. 

          In AAS techniques are an acceptable level of accuracy analyses. 

          Following acid digestion, all the samples were analysis for five elements by 

Atomic Absorption Spectrophotometer (AAS). Zn and Cu were determined in a 

Varian Flame Atomic Absorption Spectrometry. Pb, Cd and Cr were determined in a 

graphite furnace. 

          The maximum absorbance was obtained by adjusting the cathode lamps at 

specific slits and wavelength as shown in Table 4-2. 

 

Table 4-2: The optimal parameter of AAS for five analysis elements  

Metals Specific slits (nm.) Wave length (nm) 

 Copper 0.5 324.7 

Lead 1.0 283.3 

Zinc 1.0 213.9 

Chromium 0.2 357.9 

Cadmium 0.5 228.8 

  

        Standardization with appropriate concentration for each element was made from 

1,000 ppm. AAS stock standards. 

        Metal concentration were calculated in microgram per gram dry weight (µg/g dry 

weight.) 

        Metal concentration, mg/kg (dry wt. basis) = (A x B) (g. Sample) -1   were:  

A = concentration of metal in digested solution, mg/l 

B = final volume of digested solution, ml 

         Acid blank for each type of sample is necessary. A blank made with the same 

acid and subjected to the same digestion procedure as the sample can be used in 

correction for impurities presenting in acids. 
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        4.3.5 Statistical analysis  

        Statistical analysis of data was carried out with the SPSS statistical program. 

Komogolov-Smirnov test was used to test the distribution of data. One-way ANOVA 

and the Mann-Whitney U test were used to compare the levels of heavy metals 

accumulated in greasyback shrimp among markets and organs. Differences in levels of 

heavy metal concentration between genders and between seasons were compared by 

Independent T-Test.  

        The finally, the average concentration of each heavy metal in shrimp were 

compared with the safety standards. 
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CHAPTER V 

RESULTS 
 
 

        The level of heavy metals accumulated in greasyback shrimp were measured at 

nine provinces (three coastal areas) during June 2004 to November 2004. However 

unable to collect the samples from some provinces completed all six months. 

        The commercial size and moisture content of greasyback shrimp samples from 

the markets: 

        The length and weight of male greasyback shrimp samples varied between 9.5-

13.5 cm. and 5.86-21.60 g., respectively. 

        The length and weight of female greasyback shrimp samples varied between 8.5-

17.0 cm. and 6.19-38.55 g., respectively. (Appendix A) 

        The percentage of moisture content in cephalothorax and abdomen of male 

greasyback shrimp are 74% and 76%, respectively. The percentage of moisture 

content in cephalothorax and abdomen of female greasyback shrimp are 73% and 

76%, respectively. 

 

5.1 Concentration of heavy metals in greasyback shrimp from different sampling 

sites 

        5.1.1 Concentration of heavy metals in greasyback shrimp from nine 

provinces 

        The accumulation of zinc in greasyback shrimp during June 2004 are shown in 

Figure 5-1. The mean of zinc concentration in 9 provinces varied between 13.51 to 

23.107 mg/kg wet weight. There were no significant differences in zinc levels of 

greasyback shrimp from different provinces. 

        The accumulation of copper in greasyback shrimp during June 2004 are shown in 

Figure 5-2. The mean of copper concentration in 9 provinces varied between 5.13 to 

26.919 mg/kg wet weight. There were no significant differences in copper levels of 

greasyback shrimp from different provinces, except Samut Prakarn province. 
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        The accumulation of lead in greasyback shrimp during June 2004 are shown in 

Figure 5-3. The mean of lead concentration in 9 provinces varied between 0.011 to 

0.158 mg/kg wet weight. There were no significant differences in lead levels of 

greasyback shrimp from different provinces. 

        The accumulation of chromium in greasyback shrimp during June 2004 are 

shown in Figure 5-4. The mean of chromium concentration in 9 provinces varied 

between 0.732 to 1.231 mg/kg wet weight. There were no significant differences in 

chromium levels of greasyback shrimp from different provinces, except Samut Sakhon 

and Rayong province. 

        The accumulation of cadmium in greasyback shrimp during June 2004 are shown 

in Figure 5-5. The mean of cadmium concentration in 9 provinces varied between 

0.033 to 0.191 mg/kg wet weight. There were no significant differences in cadmium 

levels of greasyback shrimp from different provinces. 
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Figure 5-1: Zinc concentration in greasyback shrimp from 9 provinces collected   

                    during June 2004 
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Figure 5-2: Copper concentration in greasyback shrimp from 9 provinces collected   

                    during June 2004 
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Figure 5-3: Lead concentration in greasyback shrimp from 9 provinces collected   

                    during June 2004 
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Figure 5-4: Chromium concentration in greasyback shrimp from 9 provinces    

                    collected during June 2004 
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Figure 5-5: Cadmium concentration in greasyback shrimp from 9 provinces    

                    collected during June 2004 
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        5.1.2 Concentration of heavy metals in greasyback shrimp from 3 coastal  

                 areas 

        The level of heavy metals accumulated in greasyback shrimp were measured at 3 

sampling sites (coastal areas of the upper gulf of Thailand) during June 2004 to 

November 2004. 

        The accumulation of zinc in greasyback shrimp during June 2004 are shown in 

Figure 5-6. The mean of zinc concentration in 3 coastal areas varied between 15.994 

to 17.129 mg/kg wet weight. There were no significant differences in zinc levels of 

greasyback shrimp from different coastal areas. 

        The accumulation of copper in greasyback shrimp during June 2004 are shown in 

Figure 5-7. The mean of copper concentration in 3 coastal areas varied between 6.992 

to 16.958 mg/kg wet weight. There was no significant difference in copper levels of 

greasyback shrimp from the western and eastern gulf. There were significant 

differences in copper levels of greasyback shrimp between the western and inner gulf 

and between the eastern and inner gulf. 

        The accumulation of lead in greasyback shrimp during June 2004 are shown in 

Figure 5-8. The mean of zinc concentration in 3 coastal areas varied between 0.050 to 

0.085 mg/kg wet weight. There were no significant differences in lead levels of 

greasyback shrimp from different coastal areas. 

        The accumulation of chromium in greasyback shrimp during June 2004 are 

shown in Figure 5-9. The mean of chromium concentration in 3 coastal areas varied 

between 0.845 to 0.955 mg/kg wet weight. There were no significant differences in 

chromium levels of greasyback shrimp from different coastal areas. 

        The accumulation of cadmium in greasyback shrimp during June 2004 are shown 

in Figure 5-10. The mean of cadmium concentration in 3 coastal areas varied between 

0.056 to 0.154 mg/kg wet weight. There were no significant differences in cadmium 

levels of greasyback shrimp from different coastal areas. 
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Figure 5-6: Zinc concentration in greasyback shrimp from 3 coastal area of the upper  

                   gulf of Thailand collected during June 2004 
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Figure 5-7: Copper concentration in greasyback shrimp from 3 coastal area of the  

                     upper gulf of Thailand collected during June 2004 
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Figure 5-8: Lead concentration in greasyback shrimp from 3 coastal area of the  

                     upper gulf of Thailand collected during June 2004 
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Figure 5-9: Chromium concentration in greasyback shrimp from 3 coastal area of the  

                     upper gulf of Thailand collected during June 2004 
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Figure 5-10: Cadmium concentration in greasyback shrimp from 3 coastal area of the  

                     upper gulf of Thailand collected during June 2004 
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5.2 Concentration of heavy metals in Greasyback from different season 

        5.2.1 Concentration of heavy metals in greasyback shrimp from 9 provinces 

during rainy and cold season 

        The accumulation of zinc in greasyback shrimp during rainy and cold season are 

shown in Figure 5-11. The mean of zinc concentration in 9 provinces during rainy 

season varied between 14.344 to 17.661 mg/kg wet weight. The mean of zinc 

concentration in 7 provinces during cold season varied between 13.428 to 16.161 

mg/kg wet weight. There were no significant differences in zinc levels of greasyback 

shrimp from different seasons. 

        The accumulation of copper in greasyback shrimp during rainy and cold season 

are shown in Figure 5-12. The mean of copper concentration in 9 provinces during 

rainy season varied between 5.458 to 27.399 mg/kg wet weight. The mean of copper 

concentration in 7 provinces during cold season varied between 3.222 to 26.546 mg/kg 

wet weight. There were significant differences in copper levels of greasyback shrimp 

from different seasons in each province, except Chanthaburi and Trat. 

        The accumulation of lead in greasyback shrimp during rainy and cold season are 

shown in Figure 5-13. The mean of lead concentration in 9 provinces during rainy 

season varied between 0.011 to 0.086 mg/kg wet weight. The mean of lead 

concentration in 7 provinces during cold season varied between 0.004 to 0.031 mg/kg 

wet weight. There were significant differences in lead levels of greasyback shrimp 

from different seasons in each province, except Prajuab Kirikarn, Samut Prakarn, and 

Trat. 

        The accumulation of chromium in greasyback shrimp during rainy and cold 

season are shown in Figure 5-14. The mean of chromium concentration in 9 provinces 

during rainy season varied between 0.396 to 1.231 mg/kg wet weight. The mean of 

chromium concentration in 7 provinces during cold season varied between 0.333 to 

0.635 mg/kg wet weight. There were significant differences in chromium levels of 

greasyback shrimp from different seasons in each province, except Samut Songkhram, 

Samut Sakhon, Samut Prakarn, and Trat. 
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        The accumulation of cadmium in greasyback shrimp during rainy and cold season 

are shown in Figure 5-15. The mean of cadmium concentration in 9 provinces during 

rainy season varied between 0.033 to 0.173 mg/kg wet weight. The mean of cadmium 

concentration in 7 provinces during cold season varied between 0.024 to 0.111 mg/kg 

wet weight. There were no significant differences in cadmium levels of greasyback 

shrimp from different seasons in each province. 
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Figure 5-11: Zinc concentration in greasyback shrimp from 9 provinces    

                    collected during rainy and cold season 
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Figure 5-12: Copper concentration in greasyback shrimp from 9 provinces    

                    collected during rainy and cold season
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Figure 5-13: Lead concentration in greasyback shrimp from 9 provinces    

                    collected during rainy and cold season 
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Figure 5-14: Chromium concentration in greasyback shrimp from 9 provinces    

                    collected during rainy and cold season 
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Figure 5-15: Cadmium concentration in greasyback shrimp from 9 provinces    

                    collected during rainy and cold season 
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        5.2.2 Concentration of heavy metals in greasyback shrimp from 3 coastal 

areas during rainy and cold season 

        The accumulation of zinc in greasyback shrimp during rainy and cold season are 

shown in Figure 5-16. The mean of zinc concentration in 3 coastal areas during rainy 

season varied between 15.636 to 16.721 mg/kg wet weight. The mean of zinc 

concentration in 3 coastal areas during cold season varied between 13.428 to 15.704 

mg/kg wet weight. There were no significant differences in zinc levels of greasyback 

shrimp from different seasons in each coastal area. 

        The accumulation of copper in greasyback shrimp during rainy and cold season 

are shown in Figure 5-17. The mean of copper concentration in 3 coastal areas during 

rainy season varied between 6.054 to 21.619 mg/kg wet weight. The mean of copper 

concentration in 3 coastal areas during cold season varied between 4.037 to 13.815 

mg/kg wet weight. There were no significant differences in copper levels of 

greasyback shrimp from different seasons in each coastal area. 

        The accumulation of lead in greasyback shrimp during rainy and cold season are 

shown in Figure 5-18. The mean of lead concentration in 3 coastal areas during rainy 

season varied between 0.023 to 0.033 mg/kg wet weight. The mean of lead 

concentration in 3 coastal areas during cold season varied between 0.004 to 0.006 

mg/kg wet weight. There were no significant differences in lead levels of greasyback 

shrimp from different seasons in each coastal area, except the inner gulf. 

        The accumulation of chromium in greasyback shrimp during rainy and cold 

season are shown in Figure 5-19. The mean of chromium concentration in 3 coastal 

areas during rainy season varied between 0.436 to 0.617 mg/kg wet weight. The mean 

of chromium concentration in 3 coastal areas during cold season varied between 0.500 

to 0.525 mg/kg wet weight. There were no significant differences in chromium levels 

of greasyback shrimp from different seasons in each coastal area. 
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        The accumulation of cadmium in greasyback shrimp during rainy and cold season 

are shown in Figure 5-20. The mean of cadmium concentration in 3 coastal areas 

during rainy season varied between 0.127 to 0.179 mg/kg wet weight. The mean of 

cadmium concentration in 3 coastal areas during cold season varied between 0.250 to 

0.479 mg/kg wet weight. There were no significant differences in cadmium levels of 

greasyback shrimp from different seasons in each coastal area. 
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Figure 5-16: Zinc concentration in greasyback shrimp from 3 coastal area of the  

                     upper gulf of Thailand collected during rainy and cold season 

0

5

10

15

20

25

Coastal areas

C
u 

(p
pm

)

Rainy

Cold

Western Gulf Inner  Gulf Eastern Gulf

Maximum Limit 
of  Ministry of 
Public Health
= 20 ppm

 
Figure 5-17: Copper concentration in greasyback shrimp from 3 coastal area of the  

                     upper gulf of Thailand collected during rainy and cold season 
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Figure 5-18: Lead concentration in greasyback shrimp from 3 coastal area of the  

                     upper gulf of Thailand collected during rainy and cold season 
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Figure 5-19: Chromium concentration in greasyback shrimp from 3 coastal area of  

                       the upper gulf of Thailand collected during rainy and cold season 
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Figure 5-20: Cadmium concentration in greasyback shrimp from 3 coastal area of  

                       the upper gulf of Thailand collected during rainy and cold season 
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5.3 Concentration of heavy metals in male and female greasyback shrimp             

        5.3.1 Concentration of heavy metals in male and female greasyback shrimp 

from 9 provinces 

        The accumulation of zinc in male and female greasyback shrimp from 9 

provinces are shown in Figure 5-21. The mean of zinc concentration in male 

greasyback shrimp varied between 13.523 to 16.006 mg/kg wet weight. The mean of 

zinc concentration in female greasyback shrimp varied between 15.216 to 19.770 

mg/kg wet weight.  

        The accumulation of copper in male and female greasyback shrimp from 9 

provinces are shown in Figure 5-22. The mean of copper concentration in male 

greasyback shrimp varied between 4.669 to 21.186 mg/kg wet weight. The mean of 

copper concentration in female greasyback shrimp varied between 4.459 to 22.567 

mg/kg wet weight.  

        The accumulation of lead in male and female greasyback shrimp from 9 

provinces are shown in Figure 5-23. The mean of lead concentration in male 

greasyback shrimp varied between 0.006 to 0.099 mg/kg wet weight. The mean of lead 

concentration in female greasyback shrimp varied between 0.009 to 0.036 mg/kg wet 

weight.  

        The accumulation of chromium in male and female greasyback shrimp from 9 

provinces are shown in Figure 5-24. The mean of chromium concentration in male 

greasyback shrimp varied between 0.389 to 1.311 mg/kg wet weight. The mean of 

chromium concentration in female greasyback shrimp varied between 0.382 to 1.151 

mg/kg wet weight. 

        The accumulation of cadmium in male and female greasyback shrimp from 9 

provinces are shown in Figure 5-25. The mean of cadmium concentration in male 

greasyback shrimp varied between 0.019 to 0.114 mg/kg wet weight. The mean of 

cadmium concentration in female greasyback shrimp varied between 0.048 to 0.182 

mg/kg wet weight.  
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Figure 5-21: Zinc concentration in male and female greasyback shrimp from 9  

                      provinces collected during June to November 
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Figure 5-22: Copper concentration in male and female greasyback shrimp from 9  

                      provinces collected during June to November 
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Figure 5-23: Lead concentration in male and female greasyback shrimp from 9  

                      provinces collected during June to November 
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Figure 5-24: Chromium concentration in male and female greasyback shrimp from 9  

                      provinces collected during June to November 
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Figure 5-25: Cadmium concentration in male and female greasyback shrimp from 9  

                      provinces collected during June to November 
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        5.3.2 Concentration of heavy metals in male and female greasyback shrimp  

        The accumulation of zinc in male and female greasyback shrimp of all samples 

are shown in Figure 5-26. The mean of zinc concentration in male and female 

greasyback shrimp are 14.805 and 17.215 mg/kg wet weight, respectively. There was 

no significant difference in zinc level between male and female greasyback shrimp.  

        The accumulation of copper in male and female greasyback shrimp of all samples 

are shown in Figure 5-27. The mean of copper concentration in male and female 

greasyback shrimp are 10.939 and 11.238 mg/kg wet weight, respectively. There was 

no significant difference in copper level between male and female greasyback shrimp.  

        The accumulation of lead in male and female greasyback shrimp of all samples 

are shown in Figure 5-28. The mean of lead concentration in male and female 

greasyback shrimp are 0.026 and 0.021 mg/kg wet weight, respectively. There was no 

significant difference in lead level between male and female greasyback shrimp. 

        The accumulation of chromium in male and female greasyback shrimp of all 

samples are shown in Figure 5-29. The mean of chromium concentration in male and 

female greasyback shrimp are 0.615 and 0.591 mg/kg wet weight, respectively. There 

was no significant difference in chromium level between male and female greasyback 

shrimp.  

        The accumulation of cadmium in male and female greasyback shrimp of all 

samples are shown in Figure 5-30. The mean of cadmium concentration in male and 

female greasyback shrimp are 0.055 and 0.103 mg/kg wet weight, respectively. There 

was significant difference in cadmium level between male and female greasyback 

shrimp.  
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Figure 5-26: Zinc concentration in male and female greasyback shrimp collected  

                      during June to November 
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Figure 5-27: Copper concentration in male and female greasyback shrimp collected  

                      during June to November 
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Figure 5-28: Lead concentration in male and female greasyback shrimp collected   

                      during June to November 
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Figure 5-29: Chromium concentration in male and female greasyback shrimp    

                      collected during June to November 
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Figure 5-30: Cadmium concentration in male and female greasyback shrimp    

                      collected during June to November 
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5.4 Concentration of heavy metals in cephalothorax and abdomen of greasyback 

shrimp 

        5.4.1 Comparison the concentration of heavy metals between cephalothorax 

and abdomen of greasyback shrimp 

        The accumulation of zinc in cephalothorax and abdomen of all greasyback 

shrimp samples are shown in Figure 5-31. The mean of zinc concentration in 

cephalothorax and abdomen of greasyback shrimp are 23.138 and 12.387 mg/kg wet 

weight, respectively. There was significant difference in zinc level between 

cephalothorax and abdomen of greasyback shrimp.  

        The accumulation of copper in cephalothorax and abdomen of all greasyback 

shrimp samples are shown in Figure 5-32. The mean of copper concentration in 

cephalothorax and abdomen of greasyback shrimp are 29.050 and 12.387 mg/kg wet 

weight, respectively. There was significant difference in copper level between 

cephalothorax and abdomen of greasyback shrimp.  

        The accumulation of lead in cephalothorax and abdomen of all greasyback 

shrimp samples are shown in Figure 5-33. The mean of lead concentration in 

cephalothorax and abdomen of greasyback shrimp are 0.035 and 0.017 mg/kg wet 

weight, respectively. There was no significant difference in lead level between 

cephalothorax and abdomen of greasyback shrimp.  

        The accumulation of chromium in cephalothorax and abdomen of all greasyback 

shrimp samples are shown in Figure 5-34. The mean of chromium concentration in 

cephalothorax and abdomen of greasyback shrimp are 0.604 and 0.493 mg/kg wet 

weight, respectively. There was no significant difference in chromium level between 

cephalothorax and abdomen of greasyback shrimp.  

        The accumulation of cadmium in cephalothorax and abdomen of all greasyback 

shrimp samples are shown in Figure 5-35. The mean of cadmium concentration in 

cephalothorax and abdomen of greasyback shrimp are 0.227 and 0.007 mg/kg wet 

weight, respectively. There was significant difference in cadmium level between 

cephalothorax and abdomen of greasyback shrimp.  
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Figure 5-31: Zinc concentration in Cephalothorax and Abdomen of greasyback  

                      shrimp collected during June to November 
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Figure 5-32: Copper concentration in Cephalothorax and Abdomen of greasyback  

                      shrimp collected during June to November 
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Figure 5-33: Lead concentration in Cephalothorax and Abdomen of greasyback  

                      shrimp collected during June to November 
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Figure 5-34: Chromium concentration in Cephalothorax and Abdomen of greasyback  

                      shrimp collected during June to November 
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Figure 5-35: Cadmium concentration in Cephalothorax and Abdomen of greasyback  

                      shrimp collected during June to November 
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        5.4.2 Comparison the concentration of heavy metals between whole body and 

abdomen of greasyback shrimp 

        The accumulation of zinc in whole body and only abdomen of all greasyback 

shrimp samples are shown in Figure 5-36. The mean of zinc concentration in whole 

body and only abdomen of greasyback shrimp are 15.970 and 12.387 mg/kg wet 

weight, respectively. There was no significant difference in zinc level between whole 

body and only abdomen of greasyback shrimp.  

        The accumulation of copper in whole body and only abdomen of all greasyback 

shrimp samples are shown in Figure 5-37. The mean of copper concentration in whole 

body and only abdomen of greasyback shrimp are 12.216 and 3.798 mg/kg wet 

weight, respectively. There was significant difference in copper level between whole 

body and only abdomen of greasyback shrimp.  

        The accumulation of lead in whole body and only abdomen of all greasyback 

shrimp samples are shown in Figure 5-38. The mean of lead concentration in whole 

body and only abdomen of greasyback shrimp are 0.023 and 0.017 mg/kg wet weight, 

respectively. There was no significant difference in lead level between whole body 

and only abdomen of greasyback shrimp.  

        The accumulation of chromium in whole body and only abdomen of all 

greasyback shrimp samples are shown in Figure 5-39. The mean of chromium 

concentration in whole body and only abdomen of greasyback shrimp are 0.530 and 

0.493 mg/kg wet weight, respectively. There was no significant difference in 

chromium level between whole body and only abdomen of greasyback shrimp.  

        The accumulation of cadmium in whole body and only abdomen of all 

greasyback shrimp samples are shown in Figure 5-40. The mean of cadmium 

concentration in whole body and only abdomen of greasyback shrimp are 0.080 and 

0.007 mg/kg wet weight, respectively. There was significant difference in cadmium 

level between whole body and only abdomen of greasyback shrimp.  
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Figure 5-36: Zinc concentration in Cephalothorax & abdomen and Abdomen of  

                      greasyback shrimp collected during June to November 
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Figure 5-37: Copper concentration in Cephalothorax & abdomen and Abdomen of  

                      greasyback shrimp collected during June to November 
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Figure 5-38: Lead concentration in Cephalothorax & abdomen and Abdomen of  

                      greasyback shrimp collected during June to November 
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Figure 5-39: Chromium concentration in Cephalothorax & abdomen and Abdomen of  

                      greasyback shrimp collected during June to November 
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Figure 5-40: Cadmium concentration in Cephalothorax & abdomen and Abdomen of  

                      greasyback shrimp collected during June to November 
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CHAPTER VI 

DISCUSSION 
 
 
6.1 Comparison of the concentration of heavy metals in greasyback shrimp from 

different sampling sites 

        From Figure 5-1 to 5-10, the level of heavy metals accumulated in greasyback 

shrimp were measured at 9 provinces (3 coastal areas) during June 2004. From the 

result, it was found that the levels of each heavy metal in all greasyback shrimp 

samples did not exceed the Maximum Level of heavy metal in food or shrimp. There 

were no significant differences in Zn, Pb and Cd levels in greasyback shrimp from 

different provinces. In addition, there were no significant difference in Zn, Pb, Cr and 

Cd levels in greasyback shrimp from different coastal areas.  

        According to the study, the highest Cu level was found in the greasyback shrimp 

samples from Samut Prakarn province. It may be due to the major activities in the 

inner gulf of Thailand are industrial area and community area. In addition, it is the 

estuaries of 4 rivers (Maeklong, Thachin, Chao Praya and Bangpakong river). 

Agreement with the data from the department of industrial works, ministry of industry 

(Table 6-1).  
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Table 6-1: The number of factory database in 9 provinces of the upper Gulf of 

Thailand grouped by type of industry ( Department of Industrial work, 2003) 

Coastal 

areas 
Province Type 1* Type 2* Type 3* Total 

Prachuab Khiri 

Khan 

96 131 494 721 

Western 

Petchaburi 178 97 346 621 

Samut Songkhram 17 58 279 354 

Samut Sakhon 61 148 3341 3550 Inner 

Samut Prakarn 209 911 6016 7136 

Chonburi 175 234 2108 2517 

Rayong 287 128 1130 1545 

Chanthaburi 149 86 459 694 
Eastern 

Trat 261 112 312 685 

*Type of the industry: 

Type 1 = Power of the machine ≤20 horse power, not bleaching, not dipping or 

pumping or melting any metal.  

Type 2 = Power of the machine ≤50 horse power, not bleaching, not dipping or 

pumping or melting any metal.  

Type 3 = Power of the machine >50 horse power, can bleaching or dipping or 

pumping or melting any metal.  

 

        From Table 6-1, there are a number of industries type 3 that located in Samut 

Prakarn province (inner coastal area). 

        This suggest that the industrial around the inner gulf may be corresponding to use 

copper as raw material or component (electrical current, electrical contract, cables and 

wire, and electroplating and alloys). In addition, copper is widely used in agriculture, 

animal husbandry, steel making, paint, insecticides, etc. 

        In addition, when consideration the relationship between contamination of heavy 

metals in soil sediments and compositions of sediment particle sizes: 

        Backwater sediments are extremely essential in being sources, sink and 

contaminants, particularly heavy metals, which depend on geochemical balance of 
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those environments. On change of environmental condition, water water and 

sediments will adjust themselves into new balance by geochemical processes, which 

can rid or increase heavy metals existing in water mass. Soluble heavy metals can 

directly affect living things in water. Additionally, biochemical processes can make 

these metals dissolve and return into water mass as well. However, living things in soil 

surfaces can accumulate heavy metals in bioavailable forms amassing in soil 

sediments. These heavy metals can be passed on to human along food chain. 

        Water sediments can be divided into 3 groups as follows: 

- Sand size: Grain size larger than 63 micron (µm) 

- Silt size: Grain size between 2-63 micron (µm) 

- Clay size: Grain size less than 2 micron (µm) 

Distribution of various sized particles in sediments depends on differing factors, 

that is, sources of sediments, winds and waves, water tides, etc. 

        From worldwide researches, it is found that naturally, accumulation of heavy 

metal sediments in one environment relates to particle sizes and organic carbon 

quantities. 

               1. Relationship between organic carbon accumulating in sediments and 

grain size. 

               From geometrical relationship, the smaller-sized grain will have more 

area; therefore, delicate sediments have surfaces more exposed to environment 

than rougher sediments. For large surface, it supports accumulating organic 

carbon by absorption process. Furthermore, sediments having grain sizes smaller 

than 63 microns will comprise aluminosilicate which has Si and Al weaving to be 

crystal structure. Charge and gap in crystal structure make surface of 

aluminosilicate to have surface chemical reaction resulting in more accumulation 

of organic carbon surface. For large sediments (larger than 63 micron) or sand-

sized sediments, they will be Quartz inactively reacting to any geochemistry in 

environment. 

               2. Relationship between grain size and quantity of contamination of 

heavy metal. 

               As aforesaid that small sediments consist of aluminosilicate having 

charge and gap in crystal structure support to chemical reaction at surfaces; thus, 
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sediments having plenty of delicate particles naturally tending to absorb heavy 

metals existing in water mass (which resulting from nature and from various 

activities of human) to accumulate in certain quantities which are more than 

sediments comprising smaller delicate grain sizes in spite of the same 

environment. However, capability to absorb each type of heavy metals in 

sediments is different, in this respect, it depends on chemical qualification of 

those heavy metals as well.( Pollution Control Department, 2001) 

               Type of sediments 

               1. Sediments on the eastern coastal area of the upper Gulf of Thailand 

               Comprising of more than 90% of sand particle, most sediments in this 

area was sand, with exception to some areas where sediments were in form of 

sand mixed with mud and mud. The areas covered by more than 40% of small-

particled sediments included Chon Buri bay, Maptaput port (fertilizer company) 

and Laem Ngob. This kind of area where there is a lot of small-particled 

sediments usually have high potentiality in absorbing metal contaminated into the 

seawater which will then accumulate themselves in the sediments. 

               2. Sediments on the inner coastal area of the upper gulf of Thailand 

               Sediments on the coast in Samut Songkhram mostly comprised of sand, 

with more than 80% of sand particle. The areas covered by more than 40% of 

small-particled sediments included river mouths of Bangpakong river, Chao 

Phraya river, Tha Chin river, and on the west of the river mouth of Tha Chin river. 

               As at the river mouth of Mae Klong river was covered by more than 

80% of sand particle, the potentiality in absorbing metal was less than that of the 

river mouth of Tha Chin river and Chao Phraya river. 

               3. Sediments on the western coastal area of the upper gulf of Thailand 

               In Phetchaburi and Prachuab Khi Khan, sediment were quite rough, 

comprising of approximately 80% sand.  

               Consideration the type of sediments from each coastal area, the 

sediments on the inner coastal area tend to absorb heavy metals existing in water 

mass (which resulting from nature and from various activities of human) more 

than the sediments on the eastern and western coastal area of the upper Gulf of 

Thailand. 
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Table 6-2: The heavy metal accumulation in greasyback shrimp from various river 

mouths (Pollution Control Department, 2003) 

Heavy metal (mg/kg wet weight) 
River mouth 

Zinc (Zn) Copper (Cu) Lead (Pb) Cadmium (Cd) 

Rayong 47.07 5.85 <0.003 0.011 

BangPakong 30.05 4.89 <0.003 0.045 

Chao Phraya 25.53 5.053 <0.003 0.087 

Tha Chin 39.63 4.63 <0.003 0.098 

Mae Klong 57.98 9.55 <0.003 0.154 

Phetchaburi 13.94 3.60 <0.003 0.24 

 

       Comparison the heavy metals accumulation in greasyback shrimp of this study 

with the study of Pollution Control Department. It is found that zinc levels in 

greasyback shrimp from this study are lower than another study, while the other heavy 

metals (copper, lead and cadmium) in greasyback shrimp tend to accumulate in the 

similar level. 
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6.2 Seasonal factor affected on the concentration of heavy metals in greasyback 

shrimp from different seasons 

        From Figure 5-11 to 5-20, the level of heavy metals accumulated in greasyback 

shrimp were measured at 9 provinces (3 coastal areas) during rainy and cold season. 

From the result, it was found that there were no significant differences in heavy metal 

levels of greasyback shrimp from different season, except lead concentration. The 

levels of lead in greasyback shrimp from the rainy season are higher than from the 

cold season. Theoretical considerations, the atmosphere is an important transport 

medium for metals from various sources. The coastal areas are contaminated from 

atmospheric deposition of industrial lead. Since in the rainy season, air-borne lead 

particles can wash-out on to the soil, lakes, rivers and the sea. In addition, as the 

temperature increases, the reaction rates and metabolic activity increase 

proportionately. Cellular damage at high temperature may also result from the 

formation of toxic substances in certain cells exposed to a high localized temperature. 

The toxic material may subsequently be translocated to other parts of the organism and 

cause widespread injury (Bourdeau, 1989). 

        In other study (Marsden and Rainbow, 2004), seasonal variations in concentration 

of heavy metals were irregular and those for Pb, Cr and Cd were smaller than those for 

Zn and Cu. These variation probably depended on accumulation efficiency, molting 

frequency and environmental availability of the metals. 

       The environmental affects of seasonal changes involve temperature, light, and 

food availability, quantity and quality. Other studies have suggested that seasonal 

differences occur at the time when population densities are lowest and that they may 

be due to limited food resource. 
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6.3 Comparison of the concentration of heavy metals in male and female 

greasyback shrimp             

        From Figure 5-21 to 5-30, the level of heavy metals accumulated in male and 

female greasyback shrimp were measured at 9 provinces (3 coastal areas). From the 

result, it was found that there were no significant differences in heavy metal levels of 

greasyback shrimp between male and female, except cadmium concentration. The 

levels of cadmium in female greasyback shrimp were significantly higher than the 

cadmium level in male greasyback shrimp. 

        This difference probably depended on individual variability including 

accumulation efficiency, taken up efficiency, differentiate in macro and micro-organ 

of male and female greasyback shrimp. 

        Other studies, in some decapods, for example Crangon vulgaris (C. Crangon) 

(Djangmah and Grove, 1970) and the crab Carcinus maenas (Rainbow, 1985), there 

have been no differences in metal concentrations between gender. For amphipods, 

metal concentrations have been compared in male and female corophioid and talitrid 

amphipods. The study also found no difference between male and female C. Volutator 

in the uptake, accumulation and excretion of zinc, cadmium and cobalt (Galay and 

Rainbow, 1998). However these studies confirm that differences occur with gender the 

reason are not clear. 

        For greasyback shrimp, mature females are larger than males, and although it is 

likely that this is the result of faster growth rates, the accumulation rates for the 

different metals may also be a function of metal competition and bioavailability. 
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6.4 Comparison of the concentration of heavy metals in cephalothorax and 

abdomen of greasyback shrimp 

        6.4.1 The concentration of heavy metals in cephalothorax and abdomen of 

greasyback shrimp 

        From Figure 5-31 to 5-35, the accumulation of heavy metals in cephalothorax 

and abdomen of all greasyback shrimp samples. From the result, it was found that 

there were significant differences in heavy metal levels of greasyback shrimp between 

cephalothorax and abdomen, except lead and chromium concentration. The level of 

three heavy metals (zinc, copper and cadmium) in abdomen were found to be 

significantly lower than in the cephalothorax, as was previously observed by Hossain 

and Ahmed Khan, 2001. (Table 6-3) 

Table 6-3: Trace metal concentrations (mg/kg dry weight) in abdomen and 

cephalothorax of Penaeus monodon, Panulirus polyphagus, Metapenaeus ensis 

(Hossain and Ahmed Khan, 2001) 

Mean of metal concentration (mg/kg dry weight) Species Representative 

organ Zinc Copper Lead Chromium Cadmium

Abdomen 30.0 16.73 1.0 2.13 0.23 Penaeus 

monodon Cephalothorax 92.16 67.63 2.46 3.46 0.46 

Abdomen 42.9 29.16 1.3 2.7 0.33 Panulirus 

polyphagus Cephalothorax 91.53 72.7 3.36 4.46 0.43 

Abdomen 51.618 15.824 0.069 2.054 0.028 Metapeneaus 

Ensis* Cephalothorax 87.313 109.623 0.132 2.279 0.857 

* This study 

        These higher values might be due to the different composition of organ in 

cephalothorax and abdomen and their efficiency in accumulating metal during intake 

of food and the subsequent digestion. 

        The organ (digestive system) in cephalothorax of greasyback shrimp including 

cardiac stomach, pyloric stomach, digestive gland and intestine, while the organ in 

abdomen of greasyback shrimp including only intestine (Jaruphan, 2004). 

        From Table 6-4, comparison the heavy metals accumulation in greasyback 

shrimp of this study with the other studies. It is found that the heavy metals in 

greasyback shrimp tend to accumulate in the similar level. 
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Table 6-4: The concentration of heavy metals (mg/kg dry weight) in penaeid prawn 

(Crustacea, Natantia, Penaeidae) from this study and other studies 

Geographical area (Ref.) Zinc Copper Lead Chromium Cadmium 

Bay of Bengal1 24.1-35.7 12.1-21.2 0.8-1.2 1.7-2.9 0.2-0.4 

Java sea2 26-109 5-120 - - 0.6-13.9 

Coast Malay Peninsula3 60-85 60-130 0.7-3.4 - 0.2-0.9 

Hong Kong Coastal water4 39-146 31-84 ND - ND 

Coastal zone, Kenya5 49-102 45-90 0.1-0.6 - 1.1-8.5 

E Atlantic Ocean4 51-83 17-99 1.5 - 1.9-7.1 

NE Atlantic Ocean6 40-70 10.0-61.0 - - 1.8-6.6 

Coastal zone NE Pacific7 48-53 14-20 0.7-1.3 - 0.1 

Upper Gulf of Thailand* 40.9-103.9 10.6-171.2 0-0.86 0.14-5.19 0.004-1.4 

1: Hossain and Ahmed Khan, 2001 

2: Everaarts et al., 1989 

3: Everaarts and Swenner, 1987 

4: Rainbow, 1986 

5: Everaarts and Nieuwenhuize, 1995 

6: Radout et al., 1989 

7: Harding and Goyette, 1989 

* This study 

 

        6.4.2 The concentration of heavy metals in whole body and abdomen of 

greasyback shrimp 

        From Figure 5-36 to 5-40, the accumulation of heavy metals in cephalothorax 

and abdomen of all greasyback shrimp samples. From the result, it was found that 

there were significant differences in heavy metal levels of greasyback shrimp between 

whole body and abdomen, except zinc, lead and chromium concentration. The levels 

of two heavy metals (copper and cadmium) in whole body were found to be 

significantly higher than in only abdomen. It indicates that the copper and cadmium 

intake from the whole body of greasyback shrimp consumption are higher than only 

abdomen consumption. Since the consumption only abdomen of greasyback shrimp 

may be the good alternative for food safety. 
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CHAPTER VII 

CONCLUSION 
 
 
        This study indicates that the mean concentrations of heavy metals in greasyback 

shrimp samples from the markets in different areas are not exceeding the Maximum 

limit of Codex or the ministry of Public Health, Thailand. The results obtained 

revealed that the level of heavy metals (Zn, Cr, Cd and Pb) in greasyback shrimp of 

three coastal areas were not significantly different, except Cu level of greasyback 

shrimp from the inner gulf. It may be due to the major activities in the inner gulf of 

Thailand are industrial area and community area. In addition, it is the estuaries of 4 

rivers (Maeklong, Thachin, Chao Praya and Bangpakong river). The different seasons 

(rainy and cold seasons) were not significantly, except Pb level of greasyback shrimp 

from the inner gulf. The environmental affects of seasonal changes involve 

temperature, light, and food availability, quantity and quality. It suggested that 

seasonal differences occur at the time when population densities are lowest and that 

they may be due to limited food resource. There were no significant differences in 

heavy metals levels between male and female greasyback shrimp, except Cd level. 

This difference probably depended on individual variability including accumulation 

efficiency, taken up efficiency, differentiate in macro and micro-organ of male and 

female greasyback shrimp. 

        The level of Zn, Cu and Cd between cephalothorax and abdomen of greasyback 

shrimp were significant differences, except Pb and Cr. It might be due to the different 

composition of organ in cephalothorax and abdomen and their efficiency in 

accumulating metal during intake of food and the subsequent digestion. The level of 

Cu and Cd between whole body and only abdomen of greasyback shrimp were 

significant difference except, Zn, Pb and Cr. However the levels of five heavy metals 

in greasyback shrimp were not over the standard of the levels of the Ministry of Public 

Health and Codex. Thus it can be summarized that the levels of heavy metals in 

greasyback shrimp from the upper gulf of Thailand do not pose a health hazard for 

consumers. 
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